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The TRANSLATORS

PREFACE

== 'T is faid that Prefaces to Books, as well
| as their Title-Pages, are too often guil-
ty of promifing much more than ever
the Readers can difcover in them: But
this fhall not be the Cafe here; for
g8l what I intend to advance in Favour of
this #ork, fhall be as fimple as its Ti-
tle. Ifhall only fay, That it were to be wifhed, that the
greateft part of Thofe, who have undertaken to inftruct
the Public in the various Branches of the Praffical Arts,
had been indued with Knowledge or Induftry enough, to
qualify them for the Management of their particular Pro-
vinces with fuch Addrefs, and to fuch ufeful Purpofe, as
oyr Author. This is all I need fay, concerning Him or
his Work ; for it would be both vain and impertinent in
me, to take up your Time with an Encomsum upon ei-
ther; fince the Authority of Cafimir Simienowicz has been
formerly, and is flill, as it were Sacred amongft Pyrobolifis
and Fire-Workers; as is particularly evident from His hav-
a ing
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ing been long ago tranflated into the moft noted of the
European Lapguages ; and from the joint Concurrence of
the prefent Judicious in thefe Matters, by the common
Suffrage of whom he is allowed to be the Father of Sound
and Intelligent Pgroéolz/is

My Defign therefore in this Preface is only to give you
a very brief Account of this Zranflation ; to which I fhall
annex a few Lines relating to the Hiftory of Saltpeter,
which I fhall borrow from very good Authority ; and which
I promife myfelf will be both New and Acceptable to moft
of Thofe, who apply Themfelves to the Study and Pra-
¢tice of the Miliary Pyrotechnics.

This Zranflation then was undertaken and compleated
purely by the Encouragement of Colonel ARMSTRONG,
the prefent Surveyor-General of his MAJESTY’s Ordnance,
Who conﬁdering with Himfelf, That tho’ our Language
abounds in Learned Tra&s on almoft all the Subjeés that
are truly Ufeful, It is ftrangely defective in fuch as mighe
tend to the Prcfcrvanon of our Liberties, and the Honour
of our Arms, amongft our Neighbours; the moft Warlike
Nations in the World ! He concluded that by naturaliz-
ing the moft celebrated Auzhor in this Kind, a great Step
would be taken towards recovering our Pyrobolsfis and Fire-
Workers, from the Lethargy they feem to have been
wrapped in for many Years paft; and towards exciting
Them to an Emulation of their Glorious Anceftors,
who always endeavoured to be Foretnoft in all Mar-
tial Knowledge. And fince the Gensus of our Nation is
ftill equally inclined to #ar and to Peace, it is to be
hoped, That our Miktary Artifts will as readily improve
upon this S¥ranger, as our Crvil Arrifis have upon innu-
merable Foreigners in their Way.

But it may be asked by Thofe, who have heard that
this Work was originally written in Latin, why it was not
rather tranflated from that Language, than from the
Frencli? To give a fhort Anfwer to this Query, I muft

tell
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tell you, that it could not be procured in Latin: And it
will not appear ftrange that there fhould be fuch a Scarci-
ty of it, in its Original Tongue; if it be confidered, That
our Author was of Poland, where the Latin is in univerfal
Ufe, and where the Profeflors of this Ar¢ are very nume-
rous, efpecially in its Recreatrve Branches, which are
practifed by the Poles as a common Myftery, or Trade;
fo that notwithftanding there may be feveral Thoufands of
this #ork extant in the Latin Tongue, they are particalar-
ly clofeted up by that Nation as an invaluable Treafure.

If I could have procured one of the Original Copres, it
would doubtlefs have faved me a great deal of Trouble;
for the French Tranflation is now grown very obfcure and
obfolete ;  and what contributes to make it almoft Unin-
telligible in many Places, it is the moft Carelefsly-printed
Book I ever faw, fcarce a Page of it being free from grofs
Typographical Errors.

Under thefe Difadvantages I laboured throughont this
whole Tranflation ; fo that if any Iwaccuracies have efcaped
me, the Candid Reader would forgive them, as-foon as
difcovered, if He would but confider how eafily ¥ may
have been mif-led into them, notwithftanding all the Care
I may have taken to gunard myfelf againft them; and if
at the fame Time He did but know what Pains I have
really been at, to purge my Criginal of a vaft Number of
Erroneous Blemithes of all Serts, that the Whole mighe
anfwer the Defign of this Undertaking. But I hope that
all the Material Miftakes I have fallen into, will be cor-
reted.in my Table of Errata. And here it may not be
Unfeafonable to inform you, That the Confetion and Pro-
portions of the feveral Compofitions have been compared
by a Friend with the German Tranflation; for without
fome fuch Help, it would have been next to Impofhble to
have reétified what was amifs in that Important Article.

In a word, you have heic the compleat Body of my

Orsgsnal, in the cleareft and moft familiar Style I am Ma-
fter

11
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fter of, as much as poffible divefted of the tedious Circum-
locution and Prolixity of the French, and exprefled in fuch
Terms of Art and Science as feem to be moft in Ufe with
the prefent Learned.

I {hall now enter upon what I promifed you with refe-
rence to Salspeter ; to the End, that you may be as well
verfed in whatever relates to that wonderful §a/# and Soul
of Artillery, as it becomes a profeffed Pyrobolsf} to be: And
I am the more encouraged to it; becaufe the Latin Quo-
tations, which are interfperfed in the Treatife I fhall here
abridge, muft render the Reading of it imperfe& and
unpleafant to Thofe who are not tolerable Mafters of that
Language. What follows then, is the Subftance of a Pa-
per in Bifhop Sprar's Hiflory of the ROYAL SOCIETY,
intitled 7he Hiflory of Saltpeter by Mr. Henfhaw.

He fays, “ That whether the Vitre of the Ancients be
“ of the fame Species with the Sa%#, which is commonly
“ known by the Name of Salpeter, is varioufly difputed
“ by very learned Authors : But by his Obfervations, and
“ by the Practice of Saltpeter-Men, and Refiners of Sals-
¢ peter, He fulpe&s that the Confidence of thofe who
“ hold them to be different Salts, proceeds chiefly from
¢ their being unacquainted with the Phenomena or Ap-
‘¢ pearances of Salspeter in the Making and Refining of
“ it: And alfo to their comparing Double Refined Saiz-
« peter (of which Gun-powder is made ) with that De-
 fcription of Nitre and Afronitre, in Chap. X. of Book
“ XXX of Plinys Natural Hifiory, where he tells us,
 That dfronstre was almoft of a Purple Colour ; and that
““ the Agyptian Nitre was brown, and gristy or fomy ; ad-
“ ding afterwards that there were Nurarie from whence
“ the Nitre came owt of a yellow Colour. This, Mr. Hen-
« fbaw fays, is fufficient to have hinted to any one but
“ moderately verfed in the Modern Way of ordering Sa/z-
“ peter, that the Ancients were not at all skilled in Re-
“ fining their Nare from the Earth and common Sak,

“ that
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that is ufually mingled with it; nor from that foul yel-
“ low Oil, which it feems did accompany their NVure as
“ jt doth our Saltpeter in grear abundance; for Pliny
“ takes Notice of it when he mentions the removing of
Nitre (after it is grained) out of the Nurarie, faying,
Here alfo an Oil intervenes which is good againft the Scab
“ or Mange in Ammals. This greafy Oil (which the
“ Workmen were ufed to call the Mother of Saltpeter)
« Mr. Henfbaw takes to be the crude and unripe Part of
““ jt; and fays, that it doth by Nature fo wonderfully
¢ adhere to every Part elfe of Perer (it may be, ordained
« for the Nutriment and Augmentation of it) that the
¢ Separation of it is the fole Caufe of the grear Charge
¢ and Labour that is required in refining of Perer: For
“ if this Separation is not effected, the Perer will be yel-
“ Jow or brown, or of fome other dark Colour.”
He then quotes a Paffage from Scaliger, which is alfo
uoted by our Author (namely) For we have frequently
obferved a kind of Luflve of a glimmering Purple in Salis-
pretre Terris; or in Saltpetrous Earths; whereas Cafimsr
has it Salispetrre Cirris, or in the Shrvers of Saltpeter ; but
it is likely that they may both be in the right. He then
fays, ¢ That if a Saltpetrous Lixsvsum be boiled up to
« a Confiftence without filtring it thro’ Afhes, or giving
¢« the Salt leave to Chryftalize, you may perhaps find
“ fomething not unlike the NVure of the Ancients.”
He then quotes this Paffage from Plny,  There 1s a
¢ [utle Nitre found in fome feorched Vales of Media, where i
“ s5 called Halmiragha: And a lefs quantity of a coarfer Sort
 of it 7s alfo found in Thrace n the Land about Philippi,
< where it is called Agrium. And then fays, thataRefiner of
< Salipeter gave him an Account parallel to what Plmy
“ afferts; by telling him, that near Ssphsa and Santa-Cruz,
“ and in feveral other Places in Barbary, he faw Saltpe-
 ter fhoot out of the Surface of the Ground, as thick
¢ and white as Hoar-Froft, on many barren and defart
b “ Lands;
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Lands; but that this does not happen till the begin-
ning of the Rains in Auguf or September, and thar it
is the falling of the Rains which caufes the Salperer
to fhoot out in little Chryftals; and that the People
of the Country take it up as clean as they can, and
fell it to Merchants: And that, by the Relation of an
India Merchant, it is much after the fame manner that
the Inhabitants of Pegs in Eafi-India colle& it and fell
it, faving thac they refine it once before they deliver
it to the Merchants.

The next Remark he takes out of Pliny, is this:
There are Nitrous Waters in many Places, but which
cannot be condenfed or grained by the Hear of the Sun.
The beft 15 ftund in Macedonia, which they call Chalaftri-
cum, and s very pure and white, and nearly like Salt.
There, 1s a Nitrous Lake, zhat bas a Spring or Fountain
of frefb Waser rifing up in the Middle of it : In vhis Lake
they find Nitre about the Time of the Dog-Days; when
1t begins 1o fwim on the Surface, and [o continues for nine
Days ; after which st ceafes for nine Days; which being
expired, 1t floats again as before, and then ceafes as be.
fore. If during thofe Days that the Nitre is generated
there bappen 1o fall any Shawers of Rain, they caufe the
Nitre 10 be falter than ordinary; bur if any violent Winds
arife they [poil it, becaufe they make the Water foul and
muddy. There 1s a much greater Quantity of st made in
Egypt, but it is not fo good ; for s is of a dark Colour,
and grasty or flony, and made almof} after the fame Man-
ner as common Salt; with only this Difference, that into
Salt-Pits they pour Sea-Water, and into Nitrarie, Water
of the River Nile.

Upon this, Mr. Henfbaw fays, < It will be no ciffi-
culty to conjeGture, how fuch great Plenty of Nire
thould be found in the Places above-mentioned, if we
confider that Lakes are the Receptacles of Land-Floods,
and that great Rains might eafily bring it to the Lake

(14 in
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in Macedonia from the higher Parts in the Country
“ about it. And for the River Ve (he fays) there
“ muft needs be lefs Scruple concerning it, if we call to
mind that once in a Year it fweeps with an impetuous
“ Overflow the burnt and barren Defarts of Africa under
“ the Torrid Zone; where, by the Relation of Travel-
“ lers, thofe Sands are vifibly full of Nwre; and thofe
“ few Springs and Wells that are found there, are for that
Reafon fo bitter, that the Mboors and their Camels are
forced to make a hard Shift with them in their long
Journeys.

“ He fays, he drew good Rock Peter out of thofe §¥i-
rie which are ufually found hanging in arched Cellars
“ and Vauls.”  And here it may not be improper to re-
mark that the Word §#z74a fignifies an Icicle, or any thing
like it; whereas® Scaliger exprefles himfelf with reference
to this Marter by the Word Srr74, which in this Cafe pro-
perly fignifies a Furrow as I have rendered it in the firft
Chapter of the Second Book: But 1 fuppofe it is found both
in §urie and in Strze.  However this be, I fhall not
wafte your Time with faying any Thing farther concern-
ing it.

Bur to fleer more diretly upon our prefent Subject,
Saltpeter ; Mr. Henfbaw fays, ¢ It is likely that the Air
“ is every where full of a Volatile Kind of MNre, and that
Lime and Plafter do ftrongly attra& it, but Dew and
Rain convey much of it to the Earth; and that the
Clouds feem to be fpread out before the Face of the
Sun, either to imbibe fome Part of his Influence, or
to have a Salt generated in them to advance the Ferti-
lity of the Earth; and he thinks they return not with-
out a Bleffing, in that he has more than once extracted
Saltpeter out of Rain and Dew ; but in the greater
Plenty from the latter; and that event when it is ex-
tracted from Dew, it is accompanied with a greafy pur-
¢ ple Oil in great abundance; and adds, that upon Tryal
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hc found, that moft ftanding Waters, and even deep
Wells, have fome {mall quantity of Salrpeter in them;
and affures us, that he alfo found fome in the Fallows
and in the Earth which Moles caft up in the Spring.
He then continues, That tho’ the Air and Water a-
bound with it in fome degree, yet that it is not there

‘to be had in any Proportion anfwerable to the Charge

in getting it : And that tho’ the Earth muft necefla-
rily have grear Quantities generated in or infufed into
it, yet that in thefe Temperate Climates of Europe, it
is no fooner dilated or diffolved by Rain-Water, or the
Moifture of the Earth, but it is immediately applied to
the Produ&ion or Nutriment of fome Plant, Infe&,
Stone or Mineral, fo that the Artift will find as little
of it in the Earth to ferve his Turn, as he could in
the Air or in the Water.

He fays therefore (in which he exa@tly concurs with

our Author) ¢ That the only Places where it is to be
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found in any Plenty in thefe Northern Countries, are
Stables, Pigeon-Houfes, Cellars, Barns, Ware-Houfcs,
and generally fpeaking in any Place which is covered
from the Rain, which would diffolve it, and make it
vegetate, as alfo .from the Sun which rarifies it, and
caufes it to be exhaled into the Air. In fhort, he
fays, that he was affured by an experienced Workman,
that no Place yields Peser in fuch abundance as the
Earth in Churches, were it not an Impiety to difturb
the Afhes of our Anceftors in that Sacred Depofitory ;
and in this he agrees perfe@ly with what our Author
fays concerning the Defarts of Podeolia, in Chap. 1. of
Book 11.
¢ But even in this Cafe the Earth muft be of good
Mold, and the better the Mold is, the more Peter is
produced ; for in clayith or fandy Earth, little or none
is found: And the freer Ingrefs the Air has the bet-
ter, fo that the Sun be excluded: But if the Earth be
[{4 in



«

({4

€«

<«

(44

(14

(13

(14

«

(14

€«

(14

(14

[11

«

(14

(43

€«

(44

[43

(14

({3

(14

(13

(14

[14

£C

(19

€«

(14

[14

€t

Zhe TRANSLATOR’s PREFACE.

in itfelf never fo good, if it be removed and laid upon
a Brick or Boarded Floor, it will not be fo rich in Pe-
ter, as if it had free Communication with the Exhala-
tions of the lower Parts of the Earth.
¢ In any Place qualified as is. above premifed (he fays)
you cannot mifs of good Store of Pezer, if it has not
been drawn out in fome Years before, which you will
quickly find after you have digged the firft Spade-full
of Earth, by laying a little of it on the End of your
Tongue, and if it taftes a licle Bicter, you may affure
yourfelf of good Store of Mineral (as they ufed former-
ly to call Salpeter ) «-—mmm- If the Ground be good, it
continues Rich to fix or eight Foot deep, and fome-
times but not often to Ten.
“ After the Saltpeter is extratted, if the Farth be laid
Wet in the fame Place again, it will be twenty Years
ere any confiderable Quantity grow there of it; but if
the Earth be well dried, it will come in Twelve or
Fourteen: And if the dried Earth be mixed with Store
of Pigeon’s Duﬁg, and mellow Horfe Dung, and then
tempered with Urine (as was ufual before we were fup-
plied with Peter from Iudia ) it will be fit to dig up in
five or fix Years. If Water be caft upon Ground
which is fit to dig for Peter, it will only fink the Mi-
neral deeper into the Earth; but he that fhall throw
Soap-fuds on it will deftroy the Peter (as the Workmen
have a Tradition) and it very well deferves a farther
Inquiry.
He concludes, ¢ That the Generality of Authors are
of Opinion that Salsperer and the Way of drawing it
out of the Earth, is 2 Modern Invention ; but whether
it was originally owing to Chance, or to the Sagacity
of fome great Wit, is as unknown as the Time it was
difcovered. But (he fays) it feems to have many Years
preceded the Invention of Guu-powder, which by the
Germans is afcribed to Conflantine Autlsszer, or Berthold
c « Schwertz,

IX
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« Schwertz, a Monk of Friburgh; which in all Probabi-
« lity was not long difcovered when the Inventor (as Po-
« Jydore Virgil tells us) taught the Ufe of Gurs to the
<« Venetians at the Battle of Foffa Claudia, when they ob-
¢ tained that notable Victory “over the Gemoefe, Anno
« 1380. For there is mention made both of Sakspeter
« .and Agqua Fortis in the Writings of Geber, a Spanifb
« Moor, and an Alchymiff ; but at what time he lived is
<« unknown; tho’ it is certain he lived fome Hundreds of
¢« Years before Raimund Lully, who about the Year
“ 1333 publithed fome of his Books, where he treats of
« Salspeter and Adqua Forsis. In fine, Mr. Henfbaw fays,
“ jt is no ill Conje@ure of Maserus, That the forefaid
“ Monk being a skilful Alchymift, had a Defign to draw
“ a higher Spirit from Peser than the common Agua For-
“ gzis, and that he might the better open the Body of
“ Salpeter, he ground it with Sulphur and Charcoal, by
«¢ which Compofure he foon became the Inventor of Gun-
¢ powder.”

Thus far Mr. Henfbaw concerning the Hiftory of Salz-
peter ; and I hope thar what I have here tranfcribed, will
prove acceptable to the curious Pyrobolift, efpecially if he
never met with it before; and if he has, I doubt not but
he will be of Opinion, that 1 bave not done amifs in pre-
fenting it to the Perufal of many, who perhaps might
never otherwife have feea it; or at leaft I flarter myfelf
every one will acknowledge, that this curious Piece could
never have been as it were revived upon a more proper
Occafion than the Prefent ; fince it may ferve to clear up
fome Things, and confirm others, which are to be found
in the following #erk ; which it will not only do, bur alfo
compleat what Cafimir has attempted upon this Subjec.

As for Mr. Henfbaw’s Manner of Making and Refining
of Saltpeter, 1 fhall only fay, that it is in the main the
fame with what yem will find in this Treatife with refe-
rence to that Matter.

Thus
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Thus we fee that what is almoft univerfally held to be
the very Bafis and Generation of Nutriment, has by the
reftlefs and prying Curiofity of Mankind been perverted in-
to the moft fatal Inftrument of Death and Deftru&ion that
has ever been difcovered.

To conclude ; you will obferve, in perufing this Pur#,
That our Author propofed to publith a Second Part of i,
to fupply what is wanting'in this; but it feems, that either
the Shortnefs of his Days, or the Multiplicity of his Bu-
finefs would not permit him to effe¢t it: Wherefore I am to
acquaint you, that what our Author has promifed only, will
be amply fupplied by a GExTLEMAN, in every Refpe&
qualified for fo Great and Ufeful an Undertaking; and that
you may foon expe& fuch a Continuation of this Subje,
as will (allowing for the many Improvements refulting
from the Experience of the laft #ars) more than anfwer
all the Views of our Author with reference to the Greass
Are¢ dilcufled in the following Sheets,

X1
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GREAT ART

OF

ARTILLERY.

PART the FIRST.

BOOK L
Concerning the CALIBRE SCALE.

¥4 HE firft and principal Inftrument ufed in Pyrotech-
nicks, or Artificial Fireworks, which we call the Ca-
libre Scale, (according to the univerfal Term amongft
W\o all Pyrotechnicians, or Artificial Fireworkers, as well
N Spansards and Fremch as Italians) is called by the

. Germans, Maftaab or Vifier-flaab ; by the Flemmings,
Talffeck; but much more properly by the Latins,
rqa, or rathcr Regula Spbareommca, and which, in Derivation
from them, we will call in Englifh the Sphercometric Rod or Scale.
We muft conceive no other thing by the different Appellations abave
recimed, than a certain Inftrument or kind of Ruler, which has a near
Refemblance t0 2 Parallelopiped Prifm, or rather to the Fruffum of a
fquace Pyramid, which ought to be made of fome Metal, or hard
Woaod, that will not eafily bend; upon one of whofe Superficies is a
sighe Line, divided into unequal parts in a Stereometrical or Cubical
Proportion, and nicely adjufted to determine and examine the Weights
of all Iron Bullets by their Diameters. This Scale or Ruler accord-
imgly (hews the Diameters of all Bullets made of the abovementioned
B Metal,
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Metal, from the Diameter of a Bullet of one Pound, or from that of
a Loth or Half an Ounce, ad infinitum; that is, as far as the Length
of the Line can admit of. In like manner upon the Second and Third
Superficies of this Scale, you have the Diameters for Bullets of Lead,
or Stone, &c. of different Gravities, by which you may determine the
Weights of Bullets made of thofe Materials. The Fourth and laft Su-
perficies of this Inftrument, fhews the Meafure of the Rhynland Foot,
or (as fome will have it) the O/d Roman Foot, which is divided in-
to twelve Uncie or Inches, and with this we may meafure not only
all Pyrotechnick Bodies ; but likewife all Sorts of Superficies, Planes,
and Lines.

Having thus defcribed the Calibre Scale, it is but reafonable that
we fhould proceed to thew the different Methods by which it may be
conftruted ; and alfo its particular Ufe in Artillery; of all which in
the Order and Method following.

CHAP L
The Arithmetical Confiruttion of the Calibre Scale.

T HERE are many and different Methods ufed by almoft all Arith-
meticians and Geometricians, as well Theoretical as Praical,
and even among the greateft Part of Mechanicks, in the Conftruction of
the Stereometric or Cubical Line (from whence our Calibre Scale takes
its Original) or whenever they would divide any Line into proportio-
nal Parts according to the Cubical Ratio. In order to do this Arithme-
tically, you need only double, treble, &vc. the firft Cube as ofien as you
think fit; and extra& the Roots after the Manner I fhall fhew in the
Sequel: But by the way I muft obferve that thofe who prattife this
Science, as well as the reft of the Mechanicks, have taken it into their
Heads to avoid this Operation ; becaufe of the Neceflity of extracting
the Cube Root, which is a little irkfome and difficule, and content
themfelves with dividing their Lines into a Cubical Proportion by the
Affiftance of Tables, that have before been calculated by other Arith-
meticians, which they freely make ufe of, in all their Operations. But
fince it is of no fmall Importance to fuch as would be perfect in this
Art, to have 2 Knowledge of this Method; we fhall here give fome
very fuccin& Rules, relating to the Cube Roors, together with the
Manner of making Stereometrical Tables; by means of which we fhall
cafily conftru@ our Calibre Scale.
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A Brief Method of extraiting. the Cube Root comprebended
under the followmg Rules.

Arithmeticians term that a Cubical Number, which is made and
produced by any Number multiplied into itfelf, and then the fame
Number multiplied by the Produ&. As for Example; if the Num-
ber Ten be multiplied into itfelf it will produce a Hundred, which if ic
be multiplied again by Ten it will give a Thoufand, which laft Num-
ber we call a Cube; and Ten, which was the original Number, we
call the Cube Root; this being once well underftood, you will find
it very eafy to extratt the Cube Root of any Number whatfoever, if
you attentively obferve the following Dire&ions.

Firft, you muft have in your Eye a Table of the Nine firft Cubes
and their Roots, which may be eafily form’d by multiplying the Nine
fimple Integers cubically, as demonftrated in the following Table :

Roots. Cubes.
I -~

[ S S SN T R B B |
U T T R B O A ¢
[ T T T S O T B )
R S T N TR B T R |
T U T S U I
[ I T T S I T Y
[ T T S T T T T ]

O N M P W R
[ T T I A

2. In order to extraét the Cube Root of any Number, as fuppofe
160]103)007 ; divide off every three Figures, of this Number, as you
fee above, beginning from the Right-hand towards the Left; which
done, look into the Table of Cubes, for the greateft Cube under 160,
which you will find to be 125 ; therefore 5 being the Root of 125,
fet down ¢ in the Quotient, and fubftra@ 125, its Cube from 160, and
you will have a Remainder of 35, to which you muft bring down the
next Cube, (viz.,) 103.

3. To find the next Figure of your Quptient, you muft form a Divi-
for ; which is always done by trebling the Square of the Quotient ; as
for Example ; 5 being multiplied by 5, makes 25, which is the Square
of 5, which Square being multiplied by 3, produces 75 ; and this laft
Number is the Triple Square of the Quotient, which is to ferve for
a Divifor: With this Divifor divide the Refolvend 35103, excepting
(the two laft Figures, viz.) 03, and you will have 4 for the fecond Fi-
gure of the Quotient.

4. Then to find the Number which is to be fubftracted from the
abovefaid Refolvend, you muft fet down in a Corner by itfelf, the Tri-
ple Square (wiz) 75, with two Dots to the Right of it, inftead of

Cyphers,
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Cyphers, after this manner 75 ..; then multiply s, the firft Figure
of the Quotient, by 4, the laft Figure found, and you will have 2o,
which being multiplied by 3 will give 6o, which Number muft be
fet under 75 .. one Place farther towards the Left Hand (wiz.) the Cy-
pher in 60 under the firft Dot ; then fquare the laft Figure found (vi2.)
4, and it will give 16 ; which muft be fet under the two other Num-
bers, fo that the laft Figure 6 may ftand under the laft Dot ; which
done, add thefe three Numbers together, and they will make 8116,
which muft ‘be- multiplied by the laft Figure of the Quotient (viz.)
4, and the Produé witl be 32464, which being fubftratted from the
Refolvend 35103, the Remainder will be 2639, to which you muft
bring down the next Cube, (v#z.) co7, which teing annexed to the
faid Remainder you will have 2639007 for a new Refolvend.

5. You muft proceed upon every Operation by finding a new Divifor ;
(which is -always the Triple of the Square of the Quotient) therefore
fquare 54, the Number now in the Quotient, and you will have 2916,
which Sum being trebled will give 8748, which muft be your new
Divifor ; and upon enquiring how often this new Divifor is contained
in your new Refolvend (excepting always the two laft Figures) you will
find it to be three Times; fet then 3 in the Quotient, and proceed to
find a new Subftrahend, in the fame Manner as we have already di-
rected, and which you muft repeat as often as a new Figure is to be fet
in the Quotient : This will be found to be 2639007, which being fub-
ftraed from the Refolvend, you will have no Remainder, as will ap-
pear by the Work itfelf ; the whole Procefs of which is as follows;

160|103|007 (543 Root.
125

75) 35103 Refolvend.
32464 Subftrahend.

8748)2639,007 Second Refolvend.
2639,007 Second Subftrahend.

P

0000 Q00

Slwy e
R

|t Tonen

5 .. Triple Squared
7 2 c

16
8116

32464

R
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54 54
3 54
162 3 216

3 3 270
486 9 2916
3

8748.. Triple Squared
486.  Quotient.
9

879669
3

—————e

2639007

Obferve here that the above Number being a perfe& Cube its Root
isexa@ly 543 ; but in cafe you fhould (as it often happens) be obliged
to extra& the Cube Root from an Irrational or Surd, or a2 Number
that is not a complete Cube, you may approach it as near as pofiible by
adding Ternaries of Cyphers to the faid Surd Number ; and when the
Cube Root of it and the additional Cyphers is extratted, you will
have the Roots and Decimal Parts near enough for any Bufinefs; as
may be feen by the following Example :

371864]125,000(335,7
27 3 33 335 335
—_ 3 33 335 7
10864 —_— —
8937 9 99 1675 2345
—— 3 99 1004 3
1927125 —_— —_— 1005 —
1658375 27.. 1089 ———— 7035
—— 27. 3 112225
268750,000 9 3
236165 293 — 3207..
— 2979 495 336675. .
32584 707 3 25 7035 -

49
8937 331675 e
5 33737893

1658375  em—mem——
236165293

Thus the Cube Root of the above Number is found to be 335,7,
and a large Remainder : Now to prove the Work ; cube the faid Cube
C Root,
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Root, and to the Cube of it add cthe Remainder, and if the Work is
right, the Sum or Aggregate will be equal to the Sum from whence
the Root was extracted ; as for Example:

3357
3357

23499
16785
10071
10071
11269449
3357

8886143

56347245
33808347
33808347

37831540293 Cube.
32584707 Remainder.

37864125000 Sum or Aggregate from which the
Root was extratted.

Now as it will often happen (as I have already faid) that you muft ex:
trac the Cube Root from fome given Number that will not anfwer exa&-
ly; Ihave (to prevent your throwing away time) thought proper to give
you fome Rules, by means of which you may readily know all thofe Num-~
bers that will not anfwer exadtly to a- Cubical Extraction.

1. All Numbers ending with two or more Cyphers, and which cannot
be meafured by the Ternary Number, thatis, that cannot be exadtly di-
vided by three, cannot have their Roots perfectly Cubical, fuch as thefe,
3400, 62800, 453000.

2. All Numbers ending with 2, or 4, and whofe laft Figure but one
s even, cannotbe exa&ly Cubic, fuch as, 3522, 62864.

3. Every Number ending with 4 or 8, and whofe laft Figure but one
is not a Cypher or an even Number, cannot be punétually Cubic; as for
‘Example ; 456174, 110038,

4. Such Numbers as cannot be exactly divided by 9, are never perfect-
ly Cubic; therefare the following Number 12000 is not fo; for it being
divided by 9, you will have a Remainder of 3.

Let this little that we have now faid concerning the Extra@ion of the
Cube Root, and a Knowledge of the Cubic Numbers, fatisfy you for
the prefent ;. the Ufe of it {hall be evidently explain’d in the Sequel of our

Prafice, and fublequent Operaticns.
Now,
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Now if you would make a Table of Cubes with their Roots from U-
nity, or the Diameter of one Pound, od infinitum ; you may firft affume
any Number that you fhall think fit to ferve as a Root, which being mul-
nphed cubically by itfelf, will produce the firft cubical Number; and
its Root, or the Number you fhall have affumed for its Cube Roor,
mutft be firft fet down in this Table. As for Example; if you take the
Number 100 for a Root, and it be multiplied cubically into itfelf, yeur
firft Cube will be 1,000,000, of which 100 being the Root, it muft be
fet down in your Table as the firft Root.

If you would extrac the Cube Root from double this Cube; you muft
double it, and you will have 2,000,000, from whence, if you extra& the
Cube Root, you will find it to'be 125, which will be the fecond Roat
of your Table, and the fecond Number. If you would know the Root
of this Cube when trebled, quadrupled, and fo on; firft, treble or qua-
druple it, or increafe it, ad Infinitum, and from thefe Numbers (as you
go along)'extra& the Cube Roots, and place them in a regular Order in
your Table ; joining in a Column upon one Side of them, the afcend-
ing or increafing Numbers in a natural Order, from Unity as far as you
pleafe. This is the Method I obferved in the Conftruction of the fol-

lowing Table, the Affiftance of which, if you pleafe to accept, in form-
ing the Calibre Scale, 1 muft tell you ; that it is firft neceffary that you
thould have the Diameter of a Bullet of one Pound, made of the fame
Metal with thofe Bullets which you would form your Cakbre Scale to
meafure. For Example ; if you would prepare an Inftrument or Cali~
bre Scalé, to calibre Iron Bullets; divide the Diameter of an Iron Bul-
Iet of one Pound, actually taken from an Iron Bullet of thar weight
(I thall; in the Sequel, thow how that is to be done) into as many equal
Parts, as the firft Root of the T4/ contains Unities ; as here, in our
Table, the firft Root. contains 100 Unities; therefore divide the Dia-
meter of an Iron Bullet of one Pound, into an hundred equal Parts
which you inay readily perform by the Help of the Pasallelogram, or
Diagonal Scale, Fig. 1. Having then with a Pair of Cempafles taken
from that Scale all the Parts, according as they are expreffed in the T2-
ble of Cube Roots; tranfpofe the Diameters of your Bullets upan the
Calibre Scale : As thus; if you take roo for the Diameter of an Iron
Bullet of one Pound, you muft allow 125 of the fame Parss for the Dia-
meter of a Bullet of two Pounds; thatis, you muft add 25 Parts to the
firt Diameter, Again, for the Diameter of a Bullet of three Pound
you muft take 144 Parts, or add 44 Parts to the fitft Diameter; and in
the fame manaer you may tranfpofe the Diameters of all other Bullets
upon the Calibre Scale. This gradual Increafe of the Diameters and
their refpective Circumferences in the Ratia of Solids, is very plaing
and to be eafily conceived by Fig. 2, in which the firft: Circle denotes
the Circumference of a Bullet, whofe Diameter is as the fisit Root,
and its folid Contents as the ficlt Cube.
- The
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The fecond Circle is the Circumference of a Bullet whofe Diameter
is as the fecond Root, and its Solidity of double the firft Cube. In the
fame manner you are to infer, with regard to the other Circumferences
in the fame Fig. as to their Diameters and Solid Contents,

Whatever ‘we have here faid of Iron Bullets, may be faid of thofe alfo
that are made of Lead, Stone, &¢. which may be calibred by the very
fame Rules ; fo that youmay, with equal Eafe, conftruct a Calibre Scale
for that Purpofe.

We have given you a Reprefentation of this Inftrument in Fig. 3.
upon one of whofe Surfaces you will fee the Diameters of Iron Bul-
lets accurately marked out, and upon the other the Diameters of Leaden

Balls..

A Table of Cubes and Cube Roots in a natural Order from

Unsty upwards the firft Cube being fuppofed to con-
tain 3,000,000 of Parts.
Order Order Order Order
of the| Roots. | of the| Roots. | of the] Roots. | of the | Roots.
Cubes. Cubes. Cubes. Cubes.

100 { 26 296 51 371 76 424

-l

2 | 125 | 27 | 300 | 52 | 373 77 | 425
3 144 | 28 | 304 | 53 | 376 78 | 427
4 | 159 | 29 | 307 | 54 | 378 79 | 429
5 171 30 3II 55 | 380 8o | 431
6 182 31 314 | 56 382 81 433
7 1 191 | 32 | 317 | 57 | 38 82 | 434
8 |_ 200 | 33 | 32 | 58 [ 387 | 83 | 436
9 | 208 | 34 | 324 | 59 | 389 84 | 438
10 215 35 327 60 391 85 440

1§ 222 36 330 61 394 86 | 441
12 | 229 | 37 | 333 | 62 | 396 87 | 443
13 | 235 | 38 | 336 | 63 | 398 88 | 445
14 | 241 | 39 | 339 |_064 |_400 89 | 446
15 | 247 | 40 | 342 | 65 | 402 9o | 448
16 252 41 34 66 404 91 450
I 257 | 42 | 34 67 | 406 92 | 451
I 262 | 43 | 350 | 68 | 408 93 | 453
19 | 267 | 44 | 353 | 69 | 410 94 | 455
20 271 45 356 70 412 95 456
21 276 46 358 71 414 96 458
22 280 47 361 72 416 97 459
23 | 284 | 48 | 363 | 73 | 418 98 | 461
24 | 288 | 49 | 366 | 74 | 420 99 | 463
25 292 50 368 75 422 100 464

CHAP.
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CHAP IL
The Geometrical Confirulion of the Calibre Scale.

IT is abfolutely neceffary that you fhould have the Side of the firft
Cube, or the Diameter of a Bullet of one Pound, made of the fame
Metal, for the particular Ufe of which you would conftru& your Cali-
bre Scale. For Example; in Fig. 4, let there be given the Line A, B,
for the Diameter of an Iron Bullet of one Pound; then, in order to
find the Side of double the Cube, that is, the Diameter of a Bullet of
two Pounds, double the Line A, B, or extend it to twice its Length,
which fuppofe to be the Line A, D; then find out two mean Propor-
tionals between the fingle Line A, B, and the double Line A, D, and
there will be one of them found (@iz.) the leaft of the two mean Pro-
portionals, which is D, E, which will be the Side of the double Cube,
or the Diameter of an Iron Bullet of two Pounds; in this manner you
muft proceed to find out the Diameters of all other Bullets, that is, by
increafing the Length of your Firft Diameter as far as is proper or re-
quifite, and then finding out two mean Proportionals between the Line
exprefling the Length of your firft Diameter, and the increafed Line,

The moft experienced Geometricians, however, affure us, that ne-
ver any one yet hath invented the true Method of finding out two mean
Proportionals Geometrically, between two other given ones; notwith-
ftanding that many of them have greatly labour’d, and employ’d much
of their Time in fearch of this Secret: The thing, indeed, is extreme-
ly difficult, inafmuch as we can produce no Rario (I mean, that is tru-
ly Geometrical) to double, treble, &c. or encreafe a Cube, ad Infini-
tum, by means of a common Scale and Compafs only, as is ufually
done, when we would augment the Proportion of any kind of Planes;
which, however, cannot poffibly be done, ’till you have previoufly
found out’'two mean Proportionals by a nice Refearch.

A vaft many Geometricians, as well ancient as modern, have done
their utmoft to folve this very authentick Problem, which indeed is of
the greateft Ufe in all mechanical Matters ; and have even endeavoured
to demonftrate it, as a Plane and Linear Figure (though there are thofe
who place this in the Rank of Problems relating to Solids) by certain
mixed Lines artfully drawn, and by fimple Lines immediately proceed-
ing from a Plane, as are all Right Lines and Curves. Amongft which
Nicomedes has endeavour’d to demonftrate it by a Conchile Line, Djo-
clefian by a Cofloidea or Hederacea, Menechnus by Conic Se&ions, and
many others by the Parabola ; but Eratofibenes, Sporus, and Plato, have
aimed at it by Right Lines and Curves ; and even Pappus, Hero, Apol

D .
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lonius, Pergaus, Philo Bifantius, Orontius, Villalpandus, Clavius, and
many other Geometricians, have laboured to do it by feveral other Me-
thods : But whatever they have faid or done upon this Head ; I think
it unbecoming of me to examine too fcrupuloufly into the Works of
thofe illuftrious Men, to whom the Republick of Learning is fo greatly
indebted ; and much lefs would it become me to pafs 2 Judgment upon
them, or to determine too rafhly concerning their Thoughts upon this
Subje@. I{hall only fay, that it is acknowledged and declared by the
greateft Geometricians, that it is impoffible to increafe the Cube by
Planes; and this I affirm from the very Confeffion of thofe who have
fo clofely fought after it. Bur this is not fufficient for us to condemn
their Inventions, rejet theirlaborious Efforts, or look upon them as repug-
nant to right Reafon and Truth: No; on the contrary we ought to con-
tinue the Ufe of them, until a more happy Age fhall produce fuch as
are preferable and more perfe&. In fuch a variety of Pradice as has
been ufed to this End ; I have pitched upon one Method only, which
X here prefent for your Ufe in increafing the Cube, and to find out two
mean Proportionals in a continued Order, and which, I believe, will
be fufficient, in the right and proper treating of Pyrotechnical Mat-
ters.

Let there then be found two mean Proportionals in a continued Or-
der, between the two above-mentioned Lines A, B, and A, D ; let them
be firft placed at right Angles to one another, and let the Parallelogram
A, B, C, D, be conftituted upon them, and let A, B, and A, D, be con-
tinued ad Infinitum ; then the Diagonals B, D, and A, C, being drawn,
let H be placed at the Interfection of them ; and apply a Ruler to the
Point C, which will cut the Lines A, B, and A, D, continued ad Inf-
nitum, in the Points E, and F, in fuch a manner that H, E, and H, F,
may be found equal: This done you will have D, E, and B, F, for mean
Proportionals continued between the given Lines A, B, and A, D ; for
they will be as C, D, that is, as A, B, is to D, E, and as B, C, that is, as
A D,tw0B F.

I purpofely omit the other Methods, the greateft Part of which you
may find, as well in the Authors above quoted, as in Marius Bottinus's
Treafury of Mathematical Philofophy, lately publithed at Bologna, where-
in he endeavours, by all Means, to prové, that the ancient Geometrici-
ans, as well as fome of the moft modern (whofe Names he mentions)
have not only difcovered the true, plain, and perfe@ Method of finding
out two mean Proportionals to any two given; but that they have alfo
illuftrated it by Geometrical Demonttrations; fo that nothing can be
further defired upon this Head. But let us attend to what he fays in
this Tranflation of a Paflage in his Latin Treatife, (viz.,) Therefore what
we bave faormerly faid in Apiar. L. Prob. 1. in relation to the Conchoid of
Nicomedes, in a doubtful and cautious manner, we do now boldly affirm
(in order to foew that the beft Part of the Geometrical Philofopby, concern-

1
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ing Solids, is truly eftablifbed ) that two mean Proportionals have been long
ago Geometrically and Demonfiratively found. For to fay nothing of the
TInventions of the reft of the Ancients, and only mention one, of which there
are Footfieps fill remaining among 8 us; the two mean Proportionals found
4y Nicomedes by belp of the Conchile Line bave that Géometrical Certain-
ty, than which no greater can be defired, in the Geometrical Demonfiration
of anty Problem——And a little lower —— Upon which Account there re-
mains no Reafon to doubt, but that the Geometrical Method of finding two
mean Proportionals was invented long ago, as likewifé that the Truth and
Certainty of all Stereometrical Problems arifing from two Proportionals are
Geometrically demonfirated.

But we bave found an eafy Contrivance by means of Inflruments, where-
by fo find not only two mean Proportionals to two others given, but in any
Number of Proportionals required; and by that Invention we may be able
at laft to reduce a given Solid to a Cube, contain'd within Aquidifiant
Lines, as alfo to change one Figure into another Equal to it or bigger, fill
keeping its Likenefs 5 wherefore it is not to be doubted but Altars and Edi-
fices may be doubled by fuch an Infirument, and alfo one may refer to the
Cube the Meafures of Dry and Liquid Subfiances, as of Bufbels, &c. The
Contents of which Meafures are known by the Sides of the Veffels, and in a
Word, the Knowledge of this Queftion is ufeful to thofe, who would make big-
ger Sorts of fuch Mackines as are ufed for throwing of Darts, Stones, or
Iron Balls; for in thofe Cafes, it is neceffary that all the parts of the Ma-
chine fbould be encreafed in a certain Proportion, as well as the Things to be
thrown, and this cannot be done without the Invention of a mean Propor-
tional, :

CHAP Il
The Mechanical Confiyuction of the Calibre Scale.

OF fo great a Number of Pyrotechmcians, or Artificial Fireworkers
that we fec in our Days, we fhall not find one (pardon me for the
Expreffion) that does not defire the good Opinion of the World, and to
be efteemed a good Pra®itioner : But at the fame time they choofe to
be fuch in Appearance, rather than in Reality ; and only outwardly af-
fe to appear very knowirig in their Profeffion: Though by the way a
thorough Knowledge in it is not to be acquired in peaceable Times, in
- the Chimney Corner, amidft the foftening Effeminacies of the Body,
Serenity of the Mind, or by ignoble Sloth ; but on the contrary by the
infupportable Fatigues of the Field, at the imminent Danger of Life,
and the Sweat of the Brow. I have even known fome of them who
fcorning the plain and vulgar Denomination of Pyrotecknicians; but glo-
rying
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rying in the Title of Fire Engineers in the Military Capacity, which the
Flemmings call Feld-Fewerwercker, have thought it beneath them ( they
being deftitute of Theoretical Principles) to concern themfelves with any
of the Theorems of Archimedes or Euclid, or any other famous Author,
or even to produce any Demonftrations to prove and confirm the Rules
of their Art. Hence comes this new Pfeudomechanical Science entire-
ly unknown to the greateft part of paft Ages, and whofe chief and moft
general Axiom is, Perturbare confusé & mibil ad rem omnia agere ; that
is, to put every thing into the utmoft Confufion, and never do any
thing as it fhould be. Confider now, whether the Burthen of this Self-
fufficient Mother can be fuccefsful ? Or whether the Fruit of fuch a
Science muft not be ftrangely uncouth? Every Day you have irreparable
Errours and Defeéts, as well in the Conftrution of Warlike Machines,
as in the Preparation and artful Management, or handling of them, The
Fireworks on ferious and neceflary Occafions, as well as thofe exhibited
upon Publick Rejoicings, are for the moft part prejudicial to the Prince,
and evidently dangerous to the Lives of thofe who work in the Compo-
fition of them, as well as to thofe of the Spe@ators who behold them.
How greatly are thofe to be pitied, who are ignorant in the Principles
of true Mathematicks! Hear what * Paulus Guldenus faith, in an A-
rithmetical Problem, where he fpegks to this Effe&t in his Latin Trea-
tife. Legf therefore our Mathematicians fbouldb ecome unworthy of that
Title ; but that o the contrary, they may lift up their Heads out of the O-
cean of Ignorance, and apply themfelves to the Study of the moft noble of
thofe Sciences ; we have in the beginning of our Leltures, looked upon the
Mathematicks as 2 moft powerful Queen with ber numerous Houfbold
of fubject Sciences ; whofe Order, Subdivifions, Definitions, with their
Differences and Diflinttions, we bave fully and clearly explained in our
Leiures; and in order to imprint them the more firongly in the Memory, we
bave in a very agreeable pleafing Method colleéled them upon a fmall Sheet
of Paper, not for the Ufe of our Times only, but as an acceptable Prefent to
Poflerity likewife. We bave laid dvwn Arithmetick and Euclid’s Geome-
try as the Bafis or Foundation, of the Mathematical Superfiructure ; with-
out which it is impoffible for any one, though be were to live and fudy to the
Age of Neftor, to attain any true and folid Knowledge in that Science.
From a Want of thofe firft Rudiments proceed that Obfeurity and Chimeri-
cal Uncertainty, that Labyrinth of Errours, and that vaft Chaos of Igno-
rance. Hence it is, that Men are [o far miflaken as to be sgnorant of what
they do know, and think they know what they are ignorant in. Hence fo
many Mechanical Mathematicians, unskilful Surveyors, fo many Exbau-
fers of Wine Casks, inflead of Gaugers: Hence fo many Bankrupt Mer-
chants, unfortunate Coptains in War, falfe drchitecls, and Artificers,
who rather promife to confiruct new Mackines for great Purpofes, fuch as

* Paulus Guldeaus Lib, IV, Centro, Cap. v,

raifing
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raifing Water to great Heights, and for removing vaft Bodies, than perfe
them. Hence fo many Engineers without Ingenusty, difappointed Searchers
after the perpetual Motion, fo many unbappy Squarers of the Circle, and all
the Blunders of Architelts. In fine, bence the Man that begins to build,
and knows not bow 1o finifb or compleat what ke bas begun. But I would
by no means have it thought, by what I have here faid, that I would in
the leaft depreciate the Military Practice, to which alone I more parti-
cularly applied myfelf : I am only grieved to fee this illuftrious Science
of Pyrotecknicks difhonoured even by thofe who profefs it; (I mean
Pra&titioners without Foundation ;) who have defpoiled it of its dncient
Glory, and ftripped it of all its moft beautiful Ornaments, beftowed on
it by its firft Inventors ; and ftill keep it feparated, and as it were, forci-
bly torn from the Bofom of its lawful Mothér the Matbematicks, as a
Science alien to and independent of it ; and have crowded it in amongft
the moft illiberal Arts, and the moft Mechanical Opeérations.

In Truth, I could wifh, that entirely banifhing this new Mcchapical
Science ; I fay, I could wifh, that no one would by any means fuffer a
Novice or Apprentice to take any Work in hand, till he is firft well
grounded in the Principles of Aritbmetick and Geometry; from whence
we might expe, that this great Art would, in a licde time, retrieve its
Original Luftre; and confequently that the Invention of fo many ridicu-
lous (I thould choofe to fay,coftly and dangerous) Machines, which thofe
Mafter Workmen have exhibited, would be juﬁly exploded, and we
might at leifure tafte the delicious Fruits of this Scierice.

But let us refumé the thread of our Subje®, and firice we have en-
gaged outfelves to give in this Chapter the Methods of Conftruéting the
Calibre Scale mechanically; you muft firft knew, that there is nothing
fo cafy as all thefe Inventions; but if you would at any time try, whe-
ther or no they can bear the Teft of Geometrical Proportion, which is
the true Touchftone of all fuch things, you will infallibly find chent in-
cumbered with Falfitics and Errours, and will perceive that it is entire-
ly impofiible to demonttrate them according to the Rules of Art. We
muft own however, that fome of them have been found to be righe ;
but they have not yet been demonftrated Geometrically ; all the reft are
falfe, or at leaft doubtful ; which we are neverthelefs obliged to bear
with patiently, becaufe they do not feem repugnant to common Senfe.
For my part, I never commended or approved of thein, inafmuch as I
never acknowledged them to be grounded upon the leaft Foundation of
Geometrical Truth. Now this Art confifts in one Point, from whence
if you deviate to the Right Hand, or Left; forwards, or backwards,
whether you carry the Foot all round the Circumference or not, you
will find your Operations defetive, and yourfelf. far enough off from
what you fought. Therefore I cannot advife any Body, to make ufe of
this Method. However, that I may not conceal any Article from the
Reader, who is defirous of knowing every thing, 1 fhall difplay the

E PraQice
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Pragtice which thofe Artifts we have been fpeaking of, value at fo high 2
Rate: But 1fhall here dwell upon two Examples of it only, which feem
to.me the moft Geometrically proportionate, and better founded than
the reft.

EXAMPLE L

The Perpendicular, C, K, being drawn ad infinitum ; from the Point
C towards K ; in B let the Diameter of a Bullet of one Pound C, B, be
placed ; then from the Center A, defcribe the Circle B,D, E, C; and let
the Diameter B, C, be divided into three equal Parts, C,I; I, H; and
H, B; and let a third be fet off upon the Periphery of the Circle from
B toF, and from F to E upon one Side of the Diameter, and on the o-
ther Side from the fame Point B to G, and from G to D. Now, if
from C you draw through the Points D, and E, the right ‘Lines C, 1
and C, M, ad infinitum, you will have your Figure adjufted; by which
you muft increafe the firft Cube, or the firft Diameter of a Bullet after
this manner. Having taken the Diameter C, B; from C fweep the Seg-
ment of a Circle 1. 1. then taking the diftance between the Points 1. 1.
from the fame Point C defcribe the Arch or Segment 2. 2. and the di-
ftance of the Points 2. 2. from the Point C upon all the three Lines, will
be the Side of the double Cube, or the Diameter of a Bullet of 2 Pounds.
Again, take the tranfverfal Diftance of the Points 2. and 1. which is
marked with a prickt Line, and defcribe the Arch 3. 3. and the diftance
berween the Point C, and the Points 3 upqn each of the three Lines will
be the Diameter of a Bullet of three Pounds. In like manner take the
diftance of the Points 2. 2. upon the Lines C, M, and C, L, and from C
defcribe the Segment 4. 4. and the diftance between the Points marked
with 4 and the Point C will be the Diameter of 2 Bullet of four Pounds.
This Method you muft purfue in finding out the Diameters of other Bul-
lets: thatis, by adding always the leffer uneven Number, 'to the greatet
even one, and reciprocally the leffer even Numbser to the greater uneven
one; or by taking the tranfverfal Lines drawn betwixt them; and alter~
pately as you go along taking the Lines direétly extending from one and
the fame Number, as may be feen in Fig. 5. where we have ‘carried on
the Progreffion to the Number 20; but as this is felf-evident, it would
be Time ill fpent to fay any more of it.

EXAMPLE IL

Let the Diameter of a Bullet of one Pound be divided into 4 equal
Parts, and let 2 be added to the firft Diameter, and you will have the
Diameter of a Bullet of 2 Pounds; then divide the Diameter of a Bul-
Iet of 2 Pounds into = equal Parts, and add } to ‘the Diameter of a Bul-
let of 2 Pounds, and you will have the Diamieter of 2 3 Pounder. And
2 in
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in this Manner and Proportion, you muft increafe the Number imme-
dimely preceding, to find the Diameters of all other Bullets: Thus you
may continue it to what Number you pleafe. As for me; I have carried
it on no further than the Number 10, to fave my Time and Labour;
but I have continued it in another Method to 100, afcending decimally
by 10 and 107t a time, and always dividing by 4, as will be plainly
fhewn by the following Table. As to the Numbers between each 10,
you are to proceed with them in the fame manner as you did with the
firft 9 Numbers. Morcover if you divide the Hundreds in the fame
thanner, you will have the Hundredths in the fame Proportion as the
Decimals and Unities.

Diameters | Divided |Parts added | Make the Diame-

of into to the ters of Bullets

Bullets. Parts. Diameters.{ weighing Ib.
1 4 3 2
2 7 y 3
3 10 s 4
4 13 i 5
% 16 i 6
6 19 = 7
7 22 s 8
3 2g i 9
9 28 i 1o
10 4 # 20
20 4 £ 30
30 4 3 40
40 4 3 50
5o 4 3 60
6o 4 * 70
70 4 & 8o
8o 4 F 9o
9 4 F 100
00 1 4 3 200

‘We have call’d thefe two above given Examples Mechanical ; becaufe
they are neither demonftrable nor artificial ; they may, however, in
fome refpe& be called Geometrical ; by reafon of the great Refemblance
they have to Geometrical Problems, that are perform’d ‘with Inftry-
ments ; but neverthelefs, thefe dre not purely Geometrical, theugh they
fnay, in fome fort, be called Mathematical ; they may, at leaft, be
ranked amongft thofe that-are worked by Scale and Campafs only ; thofe
two Inftruments being immediately founded upon the Poffulata; that
Is, upon the Right Line and the Circle ; the fame may be faid of all
thofe Inftruments that are made by Scale and Compafs; but in the

main they are merely Mechanical,
APPEN-
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APPENDIX.
A certain eafy Method of Confiructing the Calibre Scale.

NOtwithﬁanding that the two Methods we have already given (not
reckoning the Mechanical one) have nothing difficult attending
them, it being by them plainly demonftrated, that the firft and funda-
mental Origin of our Scale is drawn from Axioms, and the moft certain
Truths of Arithmetick and Geometry ; yet as they are a little perplex-
ed and difagreeable, becaufe of the Extrattion of the Cube Root, and
the Neceflity of finding out two mean Proportionals; I cannot prefent
you with a more eafy Dire&ion, than by recommending the Setor to
you, provided it be faithfully adjufted ; for as upon that Inftrument you
have the Stereometric Line, exadly divided into Sides of Cubes, or
rather the Diameters of Bullets, it is derived from Arithmetical Calcu-
lation. Therefore having, with a Pair of common Compafles, taken
the Diameter of a Bullet of one Pound, made of any Metal whatfoever,
let it be apply’d tranfverfally upon the Cubical Line from 1. to I.
and thus, without removing the Inftrument from its Pofition, take in
like manner the Diameters of all other Balls or Bullets, and tranfpofe
them upon the Calibre Scale; by this means you will have your Scale

conftructed by once opening the Setor: (See Fig. 8.) But if you have
not the Convenience of a Setor, you may, inftead of that, make Ufe

of Fig. 7, with regard to which you may proceed after the following
Manner.

Let the Line A, B, be drawn ad Infinitum, upon which, from the
Point A towards B, fet off the Sides ef all the Cubes taken from our
Table of Cube Roots in Chap. I. which you may do by any Scale you
pleafe, from Unity to what Number you think fit. Then take the Dia-
meter of a Bullet of one Pound, made of the fame Metal with thofo
Bullets you intend to meafure ; and fixing one Foot of the Compafs at
the Point 1. defcribe an Arch or Segment of a Circle with the other,
and let its Tangent A, C, be continued ad Infinitum. The Diftance be-
tween the Divifions of the Line A, B, and the Tangent, will be the
Diameters of Bullets ad Infinitum, increafing continually according to
the Progreffion of Numbers, following one another in a natural Order,
and fucceflively exceeding onc another by one Pound Weight at a time,

CHAP
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CHAP 1V.

A Method to find and tranfpofé, or fet off vhe Diameters of
Bulless upon the Calibre Scale, whofe Wesghts are lefs than
one Pownd, the Diameter of a Ballet of one Pound being

firft gven.

SU PPOSE then that the Diameter of a Bullet of one Pound (as we
have already obferv’d in a foregoing Chapter) be divided into 100
Parts; let it be cubed, and you will have 1,000,000, divide this by 32,
(which is the Number of Lozhs, or half Ounces in a Pound) and you
will have 31250 in the Quotierit, from which; if you extra& the Cube
‘Root, it will be found to be 31. Take off then with your Compafies
that Number of Parts from the Scale above-mentioned Fig. 1. and fet
them upon your Calibre Scale from A to B, and you will have the Dia-
meter of a Bullet of‘one Lofh, or half an Ounce. Now, in order to
find the Diameters of Bullets, whofe Weight confifts of feveral Loths,
or half Ounces, you need only double, treble, &¢. the Cube of the Di-
ameter 31, which was laft found, and then extra the Cube Roots of
your increafed Numbers, in the fame manner as was done to find out
the Diameters of Bullets weighing feveral Pounds. This is the Method
I followed in the compofing of the following Table, from whence you
may take the Diameters of half Ounces and tranfpofe them upon your
Calibre Scale, by the help of the Diagonal Scale beforementioned.
Furthermore, if you would have the Diameters of the Aliquot Parts of
an half Ounce (viz.) the } the ; the ; the i, divide the Cube 31 by 2,
4, 8, 16, and extra@ the Cube Root from the Quotient of each Divi-
fion, and you will have the Diameters of the Aliquot Parts of an
half Ounce, as may be feen by the following Table.

Order of the
Cubes l Roots

12
15
19
24
31
39
44
49
53
56
59
61
66

o
78
81
84
89
96

ANOTHER METHOD.

Take the Diameter of a Bullet of 2 Pounds, and divide the fame in-
t0 4 Parts, and ; will be the Diameter of a Bullet of half an Ounce; take
F again
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again the Diameter of a Bullet of 4 Pound, and divide itinto 4 Parts,
and ; will be the Diameter of a Bullet of an Ounce. Thus you may
go on with encreafing your Diameters 2 Pound ata time, and dividing
them into 4 equal Parts, and $ will be the Diameters of Bullets, en-
creafing half an Ounce each time in weight.

Thus you may continue till you come to 64 Pound, for the § of
the Diameter of a Bullet of that weight is exa@ly the Diameter of
a Bullet of one Pound.

If you would work this by the Compafs of Proportion or Seétor,
tranfpofe the Diameter of one Pound, taken with the common Compafies,
tranfverfly upon the Line of Cubes, (or, which is the fame thing, upon
the Line of Solids) between 32 and 32, and without altering the Inftru-
ment, add together all the tranfverfal Diftances between 1 and 1, 2 and
2, 3 and 3, and fo on to 31, and you will have the Diameters of Bul-
lets of all the half Ounces contained in a2 Pound. If you do not make
ufe of the Se@or, the Fig. 7. I-gave you in the foregoing Chapter
will ferve your Purpofe, provided that by means of any Scale of equal
Parts you fet off upon the bottom Line 32 Stereometrical Spaces from
A towards B, each diftinguifhed with Points and Numbers ; and if you
go on ftill farcher, you muft take care to carry on your Operation in
the Method I have already laid down.

CHAP V.

A Method to find the Diameter of a Bulle? of one Pound by
the Diameter of another Bullet wesghing feveral Pounds.

ARITHMETICALLY.

THE Method we fhall take in this Operation will differ but little
from.what we have faid in the foregoing Chapter, except that

the Diameter of the given Bullet may be divided into a certain Num-
ber of Parts, as for Example into 100, 200, 300, or elfe into 10, 20,
30, &ec. more or lefs, but you will work upon a more certain Founda-
tion the larger the Number it is divided into. You need not here ftick
to the Obfervance of the 100 Parts of the Diameter of one Pound, as
we have already divided it, which you will perceive by what follows,
Suppofe now for Example you have an Iron Buller, or one made of
any other Metal, of any Size and Weight whatever; and fuppofe you
would by Means of this, know the Diameter of a Bullet of one Pound,
made of the fame Metal with itfelf. In Fig. 8. let A, C, be the Dia-
meter of an Iron Bullec A, B, C, D, {which you may take with two
{mall gnomonical Inftruments, <levated upon any Plane, or with the
1 Calibre
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Calibre Compafles, &c¢,) divide then the Diameter into a certain Num-
ber of equal Parts; let us divide it in chis Example into 100 equal Parts,
as we have elfewhere done with regard to the Diameter of a Bullet of
one Pound; this done, divide the Cube of 100 by the Weight of the
Bullet : Set the Cafe that the Ball be a 24 Pounder ; you muft divide
the Cube of 100 by 24, and extra& the Cube Root from the Quotient
of your Divifion, and you will have the Number of Parts which confti-
tute the Diameter of a Bullet of one Pound, asmay be feen by the fol-
lowing Operation:

» Cube.
24) 1,000,000 (41,666 (34 Root 3 3
96 « ev e 27 . 4. 3
.40 14666 12 9
24 12304 3 3
160 2362 Remainder. 36 27..
144 360
—_— 16
.160 —
144 3076
- 4
. 160
144 12304
16.

Obferve here that if from the Diameter of a given Bullet, you would
know the Diameter of a 2 Pounder, you muft divide the Cube of the
Diametrical Parts by half the Weight of the given Bullet; again, if you
would have the Diameter of a 3 Pound Ball, you muft divide by ;) of
the Weight of the given Bullet; in fhort, if you would from chis like-
wife have the Diameter of 2 4 Pound Ball, you muft divide the Cube
of the Number of Parts, into which the Diameter of the given Ball is
divided by %, of its Weight; which done, extra@ the Cube Roots from
your Quotients, and you will have what you required.

GEOMETRICALLY.

Let the right Line A, B, Fig. 9. be drawn ad infinitum, and upon the
Pomt A, let fall the perpendicular A, C, upon which fet off the Dia-
meter of the given Bullet from A to D; at the fame time ic is neceffary
that you thould know the Weight of the given Bullet, which if it does
pot exceed 8 Pounds, divide the Diameter into two equal Parts, and
then fubdivide the upper Secion into 200 equal Parts: Bur if the Bail
exceeds the Weight of 8 Pouads, you muft divide the Diameters o]f all

Bullets
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Bullets becween 8 and 27 into 3 equal Parts, obferving to fubdivide the

uppermoft third, into 100 cqual Parts as before. Again, if the Weight
of the Bullet exceeds 27 Pounds, you muft divide the Diameters of all
Bullets berween the laft mentioned Number and 64 into 4 equal Parts;
if it exceeds 64 into g, if 125 into 6, and if 216 into 7.  And thus you
muft do fucceflively whenever the Weight of a Bullet exceeds any cubi-
cal Number; that is, you muft divide its Diameter into as many equal
Parts as the Root of the fubfequent Cube contiins Unities, and always
fubdivide the uppermoft Setion into 100 fmaller Parts. This being
fuppofed, let the. right Line F, G, be drawn parallel to the Bafe
from I, that cuts off the lower Divifion of the Line A, D, and thenlook
for the Cube Root inferted over-againft the Weight of the Ball in the
Stereometric Table, which having found, take the Diameter of it with
a pair of Compaffes. It being very evident, thar each of the Sections into
which the whole Diameter is divided, contains 100 Parts cqual to thofe
into which the upper Section is fubdivided, inafmuch as they three are
all equal within themfelves; it will follow, that you muft reckon from
A towards.C as many Parts as the Number in the Table of Cube ‘Roots
over-againft the Weight of your Bullet contdins Unities. Then fixing
one of the Feet of your Compafles at the Point of the Number found,
with the other defcribe an Arch of a Circle, interfe@ing the Bafe of the
Figure ; and from the Point of Interfection draw a right Line to the Point
of the Number found, which muft neceflarily cut the Line F, G, parallel
to the Bafe ; then take the diftance between the Points of one and the
other Interfection; that is, from the Bafe to the other Line that is pa-
rallel to it, and you will have what you required.

In Fig. 9. Let A, D, be the Diameter of a Bullet of 10 Pounds: Now
becaufe this exceeds the Weight of a Bullet of 8 Pounds, its Diameter is
divided into 3 equal Parts, which are A, F, F, K, and K; D, and its
upper Sction is fubdivided into 100 equal Parts, From the Point F
which interfes the lower Third of the Diameter, draw the Line F, G,
parsilel:to the Baie A, B ; thisdone, look for the Numberin the Table
of Cube Roots that is over-againft 10, the Weight of your Buller, and you
will find it to.be 215. Suppofing now that A, F, and F, K, contain
each 100 Parts; if you reckon 215 Parts from A, towards C, yon wil]
find the Point L, from whence if an Arch of 2 Circle be defcribed whofe
Semi- Dxametetxsequaltothgmmmofthc given Bullet, it will in-
terfe&t the Bafe A, B, in the Point H; and a right Line being produced
from}!,toqutwﬂlmlzkemannamerk&thehnel“ G, in the
Point I, and thus the diftsnce between the Points H and I, is the Dia-
wdofanlronB\rlletofoncPound,whwhmsrcqmrd. o

Obferve here that if the Weight of the given Bullct anfwers exaQlly
to a Cubical Number; you mu#t in that Cafe divide its Diameter into as
many firft a.ndpnncq:dl?am, as the Root of it contains Unities; for
oneofthePamqfaDamecatb»dmdedwabe the Diameter of 2

Bullet
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Bullet of one Pound : But all this being extreamly eafy, it needs no fur-
ther Illuftration.

This may be performed with much more readinefs with the Se&tor, by
putting the Diameter of the given Bullet between the Points and Num-
bers that exprefs the Weight of it upon the Stereometrical Line, and then
upon the fame Line taking the diftance between the Points 1and 1,
which diftance will be the Diameter of a Bullet of one Pound.

With the fame eafe and to the fame purpofe you may ufe the Fig. 7.
defcribed in the third Chapter, if you rightly conceive how to put it in
practice.

CHAP VL
A Method 1o find the Solidity of all forts of Bullets, whether

in Cubical Inches, or any other known Meafure.

WE thall meet with no great ditficulty in folving this Propofition, if

we take Notice of the Demonttrations of Chriftopher Clavius in Lib.
V. Folio 263. of his Praétical Geometry, concerning the Cube and the
Sphere, where he tells us that the Cube of the Diameter of a given Bul-
let is to its Solidity as 21 to 11; for Example, let the Diameter of a Bul-
let be 6 Uncie or Inches of the Rbynland Foor, the Cube of 6 is216;
if now by the Rule of Three you fay, as 21 is to 11 fo is 216 the Cube
of the Diameter to the Solidity; you willhave 113, which is the Num-
ber of Cubic Inches contained in the given Bullet. Obferve here, that
if you extra& the Cube Root of the Number denoting the Solidity of the
Bullet, you will have the Side of a Cube that will be equal to the given
Bullet in Weight and Solidity.

Furthermore, if by a given Solidity of any Body, you would have
the Diameter of a Globe or Ball equal to that Body in Weight and Soli-
dity, you muft invert the foregoing Analogy, and let it be as 11 to 21;
for in that Ratio will the Solidity given, be to the Cube of the Diameter
of the Ball required. In the above Example you have a Solidity given of
113 Cubic Inches, which if you apply thus to the Rule of Three, and
fay; as 11 isto 21 fo is 113 the given Solidity to the Cube of the Dia-
meter required, you will have 215, now the Cube Roor of this Number
(viz.) 5 ;2 will be the Diameter of a Bullet equal in Weight to the given
Solidity.

Again; you may know the Weight of any Bullet by its own Solidity
given in Cubic Inches, without the Calibre Scale or any Mechanical In-
vention whatfoever. You mutft firft know (what I believe is very well
known amongft Pyrotechnicians) that the Bullet whofe Diameter is 4

G Uncie
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Uncie or Inches of the Rbynland Foot weighs 8 Pounds of Iron: This
being granted,and the Solid Contents of any Bullet being given, you thay
folve it by the Rule of Three after this Manner (wiz.) as the Cube of
the Diameter of 4 Uncie or Inches is to che Weight of 8 Pounds, fo is
the Cube of any other Diameter determined by the fame kind of Mea-
fure to its own Weight. Which may be eafily conceived by the follow-
ing Example:

64 :8:: 216
8

64) 1728 (27 Pounds of Iron.
128

448
448

N. B. 64 is the Cube of 4,
and 216 the Cube of 6.

CHAP. VIL

A Methed 2o find by Numbers the Diameter of a Buller of
an unknown Bignefs by the Diameier of a Bullet of one
Pound made of the fome Mesal.

TH E Solution of this depends entirely upon the Rules laid down in

the firft Chapter,as we thall thow in the following Example. Sup-
pofe now, you are asked how many Uncie or Inches of the Rbynkond
Foot conftitute the Diameter of an Iron Bullet weighing 1000 Pounds.
In order to find_ this, multiply the Cube of the Diameter of a Ball of
one Pound, by the Number of Pounds which the Buller whofe Diame-
ter you feek for weighs, then extra& the Cube Root from the Produdt,
and your Queftion will be anfwered. As here in our Example the Dia-
meter of an Iron Ball of one Pound is 2 Unrie or Inches of the Riyn-
land Foot whofe Cube is 8; now 1000, the Weight of the given Bullet,
being multipliéd by 8 it will produce 8000, of which 20 being the Cube
Root, that Number is the Diameter of an Iron Bullet weighing 1000
Pounds ; that is 20 Unci# or Inches of the Rbynland Foot ; which was
required. ‘

CHAP
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CHAP VIIL

The Method to examine the Truth or Exaluefs of the Calibre
Scale, and of s parsicular Ufe in Pyrotechnicks.

IT often happens that we dare not rely upon Inftruments, that have

~** been wrought and adjufted by the Hands of a Workman, and feldom
make ufe of them till they have been thoroughly examined by us,

as to their Exa@nefs and Truth; for from a falfe or miftaken Conftru-

&ion of them, innumerable Errors and Abfurdities arife, as daily Ex-

perience evinces. It will be then neceflary that our Calibre Scale

thould undergo a ftri¢t Examination, whether it has been made by your

felf or an Inftrument-maker; you may then adjuft it after this man-

ner. With a Pair of common Compafles take the Diameter of a Bullet
of one Pound, which muft be repeated as often as the Length of the

Scale will permit, and upon the Points already engraved.” Now this

firft Diameter will thow all the Points that are diftinguithed or deno-
minated by Cubical Numbers; for Example, being once taken it will
extend to 1, which is the firft Cube; the next time to 8, which is the
fecond Cube; the third time to 27, which is the third Cube; the fourth
time to 64, which is the fourth Cube; the fifth time to 125, and fo on
with regard to the reft.  After the fame manner, the length of the Di-
ameter of 2 Pound will point at the Number 8 twice repeated, vrz,

t0 16; and thrice taken, it will point at 277 twice repeated, that is to 54,

and {o on of the other Diameters, as will appear by the Table at the

end of this Chapter; in which the Numbers that are under A, are pri-
mitive or original, by a Repetition of which are produced all thofe un-
der B: Thus from the firft Diameter thefe Numbers arife (viz.) 8,
27, 64, 125; and all the others that follow in that tranfverfal Order,

or in that Line. From the firft Repetition of the fecond Diameter
will arife 16, from the fecond 54, and fo on of the reft. Your Calibre
Scale having ftood this Proof, you may fafely make ufe of it. Now
though its Ufes are very various in Pyrotechnicks, yet its principal Bufi-
nefs is to Calibre Cannon Bullets, and the Bores or Orifices of warlike
Machines, fuch as are all Pieces of Ordnance, Mortars, Petards, &,
As for Example, let there be given a Cannon, whofe Bore is as in the
Fig. 8. A, B, C, D, let the Diameter of its Circumference be A, B,

which having taken with a Pair of Compaffes, tranfpofe it to your

Calibre Scale (having firft allowed for the Vent of the Ball, as we fhall

obferve hereafter) and one of the Feet will point out to fome Number

on your Scale, exprefling the Weight of a Bullet of the fame Diameter.

As in our Fig. the Diameter B, E, (without reckoning A, E, which is

I the



24  Of the Great Art of ARTILLERY.

the Vent. of the Ball) being applied to the Calibre Scale, prepared for
calibring Iron Bullets, you will have the Number 2, which is the Dia-
meter of a Bullet of 2 Pound, by which you will readily conclude,
that the given Cannon carries 2 two Pound Ball. If you apply this
fame Diameter to the other Superficies of the Scale, where the Diame-
ters of Lead are marked out, you will find fome Number denoting the
Weight of the fame Bullet if it was made of Lead.

Obferve here that if the Diameter of any Bullet being applied to the
Calibre Scale; does not anfwer exactly to an Integer or Pound ; but ex-
tends a litde beyond it; you muft know that the faid Bullet is heavier
than a Pound; now in order to find how much it exceeds it, take no-
tice of the following Mcthod. Let a certain Diameter extend fomewhat
beyond the Point 1 upon your Calibre Scale; then fee how many Parts
your Diameter is compofed of, and likewife how many of the fame
Parts conftitute the Diameter of a Bullet of 1 Pound. Let us fet the
Cafe here, that the Diameter of 1 Pound is divided into 100 equal
Parts, and that the given Diameter contains 108 of the like Parts:
From thence you' will naturally .infer, that the Weight of a Bullet of
that Diameter, exceeds the Weightof a Bullet of 1 Pound, in the fame
Proportion as the Cube of 108 exceeds that of 100. Now to find out
exatly how much the one weighs more than the other, you maft
reafon after this manner by the Rule of Three: If 1,000,000 the Cube
of 100 gives 32 half Ounces (ar 2 Pound) how many will 1,259,712
(which is the Cube of 108) give? This being performed after the com-
mon way, it will come out about 40, which will be the Number of
half Qunces that your Bullet. weighs, and confequently it will be ex-
a@ily 4 Ounces heavier than a Bullet of one Pound. ,

A[B|B|B|B| B |B|B | BB |
1| 8| 27| 64| 125 216 siz | 729 | 1000
2116 |- Zx:g 250 }4.32 386 nsm(. ’14§g 2000
3124 811923751 648 ] 1029 | 1536 | 2187 |
4] 32 ] 108 | 256 | s00]| 864 | 1372 | 2048

5140|135 | 320] 625 | 1080 | 1715

6|48 | 162 | 38 ggo* 1296 ~

g 56 | 189 | 44 75 fmim

64 | 216 | 512 |
9 243 F
o | o |22
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CHAP IX

Of the Mutual Ratio of Mérals and Minerals between them.
[ebves, or how o find by the Weight and Magnitude of
any Metallic Body the Weight and Magnitude of another.
Moreover how to fer off the Diameters of Bullets made of
feveral forss of Metals and Mineraks, &c. wupon the Cali-
bre Scale.

SINCE in Pyrotechnicks not only Iron Bullets are ufed ; but fuch alfo
as are made of different Metals and Minerals, as Lead, Stone and the
like; and as in meeting with Bodies made of various Subftances, it fre-
quently happens cither through Neceflity, or elfe to fatisfy the Curiofity,
that we would gladly know, by means of the given Weight or Magni-
tude of any Body, the Razio of the Weight or Magnitude of other Bo-
dies made of different Metals, or Materials; I could not omit obliging
thofe who have a Genius or Inclination to Pyrotechnicks, by pointing out
the Way for them to come at this piece of Knowledge, and that, by
fthewing them in this Chapter certain mutual Rarios and Properties of
Metals and Minerals between one another; which I have here taken
from the Works of the moft learned and experienced Authors. How-
ever, I muft beg of the Reader, that when he meets with thefe mutual
Proportions of Metals in other Authors that vary a little from ours; I
fay, T muft beg of him not to take it amifs, that we have ftuck to the
lateft and neweft Experiments ; though we are far from aiming at a Di-
minution of the Authority of others; eafily imagining that every one
knows well enough (as Matthias Berneggerus fays in his Annotations up-
on the Treatife of Galileus de Galileis) That pure Metals, that is, Juch as,
[free from the Commixture of any other fort of Metal, do not fo mutually a-
gree, but that their Ratios are fubjelt to fome change, and that they weigh
differently when of the fame Kind. Thus Gold is found to be heavier or
lighter than Gold, and Lead than Lead, according as they differ in Magni-
tude. Moreover, hammered Metal is heavier than that which is caft, its
Parts being more clofely compaéted by being bammered than by being melted.
Therefore in vain do you feek after this Perfection. The different Specific
Grauity of Stones is much more confiderable than that of Metals. Some of
them are very porous, and called Sand Stones; other forts of them are more
folid, but thofe difagree greatly from onme another in Weight. Moreover,
the different ways of weighing certain grave or heavy Things, have a
great Refemblance to Aftronomical Obfervations, which almoft always
differ fome Minutes or Seconds from one another. Now as it is neceffa-

H 1y
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ry that you fhould know, in what manner the Learned have cftablithed
certain Rules, and furnithed us with infallible Experiments, to deter-
mine the different Specific Gravities of all Metaks, and to facilitate the
greateft Difficulties you might meet with in your Refearches after a Cer-
tainty upon this Head, I fhall fubjoin what Merfennus (one of the
greateft Mathematicians our Age has produced) fays on this Subjet in
his Book of Hydrauhcks, Peap. 47.
Firf¥ then, I made Experimenss upow Edquses by pouring them inte Phi-
aks, which are the beft the narrvower thesr Necks are, and round the Neck
 tye @ Thread, or draw & Line that you may exaétly fill the Bottle to the
Jame beight with different Liquors. I need not bere mention, that you muft
dry the Bottle well every time, for fear the leaft drop of the Liyuor ufed in
a former Experiment by adbering to the Bottle, either within or without,
Jbould binder you from exallly finding oxs the Specific Gravity of the Li-
quor you are trying ; neitber need X mention what bas otherwife been faid of
Balances and Steel-yards, and of the Diviken of Weights in which the great-
¢ff Exalnefs is required. o

But this Method is not convenient for weighing bard Bodies, fuch asare
all Metals; except they be firft melted, and I aceordingly took care to melt
them ; but befides that all Metalks do mot fill the fame Mould (as I fhewed
Prop. 8. Lib. IV.- concerning Bells) and that fume contain more fir than
others, and that fome are mot to be meited without a good deal of difficulsy,
fuch as Copper and pure Brafi ; Stomes and Wood connst be melted at all;
I therefore examined Metals after they bad beew drawn into fine Wire (as
may be feen from the absve-quoted Book of Harmony) which not giving me
Jfull Satisfaction, becaufe of the various Size of the Wire, the firft of it that
paffes through the Mowld being thicker than what comes through afterwards;
and fince fome Metals cannot be dravon inte Wire no more than Wood or
Stones, &e. T thought it neceffary to think of fome other way.

The third Method that I thought might bave done woas by getting Bodies
made into Spheres, Cubes, and Parallelopipeds ;; bus Stomes, Metaks, Wines,
&c. cannot be fbaped with a Plane or turned in a Leash; and therefore at
Iaf} I find the befi way to be, toweigh all foiid Bodies with an exad Balance
in Air orWater, or in each fucceffrvely, to find the differences of their Weight.
In Air the Liquors are to be examined and compared with Water, weighing
them in the above-mentioned Bottle with a narrow Neck : But the reft of the
Bodies being bard might like tbe Liquors be exallly weighed in Air, if they
were equal in Bulk; or if the difference of their Balk was known ; but as
their Figures are commonly different and irregular, nothing is more conve-
mient or exalt thon weighing them in Water; and by comparing a Bulk of
Water equal to them, to their Gravity, we may fnd out bow much one Body
is beavier than anather, and if this be once reduced ro & Table the whole Lo~
bour will be faved,

The fame Author fays, I ressember Dunot ¢ Geomewician was gfed to
reduce all Metals to the Paris balf Ping (or the Eungliéh. Pint) and fuppefing

H that
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that Meafure of Water to weigh one Pound, be faid that the following Me-
talswere in this Proportion ; (for Example) fucha Meafure ¢f Iron would
weigh 8 Pound, of Silver 10 % Pound, of Lead 11 § Pound, and Gold
19 Pound, and that a Leaden Ball whofe Diameter was 1 Inch and
8 Lines weighed 1 Pound, but when be propofed to fill & Pint with
melted Metals to find the juft Weight of the refl, I diffuaded bim from
it becaufe I found that Moulds and Veffels ave not equally filled by differ-
ent Metals; and that fome Metals are more full of little ¥ acuities (or Wind
Holes, as the Smelters call them) than others.

It is here then that Merfennus thews us the mutual Proportions of
Metals, which he has very accurately reduced to a Table, affuring us
that Bodies of Metal of one and the fame Magnitude, obferve the
following Ratio and Order, with refpec to one anather as to Weight;
to which we have added the Praportions that Sulphur and Wood bear
to the Metals,

Gold - - « « - - - - - - 100
Mercury - - - - - - - - - 732
Lcad - & e = e w e e e - 60 ;
Silver - = - « - - & - . . §EL
Copper - - - - - - - - - g7

Brafs mixed with Lapis Calaminaris. - 45
Iron - = T = = = e e e - 42
Common Tinn 39
Pure Tinn - - - - - - - . . 38«

z

Loadftone - - - - - - < - . 26

Marble - - - - - - - - - - 21
Stone - - - - - - -+ - . K
Chryftal - - - - -« - <« - - j2¢
Sulphur - « - - « -« - - - 52
Water - - - - -« « - - o o :
Wine - - - - - <« - - - . g

Wax - - = = - = - 2 - . ¢
Oil = - = = = = = = = o - 4

Lime-Tree Wood - 3

The particular and principal Ufe of this Table will be to thew, by
the known Magnitude and Weight of any Badies made of any of thefe
Materials, the unknown Magnitude and Weights of any ocher Bodies
made of the fame; and likewife their mutual Rativ’s with regard to
Magnimide and Weight. If for Example you would know the mutual
Ratio of the different Specific Gravities of Iron and Lead; that ks, in
what degree Lead is naturally heavier than Iron; (fuppofing their Bulk
to be equal} you muft look into the above Table, where you will fee
that the Weighe of Lead is to the Weight of Iron, as 603 is t0 42.

This
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"This being known you will -eafily. folve this Problem, which is int truth
a very exccllent one, and perfetly ncceﬂ'ary in Pyrotechnicks. To illu-
firate this, there is an Iron Cannon given whofe Weight is 2000 Pound;
now I demand how many Pounds of Brafs would be requifite to make
another Cannon' of  the fame:Size, in the fame Form, and with all the
fame Ornaments and Embellithments with the given Cannon. - In order
te folve this, you muft proceed in this manner, (viz,) Having from the
above Table-taken the Numbers expreffing the Ratros of the two Me-
tals; fay, as 42 (the number expreffing the- Weight of Iron) is to 45,
(the Number exprefing the Weight: of Brafs mixed with Lagis Calo-
minaris) fo is:2000 Pound, the Weight of the given Iroa Cannon, to
the Weighe of ‘the Brafs one fought; this being performed, you will
find, that the Weight of Brafs mixed with Lapis Celaminaris, requifite
to make a Cannon, like the given one, will be 2142 Ponndand 27 Letl's,
or 13 3 Ounces, or thereabouts. -

By inverting the Order of thefe Ratios, and by knowmg thc exa®t Dl-
menfions of any Body, you will eafily difcover the Magnitude of any
other Body, whofe Magnitude is meafured with the fameParts, and isalfo
of equal Weight with the given or known Bedy, and of the fame Form,
though of differenit Bulk. -~ For Example, let the Magnicude of an Iron
Bullet of one Pound be known, ‘whofe Diameter is divided into 100
equal Parts; (as we have more-than ‘once obferved;) by which you
would know the Diameter of a- Leaden Bullet of the fame Weight.
In order to de:this, look for the Raties of their Specific Gravities in
the above Table, for as 60 1 is to42, fo will the Magnirade of an Iron
Bullet be to the Magnitude of a-LeadenBullet of the fame Weight.

Now in otder to know the Number of equal Parts which the Dia-
meters of one and the other Bullet ought to contain, I'have inferted an-
other Table which I have carefully calculated, by the help of the Table
of Cube Roots. in the firft Chapter of this Book; and likewife by the
Afiftance of the mutual Ratias of the Specific Gravities, as in the
above Table;:in doing which we obferved this Method.: We multi-
plied the Root. of the hundredth Cube, taken from the Stercometric
Table, that is, 464, always by. 100, and divided the Produé 46400, by
the Roots over-againft the Numbers anfwering to the. Specific Gravities
of Metals with regard to Gold. For Example, to find the Number of
Pares which: conflimte. the Dmnetet of 2 Leaden Bullet; 'we. divided

; : S lication abovementined, (vrz.} 46400, by
thc Q;Guhgm ng@x ﬁrmed Table of Roots) which
ut-3025-pow-she ‘Quotient 118, is the Diameter: of 2. Bullet of
had of -equal Weighe with one made of Gold. * By ‘this Method we'
calculated .the follawing - Table, which if-you- pleafe-to make: nfe of,
let us 20 illuftrate it s feppofe that you want to find the Diametcr of
s Leaden Bullet of 1 Pousid, -and that you. already have the Diameter
of :an Jron Bullet of the fame Weighs, divided into equal Parts, which

we




Of the Great Art of ARTILLERY. 29

we will here (as well as we have elfewhere) fuppofe to be 100. ‘This
done, range the proportional Numbers of the two Metals in this man-
ner by the Rule of Three (w’z ) As the proportional Number of Iron
(which in the Table is 133) is to the proportional Number of Lead
(which in the fame Table is 118) fa are the 100 equal Parts, of which
the Diameter of the Iron Bullet is compofed, to the Parts of the Dia-
meter of a Bullet of Lead of the fame Weight with the Iron one;
which was required. _

Having worked this Analogy, you will have the Diameter of a Leaden
Bullet conﬁfhng of 884fy Parts of the fame Bignefs or Nature as the
100 Parts, into which the Diameter of an Iron Bullet is divided. Thus
you are to proceed to find out the Diameters of Bullets, of the other
Metals, but of equal Weight with one of Iron. In thort, the Diameter
of a Bullet made of any kind of Metal being known, you will have the
Diameters of all the reft, by taking their refpetive Numbers from our
Table of Proportions, and then working them by the Rule of Three.
By what we have been faying, we fhall readily come at all the Diame-
ters that are ufually found upon the Calibre Scale. Moreover we may
not only have the Diameters of Globes or Bullets, but alfo all the Ho-
mologous Sides of any Bodies, as well regular as u'rcgular (provided.
they are made of fuch Materials as are to be found in our Table) toge-
ther with their mutual Ratios as to Magnitude, as may be conceived by
the following Table. As for Example, let there be given a Cube of
Wood, whofe Weight is 10 Pound; and let it be required of you to
make a Cube of Copper of *the faine Wenght with the glven oné; to
do“this, divide one Side of the given Cube into a certain number of
equal Parts; (but it may not be improper to tell you; that the more
Parts you divide it into, the more exact will your Work be;) let us here
fuppofe the Side of the given Cube to be divided into 60 equal Parts;
then take their proportional Numbers from the following Table, and
range them as ufual in cafes of the Rule of Three (viz.) as 309, the
proportional Number of Wood, is to 128, the proportional Num-
ber of Coppcr, fo is 60, the Number of Parts into which the Cube of
Wood is divided, to the number of the fame Parts requifite for the Side
of a Cube of Copper, of the fame Weight with the Cube of Wood
which was given ; from which there will arife this Number 24 %, which
are the Number of Parts of the fame Bignefs, or Nature with thofe in-
to which the Cube of Wood was divided, as are neceffary for the Side
of a Copper Cube, of the fame Weight with the' Wooden one.

What has now been done with regard to the Side of a Cube, asare-
gular Body, may be done with refpe& to the Homologous Sides of an
irregular Body ; and thus may you have the Magnitudes of @quipon-
derant Bodies, made of different Metals, fuch as Brafs, Iron, &¢. and
all by the help of Models or Moulds, (to ufe the terni in the Proplafiic
Art) fuch as the Moulds of all the Pyrotechmcal Bodies, which are for

the
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the moft part irregular, as all Cannons, Mortars, Petards, and fuch like
Machines; whether they be made of ' Wood, Wax, Lead, or any other
Metal or Mineral whatfoever. ‘I'o conclude, we may eafily come ata
Knowledge of the Encreafe or Augmentation of any Body, by fuch
means as we have been fpeaking of; and by the affiftance of the Table
of Cube Roots given in the firft Chapter ; always obferving thac the
given and required Body be exadly of the fame Form. Concerning this
Subje& you may, if you pleafe, have recourfe to the 25th Problem in
Galileo’s Treatife of the Seéfor; wheréin he teaches how to- ﬁnd out
the fame thing by an Inftrument of his own Invention. '

Obferve here that we have not given the Proportion of mixed Me-
tals to the others; it being very difficult to afcertain any Rules concern-
ing it; becaufe the Founders, and fuch like Workmen, have very
various Methods of allaying, or mixing Metal when they caft Cannon,
of which we fhall fpeak more fully in anothcr Place. ' We have, however,
obferved by Experience, that the Weight of a Mertal mixed in fuch
Proportion, as that in 100 Pound of Copper, there is-20 Pound of Brafs
mixed with Lapis Calaminaris (which the Latins called Aurichalcum, the
Germans Meffing, the Poles Mofiads, and we Lattin) and 10 Pound of
Tinn; (mAlIaywhxch is efteemed the firongeft, and i is now in general
ufe amongft the Exropean Nations) comesthe neareft in Weight to the
Specific Gravity of Brafs made thh Lapu Calaminaris.

Diameters of Kqui pondqant,BaIlets, dsvsded into equal Paris.

Gold"-z-' i e e - - - 100

Mercury = » = = = = » = = III
Lead - -~ - = - - - - - - 118
~Silver = = = = = = = = - « 122
- Brafsor Copper = -~ - - - - = 128
Brafs with Lagis Calammam - - - 130
Ion - - me s e - e - - 133
CommonTmn - = = = = - = 136 :
PureTinn. - = = = - - - - 137
Loadftone = = = = = - - - - 156
Mable = - - = = - - - - 168
Stane - - - - = - - - - - 192
Chryftal = « - - = -« - - - 201
~Sulphur . - - - - - - - - - 202
 Water - - - = - - < - - - 266
Wine - = = = = =« = « - - 267
Wax = « = « = =« « = = S - 271
Oil - m m e e e e = e e 276

Lime-TreeWood - = - - - = 309

APPE N
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we will here (as well as we have elfewhere) fuppofe to be 100. ‘This
done, range the proportional Numbers of the two Metals in this man-
ner by the Rule of Three (w’z ) As the proportional Number of Iron
(which in the Table is 133) is to the proportional Number of Lead
(which in the fame Table is 118) fa are the 100 equal Parts, of which
the Diameter of the Iron Bullet is compofed, to the Parts of the Dia-
meter of a Bullet of Lead of the fame Weight with the Iron one;
which was required. _

Having worked this Analogy, you will have the Diameter of a Leaden
Bullet conﬁfhng of 884fy Parts of the fame Bignefs or Nature as the
100 Parts, into which the Diameter of an Iron Bullet is divided. Thus
you are to proceed to find out the Diameters of Bullets, of the other
Metals, but of equal Weight with one of Iron. In thort, the Diameter
of a Bullet made of any kind of Metal being known, you will have the
Diameters of all the reft, by taking their refpetive Numbers from our
Table of Proportions, and then working them by the Rule of Three.
By what we have been faying, we fhall readily come at all the Diame-
ters that are ufually found upon the Calibre Scale. Moreover we may
not only have the Diameters of Globes or Bullets, but alfo all the Ho-
mologous Sides of any Bodies, as well regular as u'rcgular (provided.
they are made of fuch Materials as are to be found in our Table) toge-
ther with their mutual Ratios as to Magnitude, as may be conceived by
the following Table. As for Example, let there be given a Cube of
Wood, whofe Weight is 10 Pound; and let it be required of you to
make a Cube of Copper of *the faine Wenght with the glven oné; to
do“this, divide one Side of the given Cube into a certain number of
equal Parts; (but it may not be improper to tell you; that the more
Parts you divide it into, the more exact will your Work be;) let us here
fuppofe the Side of the given Cube to be divided into 60 equal Parts;
then take their proportional Numbers from the following Table, and
range them as ufual in cafes of the Rule of Three (viz.) as 309, the
proportional Number of Wood, is to 128, the proportional Num-
ber of Coppcr, fo is 60, the Number of Parts into which the Cube of
Wood is divided, to the number of the fame Parts requifite for the Side
of a Cube of Copper, of the fame Weight with the Cube of Wood
which was given ; from which there will arife this Number 24 %, which
are the Number of Parts of the fame Bignefs, or Nature with thofe in-
to which the Cube of Wood was divided, as are neceffary for the Side
of a Copper Cube, of the fame Weight with the' Wooden one.

What has now been done with regard to the Side of a Cube, asare-
gular Body, may be done with refpe& to the Homologous Sides of an
irregular Body ; and thus may you have the Magnitudes of @quipon-
derant Bodies, made of different Metals, fuch as Brafs, Iron, &¢. and
all by the help of Models or Moulds, (to ufe the terni in the Proplafiic
Art) fuch as the Moulds of all the Pyrotechmcal Bodies, which are for

the
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Moreover there are fome Weights that are ufed for weighing Gold, Pearl,
Coral, and ether Things of Value only; and others for Iron, Copper,
Lattin, Lead, Tinn, Sulphut, Allom, Wax, Tallow, Hemp, Wool,
freth or falt:Meat, Butter, Cheefe, and the like Goodsoanlk. Fur-
thermore, there are particular Weights ufed by Phyficians, Apotbesgries
.and Surgeons, wn:bwlnchtheywexgh and adjuft the Medicines which
theyprepmiorthehumml!ody It is in this Chapter then chat I
‘propofe to entertain you with the Difference of all ;hefcl?ng#r; be-
ghnmgﬁrﬁw::h&wﬁof:hcdmm:, then proceeding to ours, and

‘with thofe of the moft Modern Date, all whxehwéﬂ:aﬂenu—
‘merate and reduce to an Equality between themfelves; which dome, we
fhall fhow of what Ufetheano-cqmuomorEqﬂalmesan in Pyratech
nics.

As totheWagH:of the Ancients, and the puumlarnlﬂ"erencebo—
tweent them, the Writings of both Greek and Latin Authors will fully
inform us: We have hére cofleted fome of them, of which we fhall
fpukaswegoalong In the firft place the Aucients generally divided
their Weights into two Clafles, (suz.}theGreat:randtheSmlbr of
the Greater there was :

The TALENT, whnchnmongﬂ: :heHe&rm was a kind of Weight
(without any Mark-upon it,). of3ooo Shekels, as may.plainly be feen
in the xxxvirth Chapter of Exedus, wherein is meationed a Sum of
160 Zalents, and of 1775 Sbekeks, which was colléded after 603,550
Mea had peid esch half 2 Shekel, Now. the Hebrew Talent contained
100 Hebrew Mina, and 120 of Attzca, or 1500 Ounces, 12000 Drams,

ot 125 Pounds, esch Pound wej 12 -Ounces,  With the Talent
thcywe:gMGoH, Silver and Copper ; Sce Villalpandus upon this Sub-
je&t in his third Volume, where he powerfully refutes thafe who differ
from him in Opinion. But Authors difagree as to the Weight of the
Shekel. Merfennus, in his Treatife of Meafures, Weights and Coins, af-
fures us, he found that a Shekel of Silver (which he would have to be
‘equal mWexghtwuhoneaf Gold) weighed 268 Grains, and from thence
concludes, that the Hebrew Talent of 3000 Shekels was equal w 87
Pourids {of 16 Ountes each) 3 Ounces, 6. Drams, and 2 Denar, or to
804,000 Grains, From whence we fee that.the Talent, as calculated by
Villalpandus, exceeds that of Merfennus, by 6 Pounds (of 16 Ounces each)
8 Ounces, 2 Drams, and 2 Denar. SomeareofOpmmn, that che He
brews had two forts of the Shekel, (viz,) the common one, or xher-
phxnc.Dz-b'mW,and;heT:tra-dracBm of the :
double the common one. . But you may if . youplufetﬁdl"llakmdw
upon this head, . where he difputes. with great Energy againft Grapfius,
and maintaing that the Sbeke/ was but of one kind,. whwh was. of equal
Value w;th the Athenian. Stater, and not of two, | by
nations of Propbanc and Sacred. - The Drackm which was the
Eonahpu'toiaSb:kl asmcnnqnedenLuh Chap. xv.verfg&wa

equal
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equal to a Roman Denarius; of which in St. Matzh. Chap. xviii. ver. 22.
or as the half, in St. Ma¢thew, Chap. xvii. ver. 27. The Shekel was com-
pofed of 20 Oboli, which the Hebrews called Gerab, and the Chaldeans,
Maba; the Obolus according: to the common Opinion of the Rabbins
weiged 16 Grains of Barley; from whence (as they equal the Grasns of
an Ounce, which we fhall fpeak of hereafter) we may make 2 Shekel or
20 Oboli to contain 320 Grains, Thus 3000 Shekels will weigh 960,000
Grains, or 104 Pounds (of 16 Ounces each) 2 Ounces, 6 Drams, and one
Denarius. But if you would know any thing farther, relating to the
Weight of the Hebrew Shekel, read Merfennus of Meafures, Weights and
Coins, together with the Authors he quotes upon that Subject.

By Authors we find it for a certainty that the Talens amongft the Ro-
mans was of three forts. The Leaf of the three weighed 84 Pounds
Roman. 'The Mean one was 120 Pounds, as Vitruvius fays in the laft
Chapter of Book X ; where he relates, that Heliopolis was fo firmly wal-
led with Flints, and fo ftrongly fortified with Hides, that it could bear
the Shock of a Stone of 360 Pounds Weight; thrown from the Balifla;
now this was the Weight of three Talents, each of which was 120
Pounds. You will find the Tkird and Greateft Talent, in Suidas and
Hefychius, who both affert it to have been 125 Pounds, which is a Weight
equal to an Hebrew Talent,

The Grecian or Attic Talent was 6000 Drams, or 6o Attic Mine,
as Suidas relates from Feffus. According to Villalpandus it was equal to
half of the Hebrew Talent ; but according to Swidas and Hefychius, the
half of the Roman Talent; thatis 623 Pounds Roman Weight. The
Value of the Attic Talent in Money was 600 Crowns ; which may give
us an Idea of the famous and memorable Liberality of Alexander the
Great towards Men of Learning, when he prefented his Maftter Ariftotle
with 800 Talents, as a Gratification for the Trouble he had been at, in
defcribing to him the Nature of all Animals; which amounted (as fome
will have it) to 480,000 Crowns: And likewife when he fent Ambaffa-
dors to the Philofopher Xenocrates, with a Prefent of 50 Talents, which
anfwered to 30,000 Crowns. Befides the T/ents I have already men-
tioned there were feveral others; as

The Thracian Talent, which weighed 120 Pounds. The Hgyptian,
which was 80 Pounds. The Alexandrian; which was half of the As#ic
Talent (viz,) 31 Pounds, 3 Ounces, The Syrian, of 1500 Drams, or 15
Pounds, 7 Ounces, and 4 Drams; and that of Agina, which weighed no
more than 10 Drams,

As to the Leffer Weights of the Ancients, you will find amongft the
Hebrews

The MINA or MANEGH, which was 30 Shekels or 120 Drams.

The Grecian Mina or Mna (uye) was of two forts (viz,) the Leffer of
75 Drams,

K And
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And the Greater (which was bigger than the new one of Selan) 100
Drams. The Dram was divided into 6 Oboki; the Obolus into 2 Semi-
#boli; the Semi-obelus into 3 Chales's the Chalcus into 5 Leptes. But for
wexghmgofDmg: and Medicines, the Phyficians and Surgeons: divided
the Mina into 36 Ounces; the Ownce into 8 Drams; the Dram i mto3
Scruples ; the Scruple into 2 Obok 5 the Obols into- 2 Semi-oboli; the Semi-
obolus into ¢ § Sifigua, and the Siigua into 4 Grains or Moments. .

TheﬂﬁuofdlexmdnewzoOm;mdmﬂmnmcondudewith
the Mina, the Ptofemaic wasB Ounces only.

-The POUND was what the Remans properly called a Weight, or /&,
or Afis; this Weight was the Leaft of the Greater Sort or Clafs, and the
Biggeft of the Leffer. It was commonly 12 Ounces, and this Roman
Pound was 4 Drasms lighter thanchedtttc Mina, -The Pound was ori-
ginally divided into 12 Omnces only ; then the Sextans was 3 Ounces ; the
Qyadrans 3-Ounces; the Tritns 4 Ounces; the Qyincunx 5 Ounces ; the Se~
mis 6 Gmm (which was alfo called-5slf @ Pound;) the Septunx was 7
Ouces; the Beffs 85 the Dodrans g; the Dextans 10; and the Deunx
31 Ounces.  ‘The Pound was again divided into other ﬁnalleerghts
as, 24 balf Ounces; 36 Duelle ; 48 Sicilica;’ 72 Sextule; into 84 De-
narii, 168 Vi&mm, and 288 Seriptula.

Befides all this, the Pound was a kind of Meafure amongft theRo-
mans, which was divided into 12 Parts, which :heycalledUmcotIn—
ches; this they called the Menfural or Meafuring Pousd, to diftinguith it.
from the Ponderal or Weighing Pound. Now this Menfural Pound, (ac-
cording to Galen in his Vth Book sf the Compofition of Medicaments) was
a kind of Veflel made of Horn, with which the Remans ufed to meafore
Oil ; and was divided by certain Lines drawn cither withinfide or with-
out into 12 Parts, which were called Unciz. Galen farther informs us
in the Vith Book of the fame Treatife, that the whole Menfiral Powrd
waseqnaltobutmmeof thePwderdeJ:ndeonfeqmndywa
2 Ounces lighter.

We:have now fpoken fufficiemly of the ancient Vngks, let us pro-
ceed t0 examine the various Weights in prefent Ufe: amongft which,
whether they be of the Greater or Leffer fort, we fhall find 2 wide diffe-
rence. -But as we have no Terms to exprefs them by in our Language,
no more than we bad for thofc of the Ancianss which are equally fo-
reign to us; we fhall call them by the Names they bear in the Coun-
tries where they are ufed, and perticularly by fuch Terms a3 are the moft
common among Merchants: And this we thall do wich all poffible Brevity.

- DOLIUM {which alfo is the Name of a Veflel anfwering to 2 Tann)
sa Weight much ufed in Poland (where it is commonly called Beczks)
and i 50 Stones, or 1660 Pounds: Tfuppofe them here tobeSt-mof
Warfew, which weigh 32 Poundseach.

The MIGLIER, which we call the Millier, isa Venetian Weight of
40 Miriads (called in that Country Miri) each weighing 25 Pounds;
e 1 thus
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thus the whole Miliier will weigh 1000 Pounds, allowing 12 Ounces to
cach Pound.

The BACCAR in the Kingdom of Cakicut, 1s a certain Weight,
that at Lisbon anfwers to g great Quintals, and weighs in all 640 Pounds.

CALLA, isan Alexandrian Weight of 960 Pounds.

CARGO, or CARICO, Cargoe, or Lading, is a #eight common-
ly ufed in France, Spain, Italy, and Portugal; this is properly the Load,
or Burthen of an Horfe, Afs, or Mule. In Spain it is 3 Quintals, which
are 360 Pounds, and fometimes 432 Pounds ; at Venice and Antwerp it is
400 Pounds. At Lions and every other Place in France it is 270 Pounds,
and fometimes 300 Pounds. The Schiffpfundt of the Germans has fome
Affinity to this fort of Weight, as we thall thow in its proper Place.

BIRKOWIEC, a Weight among the Mufcovites, and the Inhabi-
wants of #hite Ruffia, contains 10 other fmaller #eights, (which the Peo-
ple of thofe Countries call Pud) each of which weighs 36 Pounds, from
whence it is that this Weight is 360 Pounds in all.

The SCIBA of the Egyptians weighs 320 Pounds.

The RIVOLA or Romula, a Weight ufed in the Country about
Damafcus, is 225 Pounds.

ST AR, amongft the Venetians, weighs 360 Pounds, and fometimes
220, 180, 130, or 120, and fometimes but 110 Pounds. This Diffe-
rence arifes from the feveral forts of Goods they weigh with it; which
I thall not here dwell upon.

The WAGE, a Weight amongft the Belgians, weighs at Antwerp
165 Pounds; at Bruges in Flanders 30 Stones, or 180 Pounds; fometimes
at the fame Place it is but 20 Stores or 120 Pounds ; with this they weigh
Butter and Cheefe.

QUINTAL, QUINTALO and QUINTALIS; a Weight a-
mongft the Spaniardsand Portugueze. In the City of Leon it weighs 100
Pounds. At Seville the great Quintal is 144 Pounds, and contains 4 Rodes,
or Arrobas of 42 Pounds each: the little Quintal is only 28 Pounds.
There alfo they have another fort of Qyintal which is 120 Pounds, or
4 Robes of 30 Pounds each. The Portugueze Quintal is 128 Pounds, and
contains in like manner 4 Robes, of 32 Pounds each. This is their
Greateft Quintal: the Leffer is but 112 Pounds; which alfo contains
4 Robes, weighing only 28 Pounds each. In the fame Country the
RQuintal of Wax weighs 1 3 of the Leffer Quintal, and is therefore 168
Pounds. In the Kingdom of Fez, the Quintal is 66 Pounds of Anut-
werp, and in Morocco and Guinea 129 Pounds.

CANTAR and CENTNER is what was anciently called the
CENTENARIUS or Hundred, which weighed 100 Pounds: from
whence it was that in Nonsus the Soldiers cried out: Quid fit? Balifias
jaétas Centenarias; if it be only that thofe powerful Machines threw out
Stones of 100 Pounds? But now this Weight is varied prodigioufly, and
fuited to the Convenience of a vaft many Nations that make ufe of it. In

France
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France (for Example) in the City of Paris, it is divided into 4 Quartrons,
or Quarters, of 25 Pounds each. At Liens, Thouloufe, Avignon, and Mont-
pellier it weighs 112 Pounds. - In Spain it is 4 Robas, each Reba 30 Pounds,
which added together make 120 Pounds, and anfwer to the Weight of
a Quintal. 1In Puglia, Calabria, and Candia, as aHo at Coenflantinople,
Alexandria, Aleppo, and. the Iflands of Cyprui- and: Rbodes, ic is' 100
Rotules; in Sicily 61 Rotules of 30 Ounces each, make a Hundred or
Centenary. At Damafeus it contains § Zurls, ot § Stones, of 20 Rotules
cach. In Barbary, it is § Robes, and every Robe 20 Rotules; at Oran it
is 4 Robes, In England it is 112 Pounds.. Ac Noremberg and moft of
the chief Towns in Upper Germany it is 100 Pounds, 120 Pounds, and
fometimes 132 Pounds. -In Silefia and Fratiffaw it weighs 5 Stames of
24, Pounds each, which is 120 Pounds; the fame it weighs at Homburgh
and Dantzick. At Koningsbergh it is 138 Pounds. At Lubeck and Stetin
in Pomerania it is 121 Pounds. At Cracow in Poland it is 138 Pounds.
At Warfaw it weighs 5 Stones of 32 Pounds each (as I have already faid)
which make 160 Pounds ; in purfuance to the Orders eftablithed in that
Kingdom in the Year 1565. At Leopole in Ruffia, it is 5 Stomes of
30 Pounds each. : .

The ROBE or Arreba, is a Spanifh and Itakan Weght of 36, 32,
39, and 28 Pounds, as I have already faid. -

The ST ON E, commonly called Stein in the Upper and Lower Ger-
many, is much ufed by the Germans, Flemmings, Hollanders, and all the
Baltick Sea ; asin Poland, Lithuania, &c. It is likewife ufed in Italy,
(viz.) at Rome, Florence, Bologna; as well as Hamburgh, Lubeck, and
Stetin; in all which Places it weighs 10 Pounds: At all thefe Places they
have likewife one of ancthet fort, which is double of the firf, and con-

_fequently weighs 20 Pounds. = At Fratiflew in Silefia, it is 24 Pounds;
at Cracow 25 Pounds; at Warfew and Lublin 32 Pounds, in purfuance
to the Orders iffued out by Sigi/mumdus Augufius in the Year 1565 ; at
Leopole it is 30 Poundss at Dantzick the Stone is of two kinds, the
biggeft of which is 34-Pounds, with which they weigh Flax and Wax;
and the Zaft is only 24 Pounds, with which they weigh Drugs, Spices,
and all Aromatick things. At Keningsbergh it is alfo of two forts, the
biggeft weighing 40 Pounds, and the leaft 25 Pounds. At Elbing, Vilna
in Lithuania, st Riga, snd at Revel in Livonia, it is 40 Pounds; and at
Thorn 24 Pounds onlys. L . . ,

NAGEL is aWaﬁt in England, which is particularly ufed for
weighing Wool : at Bruges in Flanders it is 6 Pounds. Furthermore 45
Nagels conflitute & certain Weight which they call #age, 2 Wages make
a Sack, and 3 Secks make a Seltier or Serpelier. Butin England the
Nagel weighs 7 Pounds; 3 Hundreds and § make & Sack of Woal,
which is 52 Nagek; the T OD is likewike an Englifb Weight, and:is 4

’ The
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The ROTULA or SCUTARIA is a Weight in Italy, and i
feveral Parts of the Eaff, as in Arabia, Syria; Greece, Rbodes, and Cy-
prus: It is divided into 12 Ounces, Sacros, or Sachofés; into 24 Sexatios
or Sicles; into 48 Denarii, 7 of which make an Ounce; into 96 Dar-
quins, or Drams ; into 288 Scruples; into 5§76 Orlsffats, or Oboli; into
864 Danigs; 1728 Kirats, or Carats, or Siligua, and into 6912 Keffufs,
which fignify Grains. According to Nickolas Tartagha, in his Twelfth
Quettion, the Rotule or Rotula av Venice, weighs 2 Pound, or 33
Ournces and 3, and 3 Rotules make 100 Ounces. In Sicily the Rotule is
30 Ounces; at Alcairo it is 6 Pounds ; at Aleppo 60 Ounces ; at the fame
Place the Ounce is divided into 8 Metallicks or Metecalles (this is the
Turkifb term for Drams) and one Rotule is 480 Metallicks, each of which
weigh 1§ Pefs, and 10 Pefo make an Ongue, or Ongy; in fine, go Me-
¢allicks make a Turkifb Mark ; but 32 of them would conftitute ours:

The MINA, MANEG, or MNA, in Egypt, weighs 16 Ounces;
in Syria and Fudea 18 Ounces; but in fome other Places it is found
that the Ancient Grecian Mina weighed 100 Drams.

The POUND, which in Germany is called the Pfundt, in the Low-
Countries, Pond, and by the Poles, Funt; is in great requeft-all over
Europe, and well known to moft Nations of the World. Butasitis
very varioufly divided by different Nations, and is obferved to be very
much altered as to Weight, and the Number of fmaller Weights it is
divided and fubdivided into, I'fhall enlarge alittle more than ordinary
upon this Subjed, and infert here its Differences and unequal Divifions,
as practifed in the feveral Provinces and Cities of Europe. For thisonce
Y thall follow the Order of Marius Merfennus, who was a very nice Man
in his Obfervations. I have taken Part of what follows from a Treatife
of his, of Meafures, Weights and Coins. He begins then with the French
Pound, with which he compares, and to which he reduces the Weight
of the Pound in feveral other Countries. Firft he divides the French
Pound into 16 Ounces, the Ounce into 8 Drams, the Dram into § Scru-
ples, or Deniers; {o that the whole Pound contains 384 Scruples or De-
niers in all; the Scruple is divided into 24 Grains, by means of which
Divifion the Ounce will contain 576 Grains, and confequently the whole
Pound is 9216 Grains. As to the Grasn, though it is a very fmall and
inconfiderable Part of the Pound, yet he fays the Goldfmiths in France
ufually fubdivide it into 512 Particles. He then aflures, that he tried
and found 4y of a Grain weighed at leaft as much as 40 Particles or
Grains of Sand, from whence it follows, that a Particle of Sand weighs
$ssvs of the Grain of an Ounce,

Having thus afcertained the French Pound; he teaches a Method by
which Coiners may make their Grains as nice as poffible, viz. They
muft firft divide the Pound into 16 equal Parts, or Ounces; then fubdivide
each fixteenth Part, or Ounce, again into 24 equal Parts, which will be
Deniers, and then each Denicr into 24 other equal Parts, which will be

L Grains:
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Grains.  T%is laft Divifion may eafly be done with a little Plate of Copo
per or Silver, very thin and longifb, that it may be comveniently divid-
ed into 24 Particles or little Plates; but Care muft be taken that the
Plate is egul and uniferm throughout all its Dimenfions. Some (faya
he) think it may be dome with more Exalinefi with Brafs or Irom Wyre,
as being WemmdregviarfbaﬂPlcmqf Copper or Sikver; but (1o
fay my Thoughts concerning this Metbod) if they feck after an extream
Ruality, by Pieca of Wyre, they take a wrong- Method to find it ; and
the reafim is, becaufe the firfl Bnd of the Wyre that paffed through the
HakorMauId widened it sn fome Degree or otber, and- thus that which
metireagb after it will - be bigger, end- confequently beavier then
the firfr.. This Inequality bas been fuficiently cxamined, by the Gold
Weights, and difcovered by the mof exs@ Scales, and it is impoffible to
remedy it, whether you file the Wyre or cut off any Part of it, fo that
you sl mever this' way ﬁul out that perfe& Geometrical Equality
which you fought after.

Having done with the Fresch, he proceeds to the Roman Pound, which
differs very little inits Divifion from the firft. For it is divided into 12
Ounces; the' Qumce into 8 Drams, then into 24 Densers, or into 612
Grains. - Now the different Weight of the Freach and Roman Pound,
appears from the Experitnents he himielf made; for he fays chat the
Difference between the Romas'and French Ounce, is 40 French Grains,
and that the Rowan Dram is 67 French Gresm, and confequenty that
the Fremch Dram is § Grmins heavier than the Romas; and that the
Roman Pound is equal to 11 Qunces, 1 Dram, and 1 Denier : Now if you
reduce this inté Geeins, you will find that the Grains of the Roman
Pound will be equal to 6432 Grains of the French Pound, and confe~
quently that the French Pound will be to the Roman Pwndas 9216, is
to 6432. ‘

InthcthxrdPhcehegmsm the Exglifp Pound, which is what the
Gddz&mthspambﬂymakeu&ofmwugbGddmdem and
which they commionly call Troy#vight. This Pewrd is divided into 12
Ounces, cachiof which is heavier than the French Qunce, by 10 Fremch
Grefns. Thus ¢he Proportion of the Frewch to the Exghifh Pound is 25
9216 to 7032, ‘The Mtrchanw of this Hand have another fort of
Pound, which they divide inte 16 Ounces, and which cthey call oo
dupois; the Ounce of chis Pomd is 40 -Freach Grains lighter chan the
French Ounce, and confequentdy oqual to 2 Reman Ownce: Thus this
whole Pound is equivalent w0 14°Ownscas, 7 Drams, and 18 Grains of
French Weight. From this we infer that the French Pound is to the
Enghfs Pound of Aveirdupois Weight ‘a5 9216 is €0 8586. Now as it
happens that the Ounce of Troy Weight, which being 10 Grwms heavicr
than the French coniins 840 Grais; it is plain chat the Engli/t Grains
arc 5 and half ligheer than the Frewsd Graims.  And thus as thefe Grains
arcof:hcfﬁne%xghtm onc and the other Exglifb Ouice, confoquent-
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1y the Pound Avoirdupois of 16 Ounces, will be equal to 14 Ounces and
an half Troy Weight.

From England he goes on to the Low Countries or Halland, where he
affures us he had often made the Experimeat, and found, that the Low
Country Half Ounce, weighs half a French Grain more than the French
one. Thus the Datch Pound of 16 Owumces will weigh 9232 Fremch
Grains, and confsquently the Proportion between the French and the
Diitch Pownd will be 38 9216 is to 9232, In the Low Cauntries they di-
vide the OQunce into ‘20 Anghics, (which the Dutck call Engelfchen) and
e Awglic is fubdivided into 32 Grams,  Thus the Datch Gunce will
weigh 640 Dutch Grains, and from thence it will follow that the Duzch
Grains are about  lighter than the Freach ones. -

-~ As to-the Spanifb Pourd, hedoesnotpucndtoknowanydung of that
by his own Experience ; and only fays, that he has heard that ic is equal
to 15 Ounces, and 24 Grains of Fremch Feight.  But 1 find by Villalpan-
du,{hntthel’mdxsofdme Sorts amoag the Spariards (wiz.) the Big-

ger of 32 Ounces’ the Mean of 16; anddxeLr_[er {which they call Ar-
gma)ofsﬂwes. co

Iﬁzdiherefdgmnéel)avzﬁonsmdSubdwxﬁuuoftherd, in fe-
veral other particular Provinces and Cities, from myownExpenenoe,or
from the Information I have had From others.

In Poland the Royal Poond is 32° Loths or Half Ounces 5 each Loth
weighing -+ Sieilica, which in the Langusge of the Country are
called Shoyciec ; therefore the ‘whole Pound weighs ¢8 Sicilica. The
Dantzic Paumd i in like manner divided into 32 Lotds, and the Lath in-
to4 Quarters, which they alfo call Rgimleyn ; the Quarter into 4 Sefieres
or Ponderal Nowmules. - Confequenty the Dentxic Pound is compofed
of 51z Nommudes. Now fince it happens that 32 of thefs Nomwmules
make'an Owsnce of a Pound, -it will asceffacily follow, thav 4 Nommals
will make a Draw, m&tﬁﬁsa.ﬁ’vwlemﬂnigh &8 Grains ; from
whence it will follow, that the whole Pound will be compofed of 9216
Graims; which are-equal in Number to the Grains that conftitute the
Frenck Pound, us we have before obferved from Merfennus. Now in or-
der to know -what Proportiotr « Grain of the Dantzic Pound, may bear
so'the Grain of s French Powmd; pleate to take notice of what follows,
Peiar Criugeris, one of the maft famous Mathenmticians in Dantzic, al-
fores us (in e little Treatife of Aritbmetsc which he wrote in Germany ;)
he had often cxperienced that the half Pound of Crecow (which the
Poles call Grayoma, and the Germans March) weighed 16 Lath, and 12
Nommides of Danttic; thitis, thae the half Puowd of Cracow is 13
Mhamthmthewwofm& 16 Loths. -From
wheace we may sonclude, that <hie Dantsic Pousd is w shat of Cracow,
39!x6hi09643 ~Bie inafimoach as it is the moft current Opinion,

‘ 15, 25 veell as the mol seceiwed one amonght the ge-
amﬂgmfﬂ:eﬁia “shat the Gracosiew half Pound ought to wcngh7
mp‘.
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Imperial Dollars, or Silver Crowns, and inafmuch as the aforementioned
Peter Crugerus fays he himfelf tryed and found that 9 Dutch Dellars
weighed 16 Laths, and 12 or 13 Dantzic Nommules, and that upon a
fecond Tryal, he found that 7 new Saxom Dollars weighed 17 Loths
and one or two Nommules of Dantzic; it will follow that 7 Dellars
want but littde of being equal to the Cracovian half Pound;. wluch a-
grees very well with the common Opinion with regard to this matter;
which on the other hand agrees with the Obfervations of Crugers, whe
having taken upon him to examine the Weight of the Cracovien and
Dantzic half Pound, we (hall particularly ftick to what he fays; that we
‘thay avoid the Confufion and Trouble, which a Diverfity of Obfervati-
- ons might introduce into our Difcourfe. :

. But fince Merfernus in his Treatife of Meafures, &c. makes the Impe-
#ial Dollar and that of Burgundy or Flanders (which the French call Pa-
tagons; and which are very well known all over the Low Countries ) to
wexgh 22 Deniers, or 528 French Grains, ic will follow, that the Cra-
covian Pound, weighing 14 of the like Dollars, will be equal to 7392
Fremch Grains ; and the Pound of Dantzic 1o 7061 of the like Grains.
‘The Warfovian Pound is an Ounce lighter than the Dantzic Pound, as I
myfelf heve experimenited, it weighing but 8640 Dantzic Grains; there-
fore the Warfovian bears fuch Proportion to the Cracovian Pound, a8
8640 daes 1o 9648 ;. that is, it is lighter by 1008 Grains, which are e-
qualtoomOum 5 Drams, 2 Deniers, and 21 Grains.  But it weighis
6619 & French Grains. The Pound of Komingsberg bears fuch Propor-
tion o that of Dantzic as 8121 § does to 9216, as appears by Peter Cru-
gerus, who found that 160 Peunds of Koningsberg, were equal to 141
Pounds of Dantzic. 'The Pound of Vilna is equal to 29 and + Loths of
Dantzic, and weighs 8378 ;3 of Dantzic Grains. The Pound of No-

remberg is equal - to 11511 Dantzic Grains; therefore it exceeds the
Dantzic Pound by 2295 Dantzic Grasns; which are equal to 7 Laths,
3 Drams, 2 Deniers and § Grains. That of Cologne weighs 39 Loths
and 3 Nommules, or 11286 Dantzic Grains; therefore it exceeds the
Dantzic Paund by 2070 Grains, or 7 Loths, 2 Deniers, and 6 Grains of
Dantsic Weight. In purfoance of an Imperial Mandate, the half Pound
of Gologne cught to 'weigh 8 Imperial Dollars, which Crugerus fays he
found to be the Weight of it; the whole Pound therefore muft ‘weigh
16 -Dollars, and confequently it will bear fuch Preportion to the Craco-
vian Pound, a88doesto 7; or that it muft be § or 2 Ounces heavier than
thatof Cracow. Crugerus moreover obferved that the Dutch half Pound
(which is called: Troy-gewicht, and Troyfche Marck by the Germans)
weighs 20 Loths and 10 Nommules, or 5940 Dantzic Grains ; therefore
the whole Dutch Pound is equal to 11880 of the fame Grains, and ex-
ceeds the Dentsic Pound by 2664 Graims, or g Loths and one Dram;
whereas it exceeds the Cracovian buv by 2232 Dantzi# Graims, or g
Loths, 2 Drams, and 3 Nomwmules, From whence we may conclude,
that
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that the Ounce of this Dutch Troy Pound, as commonly divided into 20
.Anglm, or into 640 Grains (which fome mean by the Word 4/én) con-
tains 742 ¢ of Dantzic Grains; and confequently that the Damtzic
Grains are hghter than thofe of Holland: 'The fame Dutch Ounce, (ac-
cording to Willebrordus Snellius, in his Eratéfibenes Botanic. Lib. IL. Cap.
V.) weighs 9 Golden Rofe-Crowns; commonly called Rofen-Nobél or Rofe-
Nobles, which Crugerus having tried, found that 4 of thofe Nobles or
Crowns, weighed 2 Loths, 9 Nommules and 4-of Dantzic, or 742 % Grains.
The fame Author in the fame place will- have it, that this Qunce is equal
to the old ‘Roman Ounce, - Again, if we compare this Batavian Pound
with that of France, we fhall find that it weighs near gro4 French
Grains. From whence it is evident, that the above Obfervations of
Merfennus,” concerning the Dutch or Batevian Pound, differ from this
Iaft; inafimuch as Mer/ennus has made the Dutch Pound to weigh 9242
French Grains, whilft Grugerus allows it  be equal to no more than
o104 of the fame Grains; fo that there is a Difference of 128 Grains
between them. - The Pound of "Elbing is exally equal to that of Dant-
zie. . But let us now proceed to the Divifions and Subdivifions of the
Poand, -as they ave varioufly pracifed in feveral other Provinces and Ci-
ties.. As for Example ; at Rome, Florence, and Bologna, they have a
certain Pound of 30 Ounces; with which they commonly weigh Wax
and Wool; At Milan; Pavia, and:Cremona, the Pound with which
they weigh- Flell; is 38 Ounmces: At Penice the Pound is divided into
12 Ounces; 72 Sextules, 1720 Silics, and 6912 Grains. At Vienna in
Aufiria; the Pound is-divided into 32 Loths, 128 Quints, §12 Deniers,
and 12800 Grains. At Antwerp the Pound'is of 16 Ounces. At Bruges
in Flanders of 14 Ounces 5 but at the fame Place they have another fort
of Poind, which s divided int6 16 Ounces 3 therefore the 1oo Pounds
of 16 Ounces each, arc equal to 168 Pomdsofz;&mmeach At the
famie Place: ﬂxcyﬁxbd:vxde the Ounce into 2 Loths, the Lot into 4 Sifz-
nits, thie Sifanit into 2 Drams-or Qyints.  In the Kingdon of Fez, the
Poandis of 18 Ounges: o '

In fhore the Medicinal Pound, which is properly the O/d Roman Pound,
is divided . into ‘12 Ownces, into 24 balf Ounces, into 69 Drams, into
288 Scruples; into §76 Obali; into 1728 Sikica, and into 5760 Grains,

I-fhall ‘here fubjoin  the Charaters ufed by Phyficians, Apotlwmes
and Surgeims, toupmﬁaﬁthel’mtft Pound : forExample
Pound is exprefied thus 1t; an -Ownce % j; two Ounces 5 ij, and fo on till
yoi'come to half a Pound, which is thus exprefied 1bfs; a Dram 3 j; two
Drams 34 “#nd fo-on to Bight. The Scruple thus D; and the Grain
thus gr: Pleafe to obferve that we fhall make ufe of thefe Characters for
d!eﬁnure, ‘to'avoid the too frequent Repetition of che Words. ‘

.- Tleré are g Veflels 'of Metal, made like Cups," that anfwer to the
Wesgﬁtafone Pound, "The firft withi all thic reft in itWeighs one Posnd,
or 16 Omm, and by itfelf 8 Ounces. The Second with thofe contained

M in



42 Of the Great Art of ARTILLERY.

in it weighs 8 Ounces or half a Pound; and by it felf 4 Ounces. The
third with thofe contained in it 4 Ounces; and by itlelf 2 Ounces,
The Fourth with &&e. 2 Ounces, and by idelf 1 Ounce. The Fifth
&c. 1 Ounce; and by idelf 4 Drems. The Sixth &c. 4..Dram, and
by itfelf 2 Drams. The Seventh 8¢, 2 Drams, andbyxd'elf 1 Dram.
The Eighth & xnram,andbyxd‘e&‘x'&mﬂe ‘And che laft
1% Scruple or 36 Graims.

~Obferve here that we have faid, in the former Part of this Chapter,
that the Mebrew Shekel, according to Merfennus, weighed 268 Freach
Grains; but fince Merfeamus, in Lib. ¥X, of his Treatife of Meafures,
Weights and-Coins, will abfolutely have it, that the Imperial Dellar an-
fwers nearly to 2 Shekels; inafimuch as z Shekels are equal to 536 French
Grains;. it muft follow that 28 Shekels are equal 10 14 Imperial Dollars,
cach Doller weighing $36. French Grains; which being compared with
the Cracovian Pound; it will infallibly be found:to weigh .750‘4; meb
Grains. -Again, the Low-Country Pound (whofe Proportion to the
covian Pound we. have already confidered) will be found to weigh 9104.
of the fame Grasns; ‘which Number, a5 it does. not diffes’ very much
from: the Obfervations ‘of: Merfennus, as to the Proportion that this
Peund bears tothat of France, feems to me to- be the moft reafonable,
and therefore T choofe to-ftick by this Proportion; for Iam of Opinioz,
that Mer/enrmus bas affigned a Weight to the Iwperial Dollar which
would bave agreed beétter with-the Flemmife Patagon; this latter being
mfomeégfeed&tentﬁ'an the former, whether as to Purity of Sil-
ver;: Value:and Weight, it being commonly lighter. But I fhall leave
tlns to the Decifien of - thafe who are perfe&ly skxlledmwha:relates

TheMARKofMowy which tthatzmca!led Marcha andL:ére,
Nummularia, or. Nummaria, and which we fhall call with them the
Nummular Mark ov Pound, is much ufed by Monneyers, Goldfimiths;
and all thofe. who are cencerned in the Manufa&ure of Gold and Silver.
In Poland, that of Cracow is 8 Ounces, or 16 Loths, which are equal to
17 Eeths, 7 Nommules, and } of Dantzic. ‘That of Dantzic weighs
alio 16 Loths, of 256 Nommules, or 1024 Qyarters. ‘The proportiort
of this 1o the above-mentioned half Pound of Dantzic is as 4054 is
t0 4608 ; that .is, that the latzer exceeds the former by 554 Grains,
w!ucb. amm&ly 1 Loth, 14 Nommules, and 14 Graims. The Dant-
xic Mark is partcularly wfed mwexghmnglm, and is divided. into
24 Sicilies, each of which is fubdivided into 4 Quarters; but thac
wnhw}mhtbcyvmgb Gold, Pearl, and all forts of Jewels, is divided
into 24 Carats,each of which weighs 12 Graiss, or 4 Quarters. The Mark
of Elbing, is thefame with thar of Dantzic. That of Antwerp weighs
8 Ounces, or 160 Anglics, or 5120 Grainss there likewile the Anglic
mﬁzﬁﬂlvxvedméacnt:,thmgéo Carats eonihtutc a Mark of Aut-
wq; 200 of which Mﬂrb are Equxpondemnt with 105 commonm

Pounds
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Pounds of the fame Place. The Dutch Maik is 8 Ounces, the Ounce
24 Nommules, and the Nommule 24 Grains. - The Roman Mark is 8
Quices, the Ousce 8 Drams, the Dram 3 Scruples, he Scruple 2 Oboli,
the Obelus 3 Silics, and the Silic 4 Grains. 'The French Mark, ac-
eeedmg to. Merfensius, i5.8 Ounces 3 but we have already faid enough of
i Subdivifions. . The Venetian Mark is likewife divided into 8 OQun-
€es, into 32 anrm':, into. 1152 Carats, or Silics; and into 4.608
Grains,: The:Nummular or Money Pound of Flara;ce is divided into
24 half Ounces, ot Loths, -into 288 Nommules; and into 6912 Grains.
‘The . Golden.Mark of .Gemoa s 8 Ounees, or 192 Nommules, or 4608
Grains. At the fame place the Sikver Pound is divided into 12 Ounces,
288 Nomandes; and 6912 Grains, The Maney Pound of Naples is 12
‘Ounces, or g6 Ofaves, In Portugal it is 8 Ounces; or 64 Oaves, or
288 Grains,. In Mifiria and Saxany it is 8 Ounces, or 193 Nommules,
or 4608 Grains, -And to.conclude, that of Nuremburg is 16 Loths, or
64 Quarters, or 256 Primes ot Nommules, or 1024 Sixteenths.

We have I think faid enough of the_different: Properties and Pro-
portions of Weights, as. well Ancient as. Modern ; and I believe that no
body.will, afua:mdmgdm, mect with.any Difficulty or Doub, con-
cemning - their Co-cquations and Rasiss 1o ene another.  I'would only
.obfervetoyou,zhamfymucdﬂ’nwaofbung fartherfamﬁcd up-
on this. Hesd, you may have recourfe to aﬁmﬂFltm_{bM,puba
kifh'd by :an  Anonymone Apthor at Amflerdam, in the Year 1647, ¢n-
sided  Trefoor sien-de. Gesaickéen, Matcn von Korn ende Landen, &c.
from whence I borrowed a-great many. curious. things, which are in-
After heving reduced almoft all the Weights in
red them with the Aucient Rom Standard,

ngﬂﬁuon
mthegcbegm(forEmpi:)apeceofﬂtdnmcemﬁemIm@,
dat carries. aBall or Bullet of 60 1b Romas; to know how many
i rdom it weuld weigh; you may proceed in the fol-
lowmg mnct"(w; 23,100 :1b: Roman, are 10 76 16 of Am-
lerdam; i ven Table, o is 60 16 Roman, wluchutheWe:ght
' -Luotth&ght -of it in Amflerdam Ponnds; which
his being . ~after the common way,. you
which will the ‘Weight fought - of - the given
good in. all the like Cafes, and it will be
mﬁyoufoﬂwthckeksm havelmd

, Iﬁnlliwe,ﬁym ;C'd@_ﬂag ﬁxlamfeumeksuken&nm
Merfennss’s Book.of M res e.. to. prevent our being no miore pers
plexed by the Defefl, and. great-sod frequent hp«fe&anofﬁhguf,
Mhyxhew%mand%vmm them;hm that o
the
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the contrary, when we meet with any thing of this kind that cannot
poﬂibly be rectified by our utmoft Induftry and Application, it may be
given ovet and rejected, in confideration of that great Degree of Incer-
titude, that infeparably accompanies almoft every human Acion.

Having carefully fought after the Cauft of all thefe Differences and
Defeits, which could no ways be attributed to the Balance, nor to the vo-
rious Tenour of the Air; o more than to the breathing of thofe who lifted
up or beld the Balance; which may feem to bave a troublefomé Effeld, and
to difiurb the Equilibrium ; I &t length found out, that all this Diverfity
proceeded froms the Standard Weights, which are kept in Town Halls and
Mints, for the Examination of all other Weights; xuﬁnm-b as thefe three
Models or Staridard Weights, of which the biggeft is 64 Marks; the mean
32, and thé leaft 16, or 32, 16, and 8 Pound, do not fo exallly corre-
Spond with each otber, but that there is & Difference between them of jeve-
weral Gtains; by which means the Ounce of one is ot exallly the Ounce
of the other: - But that we may nat rafbly accufe the Wardens, who bave
the keeping of thefe Weights, nor the Workman wbo made them; of cither
Negligence of Difbonefly : I imuft bere [ay; that it is & very bard Matter;
or tbat in [bort it is impoffible that theft Weights, let them bave been made
in what Mamner, or of what Material farver, nay if their Confifience bad
been as durable as Adamant; to prefervé their .original Size in its utmoft
Extent, or that mice Proportion with whick they were at firft éndued. -

Let there be (for Example) two Brafi Weights of en¢ Pound each,
adjufled to each stber with il the Nicety that the Indiftry of Man is ca-
pable of, yet this mEgmkq cannot ahways, (e indeed for agragfdeuﬂe
time,) remain in that W&gﬂe#’?ed&&maywmy imagine;
and the reafon of it is, becauft; as thefe Weights are from time to time
bandied, in the daily Examinatitn of otber Weights, they wear out or
wafle a little by that Means( fo that the more they are bandied or moved
about, the lighter they will become : from whence it happened that the fa-
mous Examiner of Weights, Semillardus, difecvered ‘bis Miark, or balf
Pound, to-bave loff 4 Grains # its Weight in 2 Years time; which confe-
quently would Bave diinifbed st 300 Grains in 200 Years, and in fbort
an entire Ounce or 57“6Gﬂms in the Space of 432 Years.

‘But you may fay, in anfwer to this; that thefe two Standard Weights
Should be equally bandled, as often as there is occafion to make ufe of them,
to the end that the one may be leffened in an exai? Proportion with the o-
ther s but to this I 7eply ‘(wot to mention the Difficulty of managing fo, as
that both fhall be agitated with an equal Motien, and bandled Jo nicely a-
like, that a Perfon might [ay ke bad equally leffencd them) who is be that
can boajl of knowing perfeétly bow much bis firf bandling wore them, Low
mauch it wore them in g Year, or indeed in an Age? Let us therefore con-
¢hude; that we can be fure of- mt&ngvpmth:yedl nmretbmmﬁ
weral otber Cafes wherewithwe in vain perplex: ourfebees. Let us be well

ﬁd if there fould be a Grain or tan of Difference hetween two

4 Weights;
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Weights; which is fuch.a Trifle;. that-it cannot well be faid to be injurioks
either 1o the People or the State ; for to what-purpefe fhould we feck after
tktﬂmﬁ‘&d‘eﬂm which is pot only incompatible with all Human

and W‘Thﬂg{ kdﬁ, cé@lutebxxw#mt mtb#btlf'miagﬁ
fmrw;

C H AP XI
Oflf"exgbng lNSTRUMENTS-

WE Mymmne allmmae;zofﬂ’agbts wnthmfomoflu—
ﬁrmt:,ﬁm:heﬂdcaee,or&da,mdﬁg&edggrd, which
fome call the Statera Romana. “We thall here f& forth in the moft con-
cx&Mm’we:teable, the Origin of ‘bath the one and the other of
thein ;- their Properties,  their Ufe, their pmmlarFermsandegurcs,
mdmmdugnmofmwﬁnﬁm -

Offl:e BALANCE.

ae wil have it that the Beliace, .gnd Steél- yard derive theltol‘l-

ind fundame mecleg from thefe two general Avioms in Me-
l Weights weigh egially "at ‘squol Difiances,

es : -and this other, fhat uncqual Weights

ances, M#httbywagquxllyatmyud
Prapqrtmn

Tﬁdﬁﬁi&. stld be farisfi emoiftrationt,
mm W&m&m&?ﬁuﬂﬁ:@ in
feveral othet Mechmid ans who have |

’ ‘veryléamedly tmnedof'byagrcatmany Iyet
x Have teft me fome little to fay; or at leaft I may have leave
tocmmﬁmh as ‘sré Eovers of ‘the Mathematicks, with an Abridge-
meatafwhptfomanyoﬁefshm&ifcour&doffohxgdy, -and- demon-

“m ¢ y. "1 fhiall thea' endedvour to reader my
Fﬁ'zyufcﬁﬂbymmaf oncFigure, ‘which T fall here give you.

: for Example, thatﬁm‘ﬁn@thcA,B‘ mFxg 11, be the
detﬁﬂ&ﬁeamof’tﬁt, alance, and that G-is the Axis or Center. Now
s fuppofe thit A-arid B are. weywidifisit from G, snd the Weighes
fnfpmdaia:thcfc ‘two Points  will infallibly @quipenderate, -if they are
eqmiwoneznéthtr 1t being very evident from our general Pgfulata,
that ewo Bodies of ‘the* famse Weight, -and at equal Diftances from their
common Centef, are it Bgwilibris; -in the Poinc-of their common Con-
Jun&i%and in theifmnmmenafthwequdbm Thus the

Bodies
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Bodies E and F, being fuppofed of equal Weight, and the Right Line
A and B, by the Extremities of which they are fufpended, being di-
vided in fuch a Manner, that A, G, and B, G, are equal, and A and
B #guidifiant from the Center, it will neceffarily follow that the Point
of Zquitlibrium of both Bodies is in G, which it would not be if they
did not weigh equally, or if they had been fufpended at unequal Di-
ftances; neither of which happens in the prefent Cafe. But you
muft obferve here, that the Weights muft hang by Lines that are per-

feQly perpendicular. For-fuppefe-the Body E be fufpended at the Point
K, and that the Right Line G, K, be equal to the Right Line A, G,

or G, B, and that “the Line of Dire&ion K, I, by which the Body E,

tends towards the Center of the Earth, interfects the Rxght Linc A, B,

mI,\nawbeuuch I, is notequal t0 A, G, or G, B theBodyE
will no longer @guiponderate with F fufpended at B; by whnch it muft
plainly apear, that for Bodies to be in Zguilibrio, it is not only neceffa-

ry that they be of equal Weight, but likewife that they be @quidifiant
from the Center of the Bakance. I fhall now thow you the Figure of it,
and furnith you with fome ufeful Obfervations concerning the nice Con-
ftruction and Examination of it.

In Fig. 12. you have the Form of the Beam or Brackia of the Ba-
{ance ; whereby Smiths, Scale-makers, &c. may fee how to adjuft them.
The right Line A, B, is the fundamental Line of the whole Mackine,
which is exaily divided in the middle by the Right Line C, D, in the
Point E ; to this are joined two others that are parallcl to it, and egui-
diffant from E (viz,) F, G, and H, I, divided in the like manner by
C, D, in K, aad L; from L defcribe with the Line L, M, the Circle
M, N, W, P, divide the inferior Semi-diameter of thxs Circle into 4
cqual Parts, at the Points L, O, and R, and from thence you may eafily
know the Diftances of the Parallels G, F, and H, I,from theLine A, B,
(viz.) the eighth Part of the Diameter M, W, or the fourth Part of the
Semi-diameter L, M. From the Point K, the Center of the Balance, de-
fcribe a Circle with the prickt Line K, 2, or E, K, which is included
in the Square, b, ¢, d, e, and where Workmen commaonly pur a kind
of Nail or Axis which is round at Top, a little angular at the Bottom,
and pointed at the End, upon which the whole Macbme turns; now the
Diameter of this 4xis ought to be very litde lefs than the Semi-diame-
ter of the Circle included within the Square. This Axss is fixed in an
Handle, (the Figure of which you may fee under the Letter B,) which
fuftains the whole Burthen of the Balance and Weights. 'The Brackia
A, E, and E, B, are meafured from E, and terminate always in the
Lines M, W, or P, N, fix, eight or more times meafured from E to-
wards A or B.. - Obferve here, that the longer. the Brachia are, the nicer
will the Balance be.  They make the Fulcrum of the Beam after this
manner, (uiz.) Defcribe a Circle from L with the pnckt Line L, D, or

L, C (whxchuequalto{oftheSemxdumﬂuL M,) thea divide the
Peri-
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Periphery of it into 6 equal Parts in the Points C, S, h, D, g, V, then
through the Points g, V, -and h, S, preduce the right Lines g, T,
and h;-Q_, till they join the right Line T, Q_, drawn parallel 1o the
right Line A, B, through the Point C: Now if from T, and Q_, you
defcribe the Segments V, f, and Z, S, the upper part of the Beam will
beformed. ‘Then from P, and N, fet the Diftance hetween P, U, and
N, S, towards X and Y; and from I and H, draw the right Lines Y, I,
and H, X, towards Y and X, and you will have the thicknefs of the
Brachia.. Moreover from the Points X, D, and D, Y, between X, D,
andD Y, let there be the equilateral Triangles, X, D i, and D, Y, k.
art; having defcribed the two Segments X, D, and D, Y, from the
Points ¥ and i; ynu‘w:ll have the fower part of the Beam formed. The
Trutina; of Cock'C, M, muft be as long as onc of the Brackia. The
Hetds' Buttam the meaf A, B, are made hy certain fmall Cir-

Sufpen onfromwhxch ﬁxeScaleseommonly hang,trcmadcm
the fame Forir s the great :4¥is in the Center of the Balance. - We may
uﬂy&ucmmcthcw?mponmby making fmall Squares under A and
B, betweenthc elﬁiwﬁ;B,»«:ﬁH, I, dwlnter{e&ion of whofe

}&&F‘tqpertxon o thc Amrof thc Balance, in &e Form
miift be wronght. - -

'f"ﬁe &ak:mﬂ_ﬁe of cqual Wexght, and if che Ropa or Chains (by
i of which' greit Scales: ¢always fufpended) arc of the Length of the-
whole Beam -they “will' be the more exa®. This is what I.had w0 fay
thhrcgardxo the. Conﬁ:ru&mn of the Balance, which is fufficient for
this time. - I ﬂmll now fubjoin fomc Obfcrvat:ons whxch I have taken

feéhon or Impcrfe&mn of any Balauce whad'ocvcr

OBSERVATION L

“The Ionger the Balance is the more éxa& will it be, inafmuch as it’s
Brariua dd‘cribe a Targer Circle. than the Brackie of fimall anes ; from

t6 4 ¢ircular Motion, which is unnatyral to them;
and, on the cm:mry’fcfs hindéred from a redtilinear or perpendicular
Motion, which is natural to them, . and by which the Extremities of the
Brachia would défcend, if not confined and carried round by the Cen-
ter of {he : Balance; therefore the longer the Brachia are, the more free
and unconfirained will their Motion ¥¢; thus the greater the Circumfe-
rences they defcribe, the neatét ‘will their Motion 4ppraach to a right
Line: If to this you cbje®, that greac Scales are not near fo nice and
exa& as the fmaller which are ufed by Lapidaries and Goldfmiths; thac

is:
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is entirely owing to the coarfe and fubborn Materials, of which large
Balaum are commonly made, whereas the fmaller are cunouﬂy wrought
polithed. ' To conclade; the Ratie of their Velocities is as the Diav
metcrs of the Circamferences or Circles they deferibe ; and the longer
the Brackia of a Balonce are, by fo-much will they be more fenfibly
acted upon, by the Weights fufpcnded from them,' and wxll d:(eend
thh the greater Velocny. :

OBSERVATION II

Scales whcn without Weights may be in zEgmhbm though at the
fame txmthsy may’be fubjet to Deceit. For if the Axis or Center of
Motion is not: em&ly in-the middle of the Beam, and the Scale that
hangs by the fhorteft Brackium is made of knotty Wood, or has had
melted Lcad oured any. where into it, the Balance: may be in perfet
A quilibrio; et she thorreft Brat'baum, for Example; be divided into
10 Pares, mdthc longeft.into 15, and ler the Scale fufpended by the
Latter weigh. 10, end that fafpended by the Fermer weigh 15 ; and their

, by this Means in a reciprocal Proportion,
thqwﬁibemjigmirw, and fo they will continue to be if you put in
the Seale of the thorteft Brackium a Weight of 6 Ounces, (for Example)
and in the other a Weight that is to 6 as 10 is to 153 upon this Account
it was, that Arifiotle (in his Book of Mech. ngﬂ 1) rebuked fo fharply
thofe Dealers in Purple ; for 4 being to6 a5 30 is to 15 ; they cerrainly
fold 4 Ounces:of Silk for 6, which was very unjuft. But you will eafily
difcover the Deveit byteciymdiy ﬂufang qum from one Scale to
the other. :

OB,SERVATION IIL.

It is not fufficient to allow for the Length of either of the Brackia by
adding a greater or lefler Weight to cither Side ; for it is better not to
admit or truft to this Method of makmg amends for the different
Lengths of the Brackiz; though. it might in fome fort be allowed : But
be affured that the nearer the Brackia are to an Equality between them-
felves; the. more cerain and uleful the Balance will be: And if ever
you are obliged to make wfe of fuch that are not fo very perfed, you
cannot be too cautious in preventing Errors and Miftakes.. B

"OBSERVATION IV.
.'The Plane upon which the Scdes of the Balarm are at reft, or in
Eqwltbrw ought to be perfedtly Horizental, and exactly upon a Level;

for_if the Scales do not reft upon one and the fame Plane, but that on

the- contraty one of them is deprﬁ'ed and the.other clevated, they will
4 not
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pot in that Cafe’ be in Zgquskibrio ; notwithftanding they might be fo
when they were both upon the fame Harizontal Plare; buc that which
is deprefied will-oveshalance that which-is clevated, nor will the Ba-
Lance .readily. reftore itfelf to.an Horizontal Pofition ; becaufe the Pref-
fure which aompdhd .one of the Scales 10 defcend;. remains impreffed
2 confiderable time after it is down; let therefore your Scales be gently
braughe to the. &mc Plaxe that you may find whether or no they will
he insEquikibrio, -

Of the Si‘}" ATERA RO MANA commmly called tbe
STEEL-»YARD o

Ah@ﬁgh wha& I haxe faxéof the. Me, :ghr. bc fuﬁcmnt to ﬂlu*
Wheh{mfmd» j d@sm,wundﬁmmm
ConftruGian. from. the Bahm‘e, 1 fhall,; (to prevent the Confufion and
Ifcrpbutty ehmmgkt‘ from their diffcrent Form)-fubjoin fomething
) 1y relaning-to it. . Let us Jook back to Fig. 11. where the right

f _’,‘vA&eBmwBrxba of the S:eel-—ya:d,whofc

ghs butfoae @,zhey mllbe m!Egmbbm. Fo: aecordmg
idown ,,thela&oixhsswomachanml&qm;éwz.)

Gircle: . }; &mhewga Wagbt;
: thc fagther a Point is removed, from. its
," dcfcnbe o ti;auf any. Wexgé; be fis

; throu tcntxmcsxheSpace thas a Peight which
Ceme;dm&m the fame time; . chus. f.h:l"dmty
the Grevity of :the lacger Weight.
, the Properties of the: Steel-yard,. let usmw
ior Pf& as it is reprefeated Figure 13.
i _,_tLWA&th&Fm

«\j v ct. '
menAa:d thdmdcd mms equa‘lParts. ﬁ'omB,theCcntcr of the
, Steel-
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Steel-yard raife the perpendicular B, D, upon ‘the Right Line A,C; and

upon the Line B, D, fet off towards D, § of the Diftance berween A

and B; let the Perpendicular B, D, be continued downwards as far as E,

to the length of } of the Diftance between A and B, fo that the whole
Line D, E, may be equal to the Diftance between A and B. From the
Point E, upon E, D, extend a Perpend:cular on the Right and Left to the
- Points G and F, each of them equal to ; of the fame Diftance; and
compleat the two Squares E,F,H,Q_, andE, G, 1, Q_: From G and
F, with the pricke Lines G, E, and F, E, defcribe the Segments or Arch-
esH, E, and E, I; this done, the lower Part of the Inftrument will be
formed. Now to conftruét the uppcr Part, let the two Perpendiculars
D, M, and-D, N, be produced to D; E, equal to } of the Diftance be-
tween A and B; let them be continued to L and K to the Length of 3
minus } of the aforementioned Diftance. Fhen from L and K defcribe
the Arches P, N, and M, O, with the prickt Lines K, N, and L, M; and
thus you will have the upper Part of the Stee/yard conftrufted. As for
the Head or Button, it cannot be wrought after a better or more conve-
nient Fafhion than what I have drawn in the Figure, (viz) If in the
Circle 8, U, T; X, Z, whofe Diameter going through the Center is } of
the Diftance between A and B you make finall Mouldings or Roundings
$Z, 8§ GUT,Taar TheAxg:Rdearethechghtof’-
of .the aforefaid diftance, - and ‘are made with an Edge that nearly
touches the ‘Right Line A, C; you will have the thicknefs of the
longeft Brachium if from C to ﬁ'you take §; of the fame diftance I have
fo often mentioned, and if from f and C you draw the Right Line, f, I,

and C; P; in fhort, thaRzghthncg,c ¢, being produced through the
middle between them, it will give this Brachium the Refemblance of a
Rhbomboides in its Orthograpbical Figure. In fhort, you muft take the
Axis or Handle D, d 'd, equal to treble the Line A; B; and as for the
three Ornaments that are commonly upon the Brackia and Axis of this
Inftrument, they muft be referred to the Fincy or Difcretion of the
Workman; but for fuch as are not Artifts, the Scenographical Figures |
have drawn, may fuﬁcxenﬂy inftru@ them, I have nothing ‘more to
fay upon- this-Head, except it be to thew you a way of dividing the
longcﬂ' Brachium, which is- done by equal Parts, calculated for the Ex-
amination or Determination of the fmalleft Heights thatare ufed. I have
faid above that in our Example the fhorteft Brachium A, B, was to the
longeft Brachium B, C, as 1 to g; therefore upon the Brackium B, C,

you muft diftinguith the: Diftances or Parts with fmall Lines or fuitable
Numbers, begmmng to reckon the Diftances from the Center of Moti-
on B, and going on-towards C; all thefe Parts or Diftances may be fub-
divided into any Number of fmaller Parts, that thall be deemed proper
or neceflary, - The Counter or Running Weight which hangs by a  Ring,

and flides along the Brackium, weighs fometimes one 16, fometimes 10

1b-and 100, or more or lefs according to the fize of ‘the Steelyard, the

ufe
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ufe of which muft appear evident to you from what I have been faying,
and all the Obfervations that can be made upon it are founded upon
the reciprocal Proportion of Weights, and their Djffances from the Cen-
ter\But fince yobn Buteo, and others have fpoken largely upon this Head,
1 thall conclude this Chapter with fome Obfervations that are in fome
fort x}cceﬂ'a:y,/ or the nght concewmg the Natwre and Ufe of this Ma-

chine.

-
;,/4

'O'BVSERVATION I

You muft reckon the Dj iffances upon the Steel-yard from that Point
where it hangs and moves round freely, and the Pomts by. whxch the
Wagbts on exthcr Side are fgfpended. .

OBSERVATION ni‘

Several Weights hanging at I'cvctal Dxﬁances on the longeft Brackium
of the Steel-yard, may azgmpondemte with a fingle Weight fufpended
from the thorteft. To do this it is. required, that the Produc of that
Weight, multiplied by its Diftance from the Center, be equal to the Sum
of the Produ&s of all the other Wagbts, each bemg multiplied by its
Dxfhnc: from. the Center

OBSERVATION 1L

'I‘hat it is upon' the fame ‘Pririciples with the Steel-yara’ that the de-
mﬁu}&meﬁfbunded wh:chchcatsbythelnequaluyofdw

‘ OBSVE«R"VA'TIO"N .

Of two Weights which feem to be,and arein reality in Equilibrio, the
beauief! bears ‘always fuch Proportion to the %ghte#, as the longeft Bra~
chium docs to the fhortef. From whence you may obferve that the
lngtg# Weights feem to weigh as much as the beaviefl, which they do
in appearance only, by means of their reciprocal Diflances from the
Center. -, Hence you may. perceive,. that for Bodies tg be of equal #eight,
and to egmmdemte or be in Egmlxim, are differént Things.- - From
which it follows, that if 2 Body twice as Jighw, is at twice the Diflance
from the Center as 2:Body twice-as beavy; or that if -2 Body a thoufand
times lighter, is 3 thoufand times more diffant from:the Center than g
Body: a%uﬁndnmmer,theywﬂlbemﬁthﬁm S

CHAP
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CHAP X1I.

ﬁe .ofnmm and Mdem Liguid and Dry Meafures care-
- fully reducd to-she Wesghts,

HE Colle&tion that we have made of all the Weights which are ufed

in almoft all thie Diftri&s of the World, and which we have treat-

ed of in the Tenth Chapeer of -this Book, with the utmoft Exa@nefs
and Brevity the Subje would-admit of; leads us now to confider the
Liguid and Dry .Keqﬁra inAnzient and Prefent Ute, and to reduce them
to the Weights; conceiving that it will ‘be aWork not Whoﬂy unufeful to
the Pyrotechnician, or others who voluntarily apply themfelves to the
Study of the Mechanieks - But here both Reafon, and the order of Things,
require us to affociate and compare the Meafures with the Weights, be-
aufewe ﬁequendy coafwaa “them together, and mdﬁcrcntlymakc
. of b sﬂnng between their different kinds, But

12 squid 1 andDryﬂimgsvary mﬁmtely thh regard to Weight;
whxch does not only arife from the Diverfity of their Species, but we find
it alfo in one and the fame Specie; fo shas Water does not only differ
in Weight from*ﬁ"m “from Oil; from Milk, from Beer, from Brandy,
and from other Liguids ;. but-we find alfo-that. there is an Tnequality of
meﬁ'mmﬁ’afw Wine and Wine, &c. -Again, we find
that Wheat 18 heavier than Hbeat, Rye heavier than Rye, Oats than Qats,
Barley than Barley, and foon. Since then Things of one and the fame
Specie agree fo little within themfelves,. it can be no Difficulty to con-
ceive, that they will gredtly differ in Wexgbt from ane another, though
with regard © Megfire they may be equal, which you muft always fup-
pofe. - I muk:therefore defire you would ketp in'mind, what I have al-
ready faid of the mueal Retios of Metals; Minerals; &c. And fince it is
impeffible £o afcernain:the particular and exa&t Proportion of any Liguid
or Dry Things to-others of different Species, 1 fhall here only fubjoin
mmmm&p@m that have been made; to
clear up this Tnfricacy: :‘And Firft; -

-That Sea Water is naturally hcavaa' than any kmd of Frefb Water:
That of the different forts of  Frefs Water, Rain Water is the lighteft.
Mageover. that there is 2 great:Inequality of Weight between River,
Spring, Well, Pend, Rain; Sw«andlceﬁfater, -and all forts of Water
whether Hot or Cold. -

Again; Water weighs heavier at one Seafon than at another, Further-
more, Water will weigh in a certain Proportion near che Place from
whencc it zﬁ”ues out, and in a different Proportion- after it has run fome

diftance
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diftance from it; and if you obferve. the Wesght of Water before it is
frozen, youwﬂlmfalhby find it varied after.it is thawed; to illuftrate
this; Experience evinces, that Jcc is lightes than Water, by the former's
{w:mnungoﬁtbe&ufaceef the latter.

1 fhall defignedly pafs over feveral forts of Water of dﬁ:rem Colom's,
Tikﬁ:es, and Odours ; nor will I take notice of fuch kinds of it as are
Glutinous, - Bituminous, Aluminous, Sulphureous, or Salt; nor dwell

upon thofe that inebriate and difturb the Brains of Perfons who drink of
it - - fhall: likewife -be filent with-regard to feveral Oily Springs, one
dwhmhﬂgdgi&xbamhmmm Chap. 1.1. near Seli a City in
GCilicia; T, gfus relares a-Spring of- d;efamefort ta be in Ethiopia;
 Selints fpeaks. of - another in his Chap. xxiiis. and Philander makes men-
tion of another in his Rewarks on Chap. iii, Book the viii, of Vitruvius;
but-thefe I thall pafs over, -as well .as feveral others,. whether the Ac-
counts given of shem e true.or falfe, the latter of which they com-
monly are. I find nothing of this kind worr.hy our Obfervation, except
what Caffisdorus fays Book iv. on the Variety, in the Letter fept by Theo-
doric Srft King of.the Offrggothe-to the-Eark Apronian, (viz.) That Waters
ifpdng. out Yowards: the Fqft and Seuth, are clear, fiveet, and-uvery whole-
" fonie; by reafon of their lightnefis -bus. that .on the contrary thofe that flow
towards the Weft-and North, ure 400 cold, &rofs and unwholefome. . Solinus
relates fomething.of thie kind, .in (peaking of the River Himera (viz.)
Tt this River varisd ity Tafieas it changed its Climate, being bitter as
th towards theNotth and foset wohen it bent. its Courfe towards the
South. > Ad. doubglefi- she. Diverfity . of Soils. throngh which Water
flows may m@mmmm upon . the Taffe of i, but upon. the
-Wesght-of -t likewife, by making ivlighter: or. heavier than whea it firit
iffaed: m:eﬁmm &b;,t& fpeuk. mXYord m;ewal of. O;ly

and Wﬂer;, ccdiﬁi Mjg, Semeca;. Pqu, Cats, Ifm, (where he
wreats of Counery -Affairs). Averroes, Palladins, Columella, Vitruvius,
Frontinus, Boccace, and many others, who will fully fatisfy you upon
this Head. - I only thought-myfelf obliged to fay thus much, to thow
the infinitc Variety as.t0.#2ight, between Things of one and the fame
kind in particular; and between one another in general. -

All forts of - #ine arc lighter than Water, but as they differ very
much from one another they weigh differently ; for fo far are the Wines
of Falernid,. Crete,Spoin;-France, Italy, Husgary, Turkey, Wallackia,
.and feveral others from: agtecing-with one another-in Wejght; that on

 the contrary Cretan Hine differs from Cretan; and Falernian from Faler-
mign; nd thefe in general are lighter or heavier than the others we
have mentioned. 'They likewife weigh varioufly at different Seafons of
tthcarfmﬂwn,{hcamaﬁi’m &zhzheavm it will be, and the
édcr it u. éelghter :

P Oils
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- Ols are lighter than either Water or Wine, as appears by their Proper-
ty of fwimming on the Surface of thofe two Liquids, though never fo
much incorporated and mixed with them:-but the -different Specifick
Gravities of O/ and Os/ are ftill more remarkable, for Ol of Okves,
Almonds, Wallnuts; Linfeed, Turnips, and all that are made by a Prefs
or any Engine of that nature, are much heavier than O#ls extraQed by
Alembicks, Strlls, Matr«#:, and fuch hkc Chymical Veflels that are
more artificial. - -

In fhort; all dxﬁ:ﬂled Waters sznfs and Effences, prepared after the
fame manner with Oils, weigh lefs than fuch Oifi; let them be what
they will; and thele likewife differ very much in #eight from one ano-
ther. - F-fhall not here enumerste an'infinite Number of other Liguids,
whofe Specifick-Gravities you may at your Leifure examine. This Re-
fearch I fhiall leave to thofe, who have more Time to devote to their
Curiofity ; as for me, I have but little enough left, to treat on Subje@s
which are much more ufeful and neceffary. -

All forts of Grain (as I have already faid) vary mﬁmtely with regard
to Weight when of one and the fame Kind, and from one another when
of different Species; fo that it is difficult to afcertain any thing, as to
the mutual Ratio they bear to one another. However, I fhall infert
what 1 have difcovered by Experiments. I fay then, that #beat is hea-
vier than Rys, Rye than Barley, and Barley than Oats; though their
fcveral Grains frequently vary as to Size and Weight. Now many
Caufes may beafligned for this Vancty, whereof the Richnefs and Fertilicy
of Soil is none of the leaft; for it is highly probable that fat Ground
contributes greatly to a fine Crop; becaufe of its natural Moifture,
which is better able o nourith irs Fruit, than a dry hungry Piece of
Ground, that has not wherewithal to cherith what it was naturally
fcarce able to bring forth.

_The Sccond Caufe to which it may be attributed, is the various
Climates and Régions, and the different Situation of Fields and Grounds
in the feveral parts of the Earth : as Pérgs/has it Georg. lib. r.

Hic figetes, illic vemiunt felicius woe :
Arborei fatus alzh atgue xryx]& virefcunt

Grmmz

In Eaglxﬂr thus,
' This ground with Baccbza that w:th Ceres fuits:
The other loads the Trees with- happy Fruits.
‘A fourth with Grafs unbidden decks the Ground.
o x Dryden,

And truly this matter deferves our Confideration, inafmuch as we

are aflurd by Merchants, who are the moft experienced in this
Branch
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Branch of Trade, that the 4mflerdam Mudde of Polith Wheat, or of
any of its circumadjacent Provinces, weighs 150 1b; that the fame
Meafure of FrenchWheat weighs 180165 of Sardinian, 220 16 ; of Si-
cilian, 224 1b; of Beotian,; 2301b; and of African Wheat, 236 1b;
Hcar‘ now what Vitruvius fays upon this Subje@, Lib. VIII. and
IIL

g‘ be Variety of the Fruits of the Earth, fuch asthe Canes and Reeds
of Syna and Arabia, and the feveral firts of Odoriferous Herbs, and Aro-
matic Trees, &c. all of fo different @ Nature ; is owing to the Variety of

" Climates and Regions. ‘This Diverfity of Climates does not ml} n-

ﬁme the Vegetabie World, but affeits likewife the Animal World in as va-
rious “a-manners “and “proceeds from < the Inclination, or Parallelifim
of th: Barth, and the Confequents - of ‘its Oblique Situation, (viz.) tbt
different ‘Degrees or Portions of Heat Jdifiributed to the frveral
of the Earth, wbn‘b are by tba't means endued with particular Pro-
jes.

Again; the dxﬁ’ercncc bctwcen Grain is owing to the Variety of
Seafons; for contmaal Rains, and thick clofe Weather, will natursily
make- Cbmpcm and light; it -being in fach acafe impoffible for it

toarrive at complest Maturity, for want of that genml Warmth, which
is neceffary to effe@ic. -

It has not “been without fome fccret Myﬂcry, that the Husband-
man tias “carefolly obferved the proper times for Sowing his Ground s
he knows what Seed to fow when the Moon is in thé Encreafe; what
in her Wane; what to fow ‘whea her Horns are tharp-point-
eds- audwlm .whien fhe thines out with her full and. borrowed Lu-
fire. ‘They are ‘well ‘acquainted with the different Situations of the
Heavenly Badies'; ‘their Rifing amd&nmg;adwzthevcxythmgel&,
rbatmygrwchureﬁa%tofhe Harveft, and ruin cheir Hopes, at the
mylnﬁantdxeycommﬁﬁm to the-Bofom of all-bearing Mother

Earth!” Vrgdvcry c}egmlywamsthcmuponcbxslmdm the Book
Ibcfore quoce&

- ‘Ante ﬂb: EM Atlantides dﬁmdmmr,

- Gmofiaque ardentis decedat flella Corome ;

- Debita quam fulcis committas Semina, quamque
- Invite properes anni fpem credere terre.

- Multi ante occafum Maie capere : fed illos

Etpe&‘ctc Jeges wanis dqﬁt arg#u.
In Englifb thus,

ButxfymxcéareteWhatalmeextcnd .
- Let Maja with her Sifters firft defcend, }
Aﬁd die hﬂght Gﬂﬁa Dmdem downward bend:

8 Before
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- Before you truft in Earth your future Hope ;
Or clfe expet a liftleSs, lazy Crop.
Some Swains have fown before, bur.moft have found
A husky Harveft from the grudging Ground, -

_ From all this we may conclude, that it is impoffible to afcertain ex-
aftly the different Specifick Gravity of Grain and Seed. 1 could fay
much more to provedxclmmdcof this Matter, but_fhall forbear
fpeaking any farther concerning it. I fhall only here infert the Tefti-
mony. of Merjenmus, to confirm the Truth of what I have here faid.

“of -this. Subje@ in the Preface of his Book of Meafures,
Wexgbts, &c. hetellsus, “ That having weighed all the Sorts-of Grain
 and Seed ufally fold in Paris, he could hardly find two Grains of
« fame Specie, that exallly anfwered o one another, which rendering
“ his Attempt uncertain, he gave it over; and that befides their being

« naturally different from one another in Size and Weight, they are fub-
“ jeét so Rich: Alccrations by accidental Moifture and Drynefs, and by
« the Evaporation of their-finer Particles, that it is impoffible to afeer-
¢ tain :heSpe(’:ﬁnk -Gravities of Grain or Seeds; and that this Incer-
“« titude extends in fome degree to all natural Bodies.

Secondly, In order to reduce Liguid Meajures to the Wagbts which
are in prefent ufe, we will, in. the Sequel of our Difcourfe, fuppofe,
that the Reman Menfural Pound was equal w0 10 Unciee of -she Ponderal
Pound, or that they - were to oncanother a5 10 to 124 the Ponderal Pound,
(as we have already - faid). conwining 12 Uncie or Ounces, and each
Ounce 612 Roman Grasns, and confequently the whole Pound muft be
2344, Grains. By reducing this Pound to the other of 16 Ounces (as has
been done by feveral modern Pyrotechnicians) we mean that the Ounce
of this, or & of it, fhould contain §76 Grasus; but thefe Grains will
not be of equal Height with the Roman Grains, theirs being lighter than
ours; fo that 612 Grains of the Roman Qunce are equal to but 536
- Grains of our Ounce; and thus our Pound weighing 9216 Grains, is
heavier than the Roman Pound by 2784 of itsown Grains; confequent-
ly the Roman Ponders} Pound weighed 6432 of our Grains, which we
have faid from Merfennus in his Co-equation of the French and Roman
Pound. As to the modern Romen Grains, we here fuppofe them to be
equal to the Ancient (though we are not affured of that) and we have
likewife reduced the Ounce of our Pound te an Equality with the French
Ounce, becaufe its Grains agree nearly with the Weight of pick’d Bar-
ley-corns; according to the old Example and Pratice of the Greeks and
Romans, as well as of the Hebrews, who. firft made ufe of them.

Thirdly, When in fpeaking of the Meaficres, we fhall fay that fuch a
Meafure weighs fo many Pounds.or Quncesy whether they belong to the
Country where the Meafure is ufed, or to any City or Country in Ex-

rope
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rope that may be mentioned, - thofe Paends or Ounces may. be eafily re-
duced to whae Weights you will ; provided you have recourfe to the Me-
thod obferved in the peneral th:fdk ‘the Ufe of which I have al-
ready tanght you; or if youkeep in Mind the murtual Propartions of
Weights,. wlmhwehavtﬁnply éfpkye&mthe‘l‘cn&h(lhpm of this
Book.

ﬁa Lqmd aud Dry Mcaﬁare: af she .rbmxt ‘Romans.

‘ DQLHJM was o kmdofjar, crEartheuVeffel whlchthezﬁa
cients fogk inte the G keegW’mc; it conwained 1 3 Caless, that
i, 24001h Menfural, MMI&-PMJ&WI of Rome; but of out”’agbt
139515 13 Oun. 2 Dr. and 2 Den.

- CULEUS was.a Leathern Vefled, which held 20 A@bme of Li
Mﬁhwhs;éao& _aL(mmcﬁmeaﬂdColameﬂa,)md

1333&, 4%@&2%”’?:;&, aadofoutsggplb 1 Oxx. 1 Dr. and
8Gr.

M;Dmnus wasaDqug&re, which held 6 Modii or 2 Am-
Plora s thavis, 1601 Menfural, or 33315, and 4 Oun. Romiari Weight,
sod. 9316 7.Dr. and 8 Grains of our Weight. It held 144 16 of
thgx,v&-a iere;, and. Columells “cells vs, theyhadanotherDry

Meafure amongft them, which held xoﬂldn, fromi wheiice it was
called - DEQIMQDLW o

. They Mmepma;hudl)ry Mecfm, more mPaClous than the

twnfom« -wehich sk MED. ;
e = 3 g Fen s Sy T : 7: TR é:ﬂ ~ ‘A " m 480 m MeﬁﬁdL or
mﬁPM 7: 95279 Ez, 2 0% SD’ and r Dm of out

Water, a.nd held ' ‘.dw—
fs; thar is, xzoIbM:;y’umI
20m. ¢ /;..;Dex ofourﬂ’exgbf '
; nenfions with the  Hydria, according
%;F;mm, and held 10815 of Wheat. This (he
AM}HORA or QQADRAN TAL, (Wlmcﬁ C'ato, Fannius,
Polutivg,

Cslumella; Volutin Mmanifevcrﬂ others) held 2 Urne, and
weigh'd: ngﬁm! «ar. 66 1, 8 Qua. Ponderal; or46ib 6 Oun.
3.Dre1 Den, and 16 Gr, of our Weight.  'This wis a Dry Megfure

amoagfl the Romans, and held 72 1 of Whedt.. Merfennss, in bis Re-
thg_@&g&'e %o;thi_l sz Pound, fay&. thar 7215Rmh

dra; ay Poun, ‘Whest.  This would be
very © < ib. Reman ‘were Ponderal; but 4 Authors con-
chude thei to beﬁlﬂgﬁ:ral therclore és 72 1 Menfural are equal but to
6o1b Ponderal, it can be equal to but 4115, 14 Ounces of Paris; which

QU we
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e defigning to miake ufe of in this Chapter, you muft take particular

Notice of it in the Sequel of our: Co-equations. Perhaps (which I do
fot remember to have read)-the Rowans had two forts of the Pound to
weigh and meafure Liguiés only, and another for the ufe of Dry things
only (irz.) the Ponderal Pourid. . ‘The Veflel of a Roman Cubic Foor,
which is faid to have held 8o 1b Meryi;ral of Water, was equal to the
Amphora. Dwfcondex however will have it, that che Ampbara held but
521 ‘of Vinegar and 8015 of Wine. -Galen, onthe contrary, fays,

that the Amphora held 72 16 of Oil, 8o 16 of ‘Wine, and 108 16 of
Honcy m"ﬁﬂm aﬂi’m us, thﬂt he: found (u makmg the Exlxn.
ment). that the Roman Cubic Foot, fuch as the Congialis of Villalpandus,

weighed 74 1b of Paris Weight; but there are ‘thofe who differ from
him vpon this Article.

The fame Author lays it down for a certainty, and wxl! have it (by
the Obfervations of Gaj?ndm) that the Roman Amphora held 55 1b md
14 Oun. of Water of Parifian Weight ; fince the Cougws, which is § of
the Amphora, holds (according to him) 71b minus § of an Ommce’ of
Water; from whence we may plainly difcover that thefe 8o 1b Romen,
which formcrlyﬁﬁad the Roman Amphors, were of the Ponderal kind.
But we fhall leave this to the Difcuffion ‘of thofe who have more time
to ﬁmcthanwe have, and ﬁnllnow proceed with our Maﬁm in the
Order we began.

The URNA or URN was (aceording to Cm) a Lfgtadjleq'm
of half the Capacity of the dmplora; but it was fometimes ufed to
meafure Dry things, and, according to what Villalpandus fays, it held

1 § Modius, or 4 Congii, or 4016 Menfural, or 331, 4 Oun. Ponderal,
andofourWexgbt 2315, 3 Oun. 1 Dr.-2 Den. and 8 Gr.

The MINA was equal to the Urna.

‘The MODUS, if we may believe Fannius, was properly a Dry
Meaﬁlre, of,oftheﬁ&dtmw and ; of the Amphera ; this held exa&ly
241> Roman of Wheat. Now as to Liguids, (here we are chicfly to
fuppofe Wine and Witer, which agree the-neareft in Weight) it is cer-
tain that the Romans ufed but one Meafure for them, which (2s we have
alteady faid) they called the Menfural Pound; as a Liquid Meafure, i
held 26 1h,'8 Oun. Menfiral, or 2215, 2 Oun. § Dr. 1 Den. and ; Gr.
Ponderal, and of our Weight 1510, 7 Oun. 3 Dr. 2 Den. and 13 ° Gr.

The CONG1US, which was ¥ of the Amplora, held 6 Sextarsi,
or 10ib Menfural, or 8 it, 4 Oun. Ponderal and of our Weight 515, 12
Oun. 6 Dr. 1 Din. andBGr .

The SEXTARIUS held 2 Hemine, or 1 15 Menfural, and a Beffs
of 8 Ounces, whmbmadczomall or 1ib, 4 Oun. 5 Dr. and rDen.
Ponderal; anﬂafourWegbt 15 0un. 3 Dr. 2 Den. and 5 § Gr. The
mehadamﬁar&mm whxchwas called Sextarius Rufticus, and

was double ofdns.
The
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The HEMINA, which was alfo called COTYLA, was a certairi
Meafure which held 2 Qgartarsi,or Yo Qun.Menfiral, or 8 Oun. 2 Dr. 2
Den. and §Gr. Pmderal and of our Weight 7 Oun. § Dr. 2 Den. and
1436 -

The QUART ARI US held 2 Aretabula, or § Oun. Menfural, or
40un. 1 Dr. 1 Den. andiGr Pomlerdl, orgOtm 6 Dr 2 Den. and
19 Gr. of our Weight.

“The: ACE'FABULUM was a kind of fmall Cup or Saweer, and
held 13 Cyathus, 6r 2 Oun. 4 Dr. Menfiral, or 2.0un. 2 Den. and 4
Gr. Ponderal, ‘and of outWengt 1 Qun. ;Dr i Den. and 9} Gr.

CYATHUS was a ‘fmall Megfi jre in'the form of the Acetabulum;
and held 4 Calearii ‘ot Spoonfuls; ‘that is, 1 Oun. 5 Dr. and t Den.
Menfural, or 1 Oun: 3Dr.anﬂ8Gr Ponderal, orIOun 2.Dr a.nd
237@7‘ ofourW’ngbf -

COCLEARIUM or SPOON was the ¢ of the Cyatbm ‘and was
equdwgDrhnﬂ ‘1 Den: Mmﬁru’ ot 2 Dr. 2 Den, and 8§ Gr. Pon-
, mfhortz .Dr r Den. and 17% Gr.of our Weight.

Ltqazd and Dry Meqﬁ:m af she Antient Grecians.

The' METRETA or METRETE&of Aftzca hcld 3 Roman
Urm, thctefore . equal 1o the Romaa Pitcher or Cadus.

it-wag eq
“The ' ATRA F,: w5 3 i RW M'edu, according to Cato and Co-
E d& R R

The LACONICK METRETA Was a. htdc leﬁithan the

i"!‘lie ATTICK AMPHORA was eqnal o theMetreta, ac-
eord to Famnius and Villalpandus.

“The AMPHOREUS was but halfpf the M:treza accerd.mg e
Agricola and Villalpandus. -

The CHUS or €HOA3 wis eqnﬂto tI\e Roman Congius.

“The COTYL A 'which was alfo called TRIBLIUM, was equal
to the Romdu H, na,

Thc‘OXYB HUM was pqual tp the Romnn .Aretabulum.

“The MY S TRUM was of two forms, thcgrutcr bcmg h of the
Cotyla, and the. Leffer But & of the fame.

The CHEME or CHEMA was cqual to the mez Cocleanum,

here thar it will bc vcry eufy to reduee theﬂ: Maﬁ(re: to the
anﬁent‘MenT 1l andPond:ml Pounds, as well as to ours; . they being in-
ren ed forme: ly% in. muﬁmng or. wexghmg both Lxgmd and

Liguid
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Ltqdd and Dry Mtaﬁlru qf the dm:em chrm

CHORUS CHONER or HOMER (as we have u:mour
Engli/b Tranflation) hddzL;tlm, it was equal 1o } of the Roman Cu-~
leus, ot 45 Madsi ;. this was i  ufed in meafuring both Liguid
andD:yYhng& I thall not give myfelf the trouble of reducing thefe
Meafures 10 thczzgg; for any body may do it as well as:1, who-does

ady been faid. | This Meafure is mentioned

gsehd,apdmdze;adbookofmag&%ap.v,v« 2
ook of Chramicles, Chap. xxvii. Ver. 5. and. in-Sc. Lake,
i Ver,7. Some are of Opinion that this was the Load of a

Camel.

LETHEC the § of the Clorus, held 5 Batb:orEﬂm whmbwere
qudto ;&Rumg Umf, or.22 } Mndu
' 'V‘ﬁr{w;stqualtofthﬂmaaII]&u orCaJw, aud

yg}plm mentions this Meafire in his Hiftory
of the j’m; ané?" ipandss alfa fpeaks fomewhere of it. ;

SEAH o+ SATUM,; the ; 4f the Epba-or Bath, was two Hins; ic
wias equal to 1 Modius, or 24 Sextarii of Romen Megfure, ;
to Pillalpands. But Alcanzar will have it to have been. equalm(hg
Modius, by which he ‘doubglefs menns the Artick Modw: thae
1 § of the Roman. Thsteayim mzbncdm(:'mgﬁsxvm. V« 6
andet.Maftbwv, Ver. 13, |

HIN wasthe s of &e%‘tdb, tmi Be!é 3 C’a}s, 1t ‘was equa( to 12
Sexfmtmzemﬂfﬂm itis MOf lnExodlaxxlx. Verfq.o
and in Beélieltv. Ver. 17, -

OMER, # of the Epba, was equal 7} Rman Stxtantﬁ,jmtbmg
is faid of itin Exodus xvi, Ver: 37.

CAB, the } of the Hin, was 4 Logs, and wasexa&Iy cqualwq,Sa:-
tarii; we fmd ﬁﬁi’mq&re fp0ken cf hthc zd Book of ng: Chap.
vi. Verag.

The LOG, %ofthe Cab, held 6 Egg—ﬂ‘d& and mcqual to zRa-
man Sexterius.” Smfafthntthemmhadaﬂlcg&nequﬂmm

and that it was the fame which Egiphaniiis calls

The EGG-SHELL, { of the E4g, dnd 41 of tthpba is thoughe
to have held'2 Oun. 6 Driand r Den. =~

We have faid-¢nough of the Ancient Meqﬁares, procced we now 0
Mwbﬂmmm‘n ‘and confequently more familiar to us.

“muft pre fiff ,thatfﬁonothcr‘e ﬁndcrtakeadcmﬂofdwl&a—

Mdbemhsemptaswnauumpoﬂibk Therefore I’ hall only
remark fuch a8’ are current in-the moft famous and beft known Cities
and Provinces in the World. I fhall be obliged to call them by the

4 Names
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Names they bear in their refpecive Countries; and to conclude, I thall
reduce them to the Heights, s I bave already done imth regard to thofs
of the Ancients.”

Spamﬂx L:qmd Maﬁere

The BOTA or BUTT holds 30 Robas, each Raba mxghmg jolb,
it-anfwers-to. téodktwp&apa, but the Roba is only 5:Stopess. ‘The

Antwerp s 6 15, and confoquencly the BU'L T weighs gaom
of Antwerp. \

The PIPA or PIPE weighs 30 Rnba: ofz8 IB each.
" The ROBA is 8 Semmets.

The SOMMER 1s 4 Qqarttlla:, each of w}nch wexghs i of thc

 The Spamard: have another kind of Ptpt, ef dxﬁ'wcnt Capmty from
the abovementioned, with:wlhich they commonly meafure 04/ of Okves,
it contains 40 Ro&a:, butthoﬁ'ﬂaid:m lighter than- the others, as we
have already faied.

Dﬁy Meafure { tbe fm Namﬂ s

The CAHi bok!s xtHawgamrﬂmyw
- 'The: HENKEGA is 1 -Almudas.
ﬁe ,fﬁ!ﬁi}kw@a #1b: 9. Onn. x4d;g anéabout 24 Gr
; : b ﬁdmemﬂm&h yizﬁ&'th&hﬁﬂ:dam

‘!‘hc ALMUDA containg 12 Camda.

The CANADA -~ -~ 4 Quortas. -

: 'The QUARTA is cqual to the Quertila of Spam, which wcxghs
1 15 of twerpy: Wymdm& weighs 48 1 of ar-

werp..
'!E A.LQI}I:ER or CANTAR is ¢ of thedlmk, and holds

s whwk arcwwﬁ:am n:umdfm, With(histhqi
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Dty Meaﬁare of tbe ﬁme Navion.

The MOI holds 15 Fangas.
The FANGA -~ -~ 4 Alquiers. -
The ALQUIER - - - 2 Mejos, whxch are halfMeafuru.

The MEJO -~ 2.Ruartas.
Obferve bere, that 225 Alquiers are equal t0 a Laﬂ’ of zhjkrdam,

and confequently that- the Alguier weighs 181b, 10 Oun. 13 ng. and

io Gr.

Frcnch Lqmd Meaﬁ:re.

The MUID, OlJARTAL, or CASOJ_JE of Paris, holds 2
Fijlets, Barrigues, or Barrels. =

The FILET ~‘holds 18 Seﬁtere:.

The POT or QUART <= - 2 Pintes.

The PINTE = <= 2 Chopines or Hemines,
The CHOPINE --- 2 Dem:-Sg/hers.

The DEMESESTIER ~ -~ 2. Poffens.

From all this it follows, that thc Muid of Paris contains 288 Pintes;
and this it does, by an Order-of Lewis XIII.. But, in purfuance to the
Orders of Henry the Great, it ought<to: contain 300 Pintes.. Now it
will be veryufytoqq\mlmthefé two; by taking away 12 Pistes, which
ought to be allewed: for the Lees-of Wine.- ‘Hence you may. readily
knowduWughzofi Tunn of Wine. For, a8 by the Obfervations of
Merfennus, it appears that the Pinte welghs 2 1b, it will follow that the
Tunn or Muid, which tentiins 288 of thofe Pintes, will weigh 576 1b.
But if we admit of the Lees, it will weigh 6co 15-over and above the
Weight of the Veffel itfelf, which is not to bereckoned. Merfennus has
defcribed the Form and Sixe of the Musd sfter this manner in Prop. IV.
of his Book of Meafures, &cc. “ It has the refemblance of a Cylinder,
« or rather of a double Cylinder truntated, with ecqual Bafes, from
« whence this Veffel is more ca pacious‘or broader in the. Middle -than
« towards the Ends; ‘its Length {fays-he) or interiour Heighe, is 2
« Feet and 1o Fackes, and-in the: Middle it is 2 ¢ Feet, and towards

« the Bottom or Bafes 2 Feet only.

The Cafyue or' Muid of Paris holds 78 Stopes of Antwerp, and fome-
times 77, that i, J12 Pints, or 308: It weighs 468 or 462 Ib of
Antwerp; fince (as we have already faid) the Stgpe weighs 6 1b, the
Pint whichis 2 of it ought to weigh 1 41b; and from this wemayeaﬁ!y
determipe the ﬁPropoi'non between the Parifian and dntwerpian Pound.

They havé another Liguid Meafure in-France, which the French call
a PIPE; this holds 2 Muids of Paris, and confequently weighs
1200 1b.

4 - Dy
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Dry Meqfure qf the. fame Nasion.

The MUID, or GREAT MUID holds 2 Tonneaux or Tuns, ot
iz Seffers. =

The TONNEAU is § the Muid or 6 Sefljers.

“The SESTIER is 1 of the Muid; and ¢ of the Tonneau, and is di-
vided into 2 Mines,

“T'he MINE is 2 Minots.

“The MINOT contains 2 other finall Meafurés commonly called
Boiffeairx or Bufbelks. -

The BOISSEAU or BUSHEL, accordmg to Merfmw,holds 16 1b
of Whear, ‘when ic i5. hapcd without thaking or fqueezing it down.
“The' Heap, (or whit is 2bove. tge Rim of the Meafure) according to the
fame Author, weighs 3 ¢ ;. thm(wh’en the Boiffeats is firiked there will
“Sup pole niow that the Muid contains 96 Boiffeau,

tcmzm 12 Fibinic e nox
coﬁdu&é tha ﬁlch ilﬂmd' full of that would weigh

faittie Merfornnus affares us hc found by Experiment, that there

are 860 Grains of Wheat in the Ounce of a Pound, taking them pro-

mﬁ’mouﬂyfrﬁm any Heap of Parcel without plckmg or choofing; con-

fequendy the Pound will contdin x37’60 of thofe Grains, and the Baif-
ﬁmx when' haped up 220160 Grains, but if firiked but 172600 only, -

Tﬁe 5 O Bufbel,: accordmg to the Orders of Lewis the XIII,

ht to contain 18" 13 6 Ounces, and 8 Scruples of

ﬁl : ﬁme”ﬂﬁu‘ thc Breat Mmd is o:dr.rcd to wcxgh

*_They have 3 kind of " Dry Mmfm at Raan, which they there call
POINSON; and which holds 13 Bolfequs.
In Brittany they have dnother, which they call aLOAD, it contains
Bﬂ'em andl“To°0f thofe Lmd:makef?ipe which is 600 15 of Am-
57 Ptpex or 70 Loads a.nfwcrmg emétly to the dmﬂerllam Lap

Italian | Lig‘m':! Mc:aﬁtre.

BRENTA or AMPHORA is properly a L;qmd Mmﬁ:re, ufed by
the Romans at this Day; it contains g6 Boccales, -and is divided into 13 3
Robas or Stmm uch ofw'hu:h igh 10 1b, but thefe Pounds are. of3o

fd is qual to 42 Stopes of Antmrp, by which

%ARYLE, B. ' S’K is a ‘Txyi'an Liquid Meafure, which
holds 26 Frakian Bortles whic “they call Fiafto or Flasks; 18 Stopes of
Aimverp make ‘2" Baril which wexghs 108 1b of Antwerp. As f‘}f: the

iafce
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Fiafco or Flask, it weighs 5 I8, 6 Ounces, and 3 Drams, or thereabouts,
Item, 3 Barils make a Stagr. - :

STAARisa Mq/hre contammg 54. Stope: of Ar:twery’, and therefore
muft weigh 324 1b.

MOSTACHIO, or MOSTACIO is a Camlnm Megfure, which
holds 3 Stopes and § of Auntwerp,. and weighs 22 ; 1b.

BOTTEL is another Mmj’mwhxeh holds 34, 35, and fommeo 38
Mofackios.

BOTTA is a Venetian Meafure of 38 Moflachios, which they alfo call
Zecki, and in fome Places Cantars; 76 Mafiachios make a Brenta or Aw-
phora.

BIGONCIO or CONGIUS, is in the fame Place a Maﬁn of4
Quarters. You muft have 18 Stopes of Antwerp to fill a Quarter; it
weighs 108 1b, and.is equal to the Roman Barile, The Bigoncio is. equal
10 72 Stopes of Anmtwerp, and weighs 4321b. .

SECCHIO," which the Latins called II}drw, is 15 Stofts ofdnt-
werp. "This is a Meafure particularly uied by Merchants who carry on
an Tnland Trade; but the preceding Meafure is in requeft amongft fuch
as are cmce_rned in thggmg, and who cultivate 2 Tranfmarine Com-
merce.

AMPH ORA in thefame Country, is an Ofl Meafure; it is 4 B:gm-
cios or Congyf, each of them being 4 Qyarters. This Meafure is equal to.
2 Bottas, each Botta 38 Mofiacios.

'MIGLIARIO is a Meafure much in Vogue throughont all Izahy.
At Penice it weighs 1210 1b. _ At Pervas 1738 1b, and is cqual t0 8
Brentas, and 11 Bafes: 8s for the Brenta it is divided into 16 Bafes.
At Pavia the Migliario wughs 1185 16, which are equal to 831 4% 16
of Antwerp.. AtVincenza it is asat Vewice. At Tervifa s117 b,

Befides thefe Liquid Meafures, 1have been ﬁ)ﬁkmg of, they haveﬁmv
others, (viz).

The MASTE];.LO CARA CONSI 10 ofwhxch make aCara_
of Tervifa.

The SALM isa Mmﬁ(re ufed in Pugha and Calabrias it mak:s 10
Staars, each Staar 32 Pignateles or Ollules. 'This Salm is equal to the
French Filet, or to thehalf Qyartal of France.- Ik anfwers to 39 Stopes
of Antwerp, and commonly weighs 234 16.

Dry Meafure of the ,/bmé Nation.

Q}_JADRANTAL is 3 Roman Modu, the Modius 8 Htamz the
Hemina 2 Sextarii. 'This Qyadrantal weighs 52 1, and 8 Ounces, of
Amfierdam Wexgbr 80 Quadrantals making an Awmferdam Laff.

STAR isa Sea or Nwdﬁleq}&re amongft the Venetians, and weighs
131 it and¥; 32 Stars exaly anfweting to the Amferdem Laft of Rye;
but 14 of 1 thcm confhtuce a Lefof Barlcy.

Again ;
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Again; the AMSTERDAM LAST is equal 1o 8o Stars of Man-
tua;y 0 32 of Medinay o g6 of Pavia; 1o x12.0f Fléirence; to 102 of
Vintenza tégaonaﬁm to 48 of Ravenna; andtozgof Tervifa,
MOSA or-MODIUS ¥ ¢ Fenction Miafure, 7% of which are o
qualwmmw In-fome otheér Places it is divided into 14
Pﬁ:,mhefwbwh we@xsmib --each Pawmmmng3o
Oivaces; in o&eﬂ’hﬁnﬁ wdmded meoq. Bfgdam, or mto 16 Se-
ﬁemx or Sextarii;= 7 s
*CORBA,- mongtheifa&m is wint the Latins formuly called
C&hf oré'w?bﬁw, ‘and in Eﬂgﬁﬂfmaybecalledaltm This'is 4
Dry:Megfure.: A Bolggwa it ‘#-equil to-the mercn Ster 32 af
ﬂnfcﬂwh:bemeqndmawofmm
MBIM*RU‘S,?. Bty ‘Megfiere in Sicily, -contains 6 Wn, and

each Meodiis 16 Bexs Sefiers. Phe Medimmus weighs 100 15, 8
Oik. 3d § Dr: ‘or Bitireal ‘ﬁ&mmﬁgﬁﬂ‘om;ﬂm
me&ynmmzcﬁ

umt&ﬁﬁwd’ Cyprw a dmded mto 2

‘ktﬁe%?&m«tﬁq&vﬂc “M’aﬁwhmo IGG‘M .S‘ﬁer:or
Sm i%%a%&mﬁntﬂa\muy

: i5'a’ Dry Meafire it Genoa: an&?erm, 23}

i iw’ i ‘mw ﬁﬁm buttt Ve—

m&ﬁmmmu,mxﬁ contamng
36:Tumanss, Wit of Barley it holds 48 ofthe fame above mentioned;
T&Aﬁeﬂmmugx % iﬁaf&wﬁsrdan. “In thott;- 32 €cm of
Rpm&z&n& Barley coufti MW&&

EHHTHB hddstrfy&r :
FUDER, in Latin Febes, is 6 dmﬂarx, wluch are. commnfy‘
oalledodases; ot sl g fallowing Placesof Upper Gerwiony; (viz,)-€o-
hgne; Wonms, Ulss,  Erangfort aponche Mein,  Oppenbeim; Wirtzbury,

ayance, and st Wirtemberg : But in other-Places it bolds 10.4mes; ag
ar Hesdelbing sod Sfirer; s Fiemna; aid all over Aufria; 16 Ames ot
M¢mkea0dmmmﬂ,mww
terg 8 Fe or Ames make a Culeus.

ik S OHM




66  Of the Great Art of ARTILLERY.

OHM or AME, which the Latins called Amphora, holds 20
Quarts, or 80 Meafures, which, in the Language of the Country, are
called Maffen; or 2 Urns, which they call Esmer. Thofe who have
been at Cologne, Worms, Lespfick, Francfort upon the Main, Ulm, Op-
penkeim; Mayance, Noremberg, Wirtzburgh, or Vienna in Auftria, may
know this. But at Heidelberg, and at Spires; they divide the Ame into
12 Quarts, and the Quart into 4 Meafures or Kans. Moreover, at Fal-
kenbeim and Durcheim they divide the Ame into 15 Quarts, of 4 Kans
each. Then at Wirtemberg they reckon 16 Innes in the Ame, each of
which is 10 Kans. In Augsburgh 2 Modii or 12 Befontz make an Ame:
To conclude ; in fome other Places they reckon 6o, 64, and 72 Kazs in
the Obm or Ame.

EIMER, by the Latins Urna; at Noremberg, Wirtzburgh, and ge-
nerally throughout all Franconia, is divided into 64 Kans; at Vienna in
Auftria into 32 Otaves, or 128 Seiltem; at Sabone and Brixem 144
Kans make an Urn or Eimer, and but 8 only conftitute a Parcede.

The EIMER or URN in Mjfiia, and generally throughout all
High Germany, weighs 36 1b: But at Lespfick it is 40 1b; and is divided
into 3 Stubecken; and again into 4 Cantres or Kans, or (as they like-
wife have it) Maafs; and each of thefe Kans are 2 Noffels or Quarts.
The Nojffel is 2 Pints or Hemine, which they call Halb Karter, and the
Halb Karter is 2 {mall Meafures, which they call Mafilein,

MAAS or KAN, as it is called by the High and Low Du#ch, and
by the Latins Cantbarus or Congius, is almoft of the fame Bignefs in all
the Towns in High Germany. We have already faid enough of the Sub-
divifions of thefe Meafures; let us now examine their Weight, In Ger-
many the Pound is of two forts, the Menfural and Ponderal, as we have
already obferved; fo that ar Lespfick 23 Menfural Ounces make but 26 §
Ponderal Ounces; but every where elfe in Mifnia 24 Menfural Ounces are
equal to 20 Ounces Ponderal 5 that is, they are to one another as 12 t
1o, or as 6 to 5, after the manner of the Antient Romans. 'This being
laid down, the Obms or Ames of Worms, Francfort, Ulm, Oppenbeim,
Cologne, Wirtembergh, Mayance, Heidelberg, Spires, Strasburg, Falken-
beim, and Durcheim, containing 8o Congii or Kans, will be equal to the
Antwerpian Ame, of to Stopes, which (each Stope being 6 1b) weighs
300 Ib, and confequently the German Pot or Kan muft weigh 3 1, 12
Oun. of Antwerp. By this means we may readily come at the Weight of
the Eimer or Urn, as well as at that of . the Fuder, Rhuth, and f{maller
Meafures, &.

Again; 128 Kans of Noremberg, Wirtzburgh, Franconia, Vienna, and
Augsburgh, weigh 300 1b of Antwerp, and each of them apart weighs
2 Ib, ¢ Oun. and 4 of the fame.

The BEER TUNN of Lubeck is equal to the dme of Antwerp,
£o Stopes of Antwerp exa@ly filling a Lubeck Tunn,

‘ Dry
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Dry Meafure of the fame Pesple.

: The LAST, as the Germans call it, or as the Latins have it (from
the Greek) Ackane, is properly the Lading of a Veflel or Ship.
At Hamburgh it is 3 Wifpel cach of which conwmins jo Modii, or
Scheffel, as they call them: Now the Scheffel weighs 52 16, 9 Qunces,
12 Ang. and 22 Gr. or thereabouts of Amflerdam; and therefore 2
Laf of 3 Wifpel, or go Scheffel orModu, will weigh 4734 1b, 3 Oun,
1 .Ang. and 28 Gr. -

Obferve here that this #7 _/}rel is equal t 6 Antwerpian Ames. Again,
83 Scheffel of Hamburgh are equal to an Amflerdam Laft.- At Roftock
and Lubeck, 96 Scheffel make their own Laf ; but 85 of them are equi-
valent to the Laff of Amflerdam. At Stetin in Pomerania g2 Medis or
Scheffel conihmtc thcn' own Lqﬁ, § of wlneh is equal to. that of dm-
ferdam. -

$CHIFFPFUNDT is a Sea Maﬁcre much ufed bytlwfe who
border upan the German Ocean; and Baltick Sea, 1t is properly a cer-
tain part of the Laff; which comes near to the Medimnus of the Ro-
mans; or to the great Madius, ‘or rather -to the Trimedimnum which we
have fpoken of already. This is equal to the French Load, or the Spa-
#ifb-Carge; or the ‘Italinn Carco or Cariro..  With. this they not only
mnﬁxre all forts of Grain, but alfo feveral other Species of Goods. . At

ih it is divided into 20 Lifpfumit, and weighs 300 1. At Lu-
beck, Copenbagen, and Stockbolm, 20 Lifpfundt make a Schiffpfunds,
which weighs 320 1b.. But IihallfbrbeatfpeakmghcreoftheWaght
and Capacity of this Meafure, (it being to be explain’d. herufca) ina
vaft number-of other Places where itisinmufe, -

LISPFUNDT is anAliquot Pare of the Scbxﬂfmd‘ as may be fecn
above, and may properly be called n-Sea Meafure. Av Hamburgh it
welghs 15 165 at Lubeck 16 Marks, and at Stralfund 16 1b.

‘MALTER or MOLDER does not differ very much from the
Sebzﬂfandt in ‘'Weight and Capacity. It is a kind of Land Medimnus,
which is eféd among the Merchants of certain Towns in High Germany.
For Example; in Mifhia it holds 16 Modsi, each of which weigh 20 1b;
therefore the Maiter weighs 320 1 in that Place. At Pieana and. all
over Aufivia it is compofed of 32 Modsi which they call Atchel, or 64
Halb Atchels or Spinten.. Suppofe now that this Modius weighs 21 1b
and 14 Oun. of Amfierdem, the Malter will weigh 600 1b; and confe-
quently 6 of them ‘would be equal to a Laf of :!mﬁerdan At Cologn
upon the Rbine 18 Medimni, or Maiters, are equal to the fame, fuppo-
fing cach of them'to weigh 233 1b, 5 Oun. 6 Ang. and 2§ Gr.

Liquid
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Liywid Meafure of the Low Countries.

ROEDE isa Meafure whach anfwers tothe halfCuImsof theRmam
At Dort it is to Ames.
The aME is 10 Scbrm:, %nd has fome Aﬂimty thh f.hc Rmm

The SCHREWE i m Stqm; dns Meg/‘m does not- varymuch
from the RomanUrn.

The STOPE agrees nearly w;th the C'ongms of the Roﬂnzm, and helds
2  Kannes ot Poti; which'in fome Places are called Mengel. -

* The KANNE;"POT, or MENGEL, doesnctgreatlydlﬁ’erfrom
the Roman Sextarius, and holds 2 Pints. ~

The PINTA or PINT may be properly ealled Eeama in Latm,
nbemghaﬁ'oféﬁ&mmor&xtmm. :

Then 1o Ames of Dort are 14§ of thofe of Anmm?, of 5o Stopes;
each Stepe-weighisg 6 1h'of Antwerp; and the Roede or ‘Rodr of Dort
wﬁ}waghmolb, and confequently the Ame will weigh 440 1; the
Scbrews 44 b5:the Stope 4 15,°6 Ounces,~ 8 Angi the Kamne 2 1b, 3
Ounca; 4&ngﬁ&mﬂm‘s$e?mtm&mxghrlﬁ and xzdngof

~This Rwde is- ngaiﬂ tﬁ\nded into 2 Tums, each of - them containing.
500 Stopes ‘of Dert, or 2200 1b;-to which if you add 5o 1b for the
Weight of the T itfelf; it will, when full of Wine, weigh 2250 Ib,
andconfcqumdyz?"m:wﬁfwmghﬁooib “Hence it is that in load-
ing a Ship they recken & of thefe Tunrequal toa Laf of Wheat. -
Agam; 14-Ames OF Hmferdamure equal 1o o Ames of Dort ; but we
muft here obferve that the Amflerdam HAme-is divided:into 64 Stopes;
dm'éere xtmghsm 3141, 4 Otinces,; ‘5 Ang. and 22 Gr.or there-
 dmtwerp § ‘each Stope weighing 415, 14 Ounces; 3 Ang. and
about 10 Gr. In Prifeland, thc Ame is 40 Kannes or 160 Mengels, At
Malinéi in Brabant it is 86 Mengels; whence it appears that the Menge!
of Mulines is doublo.of thav-of Frifeland, and:that what they call a Pins
au\fa&mna&!qdor?atmﬁvfdad; but #s to the .Ame of Ma-
binesor Frifeland, a8 well as of Lowvasn, Bruffels, Boifleduc and Breda,
they 4re equal in Weight and Capacity to the dwe of Anfwerp: But the
Mengel of Lisvain i équal-to the Maafs or Kan of the Germans. - The
Ame-ar Bruffels and Lowvsin 1§ divided into 48 Ssoper ; at Boifleduc into
505 at Leydem, Delf, Trevérs; Fiufling, Middleburgh in Zealand, Ghens,
Bruges in Flawders; and av Liege, it is divided into 60 Stgpes.-- Again, 50
Stopes of Anitwerp are-equal to 54 of the Hague and Ruremwnd; to 72
of Ziriczee, and 6 26:0f Neuport and Offend. 1 hall add co all this,
that 14 § Ames of Bruges, Mi ddk&wgb, revers and Flyfbing are cqual
t0 16 Ames of Dort.

Befides,
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Befides this Roede which we Kave been fpeaking of; they have one of
another fort at Bruges, which holds 2 Veflels or Tum:, eachofm
Sextarii, ot Seflers, each of which is 16 Stopes. = -
- The TUNN of Beer throughout all Bredant, contains 4.Am\umy
Stopes; but in Flanders 60, and fometimes 64 Fbmﬁ Stopes. As
for the Dwtch Tunn -it is equal 1o that of Brabant, except that of Am-
Seerdam, which requires 56 3 Stopes of Antwerp. - As o the reft, I thall
not reduce- ther vo:the: Weights, fince: any body mydonbyknmg
tthngh:ef @Mazé‘@r

Dry Maaﬁw of tbe j?me P@k

The LAST .&cm;w,m xt wn{cdccmuﬁmWheat,
compofeief 16 Sea Medionri, vhd:thel)xf:bmﬂ&*bfpmt ‘cach -of
which. weighs 300.1b; -therefore the whole Lief weighs 4800 15 but
when they. meafure Ryc 14-Schippents make a Laf; each of which are
equal to the formerin Weighe and in Capacity, -confequesitly a Laf of
Ryc will weigh 4200 1b of Amferdam. - At the fame place,  they reckon
27. gm,tMafxm, which:they cal Mudden, ina Lafl ; each of thefe
Mudden_contains .4 fmaller. Meafures, - which “they call Schepelen or
Bufpels ; therefore the Laf :is 108 S ot Bufbels. Again; they
comput: 29 Sacks. in s Laf, each Sack.of. 3 O&m:, or Achtelingen,
‘have it - Moreover, 24 Salt Cashs, of 21 § of thofe narrow Ve

whicl anmazgiofdwkrgumdbmdaoﬁhe
fame ka&,‘m(ﬁnwm&ly a.Laft of Rye; again, 18 Tusnsor Vef-
1fels of Beer; or s many, Ames of Astwerp, anfwer to the fame thing.
. Now thefe two faft, make 3 Twwns of Wine;, but 2 Twnns. only are rec-

kqgedqqm\mkm to a Laf of Ryc; becsute 2 of them weigh 4200 16
or theresbouts ;. for fuppole that-the Qgadrantal or Cask of Wine weighs
500 1b; 2 Tumns or 8 Quadrantals will confequendy weigh 4ooo 1b;
and3 of the like: Tyms.or (13 Rpadrantals foll of Rye, will-'weigh
4200 1b (withont reckoning. the Weight of - the Veficls themfelves)
each of :them containing sbout 360 b of Rye. But we mutt take no-
tice that all forrs of Grain do-not always weigh alike; and the Aw/fer-
dam Laf of Whess -has been found fometimes to ‘weigh 48001, and
at other times but 4200 1b;9nd a.Laf of Rye weighs fometimes 4200 15,
and 2t other times buc 40001b. Fry 2 Lagof Barley, and you will

ighs] 3400 Ibs: and Oats will weigh ftill lefs ;*for which

- has beent nary- in-fome Places, to have a more ‘capacious
M@rzfm&u&wﬁtkp Now fince according to the Obferva-
tions of Meg/emnus the Parifian. Pound contains 13760 Grains of Wheat,
which Pound is 16 Grains lighter than the Amferdsm Pound, this lateer
wmcagmn 13776 1b, and the Lg# weighing 4800 b, will certainly con-
win 66,124,800 of the fame Grains. At Hombden 153 Tunns;of 4 Wer-
mmwwm aL¢ofdwr own,butsgﬁ’ne?m
anfwer
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anfwer to a Laf of Amperdam. At Antwerp the Laft is 32 Quarters,
and the Qgarter 4 Bufbeks, or Muckens, as they call them; thus 38 Quar-
ters are equal to a Laft of Amflerdam. AtRotterdam 3 O aves or Eighths
make 2 Sack, and 38 Sacks make the Laf? of that Place ; but 87 Ofaves
are equivalent to an Amferdam Lafl.
The MUDDE, or.great MODIUS, is divided at Lowvain into
8 fmaller Megfires, called Halffer5 13 of thefe are equal to a Laff of
Amfierdem, as are alfo 102 of Bruffels, 7 of Maefivicht, and 12} of
Boifleduc. At Ghent the Mudde is divided into 6 Sacks, the Sack into
2 Halfters, the Halffer into 2 Quarters, and the Quarter into 2 Muckens :
Now 4 of .thefc Muddes and 7 Halfiers make ¥ Laft of Amflerdam. At
Bruges they call this-Meafure an Hoet, which they divide into 4 Bufbels,
the Bujfel into § Qyarters, the Quarter into’2 Spintes: 17 ¢ of thefe
are exaétly-a-Laft of  thac'Place; ‘but the Amflerdam Laff requires 173
of them. At ¥pres 12 Razieres give a Mudde, each Raziere anfwers
to. 4 Junns of -that Place,-and 25 Razieres make a Laft there: Again;
26 of thefe Razieres conftitute a certain great Meafure called Iiink,
which is treble of the'Laf. -In fhort, they reckon 24 Razieres to an
Amflerdam Lafl.: In feveral other Places of lefs note in Flanders the
Raxsere s divided into 4 Auwwss;. the Awot into 4 Pints, and the Pint
into8 1b. At Lewarden in Friftland the Mudde is 2 Lopen; 36 of thefe
are an Awfierdam Laft.' AvMiddleburgh in Zealand the Mudde or great
Modins, which they call Hoer, is compofed of 16 Sacks; which may be
properly calied 8- Rasieres, 41 i of which conftitute a Laff of that
Place, and 40" of shem anfwer to that of Amferdam. At Dort the
Hoet is-8 Tanns, and 3-of thefe Hoer (which are a kind of Sckiffpfunds)

~ Rolifh Liguid Meofure.

- BECZKA, in Latin DOLIUM, and in Engli/b a TUNN, ought (in
purfsance to an Ofder-to dngParpofem the Year 1565) to contain 72
Congii, of Kanns; which the Poles call Garntiec. But by an Order iffued
out afterwards in the Year 1598, it is to contain but 62 Garniec,

- The TUNN, orBeer-Veflelof Dantzick, contains 180 Dantzick Stopes.
It has been found ac Aurwerp that 180 of thefe Stopes make but 81 of
their Stepes, and from.thence: we' conclude, that the Dantzick Tunn
weighs 486 16 of Antwerp ; and 2 Dantzick Stope weighs exally 2 1b,
13- Own.and 4 Ang. of Antwerp; and the half of it, which they call
Halé, weighs 1 1, 5Oun. and 12 Ang. From this we may infer that
the Stope of Danrzick is 4 Antwerp Ounces, and 16 Anglicks, lefs than
the Po¢ or half Stepe of Axtwerp. Befides this ; I know thar the Paljfb
Garmiec - contaitis-about 2 Dintzic Stopes of Liquor ; therefore the Pp-
lifb Tun of 62 Garniec or Congii, is 56 Danrzic Stopes lefs than that of
Dentzic; thet is, that the Dantaic Twn contains more than that of Po-

1 land
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land by 28 of its own Garniec, Let us now conclude that the Polifh
Garniec, weighing 5 1b, 6 Ownces, and 8 Ang. of Antwerp, does not
differ much from the Roman Congsus, as we have above defcribed it ; and
1 ﬁrmly belicve, that thofe- who firft inftituted the Polifp Garniec de-
figned it fhould be equal to the Roman Congixs : Bur as all fublunary
Things are fubjet to'Revolution and Viciffitude, as they pafs through a
long Succeffion of ¥ears ; it is nc wonder that this Meafure: has varied
a linle from its firft Dimenfions, and fuffered fome finall Diminution.
To co:;chuie, ‘ﬁnce the Polih ‘Twm ef 62Garniec: weghsgy. 1;-12 Oun-

gtothe Wagbf: of dmhdiGamx,whxchthe
nd thie ' of that which is ‘called Kwarta-garcows,
i""iuponéwx, ‘after £ smch has boen fid.

ontutc ‘Y10 Dantzic-Stopes-of Wine, or 20

'td:ﬁﬂowmgofthm, :thllbcbut

— afure very well bown in that Cauntxy, and con-
tains 20 Gmuec, C”mgamr Xu:m ‘ .: t; .

Dr; Mmﬁm qf zbe fame Nasion.

LASZ'I‘ orLﬁS'i“Ef’ Mafure 3
Praﬁc and Litbuanta, Mall:hecmnnadyéeml?mvmw Te is ufed
ently’ by ‘Merchints’ concerned in- Sea Trade, and Dealers in In-
Lind “Cities ‘and 'Towns's Witk this; thiky not only meafure all forts of
Gmmhﬁﬁmaﬂrafweﬁm&iub&h&wmm Or at leat
&qm&«l&ﬁwmﬁzm@my of any dhing of a parti:
for ‘the Eafut of Flax ot Hemp-at Dantxic
nes, “wﬁ&% -Again o Laflst -of Hopes is
. ,‘ e Sés Modioent,> of 3830 Wof Dawtzic. - A Lafet of
. M“; ¢, Afhes, Tiaf, and Picch is 12:Timns; buc
18 iva Lq*szwa ‘As'tcy Wheat and other Grain,. the Lafist almoft

throughout 41l W%Wmto 66 Megfures which they call Kor-

Jec's Bat e peet Witk it ‘of ‘very various Capacity, and very different
We!glﬁ: AtDéatzxc’cheLrﬁdufRyeis 15 Scbiffpfundt, each of which
conums 4. M’ea “which 'we have elfewhere called Scheffz), cach of

‘ i aller Meafures called Maszen.  In the fame Place 2
iffpfunit; but ‘dhis difference mutt be allowed

R of 60 Scheffel. It has bowever been obferved
wesic Eiit of Rye weighs 4245 1b of mferdam, though ic
ﬁbﬁm ddelf. -For the Schiffpfumds weighs 340 16

Dinszi¢, “containing To Sthmes of 3415 each s bur the other which s
“"”"sﬂcﬁn&mhmlsﬁﬁdt weighing each 16-1b
ofﬁa;tz?t wufe&&uvw%hﬁgaﬁa&aﬁomodm Agam; 2 Danr-

a4
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zic Lafet of Wheat weighs 6440 Ib, from whence we may gather the
Weight of the Dantzsc ‘Scheffel or Madius; for it being £, part of the
Lafat, it will: weigh 85 -1b-with regard t0. Rye, and with regard 1o
Wheat it weighs go: by 10: Ouaces, 5. fyart, and 3 Pond, Nom. At
Koningsherg, and tt Edbing the Lafzt weighs 6400 Ib and confifts of
16 Schiffpfunds, eachof which weighs 400 1B, or 20 Lifpfundt ; and 6
of -thefe make: 7 ‘Lafs of Amferdam. At Riga, Revel, and Narva,
12 Schiffpfiindt.of: 10 Stone,-ox 400.1b cach, confhum a Lq[zt wdgh-
“ing 400 15 of thofe Placas, .and but only 4000 1b of Amflerdam,

KLODA and MACKA is a kind of Dry Meafure much yfed in the
WMMMM& that is, about Lméwg,l’rmjbtz or Pre-
wiflaem-snd Farofaw, exrondiog towards the. Carpatbian or Krapakian
Motitaingsiis.containg 4. & :Ete:, or 8 half M’aiu commonly
called Mmtms;mziéﬂatéc or 32 Pulmarek; now at Lemburgh
the Paimarek is equal to4 PolifbGarniec or Cmg;:, and the whole Macka

to 128 of the fame. From this it is evident, that 3; of chsteq/&re jsequal

to-the Qld Romap:Uraa, and confequently that it anfwers in all t0 32
Urns, or 1280 1b Romas. The Macka mjerojbwu 160 Congii er Gar-
miecc, (Kanns) butaPremﬁtz xgo only.

CWERTNIA .is & Megfire which may properly. be called a Brme-
dismpum; for it holds two Medimm of Korzec of Cracow. At Pofua it
6 43 Qomgid - ov - Garmes.. At Keliskie 3§ -Garnies, and the. Wiertel Ka-
“liski, is-14 Congii ot Kanns, .. .

-KORZEC s exallly ﬂwMedxm ef che Lamu, that of Cracm is

16 Congii s by which. means-it-happens 0. bc,cqual to.the Medimsnus or
2 Ampbora, 268 anfwers 10 160 1 Roman, Jus.: part. anfwers: to_the
Olé Roman Urs;: o the Seab of the. Hebrews. In Lu&hn it is 28 C’mgu,
and. ¢his does: mwaﬂeh&amm Old Roman. Decimodium. - That
> ;;and Werfaw, is24 Con i, and 12 the half of them will

bc aqaﬂ QmmMa, aﬁ "cbeﬁmFme And Vzllalpaudus
iﬁn&’aﬁ,ﬁ‘wﬂ aaﬁiﬁfy mh &am the Rogan J{ydrxa, nor from
' 3100 3 ‘comes nearly to the Grecian
oy Z grnfatzxammchlcftém the Latin Modjus. - ‘

BECZKA,Q: TUNN is the Dolium of the Latint: Wich this the

meafure: Dry Things io White Ruffa and Litbuania. This Vefzl con-
tains i Whieat or soy-othas Grain almoft 2 Salt Casks, if heaped up and
preficd down;; it weighs abont 350 b of our Parms : This is the Mes-
fure-of Filag::."Fhar.of Stglenshe is 1 3 of this, and confequently weighs
- §25°15: - Befides the- Maafures 1 have dradymenuoaed, there arc feve~
ral -othérs iz Poland, Eitbuania, snd Rufia, of lefler Capacities ; fuch
a8 the Mirks, Szanek, QO .&ec. but thefe Iﬂxgllpa,(s over with-
- @t Sarchis Notice, -aot-only becaufe they are not in fuch general Ufe as
* the rofts -but-alio: for fear.of growing tirefome to- the Reader, who is
- commonly-fond.of Brevigr. - iMmlyob&rvc to you: once mor¢, that
 the: Weight-of all thafs Mealures may vary, scco:dmg to thc different
Specifick Gravity of Grain. " Englifh
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Iheﬁﬂwaghmﬁdfmﬁagbrof Enghd, tndeoﬁ'equent-
Yy -the Gallon-will weigh -8 of -the fame. - :Now in order: to know. what
Pmponm:kxs?oundbm tosxhe edm wmm plesfe
wm baekf efiid :gfmsmf—?- Agm i

G Qillons o x-Hhoglbead, S W 5 -
ii&%m ‘_p%,J a00d 15 -
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Liquid Meafire of fome Eatern Nations,

MATALI or MAT ARI a Megfure in the Kingdom of Tunis which
holds 36 Rotules : It anfwers. to about 5. Anfwerp. Stopes; and 10 of
them make an 4me of the famé Place. - The Metali -of Tripoly, and eve-
ry where elfc in Barbary, s 42 Rotules, and is equal to 7 § Ames of Ant-
werp s ﬁemwhcncowemayconcl\ﬂe, that achoftbcmwcxghuoib
of Liquor Antwerp Weight. .

"ALMA is nHaqﬁmﬂCwyimt;mpIe ‘which anfwers to 1 § Stope of

; the Liquor contained in it weighs 1o ib of Antwerp.

DORACH ot DORAG is a Liquid Meafure amonglt the Ara-
bians; it approachespmtty nm'tethe Amfbora Rmm and is divided
into 8 Fobesn. s

JOHEIN is dmde& into- 6 Ktﬁor Aﬁat:, whxch nearly anfwer to
the Roman C
1mKIST ‘or ASCAT inte 2 Car&ms or HMMM, as the Romans

d i

CORBIN into 2 Kdmtb wlnch beaf fome Affinity to the Roman
Quartarii:

KBLIATH mﬂo 2 Cd.ﬁd or Ar_/ives, wluch equal the Rman Ace—

CAFFUK or. ARSIVE into 2 C:utum, oras the Romans had it Cya-
thi or Cups.

CUATUM mto 4 Salgenm, wﬁxch are perfeétly the Roman Co-
chleari or Spé

Fobein amongﬁéxe ’drah‘am is what the Cmgws was amongft the
Romans, and what the Greeks cnlled Hina; it is r & Stape of Anmm?
m&c&ﬁ%quentfyme Ditach-is'r2 of the fame St

ARTABA is an Zgyprian Meufare which jutt anfwers to 18 Stopes
of

COLLATHBM in' the fame Country-is 6 Antwerp Stopes of Li-

quxUBITHA is an AEgyptian Meaﬁr’e, wlnch is equal to 5 § Stopes of
the aforementioned Place.

DADIX is 4 Stopes of Antwerp.

COPHINUS is 3 of thefame.

CHENIX of the E&ypfzam and the Azxtfwnymn Stope arc exallly
the fame,™ ~ -

The MARES and PONTES are but & of the Ant"werp Stope.
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Dry Meaﬁ:re of she Jame People

METRETES' or METRETA isa Meaj'w'e at this Day ufed all
over Greece; it contains x2 Choas : .45 of thefe make a Lafle in that
Country ;- but-tie 4wflerdam Lafte requires 50 of the fame. L

“The PERSIAN ARTABA or ATRABA is divided into 25 Ca-
phile or Hemine; or (if you will) Hins: 45- or 50 of thefe Artabe make
an Amflerdam Lafie. - The. MEgyptian Artaba s divided into 5 Apor-
rhimes or Aporrbime; ot into'go Chenices; or into 480 Jwions or Inia, or

(afwyouwii})zsm 45 &gyﬂmmdlmﬁqmi‘manahﬂm{am

TOP%N ‘o OPIUM in the fame Coumry cantams 10 Cb.mm 3
‘ -8 Sextaries or Dia. -
CAPI-HG;I is-a: Meafure in Barba:y which ought to contain 20
Guibés': F-of thefe Caphici-ate equal'to an' Amflerdom Laffe.
~DORACH o DORAG “is the famie ‘Arabian Meafire 1 j\lﬁ now
mentioned: "Fhey divideiit i mthefamemanncrbotkfor -Liquid and Dry
Tin@ “Thus 86" Dorach anfwer cxally 1o an Af»ﬁerdm Lafle.

“Phits Hiave 1 dorie wich whiar'I propofed to fay concerning the Mes-
furex of ‘Capacity ; which if it falls thort of the Reader’s Expedation,
¥ am véry forry for it ; bt upon ‘the whole I conceive that this Effay
wﬂ!no:be entirely undeferving of favour; if it be duly confidered, that.

fikve-done niry | Mﬁ :t“;f‘mdfhxt} haveben mducedeo it by no

ceed o inﬁ:ru& youm the nature of feveral forts of'
“which-we fhall ofter mention in the Sequel of this Work,
ak of dhe Menfufation of Lines and Susfaces; fo that a
Fiowledge as to ‘what concerns this fort of Meafire will be

abfolutely 1ec "“Wevﬂ?bégmwuhcheidtofthem, and go on
i ‘the fame Order-and Method, as has always been obferved by Geome-
tricians; md‘ﬁi:ﬁﬁﬁd:cm%y thevuyNﬁmesthcyhavegwen them.
AndFirft; =

R FY‘NGER, ‘a8 lf i aﬁed by the Germans, Englifb, Dutch and
53 by the Poles;” Palec; bytheLaﬂm, Digitus, and by the He-
h-m:, Esﬁafb Is 4 Barley-corns placed-on one fide- each other: Nol;v:'
t
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the Barley-corn is fubdivided into g Poppy Seeds, and this is the finallet
Meafure that can be affigned to Diftances. But Merfernus contradicts
this, and fays, he found that the Seed of a Red Poppy is larger than that
of the White: He farther fays, that 2 Gruins of Muflard-Seed touching
one another, are equal to-a Line of the Frénch Inch; to which alfo 3
Grains of Red Poppy Seed, and 4 of White, ase equal. -He again tells us,
that a Grainof Scolopender or Finger-Fern Seed, bears the fame Prapor-
.tion toa.Grainof Mauflerd Seed, as 1 does to g, From wheace we may
allow, thata Grainof Seolepender is the leaft of all Seeds, fince its Di-
ameter is contained:2 § Times in -the Diameter of 4 Grain of White
Poppy Seed. . As for the fmallelt Grains of Sand, the fame Author adds;
that 12 of them placed in a Right Line, and touching onec another, take¢
up the Spacc of .2 Frenck.Line of an Inch.. Let us hence coriclude; that
th@(eGmmsofSand, in thexruuno&TemntyotFmenefs,are theﬁnalleﬁ

The UNKQA, LNCH, or DIGITUS MAJOR called by the
Germans; Zel and Déum, containa mlmsdx48ﬂlq4m and is by
the French divided into 12 Parts.of Lines. -

The SMALL-PALM, by the Greeks, Doren, and by thc Germaas,
m@mw andbythcf’de: Dbn ouglnto be 4 Fingers or Di-

gitshecad..

T;hc Lengtb of thc Hand sthat thc Greek: called Ortbodom, it is

x1-Dhgits.

The GREAT-PALM orSPITHAMA by the Greel: L;xba:
by the Hebrews;. fap&: by the Germans, ein Spann, by the Poles; Piad,
and by us-a:Sper MB&IN, or 12 .Digits, or 9 Uncice or Inches:
This Meafure. (as , ‘
of the Thumb and little Eng:r, m ﬂm’cbed out to the utngﬂ Extent

mk PR

The FOOT by the Gmm, on thﬁ, or Scbucb and by thc Pole:,
Stops, ought to be 4 Pabni; or 16 Digsts, ot 12 Uncie or Inches. Con-
cerning the Divifion of the Foot, Philander, one of the Commentators

upon Vitruvius; has made the following Remarks upon his I11d Chap.and
111d Book, (viz,) Columella, Frontinus, Ifidorus, and fome others, differed
[from Vixraviug. in the Divifion. of the Foots for all, except this Autbor,
were for baving it divided from the Beginuing into 4 Palms or 16 Digits;
but -as:this Divifion was femewhar perplexed and srregular, thefe who fluck,
26 it, taking au Afhs fur. « Foot, divided it.as well as every Integer (which
they commonly called Afs) into, 12 equal Parts; omeof which was called an.
Uncia;: M#’Mﬁﬁ@m; three a Quadrans ;. four a Triens; five a
Quincuix ;. fix ¢ Semis, and b on.to to twelve, which conflituted the Aflis
or Foot. - But our Geometricians baving cenfidered, that the Unciz an-
Swered togur Inches, rejelled the former Name, ond affumed the laster; and
indeed if we compare fbem togetber; we fball find that 3 Inches make 4
Fmgers. Qbferve bere,: that I do st fpeak with regard to the Remark iz

Frontinus's
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Frontinus's Book sf> Aquedu&s, where be mentions two. forts of the Inch,
samely, the Round Iach and Squareonc, and that the Rounch Inch is lefs
than the Squareone, by three of its own Elevenths, and that the Square is
bigger-than the Round one, by three of its Fourteenths. 'This is Philander’s
Opxmonconcemﬁgtbei)rvﬁonof the Roman Fot. =~

mlhaveﬁnﬁertodd, is -that the Roman Foot is: of various
in ‘different Parts‘of the World: In fome Places it is of two
forts ;- uforExiﬁxpk,Mmzdues, that there are two forts of ivin:
the'l‘m of Noremberg (natacly) the Town or Civil Foot, which they
Schuch; ‘which containe'1a Uncie or Inches; and the Mecha-
nick Work Foor, which they call Werch:Schuck, which. is but 11 of
the ‘(ams Tnchés;-Bat this Foot they Bave divided into 12 equal Parts,
whickk ‘they-icall Uncie or Inches, in Imitition- of -thofe of ‘which the
Towin Foot is compoted: - Notw perceiving ‘char this great Inequialiey of
- Méafure; - would' perplex and confule: us-in a grear many of our-Opéra-.
tions’s I had - formed & Dofiga of -reducing the Feer of all the moft fa-
mous Provinoes snd Cities-in che World; to: one that ‘was determined,
sad-the belt kncws of all;:and to compare them with that, in the fame
ma wmm @:&mﬂn(:onmmd&pmmof
by dasely: iig-a. Treatife. of Mlizary Architeffure; fo. that. be
hae&feimaﬁshm cceof - Trouble, and got that Palm which I pro-
Wﬁmaﬁemd fiick an Actemip;_sherefore finding
Hag-acquitted him@lf very handlomely upon thisHead, and that
s by ved "’adkée&awtbsqfw&@w 1 thall on-
Iy: m&mﬁmm& ;heu&ethgP;rdxbmm and
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1{hall to this add-what has been remarked .of the--Old. Roman Foor,
namely, that ie bears fuch Proportion to that of Rynland as 975 does.to
1000. Imean that Roman Foot, the half of whafe Dimenfions we-find
in Philander, the Interpreter of, and Commentator upon, Fitruvius,in
his Book III. Chap. IIL. -which, he fays, was taken from an Antique
Marble, ftill to be feenn at Rome in the Gardens of .Angelus Golotsus,
and. anfwers pretty well to that which was found on.the Monu-
ment of Cefucius Statilius, which baving been a litle while ago
difcovered by Fames Meleghini (onc of the beft Archite@s belongiog
to the Pope). was through his Means. removed to the 7atican Garden.

. Moreover Merfennus ebferves in the Margin of his firft Book of Mea-
Jures, &c; that: there are two  different forts of Meafure of the Old.
Roman Half-Faot 5 one of which he fays was taken from the old Walls
of the Capitdl,” and is carefully preferved in the Library at Pards. This
(as Ihgvcoften tried) when. doubled. does not agree with the whole
Roman Foot which Philander- bas given us, by nearly & and is 3, of i
lefs than the Rynland Feot ; and thus this Foot is to the Rynlend Feot-as
950 i&-fo 1000, * I have farther obferved, ‘that this Foot of the Capital
sscx:&&;@hefa@vmh that  of :Poland (of which I have a very nice
fure): which Foot is-likewife ufed in Lithuania. We find another
Meafure of the Half Foot, which is taken notice of by Merfermus, and
which Fillalpandus fays he took from Congius Farncfianus. The Mca-
fure of the Réman Foot which Pbilander his given us, exceeds the
double of this Jaft by %, and its- Proportion: to the Rynland Foot is as
969 to 3000, Merferitus - affires us again in the fame Place, - that the
Royal Foot of France (the Meafure of - half of which he alfo gives us)
exceeds the Rynland Foot by 6 Lines, or 4 an Inch. But having myfelf
applied the double of this Meafure to the Rynland Foot, 1 found that
the former exceeds the latter by 4w ; therefore according to my Obfer-
vation the French Foot is to that qu_y:dad, as 1050 is to 1000. But
we have faid enough of the Foof, proceed we now to fuch Meafures as

are larger and more confiderable.

The PALMI-PES of the Latm znd the PENTADORON
and PIGON of the Greeks, which we will call the PALM-FOOT
from the firft of them, i a Meafure thattakes in the length of 20 Fin-
gers, or D:gxts that is a Palm and a.Foot ;. and is to be taken from the

 of the Elbow to that of the Hand when clofed, or theFift,

The ELL, by the Hebrews, Ammach, by the Germans, ein Elen, or
Elbogen, and by the Poles, Lokiec, is 24 Fingers, or 6 Palms, or 11
Foot, or 18 Uncie. 'This Meafurc is taken from the Extremity of the
Elbow to that of the middle Finger. In Perfia and Egype, the Geome-
trical E/! is 6 of ours. - The Englifb Ell is 3 Feet, 9 Uncia or Inches.

Butthcrebemgfogrcat a Variety in the Length of the E/ ig differ-
ent Places, as well as in that of the Foot; 1 here thall give you the Re-
ducion of it to the Rynland Foot, as we have borrowed it from the
abovementioned Matthias Dogen, If
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PO f Hereford - = - = = = = - - 1326
;ﬁthedimgx f F[ar?;Ee --------- 1%4;6
» “i; "m:‘g: Ell f Francfort upon Main - - - 1760
arts,. £he. Hamburgh - - = = = - - - 1842
cach of thefe Places et = w e e e = - - 218
‘wayld coptain fuch a f Latheck = = « = = = = « = = 18 Z
Number of tthcPﬂm, Londow « = = = = = = - = - 2934.
i e s 11 %
Place in this TafOf Noremberg = - - - = - = - 210
g‘lcél Place in %Ta‘ f Oudewater - - - ~ - - - - 2 19g
> (0iz) fh@ B fRovel = =« = wm e m = 1768
. Rigag - - <= = = = --- 1768
Of Toledo = = = = = = = = = - 2500
: e Vara of Liskon - - - - - 2662

- 'To this I'thall fubjom, from Merfenmus, that the Paris EII contains
3 French Feet and 7 % Inches;- confequently it will bear fuch Proportion
to the Rynkmf Foot (according to our- Obfervatwns) as 3806 and %
does to 1000, But; according to Dogen, it is as 3824 to 1000, or there-
ahoues” In' Polmd the Ell is 2- Feet, and this E// (if our Obfervations
are right) is to the Rynland Foot as 1900 is to 1000.

" Befides: fhlsf Meyfennus affures 1is, that the Braccio or Brace of Fio-
vence (which s  kind of EJf)- bears fuch Proportion to the Frencs Foot
asgx&oe:tozq.w Bat <as -to- the Hebrew EJ, he makes it 1 Foot, 4
Im'be: and 3 I.:m, accordmg w©. ﬁle Capuolmc Mcafu:c beforc‘

:d: B e e

< The Pﬁ{}E whxch t'he Latzﬂ cdkd: G’redw Grtﬁa or Pa[u: Sm—
pkx, the Germans ein Einfacker Schrit, the Dutch ¢en Stap ox Trede,
an&‘thc Poles Krok, oughtto be 2% Feet long.

- “Phe PACE; which the Gefmans underftand by the Words ein Dop-
pelm' Schrit, is exaltly 5 Feet.

The ORGYA-or FATHOM, which the Germans call ein Kquter,
the People of the Low Countries een Vademe, and the Poles Zazen, ought
16 be 6 Feetlong: - Yulion, thexgédmm an excellent Archxte&, would
hcw this Meafure: calied an EJ.

“The CANN#A and REED, which the He&rcw: ealled Kmnecb, is
6 of the Hebrew Ell..-Marfensus mantains that this Meafure contains 8
Fertand 14 Ineh sccording 16 -the Ratio between the Capitoline Foot
and that-of France; »whach (a&he&ys) isas 130 js-to 144, oras 65 is
6 72, 0
&:PERGH or’ ROBB of 10 F;et whxch, amongﬂ: the Ger-
mans, is called ein Mefi-rubte, or Stange, by the Flemmings. cen Roed,
znd by the Poles Prent, was formerly divided into 10 Feet by the An-

cient
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cient Romans ; from whence they gave it the Name of Decempeda; up-
on which Account it was that Cicers; that Prince of Orators who knew
fo well how to adapt ﬁgmﬁcant Terms upon all Occafions, called thofe
Geometricians of his time that ufed this Meafure Decmpedatare: Is
Length is varied infinitely at prcfent As for Example; -in the Low
Countries the Rbynlandic Perch is 12 Rbynland Feet ; but to render the
Calculation of this Meaﬁlre eafy, and as mych as poﬂible to avoid Fra-
Gions, their Geometricians have dividéd it into 10 cqual parts, which
they call Feet, eich of which are fubdivided into 10 Uncie.  In Poland
and Prufia the Perch is 15 Feet, or 7 ; of their Ells; this is what they
call €ulmenic, but commozﬂy Prent, ot Miara Chelmienska. -In the
Territory of Norémberg it is 16 Feer. * In the Marquifate of Branden-
burg 12 Feet. 1In France (according to Merfemnus) 22 Feet -make a
Perch. In the Territory of Ghent 14 Feet, but every where elfe in Flan-
ders it is 20 Feet. ‘'There likewife does the Foot vary, inafmuch as in
fome Places it is 10, and in-others but 11 Uma In England the Perch
is 16 § Feet, and in Ireland 18.

'I‘he CORD ar CHAIN is a kind of Meqﬁlre well known in moft
Countrics, and-is.what the Latins called Funis Cherda and Catena 5 the
Garmans calltit ein Schaur and Keite : ‘This is what the Romans former-
lymean:bythc Arvipendium ; the Poles call it Sznur and Weiifysko, with
whom it is 10 Perches: Bm:tsl.cngthxsno:alwaystheﬁme amongit
Surveyors.

The STADIUM or FURLONG, and the Ak, Rofe-louff of
the Germans, and Staia of the Peles, is in Length 125 Geametrical Pa-
¢es, or 625 Feet: Among the Greeks the Stadium was 125 chs,mdwas

roperly: the Mesfure of a Foeer Race.

The DIAULUS was double of the Stadmm, it being 250 Paces.

The ‘BHIPPICUM was 4 Stadia or 500 Paces: This was- praperly
the Megfire of an Horfe Race, or Breatbing..

The DOLICHUS was 12 Stadia. - ‘

“FThe SCHENOS méo Stadw, but in fome le 4% and in
others but 20 only.

“The MILE maMaﬁanknm toall the Eurvpeau, mdisde-
rived from the Latin Word Mille s Thoufand, the Romen Mile being al-
ways compofed of 1000 Paces: But this Meafiure varying its Dimenfions
in the different Places where it is ufed, I have here inferted a2 Colleéti-
onofféchspmaa'ethe -moft ‘commbon ‘in feveral Countries, and
which bear any Affinity to-the Mile ; that-you may with the more Eafe
mdh&nei?scomparememecf one Country with that of onother;
and that you say fes the-different Meafires with which Geographers de-
termine the Diftance of Places : Thefe are reduced to the Rhynland Foot;
{which we - hmowntobeequalw theRmm)thewhdewcordmgto
theCalcuimmof Bagm.

6 ‘ o  MILES,
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MILES. FEET.
Of ZLgypt. - - - 25,000 called Schenos.
Of England. - - - 5,454
Of Burgundy. - - - 18,000
Of Flanders. - - - 20,000
Of France. - - - - 15,750 called Lieie or League.

22,500 the Mean,
25,000 the Greater:
Of Holland. - 24,000

Of Swifferland. 26,666

Of Spain. - - - - 21,270 called Legua.
Of the Hirarian Way. 15,000

20,000 the Lefler.
Of Germany. -

Of Italy. - - - - 5,000

Of Lithuania. - - 28,500 called Mila.

Of Mofeovy. - - - 3,750 called Warfla.
Of Poland. - - - 19,850 called alfo Mila.
Of Perfia. «+ - - - 18,750 called Parafang.
Of Scotland. - - - 6,000

Of Sweden. - - - 30,000

I thall now haften to a Conclufion of this Book, omitting feveral o-
thet kinds of Meafure ufed in furveying Land, in which the Surveyors
are governed by the Cuftom of the Country where they are employed,
and which the Pyrotechnician has nothing to do with. I fhall only add
that the Polifb Acre (which the Poles call Lan Role, the Germans, Mor-
gen and Fauchart, and the Flemmings, een Bunder-Landts) is the Breadth
of one of their Chains, or 10 Perches of 15 Feet cach; or 150 Feet; its
Length is thrice its Breadth, or 3 Cbazm, or 30 Perches, which are 450
Feet. Moreover this fime Acre contains 67500 Square Feet. From
whence it appears, that the Polifb Acre is bigger than the O/d Roman
one, which they called a double Square or A#xs, which was but 120
Feet Broad and 240 in Length, and confequently contained but 2880
Square Feez. ‘The Old Roman and Polifb Feet are equal, as I have al-
ready thewn.

Again; let us add that 30 Square Acres of Lithuania and Warfovia,
conftitute a certain Meafure or Portion of Ground which the Latins cal-
led Manfio and Modus Agri, that is, a Day’s Journey, and Form of a
Field; and which is commonly called by the People of thofe Countries
Wioka, and is the fame that the Germans mean by Hube or Hufe. Now
the Breadth of this Plot of Ground is always 4500 Feet, or 30 Chains, or
300 Polifb Perches, and its Breadth is the Length of 3 Chains or 30
Perches, or 450 Feet; and the whole Area of it contains 2025000
Square Feer.

Y Again;
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Again ; in Warfovia they divide the Breadth of the Acre into 2 Zagom
Liras (as they call them) each of which is 75 Feer Broad. Thofe who
would know more of this may confult the Surveyors of Land, and fuch
Geometricians as have more to do with it than L

To conclude: You will have the true and exa® Meafire of the Rbyn-
land Foot, as well as of all thofe reduced to it, in our univerfal Pyrotech~
nical Inftrument, the Form and Ufe of which I fhall give in the fecond
Part of our Artillery, Proceed we now from the Theory to the Prattice
of our Pyrotechnics, and fet ourfelves to work, fince this Book has fo
plentifully furnifhed us with the neceffary Tools. Attend then to what
follows.

OF
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PART zhe FIRST.

BOOK IL

Concerning the Things which are commonly ufed
in Pyrotechnics, or Artificial Fireworks.

CHAP L
Of the Origin of Saltpeter: #ts Nasure and Operations,

B3 T is moft certain that feveral learned Perfons, and
) Qoufif, fuch as were verfed in Natural Philofophy in the early
#% Ages of the World, were well acquainted with the
K% Nature of Saltpeter and Salnitre. For a Proof of
3, this we need only confult the Sacred Writers, by
3% whom we fhall find it particularly mentioned, as may

be feen in the * Fifth Book of Myfs, Chap. xxix.

We fhall likewife find it largely treated of by feveral Prophane Authors,
of which Number is Pliny, who fays a great many Things of i,
Lis,

* Deuteronomy xXix. ver. 23. And rhat the whole land thereof is Brimflone and Salt and
Burning, and that it is not fown, nor beareth, nor amy grafi groweth therein, like the over-

throw of Sodom and Gemorrak, Admah and Zeboims, which the Lord overthrew in bis Anger
and in bis Wrath.

0 80
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Lib. xxxi. Cap. vii. and x. as does likewife #zéruvius, Lib. vii. Cap. xi.
Ariflotle, Seneca, and Diofiorides Lib. v. Cap. cxxii. Philofiratus in
the Life of Apollonius Tyaneus; together with a prodigious Number
of others too tedious to enumerate, from whom the Ttuth of this Al

fertion may be proved, namely, - that the Ancients were acquainted with

the Properties of Saltpeter. What I have to fay upon this Head is,
that there are fome Moderns ‘who are firmly of opinion, that the Salt~
peter ufed by the Pyrotechnicians in our Days, is widely different in
Form and Virtue from the Nitre of the Ancients, and confequently will
have ir, that ours is a new Invention, or a Difcovery of very late Date,
purely calculated for che Service of Cannon. ‘Thofe who entertain this
Opinion are thus far fupported byReafon ; that we are affured by feveral
That the Ancienss knew of but oné kind of Nitre, (2:2.) the Mineral or
Fofiil fort, which was naturally formed without any human Ar, in
Plioces from whence they took it: And this they divided into four diffe-
rent forts, namely, the Armenian, the African (from whence the Afro-
nicre which Avicen calls Baurach in Arabick) the Roman, and the Egyp-
tian; and was called Nitre from a certain Region in Egyps, where it
was found in great abundance. Serapion moreover relates that the Mines
which produced Niwe, were perfetly like thofe of common Salt, in
which running Water is congealed and condenfed, and that it was
po more nor lefs than a meer Stone, from whence it got the Name of
Salepeter or Stone Salt. He adds again, that Nitre was of feveral Co-
fours, as white, red, ruddy, livid, or lead Colour, and of every other
Tinare it was capable of: Furthermore, the Conftruction or Form of
it was various ; for fome of it was porous and {pongey; and fome of it
on the contrary, was more clofely compacted, folid, bright, tranfpa-
rent, britde, gliteering with {mall Sparkles, and crumbled with handling.
From thefe Accidents they judged of its Virtue and natural Force, the
one being much more powerful than the other in its Operations. This
is what I have been able to colle, from the Teftimony of the beft re-
ceived Authors, concerning the Mineral Nitre; amongft whom I do
not find the leaft mention made of the Artificial Nitre now ufed by
us, and which we properly call Saltpeter, Salnitre, or Halinitre. But
whether this Ancient Nitre is entirely loft to us (which however Scz-
liger denies, Exoter in a Difpute with Czrdan concerning Subtility,

Lib. xv. Exercit. 104. 15. befides its being commonly fold in 4fs and in

Egypt, and according to fobn Pardo in a fmall Town in the Hertrurian
Field, called the Valley of E/fa, where it is found in great Plenty) or
whether it does not reach us, it is difficult to pafs any certain Judgmenc
concerning it, or to diftinguith between the one and the other, I mean
between the Old and the New, though you fhould compare the Virtue
and Qualities of the one with the Effects of the other. Neverthelefs
the learned Scaliger ftrenuoufly maintains, in the Place I have already
quoted, that this Ancient Nitre (if any of it is remaining) is not very

different
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different from our Saltpeter, particularly if we confider it as to the Fine-
nefs of its Parts which are very fubtile and aerial. I fhall here infert the
following Words from him, becaufe they will not a little contribute to
the Proof of this Matter. For as fome Salt is Foffil, fome extralied from
Sea Water, fome from Springs, and fome from Afbes; or as Glafs is pro-
duced from Stone or Flint, fo Likewife may a Salt be naturally generated
Jfrom Nitre; and accordingly it [prings out in Caverns, as we are told by
Pliny. Tkat which fboots out of the Surface is commonly concreted in the
Form of Salt by the Heat of the Sun. But Saltpeter is fo far from being a
Foffil Salt, as its parts are more fubtile, than the parts of either that or
Nitre; for both Salt and Nitre are not fo univerfally confumed by Fire,
but that forie Dregs remain after their Combuftion 5 but Saltpeter is en-
tirely abforbed by it. Wherefore the Foffil Salt is more terrefirious or earthy
than the Nitre of the  Nitraria, and this Nitre than that which [prings out
in Caverns. This Cavernous Salt is like a very fine Flower : But on the
contrary muft not this be more earthy than that, becaufe it is lefs aérial?
And that more aerial than this, becaufe it is more refined in the Nitrarie
than in Caverns 2 The fineft Particles of that which fboots out of the Sur-
Jace are exhaled by the Sun; but in Caverns it is quite otherwife. Muf}
not therefore the Cavernous Salt be more crafs or grofs, becaufe it is lefs re-
Jined? Fuft as green Frusts are more crude, than thofe that are ripened,
and bave imbibed the Sun-beams. The Foffil is more grofs than the Sea
Salt, as well on account of its Collion or Preparation, as of its Subfiance.
This is too Aqueous, and that is too Terrefirious ; and neither of them fo fub-
tile as Saltpeter. There is a Muifture that is in fome degree natural to Ni-
tre; but as it is a kind of fubtile Scum, it is entirely devoured by Fire.
And even as that Camphire which burfts through the Rind or Bark of the
Tree is preferable to.that which is untimely taken out of the Matrix where
it is formed 5 fo that Nitre which [prings out of the Surface is the befi :
That indeed which is generated in Furrows in the Clefts of Caverns is finer,
if we confider it purely as to its Parts ; but if you will make an Allowance
Jfor the Operation of the Sun-beams it muft be lefs pure. That which ad-
beres to Rocks where it is dried up, (from whence it is called Saltpeter,)
bears a great Analogy and Likenefs in Nature to Nitre itfelf, but it ismore
Aerial, and rather inclining to the old kind of Afronitre s for we bave fre-
quently obferved a kind of Lufire of a glimmering Purplé in the Shivers of
Saltpeter.

Thus by the Arguments of this great Man we fe¢, that there is as
much difference between Nitre and Saltpeter, as thére is between a per-
fect and an imperfe& Mineral ; between one that is pure and refined, and
one that is rude and grofs; between what is fubtile and aerial, and what
is-earthy and crafs; in fhort, as much as is between a Spirit and a Body.
‘We may then conclude that Saltpeter is the nobleft kind of Nitre. That

the fort in ufe with us, was not well known to the Ancients we fhall
Z call

% By Nitraria you are to underftand a Place where Nitre is refined or perfe&cd cither by
the Sun or by Fire,
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call Pliny to witnefs, not to mention feveral others who would do the
fame : For he openly and plainly calls thar Salt which was naturally
formed, on the Surface of Rocks, and in Caverns and deep Cavities of
the Earth, the Flower and Scum of Nitre, and Saltpeter or Stone Salc :
A little of chis is ftill found in fome Places, and in others none arall: It
is generally met with upon old Walls and Ruins which are expofed to the
Wer ; but particularly in Cellars and Vaults, where Wine is kept, and
in many other fubterraneous Places which are cool and damp : It near-
ly refembles white Froft, or pure Flower, or fine Sugar, and is as white
as Snow : The Virtue of this is very confiderable, as I myfelf have fome-
times experimented. If you would prepare this Salt by the Rules of our
Art, it muft be granulated into fmall Corns, and you will fee how ex~
a&ly it will affume the Form of the ancient Nitre which P/iny {peaks
of, and which Scaliger defcribes above. But as it has been impoffible
to get fufficient Quantities of this, to anfwer the continual Demand
there has been of it, for theService of fo many Wars, which have been in
Agitation for fo long a time paft; and preyed upon the fineft Inheritan-
ces of Princes, and wafted before our Eyes, the greateft part of the moft
powerful Empires, and moft noble States of the Univerfe; Men have
been obliged to feek out a new fort, to fupply the Defect of the Old;
which being with much Labour and Induftry taken from the Bowels of
the Earth, it is purified, and wathed feveral times, in order to feparate
all terreftrious and grofs Particles from it, and to diveft it of its native
Crudity. Infbort, itiscleanfed, and brought to fuch a Degree of Per-
fection, that it yields neither in Form nor Virtue to the Saltpeter of Pl
ny, nor even to that of Scaliger.
Therefore if I may have leave to declare my Sentiment as to this Point,
1 thall (to remove all manner of doubt) infift upon it, that Scaliger meant
no other Saltpeter, or Salt condenfed into a ftony Confiftence, than that
whofe Ufe, artificial Preparation, Origin, &¢. is familiarly known to
us, and which we fhall fufficiently treat of in fome of the Chapters of
this Book. It is not a fufficient Objection againft us to fay, that our Sale
does not grow naturally and of its own accord, like that of Pliny which
fprings out of the Surface of Rocks, and fills up the Clefts of Caverns, and
the Apereures and Crevifes of old Buildings, where it is condenfed, con-
creted, or petrified in little Furrows ; for as Art is the very Ape of Na-
ture, and fince fhe imitates her in every thing fhe is capable of; it muft
not be thought ftrange if we with a litde of her Affiftance, and a large
Portion of our own Induftry, attain to the Perfection of her Producti-
ons, and (if I may fo fay) exceed by far her moft perfect and elaborate
Works. Do we not fee a vaft Number of Mafterly Performances exhi-
bited by excellent Artifts, after a long and affiduous Labour, which can-
not pofiibly be imitated by Nature, though fhe were to exert her Power
to the utmoft? We may then conclude that our Pyrotechnic Salt, which
bears down all before it, and forces its way every where, is very like the
Salt-
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Saltpeter of the Ancients, or in a Word, that they do not in the leaft
differ from one another. For if fo it be, that the Nitre of the Ancients
was or is a Foff}, I am inclined to think it was much of the fame Na-
ture with the Matter or Earth from whence we- extra@ our Saltpeter ;
which if it be prepared according to our following Method, I may ven-
ture to affirm, thac it will in every refpe correfpond with the natural
Saltpeter, and by repeated Purgations, may become mere pure and ex-
quifite. In re@ifying common Salt, and refining of Sugar, they are al-
ways fineft after the laft Operation. But notwithftanding what I have
been faying I fhall prove by a plain Argument, that the Opinion of thofe
who believe our Pyrotechnic Salt te have been newly invented, is not
only abfurd but falfe likewife ; inafmuch as feveral creditable Authors fo
hlghly and often commend the Inventor of Gun-powder; but fome-
times fpeaking of him in another Strain they load him with a thoufand
Maleditions, and deteft his pernicious and abominable Invention: Itis
not that they accufe him of having difcovered a kind of Saltpeter till
then unknown, for the Ruin and Extirpation of Mankind; but of hav-
ing hit upon a Compofition of certain Quantities of Nitre, (which was
then commonly known) Sulphur and Charcoal mixed together, and of
having introduced thofe thundering Engines of War, which they called
Cannons, and what is worfe, of having handed this deftrucive Inventi-
on down to Pofterity. I however agree and believe, that Saltpeter was
never ufed in the Compofition of Artificial Fire-works, before our Gun-
powder was found out; butin proccfé of time, and as our Days en-
creafe in Experience, as well as in Number, People with Aftonithment
obferved the ftrange Properties and horrible Effeéts of sz-powder (of
which Saltpeter may be properly ‘called the very Soul) and perceiving
that Fire diffipated and confumed it {o univerfally, and feemed to devour
it with more Greedinefs than any other Matter whatfoever, they took it
into their Heads, to ufe it in making Artificial Fire-works, and fo have
continued to do to this Day. That which Nicetas Choniates, and Fo-
bannes Zonoras relate concerning the Grecian Fire which was invented
before the Reign of Conflantine Pogonates Emperour of Greece, is not ve-
ry repugnant to our Opinion : But there are thofe who affure us (though
they are not much credited) that Marcus Graccbus was the Author of it,
and to whom they actribute two forts of it, which we fhall fpeak of in
another place, juft as we find them taken Notice of in fome Arabick
Books, which are the fame with thofe mentioned by Sca/iger in his Exer-
cit. CXXXIIL. Lib. XV. agam{’c Gardan; in which I obferve, that a-
mongft the many combuftible Matters they are compofed of, Saltpeter
and Oil of Nitre are not moderately ufed, but in Proportion to the reft
make up the greateft part. This I think we may fafely fay, namely,
that the mixing of Saltpeter with other combutftible Ingredients is a new
Invention ; or elfe (as it may be too rafh to doubt of what has been faid

by fo many Authors of fuch great Probity, and who lived in fo great
Repu-
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Reputation) we may conclude that it was not commonly known, and
that it was concealed as an extraordinary Secres ; which obliged Sem:-
maurus (as Scaliger has it} to fay, that it was perfectly miraculous, be-
caufe of its ftrange and wonderful Effetts. 1 dare not doubt but that
the Ancients had their Judgment fo far enlightened as to know that
Salnitre or Saltpeter was of a very igneous Nature; for it is a very old
Opinion (though to fome it may appear new) that though Saltpeter
feels cold to the Touch, and appears white to the Eye, yet that it is
very full of Red Spirits, and is naturally very hot and fiery. If we
wanted Teftimony to prove this, the Holy Scripture, which is the pure
Fountain of Truth, will furnith us with it, by fpeaking fo plainly of
Fiery or Combuttible Salt, in the Paflage we have already quoted. But
what furprizes me the moft is, that the old Romans (not to men-
tion the Grecians and Carthaginians, who at all Times, and in all Things
were their great Emulators) who were the moft perfect and beft verfed
in Military Knowledge, of all the Nations which bore Arms in their Days;
1 fay, it is furprizing to me, that though in their Defences and Attacks
of fo many confiderable Places, that either owned their Power, or were
befieged by them, they made great ufe of Fireworks, or burning Oil
(which they called Naprha) Sulphur, Bitumen, . Pitch, Frankincenfe,
feveral Ways prepared, Rofin, &c. yet never made any Account of Salt-
peter, whofe Power and Efficacy far exceeds all thofe Things; whether it
was that they preferred all thofe Drugs to it, or that their Engineers
{which I dare not advance without trembling, fince Lipfiusfays, pauca non
babemus inventa ab @vo illo meliore & fapientiore) were Strangers to the
Nature and Properties of it, and confequently were not aware of the
Service it might be of in their Fireworks. However, it may not be un-
Likely that they ufed it, though they might keep it as a great and my-
fterious Secret in their Pyrotechnicks, and never divulged it to thofe
whofe Curioficy might lead them to inquire into the Caufe of fuch
wonderful Effe@s as they faw or heard of. Thus as it was only known
to thofe who were immediately concerned in the Preparation of their
Fireworks, neither Titus Livy, Cafar, Tacitus, Salluft, Polybius, Vege-
tius, nor any other Hiftorians, {peak one Word of Salnitre, Nitre, or
Saltpeter, in their Writings; though, amongft the famous and greac
Exploits of the Romans, they have defcribed their Machines, theis
Arms, and their Fireworks. It is certain that both Greeks and Romans,
Arabians and Egyptians, ufed Nitre in feveral of their Medicinal Com-
pofitions, if we may believe Galen, Hippocrates, Theopbraftus, Avicen,
Auverroes, and the Writings of many other Authors. It has likewife
been remarked in fome Writers, that Patrobius a Freed-man of Nero
fent to Egypt for certain fine Sands, found near the Nil; which were
mmpregnated with a great deal of Nitre, with which he ufed to whiten
his Skin; and I believe it was f{omething like what Ovid fpeaks of in
a Diftich, by way of Advice to thofe of his Time who painted,

Nec
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Nec Ceruffa tibi, nec Nitri fpuma rubentis
Defit & Lllirica quee venit Iris bumo.

He here advifes them not to be fparing of Cerufe and Nitre, &e.

And again, -
Thus ubi mifcueris radenti tubera Nitro;
Ponderibus juftis fac fic utrumque trabent.

This was perhaps a kind of cerrofive Compofition made of equal
Quantities of Nitre and Frankincenfe mixed together, which he pre-
fcribes for removing all Cutaneous Blemithes, fuch as Marks of the
Small Pox, Pimples, Freckles, &e.

* The Egyptians feafoned their Horfe-radith with Nitre, juft as we do
our common Radithes with Salt. The Macedonians mixed the Flower,
with which they 'made Bread, with a listle of the Califfrine Nitre,
which was found in great quantities in the Quarries of Clytes in Mace-
donia ; which was excellent Seafoning, and with which they falted their
Meat. 1 believe I need fay no more to you upon this Head, and that
what I have offered here, will change the Opinion you might have had
concerning Saltpeter, if you before entertained any Thoughts about it
that were repugnant to ours; and I hope we fhall for the future be of
one Mind with regard to this Fa&, jointly- confeffing that our Pyro-
technic Salt was very well known to the Ancients, and that it is very
like their Nitre, before its being prepared; but being refined and puri-
fied, it exactly anfwers to their Saltpeter. This being laid down, let
us proceed to the Artificial Preparation of our Salt. But in the mean
time, I prefume, it will not be taken amifs, that I clofe this Chapter
with an Account of the Caufe why Saltpeter detonates or makes a
Noife and Sparkling in the Fire, by way of Corollary from Scaliger a-
gainft Cardan Lib. xv. Exercit. 24. asfollows: Dii bencfaciunt Salipetra,
&c. May the Gods blefs our Saltpeter (cries he) which keeps from us thy dan-
gerous and fiery Dificulties, though of itfelf it be of the moff igneous
Nature. Thou wouldft bave us believe that Saltpeter refains many earthy
Particles, becaufe it detonates, or makes a Noife in the Fire: But that
can never be the Reafon, for if it was, Earth ought to detonate when beated
by that Element 5 which it does not. Is it then the Rarity of it? which
Ariftotle calls yawirwra and cougornra; this I cannot think ; for daily
Experience fhows us, that Mafbrooms are filent on the Fire. . Is it then the
Hardnefs or Solidity of its Parts joined to its Rarity? This is not likely,
nce the Pumice-fione has not that noify Quality. Some other thing muft
then be the caufe of the Detonation of Saltpeter when enkindled. The Di-
vine Preceptor in the eleventh Section of bis Queftions, fays, That Salt-
Aa peter
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peter makes a noife in the Fire, becaufe it contains a great deal of Moifture
in it, which being bighly rarified by Heat becomes meerly fpirituous: It is
thus I interpret mvdipansd. It contains rather Aix than Water, which
being violently expanded by Fire, becomes impatient of the narrow Bounds
which confined it, when cobering in a more compacted Form; and therefore
burfls open its Prifons fo that the outward Air being greatly agitated by
this Explofion, you confequently bear that Clamour which ufually attends
2he burning of Saltpetet, and other ‘fbwg: wherewith it is incorporated.
Let not this appear frange; jfor Chefuuts, and Bay-leaves, as well as thofe
of Funiper (and I believe the Berries of them too) do the fame thing,
which contain much Air and little Moiflure. It is not fo with the Pumice-
fione, whofe Pores are all open and pervious, and confequently the dir in
them muft be of the fame Fenor with the circumambient dir.

CHAP IL

The Method of preparing %]altpetet from a Salnitrons
Earth.

T HE Earth or Matter that is produive of Saltpeter, is commonly

found in great Plenty, in dark, fhady, and cavernous Places,
which are equally guarded from the Heat of the Sun-beams, and from
the Accefs of Rain, or any kind of frefh Water. It is likewife met
with in Stables and other covered Enclofures where any fort of Cattle
are kept; and alfo in fuch Places where Men ufually difcharge their
Urine. In fhort, it is to be found in Fields and other Scenes of Battle,
where Heaps of putrified Carkaffes lay covered with Earth: Such Places
as thefe have for many Years paft been ranfacked, where great Quan-~
tities of Saltpetrous Matter have been found, particularly in Wallackia,
and in the Defarts of Podolia, between the Bob and Borifthenes : Upon
which Account the Poles have been formerly obliged to war againft
the Crim and Precopian Tartars, and what is worfe are at this Day
involved in dreadful Confufions with the Coffacks, who have rebelled
againft them. * But, O God! be thou propitious to the Enterprizes of
¢ our invincible Fobn Cafimir, by thy infinite Goodnefs King of Poland
¢ and Sweden; infpire him, and condu& him- in alt his Undertakings, to.
¢ the end that taking into his Hands the Reins of his Empire, which thou
© haft lately committed to him, he may not be inclined to guide them
¢ through the Paths of Clemency and Mercy ; (Ornaments much more
¢ becoming a ng, than the Severity of Punifhments;)but may his aveng-
¢ ing and vi@orious Arms juftly chaftifc the Infolence, and mow down

¢ the Heads of thofe turbulent Spirits, who though always born to Servi-
4 tude,



Book I1. Of the Great Art of ARTILLERY.

AR M A A A A A A A AR A A A AN A AR A A A A A AA N A

tude, yet like wild and reftif Affes, have always refifted againft the
Spur, and formerly refufed a Submiffion to the mildeft Laws of their
Sovereigns ; and now not contented with a Profpect of Liberty (a Hap-
pinefs too refined for their rude and barbatous Tafte) they meditate I
know not what Empire over others. May he extirpate the Generation
of them, and when his juft Severity fhall have fubdued them; may he
deprive them of all Hopes of Forgivenefs, and make them dearly pay
for their perfidious Rebellion: In fhort, after having heaped dead Car-
kafs upon dead Carkafs; and made difmal Burial-Placesof that vile Race;

(obliging them at once to groan under the Yoke of their ownRuin; and
the Weight of our Earth, after the manner of the Giants whom Fupiter
overwhelmed for a Crime of the like Nature) may we add the Hills of
thefe newly-deftroyed Carkafles to the old ones, whofe faithlefs Foot-
fteps they purfued. From thefe Monuments of Moprtality and juft Ven-
geance will Pofterity have ample and glorious Subject, whereon to
yield immortal Thanks to the Heroic Virtues of {o powerful a King,
when they fhall with Aftonifhment behold theTrophies of fo compleat
a Vitory, infinitely furpafling thofe famousPyramids erected of old by
the Vanity of Memphis, and which pafled for Wonders amongft the An-
cients. From hence likewife, from the Putrefaction of thefe Rebels,
may be extralted Saltpeter, wherewith to make thunder-xmltatmg
Gun-powder, the Stench of whofe Smoke fhall have the fame Effet
upon the Remains of that ungovernable Race, if ever they revive fuch
fatal Commotions, as the offenfive Effuviz of the burnt Body of one
Bug have upon its Survivors, which, according to Naturalifts, deftroy
or deprive them of their noxious Qualities ; like thefe therefore thall
they all be deftroyed, or being difarmed of their inveterate UntraGable~
nefs, be obliged to live peaceably under the Yoke of the Prince, whom
Heaven thall fet over them; or elfe taking a diftant Flighe with fuch ag
are Enemies to their Country’s Quiet, and dreading the Punifhments
they may juftly expect; lofe all Inclination, and never once entertain
the leat Defire of returning home again. * Thefe are the Vows, and

this is the Prayer, which the Fidelity I bear to my Prince, and the
Love I have for my Country, have diGated to my Pen; and which I
hope the great Lord of Hofts will bring to pafs, if he fees it will
contribute to the Glory of his Holy Name. But I forget how infenfi-
bly I firay from my Subje@; let us therefore refume it, and confider 3
li,ttle on the Methods of trying the Goodnefs of Salnitrous Earth.

There are three ways of doing it, from which you may determine

with a good deal of Certainty, with regard to the Soil from whence
you would extra& Sa/tpeter; and which are the moft practifed by Per-
fons congerned in this fort of Worzk.

The Fisft as follows: Take a littde of the Earth, which you ima-

ging tQ be productive of Saltpeter, and put it upon yous Tongue; if

it

gi
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it bites a litdle fharply, it is a Sign your Labour will not be in vain;
but if on the contrary it is flac and a little corrofive, I would not ad-
vife you to throw away your Time and Mogey about it. -

The Second, is by making an Hole in the Earth, and throwing into
it 2 Piece of red-hot Iron; which done, you muft ftop the Hole clofe
up, ’till the Iron is cold; and if upon taking it out again you find any
Spots or Marks about it of 2 Lemon or whitith-yellow Colour, you
need not doubt of the Goodnefs of it.

Thirdly, You may make the Experiment by throwing a litcle of the
Earth upon burning Coals, which if it makes a noife or crackling and
emits bright Sparkles, you may depend upon it, that it will anfwer
your Purpofe.

Having by one, or all thefe Tryals, been convinced of the Goodnefs
of the Soil, whence you propofe to extract your Salfpeter, dig up what
Quantity you want, and let it at once be carried to fome convenient
Place. Then get a good ftore of Wood, fuch as Oak, Afh, Elm, Maple,
or any other hard kind of Wood, which you muft burn, and preferve
the Athes. 'Then take two Parts of thefe Afhes, and three of Quick
Lime, and incorporate them well together, and fet this Mixture afide
for the Ufe I fhall hereafter mention. In the mean time get a large
Tub or any wooden Veffel wide at top; and in the Bottom of it bore
anHole of an Inch or two Diameter ; let this Hole be covered with {fmall
Twigs wrought in fathion of  a little Hurdlg, and then Jtrew the Bot-
tom of the Veflel all over with clean and whole Straw, not excepting
the lictle Hole. ‘This Veffel being prepared after this manner, place
it fo that a fmall Veffel may ftand under it, to receive the Liquor which
fhall run from the upper one. ‘Then begin with putting a Stratum or
Layer of your Saltpetrous Earth in the Bottom of your Veffel, to the
Height of a Palm, or -the Thicknefs of 3 or 4 Inches, which before
you do this, muft be dried a little in the Air: Then upon this Earth
put a Layer of 3 or 4 Inches deep of your Compofition of wood Afhes
and Quick Lime; and upon that, another Layer of your Earth, of the
fame Thicknefs with the former, and upon that again another Layer
of your Compofition ; and fo on alternately a Layer of Compofition up-
on a Layer of Earth, and a Layer of Earth upon a_Layer of Compo-
fition, Stratum fuper Stratum, till you are come within 3 or 4 Inches
of the Brim of your Veflel, which Space you muft leave for the Water
which is to be poured upon it. ‘This done, pour as.much freth Water
upon it as you think needful ; or to the Height of 3 or 4 Inches above
your Ingredients ; which as it penetrates and pafles through the Mafs
of the Matter, contained in the Veffel, will diftil Drop by Drop through
the Hole in the Bottom of -it, into the Recipient that ftands under it,
and you will have a Salnitrous Lixivium or Lye, in proportion to the
Quantity of Water you fhall have poured upon your Ingredients: If

you
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you think it too little, you muft repeat the Operation, fo that the Wa-
ter pafling through them a fecond time, you may have the more of the
Salnitrous Particles which the Water will bring away with ic.

This being done, pour out the Lye in your Recipient into. fome Pot
or Boiler of fufficient Capacity, and make it boil at firft over a flow Fire,
and after that over a ftrong one till a third of it is evaporated or wafted ;
then pour in again as much of the fame Lye as will fill up the Boiler,
and let it evaporate as before, and fo continue to do till all your Lye
has undergone this Ebullition. You muft take care to fcum the Lye
whilt it is boiling with an Iron or Copper Scummer full of Holes. In
thort, the Lye being thus boiled, fcummed, and cleanfed from all its
Filth, you may take it from off the Fire, and pour it into fome Wooden
Veflel; then covering it up clofe, let it ftand till it is cold and fettled,
fo that all the grofs and earthy Particles in it may fubfide to the
bottom.

After this, take the Vefle], and, by Inclination, pour out the clear
Liquor only into a Boiler, as you did before, taking great Care that
none of the Sediment runs in wich it; and put it again upon a hot Fire,
and let it boil till it is half evaporated, or till it begins to thicken, or
till putting fome Drops of it upon a Piece of rough Marble, or an Iron
Plate, it is perceived to coagulate or chryftalize.

Then taking it from the Fire, let it cool a little, and pour it into
Wooden Veflels that are broad and fhallow, to the height of 2 or 3
Inches only, or thereabouts. After having covered thefe Coolers with
Canvas, or coarfe Cloth, let them be carried into fome fhady retired
Place, where, after 3 or 4 Days, you will find the Salfpeter concreted in
little Furrows, like Chryftal, fticking to the fides of the Veflels, or to
little Sticks with the Bark fiript off of them, and indifferently put into
the Coolers before the Liquor was poured into them. Then carefully
colle&t all the Saltpeter, and put it into any Veflel which is proper to hold
it and preferve itdry. ‘Then boil the Lzxivium or Lye remaining in the
Coolers over again, not forgetting to feparate from it the Sediment at
bottom, which may be laid afide for another Ufe.

If it happens to boil over, throw into it a little of other Lye, made
of three Parts of the Afhes before mentioned, and one of Quick Lime,
inevery 100 Ib Weight of which you muft diffolve 4 :: of Roach Allum;
and it will be neceffary that you fhould have this Lixivium ready by you.
Thus by throwing a litte of this into the Boiler from time to time, as
often as the Liquor rifes, you will fee it immediately fall, and the com-
mon Salt and Earthy Particles will precipitate to the Bottom.

The Earth remaining in your Veflel after all the Lye has paft through
it, muft be put into fome covered Place, where neither the Sun-beams,
Rain, nor any kind of Water, can come near it, (though it is proper it
fhould be frequented by Men or any Animals) where it may be fcattered
or fpred to the height of a Foot. Then over this may be laid the Dung
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of any kind of Catdle to the height of 2, 3 or 4 Feet. Then take all
the Filth, Scum and Sediment, which you fhall have {eparated from your
Lye, during and after its Ebullition, together with what Liquor re-
mains, after you have extracted what Sal¢peter you can from it after re-
ated Boilings (feparating from it the Terreftrious Matter and the com-
mon Salt, which fubfide, and which are good for nothing) and fcar-
ter or fprinkle them over your Dunghill, and every Day throw as much
human Urine upon it as you can get; by doing which, your Soil will be
as much impregnated with Sa/¢peter as it was at firft, if not more, and
which you may eafily extra& after the Method we have here given.

——

CHAP I
How 1o clarify or refine Saltpeter.

SINCE it is a received Opinion that Gun-powder ought to hold

the firft Rank of all thofe Things that are ufed in Pyrotechnics ;
and inafmuch as its powerful Force, and fupernatural Effets, cannot be
attributed to any moving Caufe which is more active or ftrong thanitfelf;
and imagining that its chief Energy confifts in a Separation of all grofs
and ftrange Matter from its purer Particles; I thought it not enough,
barely to extract this Salz from a Saltpetrous Earth, but alfo to purge
and cleanfe it twice or thrice, or oftner if need be, that you may have it
in the higheft Degree of PerfeGtion; and this you may do by two Me-
thods.

The Firft. Be there taken as much Salfpeter as thall be thought fit,
and put into a Boiler, then let there be as much frefh Water poured up-
on it as may be fufficient to diffolve it; on which muft be poured a
Quantity of that Lye, made by an Infufion of Afhes, Quick Lime, and
Roach Allum, which we have already mentioned; let all this be boil-
ed together till the Saltpeter is all diluted, and entirely reduced to
a Scum or Froth. ‘This done, let there be ready 2 Wooden Veflel, of
fufficient Capacity, which muft be placed in fuch a manner, that ano-
ther may be fet under it, the Bottom of the uppermoft being perforared
as before, and which Bottom muft likewife be covered with fine, clean
wathed Sand, to the thicknefs of 3 or 4 Inches; over which fpread 2
Piece of coarfe Linnen Cloth. ‘Then take the Liquor in the Boiler, and
pour it into the upper Veflel, which will diftill Drop by Drop into the
Recipient beneath; and being thus ftrained through the Sand, covered
with a coarfe Cloth, it will leave all its grofs and ufelefs Particles behind.
Afterwards pouring it out of the Recipient into the Boiler, let it boil
again, as before, till it is ready to coagulate; then put it into broad and
thallow Coolers, as we faid in the foregoing Chapter, and let it cool at

leifure
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leifure in fome retired Place; and in two or three Days you will have
your Saltpeter chryftalized much purer and finer than at firft. Ifyou
would go on to refine it, repeat this Operation fome few times more,
after the fame manner as we have proceeded in this firft Purgation.

The other way of refining it is thus. Put your Saltpeter into a
Boiler, made either of Copper, Iron, or glazed Earth; then fet it on a
flow Fire, which muft be quickned by degrees till all the Salt is fufed or
melted, and boils up in great Bubbles; then take a little common Sul-
phur well pulverized, and throw it upon the liquified Sa/tpeter, which
will inftantly take fire, and confume all the oily and vifcous Humour,
together with all the droffy Salt which had been impregnated with the
Saltpeter before its Clarification: This you may repeat feveral times till
all thofe foreign Particles are entirely confumed. In thort, the Saiz-
peter being well liquified and cleanfed, you may pour it out upon po-
lithed Marble, or upon Plates of Copper, Iron, or glazed Earth, and
it will be condenfed to almoft the Colour and Confiftence of white
Marble, or of pure and perfect Alabafter.

CHAP IV

How 2o reduce Saltpeter s¢ a Flower.

THE Saltpeter having been refined, muft be put into a Boiler,
over a fmall Furnace upon burning Coals; then inceffantly blow
the Fire till it arrives to that Degree of Heat, that all the Moifture of
the Saltpeter is evaporated in Fumes, and that it has attained a perfe&t
Whitenefs. But in drying it after this manner, you muft take Care to
ftir it continually to the very bottom with an Iron or Wooden Sparula,
left it thould return to its firk Form. This done, pour fine, clear,
freth Water upon it, till it is covered; and when it is diluted and has
acquired the Confiftence of a denfe Liquid, keep inceffantly ftirring it
as quick and as faft as you can, till all the Moifture is evaporated ad fic-
citatem, and that it is all reduced to a very fine, white and dry Flower.

CHAP V.
The manner of preparing Saltpeter with the Flower of Wall,

G ET together 2 Quantity of that fine Flower which is commonly
found upon the Surface of old Walls, that are in damp and fubter-
raneous Places: You may alfo get fome of that Sale, which frequently

adheres to Lime, or the Ruins of old Buildings; which, Peter Sards
I fays,

9
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fays, he found to anfwer very well at Braffels in Brabant, in Book III.
Chap. xxix. of his Artillery. You muft firft make a Lye of Quick Lime
and common Water, which muft be fined as ufual; then having put
your Flower or Saltpeter ina Veflel, with an Hole in the bottom of i,
and ordered it in the fame manner as we have directed in the fecond
Chapter of this Book, throw your Lye upon it, and mix it well with
a Stapula till the Saltpeter is all diluted; let this Liquor drop into the
Recipient that ftands beneath, and being all drained off, pour it into a
Boiler, and heat it by flow Degrees over a Fire; then make it boil «ill
it has acquired 2 fufficient Denfity, and that it will eafily coagulate;
then go on with your Procefs in the fame manner I have directed
above.

There have been even filly Girls who have had fome Notion of this
kind of Salt: AnInftance of which we have from Valerius, Lib. 1. Cap.1.
where he fpeaks of a Difciple of the Virgin Emilia, who paying her
Adoration to the Goddefs #¢/f4, had put fome fhreds of fine Linnen up-
on a Chafing-dith, which, though the Fire in it feemed to be quite ex-
tinguifhed, broke out into pure and lively Flames. Now the Reafon he
gives for it is this; (fays he) we muft believe that this good Lady had
put Scrapings of fome old Wall, (or Flower of Wall as we call it) into
this Linnen, and laid it upon warm Afhes, or elfe fprinkled them over
with fome of it, which broke out into thofe Flames, and produced that
Effe@; which raifed the Wonder of thofe who knew not the Caufe
of it.

Furthermore, it fometimes happens that Fire takes hold of the Walls
of certain Buildings with fuch Subtility, as to aftonifh one, as if it
were a Prodigy. This Cardan, (Lib. X. of Varieties, Cap. xlix.) attri-
butes to the Salt, which ufually adheres to the Surface of Walls, and
Ruins of old Buildings.

CHAP VL

How 10 prepare Salprotic, or Pulvis Fulminans.

TAKE of Saltpeter, two or three times clarified or refined, a cer-
tain Quantity of Pounds, to each Pound add of Sal Armoniack % 3,

and of Camphire%fs, and mix them all well together in fome Brafs Veflel ;
then pour upon them good Brandy, till they are covered with it to the
height of 2 Inches. Boil them upon a quick Fire till all the Moifture is
evaporated; then taking it from the Fire, put what remains into an un-
glazed Earthen Pot; cover it, and hang it up, placing under it a glazed
Earthen Plate or Difh, into which you muft carefully fcrape a certain
fine whitith Subftance, very much like Flower of Wall, which will ap-
pear
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pear upon the outward Surface of the Pot; you muft continue to gather
this white frofty Subftance as faft as it penetrates through the Veffel that
contains it. In fhort, having got together all of it that will perfpire
through the Pores of the Pot, put it carefully up in fome dry Place till
you want it.

CHAP VI
How 2o prove the Goodnefs of Saltpeter,

)UT fome Saltpeter upon a Wooden Table, or fome {fmooth Board,

and fet fire to it with a live Coal, and obferve the Effeés of it.

If in burning it makes the fame Noife as common Salt does when it is
thrown upon the Fire, it will be a Sign that ic is ftill impregnated with
a good deal of common Salt.,

If it yields a greafy thick Scum, it is a Sign that it retains many vif-
cous Particles.

If after its Combuftion there remains any Filth, or Drofs, upon the
Board, it is a fure Token that it contains a great deal of Earthy Matter.
In fhort, the more Dregs or Phlegm is left after the Combuftion of the
Saltpeter, fo much the more impure and grofs muft you judge it to be,
and confequently the lefs active.

But if, on the contrary, it breaks out into a long bright Flame divi-
ded into feveral Rays, and the Surface of the Board is free from any
Drofs; or if it be confumed to a pure Coal without any Scum; if it
took fire without any great Noife, or violent Detonation; you may con-
clude that the Salfpeter is well cleanfed and perfeétly well prepared.

Fofeph Furtenbach affures us, in his Artillery, that it is an infallible
Sign of the Excellence of Saltpeter, if after the fecond Clarification,
(according to the Prefcription in the third Chapter of this Book, which
is the ufual Way of doing it) it lofes 4 1b in 100 1b; and confe-
quently after having been purified over again, according to the other
Method laid down in the fame Chapter, you will find it diminithed 4 tb
of its Weight, as before,

Cc CHAP
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CHAP VIL

The true Method of purifying Saltpeter, and of feparating
from it all noxious and fuperfluous Matser ; fuch as com-
mon Salt, Vitriol, Allum, and all grofs and vifcous Hu-

mours.

TAKE 2 16 of Quick Lime, 2 1b of common Salt of Verdigreafe,
1 16 of Roman Vitriol, 1 1b of Sal Armoniac. Pulverize them
all together, then put them into fome fhallow Wooden Vefiel, and pour
upon them a good Quantity of Vinegar or Wine; or, for want of either
of them, you may ufe clear frefh Water; and thus make a Lixivium or
Lye, which you muft leave to fettle and fine of idelf for three Days.
Then put your Sa/tpeter into a Boiler, and pour as much of this Lye
amongft it as will cover it; fet it upon a gentle Fire, and let it boil till
one half of all the Liquer is evaporated; then take it from the Fire, and
pour what remains gently into another Veflel, and feparate from it all
the Dregs and Filth which funk to the bottom of the Boiler. This
done, let this Saltpetrous Liquor cool, and go on with your Procefs,
according to the Rules we have prefcribed in the third Chapter of this
Book.

CHAP IX.

How to purifie common Sulphur.

EXPERIEN CE plainly evinces that not only Saltpeter is full of
Earthy Matter; but that Su/phur alfo is not free from a grofs, oily
Humour, which Qualities are as noxious and prejudicial, as they are
common to both the one and the other of them ; therefore if you would
have the pure Quinteffence of thefe Ingredients, you muft alfo purifie
Sulphur, in order to exalt its Nature, and make it more fiery and
aerial. In doing of which proceed as follows. Melt what Quantity you
want of common Sulphur in an Earthen or Copper Veflel, over a flow,
clear Fire; and, with a Spoon, gently take off all the Scum and Drofs
that fwims on its Surface; then take it off, and filtrate it through a fine
Linnen Cloth into another Veflel, {queezing it out pretty lightly. 'Thus

all the Dregs and Oil of the Su/pbur will remain in the Cloth, and you .
will have your Sulpbur pure and clean after this Filtration, There are
fome
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fome who, after having fufed the Su/phur, and taken it from the Fire,
have added to it a certain Quantity of Quickfilver, and then ftirred them
about as faft, and incorporated them together as well as poffible, which
they have continued to do till cold, that they might be the more
clofely and univerfally united; from whence we muft believe that the
Defign of purifying it, is not only to' render it more violent and a&ive,
but alfo that it may be the more volatile and fubtile. There are others
who, when their Sulpbur is melted, mix Glafs finely pulverized with
it, and pour Brandy upon it, together with fome Pieces of bruifed Al-
lum, imagining That greatly contributes to the refining of Sulpbur.

You may know the Goodnefs of Sulpbur by prefling it between two
Iron Plates; for if in running it appears yellow like Wax, and emits no
fuffocating Scent, and if what ftays behind is of a reddith Colour, you
may conclude it to be natural and excellent. It is obferved, that Fire
is fo fond of Sulpbur, and that reciprocally, Sulpbur takes fuch Pleafure
in being devoured by that Element, that if any Bits of it happen to lye
about any Wood, {o as they can feel the Heat of it, they feem to call it
to them, and really attra& it fometimes. There is another kind of
Sulpbur which does not burn like the reft,and is not attended with any
bad Smell, but being put upon the Fire melts juft like common Wax. This
fort of it is found in great abundance in Jce-Jand near Mount Hecla,
and in Carniola; as Libavius relates in the firft Partof the dpocap. Hermet.
Now this Sulphur is commonly red, as is alfo that which is found in the
Streights of Heildefbeim, (as Agricola writes, Lib. 1. de Eff. Terr. Cap.
xxii. from the Teftimony of Fob. fonfton, Adm. Nat. Cla/. IV. Cap. xiii.)
where it is likewife of feveral Colours, as pale, yellow, and green, and
generally adheres to the Surface of Stones and Rocks, and may eafily
be broken off and collected. That which is perfecly yellow is the beft.
We call that Sulphur vivum or Quick Sulpbur, that has never been con-
cerned with Fire; others call it ¥irgin Sulpbur, becaufe the Women and
Girls in Campania ufually make a kind of Paint of it to beautifie the Face.

CHAP X

How 2o reduce Saltpeter 70 an Oil.

LET there be put upon a Table, or Plank of Fir, that is well dried
and planed, 2 certain Quantity of purified Salfpeter; then under
the Plank or Table let there be {et a Brafs Bafon, and under that fome
burning Coals; when the Fire melts the Sa/tpeter, you will fee a Sub-
ftance perfectly like an O#/ flow from it, which will penetrate through
the Wood, and drop into the Bafon that is underneath. You may con-
tinue this Operation till you have enough of this Os/, provided that from
time to time you add frefh Supplies of Saltpeter.
1 CHAP
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CHAP XL
How 20 prepare Oil of Sulphur.

TA KE agood Quantity of purified Sulphur, and melt it vpon a

gentle Fire, either in an Earthen or Copper Veflel. Then take of
old red Tiles that have been ufed in fome Building; but if you cannot
get fuch, take new ones that are theroughly burnt, and have never been
wet; break them into Pieces of the bignefs of a Bean, and throw them
into the liquified Su/pbur; mix them well together till the Pieces of
Tile have abforbed or imbibed all that Liquid; .then put them inio an
Alembick, over a diftilling Furnace. Thus you will have a Chymical
Extraction of your Odl, which will be excellent, very combuftible, 2nd
proper in the Compofition of artificial Fire-works,

ANOTHER METHOD.

Take a Matrafs (the Fig. of which you have N° 14.) and fill about
a third or fourth Part of the Belly of it with Su/pbur finely pulverized,
pour into it Spirit of Turpentine, or Oil of Walnuts, or of Juniper, till,
what with the Su/phur and the Liquid you pour upon it, you have half
filled the faid Matrafs; then fet it upon hot Afhes, and let it there con-
tinue 8 or g Hours, and you will foon after fee that the Spirit of Tur-
pentine will turn the Sulpbur into a red Oi/, which will be as fiery and
combuttible as the former.

There are thofe who ufe the following Ingredients in the Preparation
of 01l of Sulpbur to make it the more igneous (viz,) of Sulphur 1 1k,
of Lime 1bfs, of Sal Armoniac 3 iiij.

Befides this, the Chymifls have a way of preparing a certain 07/ of
Sulpbur (which they call a Balfam) whofe Virtues are fo admirable, as
to prevent Putrefattion in any living or dead Body; and preferve them
in fo perfe and found a State, that neither the pernicious Influences of
the Heavenly Bodies, nor the Corruption caufed by the Elements, nor
even that which might naturally proceed from the very Principles of
them, can in any degree impair or alter the Symmetry of fuch dead Bo-
dies as are embalmed with it, nor of thofe that have been ancinted with
it whilft living. They prepare alfo a certain kind of Fire (as Tritheiius
tells us) with the Flower of Sulpbur or Brimftone, of Borax, and Bran-
dy, which will burn many Years without extinguithing. 'There are
others who have a way of preparing a Lamp filled with fome fuch OQil
as this, which makes thofe it gives Light to appear without Heads,

CHAP
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CHAP XIL

The Method of preparing a Mixsure of Oil of Sulphur, with
Oil Saltpeter.

AKE equal Parts of Sulphur and Saltpeter, and incorporate them

well together, then reduce them to a very fine Powder, and let
them be fearced: Put this Powder into an Earthen Pot that has never
been ufed, and pour as much White-wine Vinegar, or Brandy upon it,
as will be fufficient to cover it. Then lute up your Pot fo clofely that
no Air can poffibly enter in, and fet it in fome warm Place, where let it
remain till the Vinegar is quite digefted. Then take what remains in
the Pot, and extra&t the O:/ from it, with fuch Chymical Inftruments
as are proper for the Operation.

CHAP XIIL

How to prepare Charcoal or Small-Coal for the Ufe of Gun-
powder, and for other Ufes in Pyrotechnics.

IN the Months of May, or Fune, when all forts of Trees are eafily

ftripp'd of their Bark, and more fappy than at any other time of the
Year, cut down a good Quantity of Filberd, Hazel, or Willow Wood,
of two or three Feet long, and half an Inch thick; throw afide all their
ufelefs Branchesand hard Knots: then ftripping off the Bark, tye them up
in little Bundles or Faggots, and dry them in an hot Oven: which done,
put them all upright in fome even Place, and fet fire to them; and as
foon as you perceive they are thoroughly lighted and inflamed, cover
them up quickly with wet Earth, which fhall have been moiftened for
that purpofe, fo that the Fire may have no manner of communication
with the outward Air. 'The Flame being thus ftifled, and rotally fup-
prefled, you will have your Coa/ pure, and gntire without Athes. In
twenty four Hours you may take it up, and lay it afide to be ufed in
fuch Compofitions as we fhall mention hereafter. If it happens that
you cannot get a fufficient Quantity of #illow or Hazel to make your
Coal with, you may make it of Lime-Tree Wood.

But if you fhould not want any great Quantity of Coal, you may take
Twigs of the Wood I have been mentioning, or Faniper, and cutting
them into litcle Splinters, and then drying them well; put them into
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an Earthen Veffel well luted with Clay ; and encompaffing it all round,
and covering it a-top with burning Coals, let it continue in that State
for the fpace of an Hour, taking care all the time to keep the Fire in an
uniform Degree of Heat. This done; let it cool at leifure, and take
out your Coal. 'There are thofe who take Pieces of old Linnen well
wathed and dried, and then burn it after this manner. The Virtues and
Properties of this are not to be defpifed by the Pyrotechnician.

CHAP XIV.
How 1o prepare Pulvis Pyrius, or Gun-powder.

TH E Compofition and Preparation of Gun-powder is not only very

well known to fuch as are profefled Pyrotechnicians, but likewife
to many of thofe who never make ufe of it but for Mufquets, Piftols,
and fuch light Fire-arms. Nay, what is very odd, the very Peafants in
our Country have learned to make it with their own Hands, without
the help of any artificial Engines, or Chymical Apparatus. For (and
I think it will not be very improper in this Place, to make the Digref-
fion) I have feen many of the Inhabitants of Podolia and Ukrania, whom
we now call Coffacks, who make their own Powder, after a Method en-
tirely contrary to the Pra@ice of our Pyrotechnicians. For Example,
they put certain Quantities of Saltpeter, Sulpbur, and Charcoal into an
Earthen Pot (the due Proportions of which they have attained to by
long Ufe) then pouring freth Water upon them, they boil them over a
flow Fire, for two or three Hours, till all the Water is totally evaporat-
ed, and that their Compofition is become very thick; then taking it out
of the Pot, they dry it in the Sun, or fome warm Place, in a thing like
a Frying-pan. They then pafs it through a Hair-fearce, and make it
into very fmall Grains. There are others of them that pound their
Compofition, and incorporate it in an Earthen Porringer, or grind it
upon fome fmooth polithed Stone; then moiften it, and corn it, and
bring it to fuch a degree of Perfection, that it ferves them as well as if
it had been prepared by the moft ingenious Artift in the World.

It will therefore be to little purpofe to dwell upon this Article, or to
give a detail of the Preparation of our Powder; fo I fhall only prefent
you with fome excellent and approved Compofitions for the making of
three forts of Gun-powder.

Compo=~
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Compofition for
Cannon- Powder.

Compofition for
Mufquet- Powder.

Compofition for
Pi/}ZI-Powder.

I.

Of Saltpeter - 1001b.

Of Sulpbur - - 251b.

Of Charcoal - - 25 1b.
2.

Of Saltpeter - 1007t

Of Sulpbur - - 201b.

I
Of Saltpeter - 1007b.

Of Sulphur - - 181b.
Of Charcoal - - 201h.
2.

Of Saltpeter - 1001t-

Of Sulphur - - 151b.

Of Charcoal - - 241b.

Of Charcoal - - 18it.

I,

Of Saltpeter - 1o001b.
Of Sulpbur - - 121b.
Of Charcoal - - 151b.

2

Of Saltpeter - 1001h.
Of Sulphur - - 101k

Of Charcoal - - 8 1b.

As you pound or grind your Mixture of Cannon or Mufquet Powder,
you may fprinkle it gently with freth Water only, or Vinegar, Urine, or
Brandy. But if you would have your Piftol Powder ftronger than ordi-
nary, you muft now and then fprinkle your Compofition whilft it is in
the Mortar with the following Liquor; or with Water of Orange, Citron
or Lemon Peel, diftilled with an Alembic or any other Chymical Organ,
and let it all be well pounded or ground for the fpace of 24 Hours; then
corn it very finely.

Now this Liquor is made of 20 Meafures of Brandy, 12 Meafures of
Eflence or Spirit of White-wine Vinegar, 4 Meafures of Spirit of Ni-
tre, 2 Meafures of common Water of Sa/ Armoniac, one Meafure of
Camphire diflolved in Brandy, or pulverized with Sulphur, or in fhort
reduced to an Oil; with Oil of fweet Almonds.

In the fecond Part of our Artillery I {hall give you the Figure of the
Hand-Mill which is ufed in making Gun-powder, together with a great
many other Machines and Engines, which are ufually referved in Arfe-
nals and Magazines of Areillery.

It is a ftrange and moft aftonithing Property of Gun-powder, that it
fhould have a2 more violent Effet when corned, than when in 1 fine
Flower or Meal; the Reafon of which I fhall leave to the Difcuffion of
thofe, who make it their particular Bufinefs to infinuate themfelves into
the wonderful Secrets of Nature. I content myfelf with having been
taught by long Pradtice; that if in any Gun the Powder be rammed
down too hard, fo that the Corns of it lofe their Figure, or are in the
leaft pulverized, it will by that means be divefted of much of its Force,
and will not drive out the Bullet, with that Violence it would have been
capable of, if it had been gently pufhed down to the Bottom of the
Piece ; and we have fometimes obferved, that its Power has been fo far
diminifthed by this means, that it has hardly been able to overcome the
Refiftance of the Bullet, and diflodge it from the Piece. The fame
thing happens if Powder is wet, which being thereby deprived of its
Expulfive Force, burns lazily and without Effeét; fo that if any Piece be
charged with it, and you fet fire to it, it will be {o far from being able

©0
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to drive out the Ball that it will all burn out at the Touch-hole. How
it comes to pafs that Gun-powder, by being bruifed, and reduced to a foft
Flower or Meal, lofes thus its Virtue and A&ivity; muft be owing tothe
Rays of Fire, which though it be the moft fubtile and a&ive of all Ele-
ments, yet is not fufficiently fine to penetrate and enkindle at once a hard
compaéted Body at the very Moment it feizes upon it. This Affertion
necds no Proef to confirm it; for Experience thews us, with regard to
Metals, that the more folid and hard they are, the lefs eafily are they
alted upon by Fire; on the contrary, fuch as are more porous, and loofe-
ly compacted, are quickly heated; which is to be attributed to the Large-
nefs of their Pores, which readily admit the Fire. This may be applied
to Gun-powder ; for when it is rammed and compelled into a folid Bo-
dy, the Fire not meeting with Interftices proper for its immediate Con-
veyance through the whole Mafs, it is obliged to confume it by degrees,
as long as any of it remains, except it be fuffocated. Something of this
kind may be faid of Powder that is {cattered about, and is not gathered
together before it is fired; but neverthelefs with this difference, That in
this Cafe the effential Strength of the Gun-powder, or rather the Fire in
it, is not any way diminithed, but its A&ion is ineffetual becaufe of the
Diftance of its Parts ; it acts in this Cafe by a Succeflion of fmall A&i-
on, which might have been confiderable if collected together into one
A& Thofe who are but little verfed in Pyrotecbnics, may have expe-
rienced the Truth of what I have here faid. The Reafon I have gi-
ven why Powder when it is corned is more active and powerful than
when pulverized, may ferve in fome meafure to clear up that Difficulty ;
add to which, the Virtue of the Saltpeter feems to be much more united
with the Sulpbur and the Cbharcoal when in a clofe Corn, than when
meal’'d or pulverized. To this let us add, that if you take a very long
Piece of Cannon, and fill it up to the Muzzle with well-corned Pow-
der, and fet fire to it at the Muzzle, and not at the Touch-hole as ufual ;
neither the Fire nor the Powder in this Cafe will do_the leaft Damage to
the Piece, inafmuch as the Fire alts upon the Powder by Progreffion
and not Inftantaneoufly ; befides the Fire will move downwards, which
is the reverfe of its natural Property of afting upwards; or to {peak
more properly, it not being clofely confined, and meeting with nothing
to obftruét its perfect Liberty, it burns out at the Muzzle of the Piece.
I fhall filently pafs over the Opinion of fome who are not very know-
ing as to this matter, and who imagine the larger any Gun-powder is
corned, the more lively it will be: Which at firft does not appear un-
likely, and feems to agree with what I have been faying above : But on
the other fide, the Confequence of it is wrong; becaufe large Grains
are not {o readily accended, or inflamed, as fmall ones; and Experience
in Fireworks teaches us, That that Powder which is in the leaft Corns,
is more vigorous than that whofe Grains are the largeft; and the Rea-
fon is, becaufe the fmall ones conceive the Fire more readily : Add to
+ this
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this, that they are more impregnated with Sa/tpeter (the very Life of it
all) than the others ; and hence it is that they corn it fmall for the Muf-
quet and Piftol, &c. and on the contrary take lefs trouble with i,
when defigned for the Ufe of Cannon ; for as all great Pieces of Ordi-
nance naturally require a much greater Quantity of Powder than the
{mall portable Fire-arms, it is but reafonable that the Powder prepared
for the former, fhould be coarfer than that defigned for the latter ; and
indeed it is not only reafonable but neceflary likewife, to the end that
its Interftices being the larger, the Fire may have the better Conveni-
ence of penetrating through the whole Mafs of it, and of accending it at
once. Now Nicolas Tartaglia in his Book III. Quett. 10. gives this Rea-
fon why Mufquet and Piftol Powder ought to be corned: It is (fays he)
to the end, That that Quantity of Powder, which is the exa& Charge of
fuch Arms, may be more conveniently poured out of the Bandeliers
(which are little wooden Meafures to hold juft.a Load) and that it may
run the more freely down the Barrel of the Piece ; (although the Bande-
lier is exactly of the fame Calibre as the Piece,) which could not eafily
be done if the Powder was in a Tlower or pulverized, becaufe the fmall
Particles of it cohering together, it would all tcumble down at once into
the Barrel, and meet with fome Difficulty in its Defcent, particularly if
the Priming-pan was fhut clofe ; for in that Cafe it would happen that
the Air in the Bottom or lower part of the Barrel having no Opportuni-
ty of efcaping out at the Touch-hole, and the Denfity of the defcend-
ing Flower not admitting of its Excurfion upwards, it would in the end
be fo violently comprefled as to repel the Powder or Flower by its Ela-
ftic Force, fo that it would be impofiible to load fuch Arms with it,
with any manner of Expedition: But this Accident never happens with
regard to grained Powder, inafmuch as the Air in the Barrel is at per-
fe Liberty, by having the Power of efcaping through its Interftices :
However, great Pieces of Artillery are by no means liable to this
Inconvenience ; becaufe the Powder is always conveyed into them by
a Ladle. Here is a way of Reafoning that has fome thew of Truth on
its fide; though it is far from accounting fufficiently for the Neceflity
of corning Gun-powder ; but he is moft ftrangely out of the way, when
he fays, that Cannon Powder need not be corned at all; which I abfo-
lutely deny, and cannot but think, from his wretched manner of arguing,
that He (Tartaglia) was fo far from having ever heard or feen the won-
derful Effe@s of Cannon Powder upon fuch perilous Occafions, as the
Wars in his time abounded with, that he never had fo much as a Sight
of any of the Powder itfelf.

Ee CHAP.
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CHAP XV

How to make Gun-powder of feveral Colours.

TH E Blacknefs of Gun-powder is entirely owing to the Charcoal ; but

that Tincure is no neceflary Adjunét to its Nature, nor does it fo
far contribute to the ftrengthening of it, but that you may make it of
feveral Colours with equal Succefs. For Example ; if inftead of Char-
coal you take rotten Wood, or white Paper that has been firft moiftened,
then put into an hot Oven, and after that pulverized, or any thing elfe
that is of a very combuftible Nature, and very fufceptible of Fire (fuch
as I am going to fpeak of ) you will bave a Powder to the full as effective
as the Black Sort. I fhall then in this Chapter prefent you with fome
Cempefitions, to guide you in making Powder of feveral Colours.

7o make White Powder,

I
Take of Saltpeter 6 1b, of Sulphur 1 I, of the Pith of Elder well
dried one 1b,
2,
Take of Saltpeter 10 b, of Sulphur one 1b, of the Rind or Bark of
Hemp, after the Hemp is taken our, one b

3.

Take of Saltpeter 6 1b, of Sulphur one 1b, of Tartar calcined till it is
White, then mixed with common Water, and put into an unglazed Pot
in which it muft be boiled till all the Water is evaporated, 3j.

Red Powder.

I
Take of Saltpeter 6 It, of Sulphur one 1b, of Amber 1b 5, and of red
Sanders one Ib.
2.
Take of Saltpeter 8 b, of Sulphur one I, of Paper dried and pulve-
rized, then boiled in Water of Cinnabar, or Brafil Wood, and then
dried, one 1b.

Yellow 'Powder.

Take of Saltpeter 8 It, of Sulphur one 1b, of wild or baftard Saffron,
&tft boiled in Brandy, thea dryed and pulverized, one Ib,
3 Green
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Green Powder.

Take of Saltpeter 10 1b, of Sulphur one IF, of rotten Wood boiled
with Verdigreafe and Brandy, and then well dried and pulverized, 2 Ib,

Blue Powder.

T'ske of Saltpeter 8 It, of Sulphur one 1b, of the Saw-duft of Linden
or Lime Trec #oud boiled with Indigo and Brandy, then dfied and pul-
verized, one b,

CHAP XVL
Of Silent Powder.

SO ME People have taken it into their Heads to relate a great many

wonderful things of this Silent Powder, (which is by fome very im-
properly called Deaf” Powder) and have treated of it in a very prolix
Manner : To avoid which, and to prevent my being tirefome to the
Reader, I fhall here only infert fome Compofitions, which I have found
to be the moft excellent and beft approved of.

I.

Take of common Gun-powder 2 16, of Venetian Borax one 1b; thefe
Ingredients being well pulverized and incorporated together, let them
be afterwards corned.

2,

Take of common Gun-powder 2 b, of Venetian Borax one b, of La-
pis Calaminaris 1o 5, of Sal Armeniac 1b fs; pulverize and incorporate
them well together, and carn them as before,

3.
Take of common Gun-powder 6 15, Powder of live Moles calcined in
a glazed earthen Pot 1b fs, of Venetian Borax 1 £s.

4.

Take of Saltpeter 6 1, of Sulphur 8 1 and §, Powder of the inner
Rind or Bark of Elder 1b f5, of common Salt burnt 2 1h. Corn all this
after the ufual Method.

I fhall to this add another thing which you may make the Experi-
ment of ; for my part I never did; though it is taken out of the Nazural
Mzgic of the Sieur de /z Porte, who fays, that if you add burnt Paper
to the Compofition of Gun-pewder, or the double of common Hay Seed,
well beaten, it will weaken it very much, and prevent it froch cafting
out fo much Flame, or making fo much Noife. People of Senfe, and

fuch
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fuch as are the moft deeply verfed in this Art, attribute the Noife or ra-
ther the frightful Clamour of Gun-pewder, to the violent Concuffion
of the Air, which is impatient of being fo furioufly difturbed, by fuch
a ftrange and extraordinary Agitation : But of this we fhall fpeak more
fully in another Place. However in favour of Silent Powder, I muft
here quote the Opinion of Scaliger, taken from Lib. XV. in his Exer. Ex-
oter. contr. Card. de Subtil. Exer. XXV. You are much more out of the
way to attribute the Noile beard upon the Difcharge of Warlike Mackines
to Saltpeter ; for being reduced to a fine Meal it lofes all its little Caverns
or Pores. (You muit here remember what was faid above of the Deto-
nation of Saltpeter) 'Thunder is caufed by the Complofion of the Air, as
well with refpect to its Clap as its Sound ; which fometimes provokes Mirth;
Jometimes excites Laughter, and obliges us to fhut our Noftrils together.
Except you would perfuade us that there is Saltpeter above us: But truly
there is none in the Clouds. The Powder wbhich you mention to have been
invented at Ferrara, made no Noife ; becaufe it impelled without Vio-
lence.

From hence it is cafy to conceive what may be the Caufe of the Noife
which Gun-powder feems to make. For there is nothing further extraor-
dinary in the Compofition of Si/ent Powder, than that certain Ingredients,
a great part of which I have mentioned in this Chapter, have an occult
Antipathy to Saltpeter, and weaken the common Powder when mixed
with it. Farthermore, there are fome Perfons who affirm, that if you be-
fmear your Hands with the Gall of a Pike, and immediately handle and
mix Gun-powder about with them, it will have that weakening Effe¢t upon
it. ButI fhall leave this,to thofe who have Faith enough to rely upon the
Authors who have made the Experiment. Thus we find by the above
Paffage from Scaliger upon this Subje; That Gun-powder does not
make that thocking Detonation, which is heard when any of thofe War-
like Machines are difcharged : But that it is owing to the violent Com-
plofion of the Air, which is difperfed by the firing of the Piece. We
cannot give you a more familiar Inftance of the Truth of this, than the
Wind-Guns which are charged with nothing but Air,

CHAP XVIL
How to prove the Goodnefs of Gun-powder.

THERE are three different ways of proving Gun-powder, (viz.) by
the Sight, the Touch, and by Fire. As to the firft; when you
perceive your Powder more black than ufual, it is a certain Sign that it

is too moift; and if you put it upon fome white Paper, and find that it
2 blackens
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blackens it, you may affure yourfelf that there is too much Charcoal a-
mongft it; but if it be of a deep Afh Colour; inclining a little to the
Red, it is a fure Token that your Powder is good.

We try Gun-powder by the Touch after this manner. Bruife fome
Grains or Corns of it with the end of your Finger, and if it readily dif-
perfes and yields eafily to the Preflure of your Finger, you may con-
clude that there is too much Charcoal in it. If upon fqueezing, or pref-
fing it a little firongly, upon a marble or fimooth wooden Table, you feel
Particles that are harder than the reft, which prick you a little, and that
cannot be crufhed without fome difficulty, you may infer that the Su/
phur is not well incorporated with the Salspeter, and that confequently
the Powder is not duly prepared.

In thort, you may determine with the utmoft Certainty concerning the
Goodnefs or Badnefs of your Gun-powder by means of Fire, as follows:
Lay little Parcels or Heaps of Gun-powder upon a clean fmooth Table,
at the diftance of about 2 or 3 Inches from one another, and fet fire to
one of them; which if it blows up at once, without catching hold of
any other Parcels, and makes a little fort of an acute Noife, or produces
a white, clear Smoke, rifing with a very fudden Velocity, and appear-
ing in the Air like a little Circle or Diadem of Smoke ; you may depend
upon its being perfe@ly well prepared. -

If after the Powder is enkindled there remain any black Spots upon
the Table, it will be a Sign that there is a great deal of Charcoal in it
which has not been fufficiently burnt; if the Board is as it were greafy,
you may be affured that the Sulphur and Saltpeter have not been fuffi-
ciently purified, or purged of that noxious and vifcous Humour, which
is natural to both the one and the other of them. If you find any {mall
Particles which are white, or inclining to Lemon-Colour, it will be a
Mark that your Saltpeter is not well clarified, and confequently that it
fill retains earthy Particles; or common Salt; and moreover, that the
Sulpbur is not pounded or ground fine enough, nor fufficiently incorpo-
rated with the two other Ingredients of the Compofition.

I fhall not here fpeak of feveral kinds of Inftruments, which Pyrotech-
micians commonly make ufe of to prove the Strength and Virtue of their
Gun-powder : Having often heard that equal Quantities of one and the
fame fort of Powder, have blown up that which covered them, to feve-
ral, and different degrees of height. You may, if you pleafe, fee the
Figures of fome of them in Furtenbach, and others,

Ff CHAP.

109



110

Of the Great Art of ARTILLERY. Book IL

CHAP XVIIL

How v fortific weakened Powder, and 10 reflore thas which
is damaged 1o its firft Vigour.

WE call that, damaged, decayed, or weakened Powder, which is

much degenerated from its firft Vigour, and the Strength it was
indued with at its firft Preparation. We can attribute its Decay or Im-
becility to no other Caufe, than to the Weakening, or Diminution of the
natural Virtue of the Saltpeter, or elfe to its aGual Separation from the
Sulpbur and Charconl. And this inay be owing to two feveral Accidents,
(viz.) to its being either fuperannuated or too old, or to its being too
moift. Ifay fuperannuated ; becaufe the Saltpeter is greatly affe@ted by
the Decay of the Charsoal, which is naturally fubject to Corruption after
a certain term of Years. Then as to Moifture, it is a means of making
the beft part of the Saltpeter feparate itfelf from the Sulpbur and Char-
coal; becaufe as Saltpeter is generated from a Water, or from a certain
Saline Humour, (juft as all other Salts are refpectively produced from
theirs) it diffolves, and returns to its firft Form, whenever it is any way af-
feGted by Humidity : And thus withdrawing itfelf from the two other
Ingredients which adhered to it, it either exhales, or finks down to the
bottom of the Veflel in which it is kept (if it be made of Clay, hard
Stone or Earth) where being fubfided it remains; and therefore in this
Cafe the Powder towards the Bottom is heavier than that towards the
Top. But if it be kept in Casks, Barrels, or any thing made of Wood,
it perfpires through the Pores of that light, or rare Subftance, and re-
affumes its original Nature; and confequently leaves the reft of the
Compofition the lighter by its own Weight, which before conftituted
the greateft part of the Weight of the whole. But in this Cafe, neither
the Sulpbur nor Charceal will be diminithed in Weight ; becaufe it is
not in their Nature ta be diffolved by any Moifture: on the contrary,
Charcoal attralls and imbibes it greedily, and thereby becomes the hea-
vier. Now if you would reftore Powder that begins to decay, or rein-
ftate that which is perfe@ly fpoiled, in its firft Vigour, you may do it af-
ter three ways: and Firft, Make a Lye with 2 Meafures of Brandy, one
Meafure of purified Saltpeter, one Meafure of good White-wine Vine-
gar, £ a Meafure of Salprotic, { a Meafure of Oil of Sulphur, and { a
Meafure of Camphire diffolved in Brandy ; this Lixsvium being ftrained
through a coarfe ftrong Searce, fprinkle or moiften your damaged
Powder frequently with it, and dry it in the Sun in wooden Veflels, then
carry it into fome warm dry place where no Damp can come at it.

The
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The Second Methed of recovering decayed Gunpowder is this. Firft,
fee how much your damaged Poteder has loft of its Weight, and upon
finding the Difference between its Weight now, and when firft made,
fupply the Difference with an equal Quantity of fine purified Sakpeter;
as for Example; lot the Weight marked upon the Cask be 1000 iF,
and if upon weighing it now, you find that it is buc g20; the Diffe-
rence between the firft and fecond Weight will be 8o; therefore you
muft add 8o 1b of Saltpeter to the vitiated Powder; then put it all in
little Feaps, and pound it, or grind it well after the ufual manner, and
corn it as before.

In fhort, the Third Method of reftoring weakened Guu-powder is as
follows, and is the fimpleft of them all, and the moft frequently
practifed by Pyrotechnicians and Powder-Makers. Pour out upen coarfe
Cloths, or well-jointed Planks, equal Proportions of damaged Powder,
and fuch as has been newly made, and mix them briskly together with
your. Hands, or Wooden Shovels; then dry it all in the Sun, and put-
ting it up again in your Barrels, keep it in fome convenient Place till it
is wanted.

CHAP XIX

Of Buildings and Magazines for the preferving of Gun-
powder, zogether with feveral Obfervations on the flowing,
and &eepmg # fecure from Fire, Moifture, &c. 10 the end
vhat it may remamn entive, and in the full Poffeffion of s

S Vigour,

FTER a firi®¢ Examination of the Warlike Machines of the
Ancients, we muft allow that they fall thortof our Artzllery, which

has been in ufe for thefe laft Ages: Our Gun-powder is now the very
Nerves and Life of War; and is the moft powerful Means that has
ever yet been invented, of procuring an happy Iflue to the Military En-
terprizes of Princes, and to decide the Difputes of the moft Mighty
Monarchs of the Earth. But you will fay, that our Machines are ufe-
lefs inactive Bodies, if you deprive them of Gun-powder, or if you
fupply them with fuch as may be ill-prepared, or damaged: There-
fore it is of the higheft Importance; that we be careful in the Prepa-
ration and Confervation of it; and fo to order Matters, that fuch a coftly
Thing may not fail of performing the Service and Execution you ex-
peed from it. 1 have fpoken fufficiently of the Preparation of it in
the xivth Chap. of this Book ; but I do not think of clofing it «ll I
have faid fomething farther upon that Article. In the mean time lec
us confider of a proper Situation for our Repofitories or Magazines for
keeping

Ilx
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keeping Gun-powder, together with the proper Form and Conftruction
of fuch Buildings, that they may be exempt from thofe Accidents which
may have the moft dangerous Effeéts upon them.

You mutt, in the fir/# Place, pitch upon a Spot of Ground, which is far
from any Marth or Swamp ; which is not in a narrow clofe Valley, nor
in the Neighbourhood of any Spring or Pond; but let it be upon 2 mo-
derate Height, in an open Country difincumbered with Woods, and
very dry.

Secondly, let it be as far as poffible from any other Buildings; becaufe
of feveral Inconveniencies that may arife from their Proximity ; again,
let it be in an unfrequented Place, at a good diftance from any Roads
or publick Paths, where People commonly refort.

Thirdly, let it be well covered and defended from any Danger of the
Enemy’s Cannon; which may be eafily provided againft, by building
your Magazines in that Quarter of the Town, which fhall be judged the
moft difficult of Accefs, and the leaft fubje@ to the Attacks and Storms
of the Befiegers. As for Example, in any Place that is encompafied
with a Morafs, or Lake, or a wide rapid River, or in fhort by the Sea
itfelf. In the other Quarter of the Town which is the moft defencelefs,
and confequently the moft in danger of the Enemy’s Attacks, you
fhould build very high Houfes and Edifices, whether Publick or Private,
in order to cover your Magazines from the Befieger’s Batteries, and
keep them out of their Sight. For this Reafon your Magazines thould
be but one or two Stories of a moderate Height, and covered with a
low Roof.

In the FourthPlace, letthem be in the middle of your Curtains,and not
in the Baftions, or near Bulwarks; that you may avoid the danger of
Mines, Galleries, and fecret Saps of the Enemy; or in fhort ac the
greateft diftance from the Ramparts of the Town, that you may be fo
much the fafer.

In the Fifth Place, thefe Buildings {hall be clofed up with ftrong, thick
Vaulting within, very firmly cemented, left during the Siege any
Bombs or Shells, &. falling upon them, thould force 2 Way through,
and be attended with pernicious Confequences to your Powder. The
Roof muft not be covered with Laths, Slate, or Tiling of any fort, but
with Sheet-Lead, or (what is much better) with fubftantial Plates of
Copper. Again, I would have the Outfide of the Roof be of a Sphe-
rical Form, that you need not be obliged to have any Carpenter’s Work
init; fuch asBeams, Timbers, Planking; but that the Tiles, or what-
ever clfe covers it, may be fixed upon a ftrong Wall, fecurely cemented
on all Sides with good Mortar.

Sixthly, a Square Building will be the moft convenient of any Form
or Figure whatfoever; though I do by no means difapprove of fuch as
are built Round, or in Form of a Dome, as being the moft capacious of
all, and over which the ftrongeft Vaults may be built, becaufe of the

4 Rotun-
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Rotundity of their Conftru&ion. But if you would build a fquare one,
take care to erct the four Fronts of it, facing the four Quarters of the
World.

Seventbly, let the Door be always on the North-Side.

Eighthly, let the Apertures or Windows be as fmall as poffible, very
narrow, and fecured with ftrong Copper or Brafs Bars, fubftantial Shut-
ters, and ftrong Grates of the fame Metal.

Ninthly, let the Bricks you intend to build your Powder Magazines
with, be two Years old before you ufe them, and take great care that
they be not hattily dried in the Sun. We are of Opinion, that Bricks
which have been burned once, then moiftened, and burnt over again, are
by much the beft of any, though they are not naturally fo tenacious
of the Mortar ; for it has been obferved, that if they are plaiftered ei-
ther withinfide or without, the Lime or Plaifter does not ftick upon
them long.

Tentbly, and laftly; Your Magazine being built, erected, and co-
vered, or roofed, as it ought to be, you fhall let it ftand and dry for the
fpace of two or three Years, before you put any Powder into it; and
take care not to build it in Winter-time, *

You will fee the Jchnography and Orthographic Plan of this fort of
Buildings in Fig. 15.and 16. In the Ichnographic Figure, the Letter A
thows the Room or Apartment, where the Powder ought to be kept;
B, where the Salzpeter and Sulpbur ought to be referved. And C, where
the Charcoal, and other Materials and Neceffaries may be laid up, fuch
as Searces or Sieves of feveral forts, fome for fifting, and others for
graining the Powder, old Pieces of Linnen, Canvafs, Boards, or Floor-
ing to dry it upon: And as the Rooms will be fufficiently extenfive and
large, you may in the fame Place ftow away empty Casks, or Barrel-
Staves, Heading, Hoops, and fuch like Requifites. D, is the Wind-
ing Stair-cafe, which the Italians call the Lumaca, by which you go
up into the fecond Story. E, is the Entrance or Portico. F, the Store-
keeper’s Lodge, or Houfe, who ought to be a Cooper by Trade. G, the
Steps. H, the Court, or Yard, which goes round the Magazine. 1, a
little Wall fix or eight Foot high, that enclofes the Yard and the Maga-
zine. K, the empty Spaces, Paflages, or Alleys, between the Powder
Barrels, and L the Spaces where the Powder muft be ftowed. ‘The other
Diftances may be meafured with a Pair of Compafies, as well upon the
Icknographic as the Orthographic Plan. 1 fhall only add, that the
Match may be conveniently preferved upon the Floor of the fecond
Story.

I?F::g'. 17. you have the Ichnography of a Powder Magazine, after
the Defign of Eugenius Gentiliinus an Italian, who has very curioufly
reprefented one of this Nature in Chap. xliv. of his dresllery ; and is
very conveniently contrived againft all Accidents by Fire. Let us 2
little explain the Plan which we have here offered. A, isthe Inncr-wal:‘

Gg o
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of the Building, with its Apertures and Lights. B, is the Outward
Wall, with Apertures correfponding with the Firft. C, is the Space
between thetwo Walls. D, E, is the outward Breadth of the Aperture
of the Exterior Wall of three Feet. F, G, is the Breadth of it inwards
of 14 Foot. I will now dire you how to make the Apertures in the
Inner Wall of this Building. Let there be drawn from H, to I'and K,
two Lines each equal to D E, or three Feet: Now if between the Points
E I, and DK, you produce the Right Lines EI and DK, they will
interfec the Inner-Face of the Interior Wall in the Points L and M;
then let there be drawn two Lines equal 1o FG, or 1 } Foot, from
the Points L and M, to the Points N and O; then having drawn two
Right Lines from H to L and M if you raife a Perpendicular upen
N, and another upon O, they will interfect the Lines L, H, and H, M,
in the Points P and Q, Thus having drawn DF, EG, IL, OP,PH,
HQ, QN, and MK; you will have the Inward and Outward Breadths
of the Lights marked out. I muft own that this kind of Edifice will
be a little dark, on account of the double Wall, and becaufe the Inner
Lights L, O, and N M, are exactly covered by the Angles I and K, and
confequently cannot let- in nruch of the Day; befides that the Angles
P and Q, intercept half of the Light which would otherwife come to
1. O, and NM; but on the other hand we muft confider, that thefe
Buildings ftand in no need of a great deal of Light, like fuch as are de-
figned for Dwellings; for if there is but juft fufficient of it, to dire@t
thofe who go in and out about the neceffary Bufinefs of the Place, it is
enough. Again, the Wind coming in at DE, ftriking againft the An-
gle H, and being broken and divided towards the Angles I and K, will
rufh briskly in through the Apertures, and refrefh the Air which was in
before, and at the fame time drive away and dry up all that noxious
Moifture to which fuch clofe Places are commonly fubje&. As for the
neceflary Precautions of fecuring your Magazine from Accidents by
Fire, you will eafily defend it from that deftructive Element, if you
nicely obferve what we have already laid down, in the Conftru&ion of
your Vaults and Roof ; for as to the Apertures or Windows, they are o
well contrived againft any danger of that kind, that it is impoffible for
any Fire to infinuate itfelf through them by any Artifice whatfoever.
You may order the Door of your Magazine after this manner. The
Outward Breadth TU, in the Exterior Wall,- and the Inward Breadth
RS in the fame, fhall be each three Feet. Then from the Angle W,
having produced Right Lines to the Points X and Z, and from T and U,
to Aand Y, you will have the Qutward and Inward Breadth of the
double Entrance through the Inner Wall. 'The reft will be better ap-
prehended from the Fig. itfelf, if you attentively confider it. I fhall
only add, that Bb, denote the Spaces where the Powder ought to be
lodged, and Cc the Paffages between. As to the Orthography of
this Edifice, and all the Proportions of its Parts, they may be invented
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at Pleafure : Neverthelefs I would have every body to follow the In-
ftruétion and Method of ‘this Author, whofe Name I have already men-
tioned. This is what I had to fay of the Conftruction of Magazines,
and proper Edifices for the lodging and preferving of Gun-powder: Let
us now proceed to order what ought to be obferved, as well in the Pre-
paration, as the Confervation of it after it is made.

Know then Firft, that if you would have your Gun-powder retain its
full Vigour, even though you thould lodge it in fome damp Place, there
to remain for fome time; you need only have Saltpeser well pulverized
and purified feveral times, according to the Method we have prefcribed
in the IIId Chapter of this Book.

2. Let each Ingredient have its own Searce for its particular Ufe.

3. Your Ingredients fhall not be mixed till they have been firft well
dried, ground, and fearced feperately; which done, they fhall be well
ground, incorporated, and fearced all together over again.

4. In pounding, or grinding them, they thall be moiftened a little
with one of the Liquors I have already mentioned, and fhall be often
and carefully thaked, or ftirred, that they may incorporate the better
together.

5. Your Powder bemg well and duly prepared, fhall be put intoglazed
Earthen Jars, capable of containing each 100 1b, or thereabouts, with
Covers of the fame, well luted on the Outfide with Glutinous, Bitumi-
nous, or any Tenacious Matter, to prevent the Air, or any outward Ac-
cident from doing it hurt. I approve very well of Casks or Barrels,
made of Fir or well-dried Oz4.

6. Your Veflels of Powder thall be placed upon Blocks, or Logs of
Wood, of the thicknefs of one or two Feet.

7. Every Year during the hotteft Months, fuch as Fune, Fuly, and
Auguft, you fhall fpread your Powder upon Canvafs, or 2 Floor of
Planks made for that purpofe, and let it dry well in the Sun and Wind,
then fift it through fine covered Hair Sieves or Searces, and colleét the
fine Flower or Meal that comes through; but that which remains in
Corns fhall be put up again and covered as before, and carried back again
into the Magazine.

8. The Cavities and Windows muft be opened to the Northerly and
Eafterly Winds, thart they rufhing in briskly may purifie the Air confined
wichin.  On the contrary, they fhall be kept clofe againft Southerly and
Wefterly Winds, as being commonly pernicious to dry Things. For
Experience, that Miftrefs of Knowledge, teaches us, that the Winds
blowing from thofe Quarters being naturally hot and moift, they gene-
rally beget Taint and Putrefattion in Flower. And farthermore, you
muft guard againft all Winds blowing from the Eaft towards the South,
and from the South towards the Weft; becaufe all Winds iffuing from
any Point of that Semi-circle, fill the Air with unwholefome moift Va-
pours, which are of hurtful Efficacy to the Human Body; and we axrnay

reafon-
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reafonably infer, thatas Saltpeter is extreamly fubject co Diflolution up-
on the accefs of any Humidity to it, thofe Winds muft have per-
nicious Effe@s upon Gun-powder.

To conclude; 1 dare venture to affirm that if the Rules I have now
prefcribed for the Preparation and Confervation of Gun-pewder are
ftrictly obferved, you may keep it many Years in full Poffeflion of its firft
Vigour, without fuffering the leaft Diminution of its Strength. And I
flacly deny the Truth of that vulgar Notion, which teaches that Powder
cannot be kept in Perfection above 2 or 3 Years. There are thofe who
fay that if you pur a little Camphire in each of your Veflels of Powder,
it contributes greatly to its Prefervation. This is not unlikely, fince
the odoriferous Smelt and extream Drynefs of Camphire ftrongly repell
all Putrefacion and Corruption which is generated by damp Vapours. It
has been frequently obferved, that Compofitions have been taken out of
Grenado’s and Shells of long ftanding, which have been in perfe& gooid
State, and {fmelt much of Camphire. From whence we may conclude,
that a Mixture of Camphire with Gun-powder contributes pretty much
to its Prefervation.  But I fhall fpeak more largely of this in another

Place.

CHAP XX

Of the Properties and particular Offices of each Ingredient
concerned in the Compofition and Preparation of Gun-

powder.

E muft not think that Gun-powder was cafually, or accidentally

difcovered; but on the contrary, that it was invented and per-
fected, by found fpeculative Reafonings, drawn from the Principles of
Natural Philofophy ; inafmuch as no Man to this Day could ever yet
(though many have endeavoured at it) contrive an Aflemblage of three
fuch Ingredients as thefe, which being united and incorporated together,
would naturally produce fo vigorous, fo frightful, and fo fudden a Fire,
and at the fame time fo inextinguifhable, and univerfally abforbant of
their own Subftance. Now as it is no Novelty in our Age, for Men
to add to, and enlarge upon preceding Inventions, and fince (as the
Metaphyficians have it) all Things that have a Beginning pafs from Im-
perfe&ion to Perfedion ; I beg leave to make fome Obfervations upon
Gun-powder (the Inventor of it having left nothing in writing behind
him concerning it} which though they are indeed fpeculative, are never-
thelefs grounded upon Experience of the Nature, Effets, and particu-
lar Properties of all the Ingredients which enter into the Compofition f’f

7 I,
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it, as well when feparated from one another, as when united into one
Body. For I cannot but think that a few Words upon this Subje&,
will be fo far ufeful, if well digefted, as to prevent the frequent Errors
committed in Pyrotechnics; a Corre@tion of which is not only very dan-
gerous, but likewife very expenfive.

You muft know then, Firf, that it is not without Reafon, that Guzn-
powder is compofed of thefe three Ingredients, namely, Saltpeter, Sul-
phur, and Charcoal; but tothe End that one of them might remedy and
fupply the Defects of another, or of the other two. This may eafily
be comprehended by the Nature and Effe&ts of Sulpbur, which is of it-
felf the very Quinteffence of Fire, or rather a pure Flame, and is there-
fore more proper to accend the Salfpeter than any other Fire whatfo-
ever : Butas Saltpeter being once inflamed by it, is inftantly rarified in-
to a Flatulent or Windy Expanfion, it would by its Violence infallibly
extinguith the Flame which had been conceived by the Swlphur, and
deprive * felf of that Heat which the Sulpbur would have communicat-
ed to it: And therefore if a Compofition was made of Sa/tpeter and
Sulpbur only, well pulverized and incorporated together, it would in-
deed moft readily conceive the Fire, and break out into a Flame, but it

would inftantly go out again, for the Reafon above given: That is, the

Fire would not be fufficiently lafting to-confume the whole of it, but
would only deftroy a Part, without affefting the reft. Upon this Ac-
count it was thought proper, that Charcoal well burn’d, dried, and pul-
verized, fhould be added to them in a certain Proportion, as an excellent
Thing to fupply this Defect ; for Charcoal is very fufceptible of Fire,
and is inftandy confumed with a Flamelefs Heat; whence it happens
that the more it is agitated by Wind or Air, the fiercer it burns till it is
entirely reduced to Athes. From the feveral Properties of thefe Ingre-
dients we may eafily perceive, that any Body compounded of them, as
Gun-powder is, muft not only be very fufceptive, but alfo retentive of
Fire, even to the Combuftion of its very laft Atom ; for the Sulpbur im-
mediately catches Fire whenever applied to it, ‘and inftantly accends the
Saltpeter, and fets Fire to the Charcoal, which (as I have already faid)
burns without any Flame, and glows with the greater Rage, the more
it is agitated by the Wind or Air: The Confequence of which is, that
the Sulpbur being unable to withftand Fire, but on the contrary being
inftancly inflamed by it, the intenfe Heat of the Charcoal prevents the
Flame of the Sulpbur from being extinguithed by the windy Expanfion
of the Saltpeter; therefore it continually keeps up the Flame of the
Sulpbur, and the Flame of the Sulpbur inceflantly aing upon the Salt-
peter, they muft, when they are all three duly incorporated togethér,
produce fuch a Fire as is not to be extinguithed, till the whole Sub-
ftance of them is confumed by it, and to all Appearance annihilated.
Great Care, however, is to be taken, that neither of the three be affect-
ed by any improper Accident, fuch as Moifture, or a difproportionate

Hh Quantity
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Quantity of its Matter. Now from what we have been faying, we may
conclude that the true Office and principal Bufinefs of Su/phur, as it is
an Ingredient in Gun-powder, is firft to conceive the Fire, and then com-
municate it to the two others. That the Bufinefs of Charcoal is to re-
tain the Fire when once introduced, by preferving the Flame of the Su/-
phur, and preventing it from being deftroyed by the Flatulent Expanf-
on of the Saltpeter. And in fhort, that it is the great Bufine(s of Saitpe-
ter to produce a moft violent and refiftles Expanfion, and in this con-
fifts all the moving, expulfive, and active Force of Gun-powder ; confe-
quently Saltpeter is the principal Caufe of the terrible Effets of it, and
it muft now plainly appear that the other two Ingredients are only
joined with it, to put it.in ACtion. Asa Proof of this; if any one was
to make a Powder of Sulpbur and Charcoal only, and was to charge any
large Piece of Cannon with it; it would be found to be fo far from be-
ing able to drive out a Bullet, that it would not even diflodge a Straw:
And the Reafon of this Imbecility is felf-evident, from what we have
already faid, having demonftrated that the expulfive Quality of Gun-
powder is entirely owing to the Expanfion of the Saltpeter. Upon the
whole, it would be a much eafier matter to contrive a Powder without
Sulpbur or Charcoal, than without Saltpeter: Or it would be lefs difficule
to find two Things, the one to perform the Office of Sulpbur, and the
other to a& in the {fame manner as Chareoal, than to meet with any Sub-
ftance which would have fuch a violent Effe@ and fuch occult Quali-
ties as Saltpeter.

CHAP XXIL

Of Aurum Fulminans or Saffron of Gold----- taken from the
Royal Chymiftry of Ofvaldus Crollius.

"AKE 31 of common Aqua-fortis, diffofve in it an Ounce of Sal Ar-

moniac, or as much as a little beat can diffolve of it; thus you will
bave your Aqua Regis prepared, in which you may diffolve as much Gold as
you pleafe. Pour off this Solution into another Glafs, and drop into it Drop
by Drop only (becaufe of the great Danger and Noife of its Effervefcence)
of the beft Oil of Tartar per Deliquivm, or jfor want of that take Salt of
Tartar diffokoed in common Waters (for youmuft bave a good quantity of
this Oil of Tartar ready) upon which the Gold will precipitate to the bot-
tom of the Glafs : And as foon as you fball perceive that all the Calx of the
diffekved Gold is fettled in the bottom of the Glafs, (which you will eafly
know by the Colour of the Aqua Regis, which ought to be white ; for if it is
yellow, it will be a Sign that the Gold is not quite precipitated ; therefore

m
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in fuch a Cafe you muft drop a little more of the Oil of Tartar into it and
be thou wife at my Expence :) I [ay; when all the Gold is fallen, you fhall a
Jfew Hours afterwards pour off the Liquor that is upon it, in fime warm
Place, and having foftened the Calx three or four times with warm Water,
let it be gradually dried, by a flow Fire in Balneo Mariz; or to do it with
the more [fafety put it into a Glafs Bafon, and let it dry of itfelf without
coming near the Fire, then gather it up with a wooden Spatula, (for you
muft avoid ufing any thing made of Iron, ) and put it up in an earthen Pot
againft you want it. Obferve bere, that it is very dangerous to dry it af-
ter any other Method than what I bave bere prefiribed ; for it is very apt to
take Fire upon the leaft occafion, and breaks out into a kind of purple Smoke,
and a frightful Noife not unlike that of Gun-powder, and is fo univerfally
abfirbed by the Flame that there is not the leaft Atom of it left after its
Combuftion : And what is very extraordinary ; if you mix alittle well puk-
vertzed Sulphur with it, and burn'it in a Crucible, you will have a kind
of Calx wery fubtile, and of a brown Colour, which is entirely divefted of this
Fulminating Quality. Bur that which is the moft wonderful of all is, that
a Scruple of this Volatile Gold, is incomparably fronger, and aéts with in-
Jinitely mere Violence than balf a Pound of Gun-powder. If but a Grain
or two of it be put upon the point of a Knife, and beated by the Flame of a
Candle, it makes as much Noife as a Mufquet, but it is a Notfe awhich af-
Jaults the Ear with fo much Violence, that the extreme Acutenefs of it deaf-
ens thofe who are pretty near tost. The greateft difference that we find be-
tween this Powder and Gun-powder is, that the Effeéts of the one are dia-
metrically oppofite to the Operations of the other ; inafmuch as this Thunder-
ing Powder aéfs by Defcent, on the contrary the other by Afcent; Jor if.
(for Example) you put fome Scruples of it upon an Iron Plate of moderate
thicknefs, and fet fire to it, it will infallibly pierce downwards through and
through the Plate; and-we may believe that the Sal Armoniac is the Caufe
of this odd Effet.  For juft as Saltpeter and Sulphur are violent Enemies
20 one another, as may be obferved in the accending of Gun-powder, fo is
it with the Sal Armoniac and Oil of Tartar, whofe Qualities are entirely
ancompatible with each other ; therefore when the Sal Armoniac comes fo
be tncorporated with the Oil of Tartar, they by the Conteft of their Antipa-
shetical Qualities, force the Gold down to the bottom, which bad before been
diffolved in the Aqua Regis: And thus the Oil of Tartar precipstates the
perfectly pure Spirit of Nitre, which in this Conflic? unites itfelf with the
Solar Sulphur izs Adverfary ; and becaufe this Sulphur of the ‘Sun is infi-
nitely more refined, piire, and combufiible than the common Sort, it produ-
ces an Effect proportionate to its fuperior Virtue; and this pure Nitre and
Sulphur of the Sun alt upon each other juff as the common Sulphur and
Saltpeter do. It is of this that Quercetanus and Sennertus fpeak in a cer-
tasn paffage, (according to Joh. Jonftonus Adm. Nat. Claf IV. Cap. xxvi.)
when they fay, that the Effelts produced by the Spirit of Nitre and Solar
Sulphur proceed from the Contrariety and extreme dAntipathy betazem
them,
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them. For as the Oil or Salt of Tartar is poured into the Solution of the
Gold, the Salt of Tartar unites and incorporates with the common Salt, or
the Allum, and the Sal Armoniac, which confequently forces the Gold down-
wards; and if by chance any of thefe Salts remain with the Gold, it muft
be well wafbed with bot Water. Thus nothing remains with the Gold but
the Spirit of Nitre which is entirely incorporated with it 5 fo that when it
comes to be beated, it adberes immediately to the Sulphur of the Gold, pow-
erfully oppofes it, and rallying all its Force, is lighted and goes off with a

frightful Clap.

CHAP XXIL
Of the Preparation of Flowers of Benjamin.

TAKE a certain quantity of Benjamin, and put it into a Glafs Alem-

bic or fubliming Pot, covered with a Blind Head : At the fame
time you muft have a fhallow earthen Veffel with a wide Mouth, which
you mutt fet upon a Tripod, or to be the fafer upon a little diftilling Fur-
mace; you fhall put your Alembic or Subliming Pot into this, and en-
compafs it well with Afhes, or elfe with well-wathed Sand, to the
height of the Matter contained in your Subliming Veflel. Then lighe
a gentle Fire under the Earthen Pot, for fear your Alembic thould
be too fuddenly heated, the confequence of which would be, that the
Flowers you extra@ would be of a Lemon~colour or yellowith Caft, in-
ftead of being (as they ought to be) as white as Snow. As foon as you
perceive the Benjamin to emit any Fume, continue your Fire in the fame
degree of Heat for a Quarter of an Hour ; and as foon as you fee that
the Fhwers are foblimed to the inmer Surface of the Head, take it off
quickly, and put another cold one on in its place, and let that which
you took off cool at leifure upon a Sheet of white Paper; then with a
Feather gently fcrape off the fine Flowers which you will fee fticking to
the Head, and gather them carefully together. Thus you may do wich
the fecond and third Head, and fo on with feveral others till the Benja-

min will fublime no longer.

Ansther Method te the fame Purpofe.

Put a cerrain quantity of Benjamin into a glazed carthen Pot, and fet
it upon hot Athes, and as foon as you fee the Benjamix begin to fume,
cover your Pot with a great Paper Head in form of a Cone, (as the Chy-
mifts have it, a Corner) which thall be a very little wider than the Ori-
fice of the Pot: Let it ftay on for abouc a Quarter of an Hour. Then
take it off, and fcrape the Flowsrs from it ; taking care te put on ano-
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ther freth Head immediately, which fhall remain on as long as the firft,
then taking it off, do as before, ftill continuing to put on one Head
after another as long as the Benjamin will fublime or exalt.

CH A P XXIL
How 10 prepare Camphire,

TAKE of Gum of Juniper (which is fometimes called Sandarac,
white Varnith, or Maftich) very finely pulverized 2 1o, and as
much White-wine Vinegar as will be fufficient to cover the Gum in
a Phial : Bury it deep in Horfe-dung; for the fpace of 20 Days, then take
it up and put it in another Glafs Veflel with a wide Mouth, and expofe
it to the Sun for the fpace of a2 whole Month. Thus you will have your
Camphire concreted in the Form and near Refemblance of a Cruft of
Bread. We have already hinted at the natural Properties of Camphire,
but neverthelefs as we make great ufe of it in our Compofitions, I fhall
here treat of the Nature of it at large from the Teftimony of good Au-
thors. Firt, Scaliger Exercit. CIV. 1. fpeaks of it thus. Sed ad rem
arboris, lachryma oft Qapura, ne bitumen credas, ficuti fuccinum bitumen
credidifti, &c.  You muft not imagine Campbhire 0 be a Bitumen as you did
with regard to Amber, but a Gum and the Diftillation of a Tree, which
Jfalling, is tranfported by the Tides and Currents of the Sea to Shores where
it is buried in the Sand, in which Situation it is found all along the Coaft
Jfrom Memel to Gedan.  This will not appear firange to fuch as bave been
in thofe Parts, or that have ever feen the Wefi-fde of Holland, wbhere
great Heaps of Sand are accumulated by the Sea. Camphire, therefore,
can be no farther deemed a Foffil than as it is dug up from the Sand. Thofe
are firangely out of the way, who conclude it to be a Bitumen from the
wretched Argument of its Combuftible Nature; for we fee the fame Pro-
perty in Rofin, Oil and Frankincenfe, and fuch like Things. Again, he
fays a little farther, Camphoram vero cum fapientum maxima pars, fri-
gidiffimam ftatuat, Avenrvis in quinto aliam agnofcit, &c. The Englifb
of which is: That the greateff part of the Learned bhave ahways taken
Camphire 20 e cold in the very utmoff Degree: But Averroés fpeaks of a
Jort which was only cold in the fifth Degree. For (fays be) the Indian Cam-
phire, which in Arabick is called Coforalgent, beats and dries in the fecond
Degree; therefore there muft bave been different kinds of it, or elfe the
Book muft be erroncous, or the Opinion mifiaken. At length it was que-
Sfiioned whether it was cold, which the Innovators denied. For truly it is
very Combuftible, will even burn in Water, and is very Odoriferous : Buf
this laft Property is derived from its fubtile Particles, by the power of
which alfo it burns. It contains as much Water as is neceffary for it to
preferve its Frigidity under that Form: but it burns becaufe of its Oili-
Ii nefs.
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nefi. Sure Folly is either the Mother or Daughter of Ignorance; for who
would affirm that Things which are by Nature the botteft, are alfo the moft
Jufceptible of Fire, fince Fire bas not always the moft powerful Effect upon
sts Likenefs; (I mean its Likencfs with regard to Heat) but on the con-
trary upon fuch Subflances, the porous Contexture of whofe Parts the moft
readily permit it to infinuate itfelf. I find in the Commentaries of the
Indian Obfervables, that the Tree is of the largeft fort, fpreading its
Branches, and creating a Shade a great way round it. The Wood of it
is very light and porous, and the 4 Aboali add, that it is white. The
Goodnefs of Camphire depends upon the manner of its Extraction from the
Matrix, or Place where it is formed, that is, whether it be gathered before
it is expelled by Nature, or afterwards; for fome of it is taken out of
Veins, where it is generated like a Cruft ; fometimes it burfis the Rind or
Bark and forces a Paffage out, where it is concreted, and looks at firft like
Rofin, and is afterwards blanched by the Sun, or by drt. This fort is
better than the firft; but that is beft of all, which is whitened by the Sun:
It alfo may be done with Fire; which Operation was firft performed in
Imitation of Nature, by Riach: a King of that Place ; from whence it has
the Name of Riachina. That which is gradually diftilled, is by much the
pureft and beft, and is the moft pellucid : but that which remains inclofed in
the Subfiance of the Tree, is more grofs, and of a dark Colour, There are
befides thefe, two forts of a bafer kind. The ane rough, coarfe, and gummy;
the other of a decp dusky Colour. It is to be adulterated or counterfeited,
with Suet, Maftick and Brandy. But, fays he, You may thus difcover the
Fraud; put fome of it into the Heart of a Loaf, and fet the Loaf in an
kot Quen; if it liquifies, it will be good, and of the right fort 5 but if it
dries up, you may take it for granted, that it is fpurious and adulterated :
They fay the right fort eafily evaporates. When you have that wbich is
good, you may keep it in Marble Boxes, with Linfeed, Flea-wort Seed, or
Millet Seed amongft it. Jonftonus Admir. Nat, Claf. iv. Cap. ix. Scri-
bunt Mauri Camphoram lachrymam effe arboris, &c. The Moors write,
that Camphire is the Tear of a Tree, whofe Branches fpread abroad to
that degree, as to be able to fhelter an bundred Men under its Shade.
They add, that the Wood of it is white and foft, and that it contains the
Camphire in a light [pongey Pith. But this is uncertain; it is more pro-
bable that it is got from a kind of Bitumen after- this manner. The Indian
Bitumen, which fprings forth of the natural Camphire being put over a
Fire in fome covered Veffel, the finer Particles of it are fublimed by the
Violence of the Heat, and adbere like fine whitifly Flowers to the Cover of
the Veffel ; and which being collected give it that Form in which we fee if,
Tlhere are Merchants who affirm, that the natural fort is to be fold in India.
It is fo very fond of Fire, that having once conceived it, it burns as long
as any of its Subflance remains. It emits a bright, odoriferous Flame,
which being carried up and fufpended in the Air, it infenfibly vanifbes,
which is owing to the Subtility of its Parts.

To

¥ A Poople of Indis fo called; butaccording to Pliny, Abali,
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To this I thall add, that it will be very eafy to pulverize Camphire
for the Ufe of Artificial Fireworks, if it be ground and pounded gently
with Sufpbur in a Mortar. ‘The Oi! of Camphire, which anfwers the
fame End, is made by adding a lictle O:/ of Sweet Almonds, and grind-
ing them together in a brafs Mortar, with a Peftle of the fame Metal,
till all of it be turned into an Oi/ of a greenith Colour. Or. if your
Camphire be good, and pure, you may ftop it clofe up in a Glafs Phial,
and put it into an hot Oven, where let it remain till you judge it to be
thoroughly diffolved : Your Campbire will then yield you a fine, clear
01/, which will burn with admirable Sprightlinefs.

CHAP XXIV.

Of Water of Sal Armoniac.

TA’KE of Sal Armoniac %iij, of Saltpeter 3j, pulverize them very

fine, and mix them well together; then put them into an Alem-
bic, and after having poured fome of the beft and ftrongeft Vinegar
you can get, upon them, diftil them over a flow Fire.

CHAP XXV.

Of a certain Artificial Water, which burns upon the Palm of
the Hand wirhoust dosng any Hurt.

T AKE of the Oils of Naphta or Petrol, and Turpentine, of Quick

Lime, Mutton Suet,and Hog’s-Lard, an equal Quantity of each, then
beat them together till they are well incorporated ; which done, diftil
them over hot Afhes or burning Coals.

CHAP XXVL

How 20 prepare the common Sort of Match.

‘LET there be firft twifted fome Rope, of half an Inch Diameter,

made of the fecond Combings of Flax or Hemp, free from any of
the Stalks. Then take of Athes of Oak, 4b, Elm, or Maple, three
Parts, of Quick Lime one Part, and make a Lye of it as ufual; to

this you fhall add one Part of Sa/zpeter ; and of the Juice of Horfe
or

123



124

Of the Great Art of ARTILLERY. BookIl.

or Ox-Dung well filtrated, and gently exprefled through a Woollen
Cloth, or Sieve, 2 Parts. Thefe Ingredients being well incorporated, fhall
be poured upon the Rope in a Brafs Cauldron, well fixed upon a Fur-
nace ; the Fire fhall be at firft lighted under it by flow Degrees, till it
is arrived to the higheft Pitch. Thus it muft boil continually for the
Space of two or three Days, being conftantly fed with freth Supplies
of your Lye as faft as it is wanted, left either your Match or Cauldron
thould burn. In fhort, your Match having undergone this Ebullition,
you fhall take it out of the Liquor, and wring it well, continually wip-
ing off the Liquid which fqueezes out of it with a LinnenRag; and then
hang it upon long Poles to dry in the Sun; after which it may be laid
up in fome convenient Place till wanted.

CHAP XXVIL

How te prepareMatch or Fire-Rope, which will nesther fmoke
nor yield any ungrateful Scent,

AKE certain Meafures of fine Red or Carbuncular Sand, well wathed
and dried, a Layer of which you muft put into an unglazed Earthen
Pot, and upon that, a Layer of common Match; which you muft coil
in a Spiral Line, in fuch a manner, that there be the Diftance of half
an Inch between each Revolution of it. Over this Stratum of Rope,
put another deep one of Sand, and upon that another Stratum of Match
or Rope as before, and fo on alternately Layer upon Layer, till you have
filled the Pot, which muft be covered with a Lid of the fame, and well
luted with Clay, that no Air may have Accefs to it. The whole being
thus ordered, you fhall encompafs it with lighted Coals, in which
Pofture it muft remain for fome time: You thall then fet it to cool, and
being quite cold, take out the Sand and Masch. * You may alfo proceed
in this manner in the Preparation of common Sponges, except that
they muft be firft cut into fmall longith Pieces. If you take lighted
Pieces of the above-mentioned Mazch, and bury them in the Athes of
Funiper Wood, they will burn fome time without any ill Smell, and
the outward Air will not confume them fo faft as it does common Mazch;
therefore you may hide it where you will, without fearing it will be
difcovered cither by its Smoke or Smell.

CHAP
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CHAP XXVIIL
The Manner of preparing Pyrotechnic Sponges.

TAKE of the greateft and oldeft Mufbrooms, or Toad-flools, that

grow at the Roots of A/, Oak, Fir, Birch, and other forts
of Trees; firing them, and hang them up in a Chimney, where being
macerated, take them and cut them in Pieces, and beat them vehe-
mently for fome time with a Wooden Mallet. This done; boil them
over a flow Fire in a ftrong Lye, with a good Quantity of Saltperer
in it, till all the Moifture is evaporated. Then put them upon fmooth
Boards, and fet them to dry in an Oven of moderate Hear, after
which you muft beat them with a Wooden Mallet as before, till they
are perfeitly fupple and foft. Thus prepared you fhall keep them in a
proper Place till wanted.

CHAP XXIX
How to prepare feveral forts of Quick Match for Artificial

Fireworks.

YOU thall make Mazch of the Tow of Flax, Hemp, or Cotton, of

. two or three Strands, but moderately twifted, and put them in a
pew glazed Earthen Pot. Pour upon them of good White-wine Vine-
gar 4 Parts, of Urine 2 Parts, of Brandy 1 Part, of purified Saltpeter
1 Part, and of pulverized or meal’d Gun-powder 1 Part. Boil all thefe
Ingredients together over a quick Fire, till all the Moifture is evaporated,
Then ftrow Flower or Meal of the beft Gun-powder you have upon a
fmooth large Plank, and rowl your March in it; after which let it dry
in the Sunor the Shade, no matter which. That which is prepared af-
ter this manner confumes very faft; but if you would have it to burn
flower, you may make your Lye or Liquor weaker than we have above
prefcribed; and therefore you may boil it in Vinegar and Saltpeter only,
then powder it over with Flower or Meal of Gun-powder, and let it dry
as we faid before.

There 1s another kind of Pyretechnic Quick Match, which is not twifted
at all, but is only boiled juft as it is, in the above-mention’d Compofition,
or elfe fteeped in good Brandy for fome Hours, and then powdered over
with Flower or Meal of Gun-powder as before, and dried. There are thofe
, K k. who
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who add a litle Gum Arabick or Tragacant to the Brandy, particularly
when they would have it ftick faft to any thing.

Francis Joachim Prechtel, in the fecond Part of his Pyrotechnics
Chap. II. gives an Account of a kind of Qyick Match which is very flow
in taking Fire, and in burning. He thus orders the Preparation of it.
Take of Maftich 2 Parts, of Colophonia or Fine Rofin 1 Part, of Wax
1 Part, of Saltpeter 2 Parts, of Charcoal ; Part. Burn them to that
degree, that they may be eafily pulverized, and grind each of them fe-
parately into a very fine Meal or Flower. 'Then mixing them well to-
gether, fufe or diflolve them upon the Fire. This done, take your
Match made either of Flax or Hemp, of a pretty tolerable thicknefs,
and dip it into this Compofition, and repeat your dipping till it has ac-
quired the Size of an ordinary Candle. When you would ufe any of
this, light it thoroughly at firft, then blow out the Flame, that there
may remain nothing but the burning Coal.

CHAP XXX

How to prepare Lutum Sapientiz or Lute.

TAKE what Quantity of Loam you want, and dry it, beat it, and
fearce it well, and with it mix fome Shreds of Raw Silk, or the
Sheerings of Woollen-Cloth: Upon thefe you muft puc either Horfe or
Afs-Dung, or Fileings of Iron; knead them well together with a fuffi-
cient Quantity of Whites of Eggs; and with this Pafle or Lute you
thall ftop up the Glafs or Earthen Veflels you intend to put upon the
Fire. You muft ufe it whilft it is freth and moift; for after it is dry it
will be of no Ufe to you.

Or elfe take of White Chalk or Plafter 4 Parts, of common Afhes %,
of Horfe or Afs-Dung dried 1 Part, together with a little of the File-
ings of Iron, and Shreds of Raw Silk. Beat them firft with a Stick,
then with a Shovel, or Wooden Pounder: After which, being well
kneaded, they fhall be put upon fome firm Plank, or fixed Stane, and
beaten over again, till they are fufficiently mixed and incorporated.

CHAP
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CHAP XXXIL

Some Excellens and Approved Medicines and Antidotes a-
gamft Burns by Gun-powder, Sulphur, Hoz Iron, Melted
Lead; &'.

From my own Experience.

I.
BOI L fome freth Hog’s-lard or Fat in common Water, over a gen-
te Fire, and then expofe it to the Air for 3 or 4 Nights. Pur it
afterwards into an Earthen Pot, and melt it over a flow Fire, and
ftrain it through a fine Linnen Cloth, over cold Water; then wath it
in clear Water till it is perfectly white, and put it into a Gally-Pot againft
you want it. 'This is for anointing the Part that is burnt as foon as
poffible. The Effe& of it is fudden and admirable.
2.
Take of Plantain Water, and Oil of Italian Nuts, a quantum fufficit
of each.

3.
Take of Water of Mallows, of Rofes, of Allum Plume, a quantum
Jifficit, and mix them well together, with the White of an Egg.

Make a Lixivium or Lye of pure Quick Lime and common Water;
and add to it a little of the O¢ls of Hempfeed, Olsves and Linfeed, toge-
ther with fome Whites of Eggs; mix them well together, and anoint the
Part which is burnt with this Compofition. All thefe Ointments cure
Burns without Pain, or leaving any Scar behind; as I my felf have often
experienced.

Receipts taken from feveral others,

Take O:/ of Olives 1 Part, of Osl of Sweet Almonds 1 Part, Juice of
Onions 2 Parts, of Liquid Varnifb 1 Part; rub the Part affe@ed with
this Compofition.

If the Part happens to be bliftered, or ulcerated, the following Oint-
ment is very excellent in fuch a Cafe.

Boil a good quantity of the inner Bark of Elder, in Q5! of Olsves, and
ftrain it through a Linnen Cloth; then add to it 2 Parts of Cerufe, of
burnt Lead, of Galden Litharge 1 Part eachs put them all togecher in 3
Leaden Mortar, and mix and pound them till they are reduced to a Li-

niment. You muft take care not to break the Blifters the firft or fe-
I ' cond
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cond Day; but-afterwards you may do it; for thefe Accidents are fome-
times cured by Perfpiration only; according to Leonardus Bottalus de
Vulneribus Sclopetorum, Cap. xxi.

2.

Mele Lard into 3 ij of Water of Morell, or Garden Night-fhade, and
% j of Oil of Saturn. Mix them well together. This is a fovereign
Remedy.

Or take Mucilage of Henbane Roots, and Flowers of Red Poppies, of
each % j, of Saltpeter 3j. Mix them together with Oz of Campbire,
and make a Liniment of them according to Art.

Or take of the Juice of Onfons roafted under hot Athes % ij, of Os/ of
Walnuts 3j. Mix them well together.

Or (if you will) take of the Leaves of Black Ivy 2 Handfuls, well
pounded with Plantain Water; Oil of Olives 11b.  Boil them all with
Z iij of good White Wine, till all the Wine is evaporated: When the
CoQion is over, putas much #zx amongft it, as is neceflary, to give it
the Form and Confiftence of a Liniment.

Again; take old Lard, melted by a Flame, and received in % ij of the
Juice of Beer Root and Rue, of the Cream of Milk % j, of the Mucilage
of Quince Seed, and Gum Tragacant, or Dragant,of each 3fs. Mix them
well, and make a Liniment of them.  Fofphus Quercetanus, in Libro
Sclopetario, tells us this is a good Remedy. ‘

CHAP XXXIL

Of a certain new Invention for meafuring Gun-powder, Salt-
peter, Sulphur and Charcoal ; zogether with a Searce,
and feveral other Things requifite in the Preparation of
thofe Ingredsents.

OU will fee the Form of ‘this' new-invented Inftrument in Fi-
gure 18, the Conftruction of which is very fimple, and you
may eafily order it after this manner. Make a Cylinder with a
Copper Plate, and folder it well. Though its Breadth A B, and its
Height AC, or BD, are arbitrary, it will neverthelefs be better

‘if you have a certain determined Dimenfion. In our Example, let us

fuppofe a Cylinder that holds 4 1b of ordinary Guz-powder, upon which

‘Account the Side I H of the fquare Inftrument or Scale (which is juft as

long as the Cylinder is high) is divided into 4 equal Parts, each Divi-
fion anfwering to 11b; we then fubdivide each of them into 2 equal
Parts denoting the half Pounds, and each half Pound into 2 other equal
Parts, to exprefs the Quarters, and each Quarter into 8 equal Parts. o

mark
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mark the half Ounces. The other Side of it (viz.) I K, is adjufted for
the weighing of Coal, and divided and marked with proper Lines and
Characters. Obferve here, that you cannot well divide this Side, till you
know the Weight of the Charcoal that fills the Cylinder. For Example;
if this Cylinder, that holds 4 b of Gunspowder, holds only 2 1b of Char-
coal, you muft bifect the Side I K into two principal Parts, which may be
fubdivided in the manner we have already fpecified. What I have here
faid of Charcoal, muft be underftood with regard to Sulphur and Salt-
peter, each of whofe particular Divifions may be marked upon the two
other Sides of the fquare Inftrument abovementioned. This Inftru-
ment being adjufted, may be ufed after this manner. For Example;
if you would meafure 2 1b of Powder, lift up your fquare Inftrument or
Scale by the Ring at the'end of it, tillIN? 2 exa@ly- touches the Bottom
of the Cylinder, then make it faft with: the Screw K, for fear it fhould
be prefled downwards by the Weight of the Powde?. Thus you'may
proceed in the Menfuration of any of the other Ingredients.

- Fig. 19. is a Searce. Tts Height is 3 Feet, its'Length 3 1 Feet, and
its Breadth 4 § Feet. In the Body of this, at B, the Drawer C is contrived
to go in and out, which is § Foot high, 3 i Feet. long, and 2 ¢ Feet
broad; into this Drawer, through a fine Hair Searce or Sieve E falls
the Meal, which goes down the fhelving Boatds in the Box A, and
which you may take out with a little Wooden Ladle, made for that
Purpofe, in the Form as you fee Fig. E. D is a Crofs that holds the
Sieve with four little Iron or Wooden Pegs or Pins, thereby making it
ferve with the more Convenience for fifting. G is'a Goofe-Wing, or
the Wing of any other Bird, for fweeping the Powder together. H is
a dry, {fmooth, wooden, mealing Table, which is on each Side inclofed
with a Board, upon which your Ingredients for' Gun-powder are to be
ground and pulverized, or mealed. I, K, L, are Grinders, for grind-
ing your Ingredxents upon the above Table. M is another Table with
a fquare Hole in the Middle of it at N, which is fhut up clofe whilft
the Materials are grinding and pulverizing, but opened when you
would withdraw your Ingredients.

L1 OF
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PART ¢he FIRST.

BOOK I
Of RockeEers

93¢ OCKETS have always held the firft Rank of the
08¢ {cveral forts of Fireworks, that have been for fo ma-
ny Years paft in Vogue. The Latins called them
Rochete, and the Greeks, Pyroboli ; which laft De-
nomination does not ftri¢tly agree with what we un-
derftand by a Rocket ; inafmuch as wvex€ean proper-

~ly fignifies Tela Ignita, or Fiery Darts. The Ita-
lians call them Rochette and Raggi; the Germans, Steigende Kaften, Ra-
getten and Drachetten ; the French, Fuzees ; and the Poles, Race. So
much for their Names; but as to their Invention, it is certainly as an-
cient, as the Conftru&tion of them is now common and familiarly
known to Pyrobolifis and Fire-Engineers; which, tho’ it may at firft
Sight appear very eafy and fimple, yet it requires the utmoft Labour
and Skill to bring them to Perfetion, and is the firft Task enjoined to
the Difciples of * Prometbeus, who would learn the artful Management
of Fire. And truly I think it very reafonable that this fhould be their
firft Work, inafmuch as all the forts of Fireworks exhibited for the pub-
lic Diverfion, fuch as Fire-wheels, Cymetars, 8&c. make but an imper-

* He is fibled by the Ancients to have made Man of Clay or Earth; and to have ftolen Fire
from Heaven wherewith he animated the Man he had made.
fett
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fe Appearance without them. 1T therefore thought myfelf obliged in
this Third Book, to inftruc you in the due and proper Methods of pre-
paring them; to thew you their different Forms and Conftru&ion ; and
to difplay the particular Ufe they are of.

CHAP L
Of Small and Middling Rocket-Moulds.

SORT L

OCKET-MOULDS are commonly made of Brafs or Lattin; or
they may be turned of fome hard Wood, fuch as Cyprefs, Palm-

tree, Chefiut, Box, Walnut, Juniper, Wild Plumb, &c. But if you
would have them formed of more valuable Materials, you may make
choice of Ivory, or fome fine Indian Wood. Workmen do not always
obferve the fame Proportions in the Dimenfions of them, no more than
the fame exterior Ornaments in adorning them; and in this they
verifie that Proverb, which fays, 4s many Men, fo many Minds. 1 fhall
now give you the Proportions of fmal{and middling Rocker-Moulds ;
(obferve here that we call thofe Rocket-Moulds, {imall, whofe interior
Diameter or Orifice cannot receive a Leaden Ball or Bullet that exceeds
1 1b: the middling Sort, are fuch whofe Diameters dan admit Bullets
from 11bto 2 1b, or 3 1b at the fartheft : and thofe are called great
Moulds, whofe Diameters can admit of Balls from 2 15 to 100 1b.) as to
the Moulds of the larger Sort, I fhall fpeak of them in the following
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Chapter. The firft Mould then is after this Fathion. In Fig. 20. I fup- Fig. 20.

pofe that the interior Diameter of the Mou/d (viz.) A, B, is equal to the
Diameter of a Leaden Bullet of 1 1b ; and that the Height of the Mou/d
from Yo E, is 7 of the aforefaid Diameter; and that from E to G is
the Heighe of the Breech or Bottom, which ftops up the Mou/d whilft
the Rocket is driving ; which is 1 ; Diameter. You muft here take No-
tice, that it is the common Praétice of Pyrobolifis to meafure the hollow
Cylinders or Orifices of Racket-Moulds by the Diameters of Leaden Balls.
To return then to our Subje&: upon the Bottom you have a folid Cy-
linder whofe Diameter is C, D, or 13 of its Height, which is 1 Diameter
of the Orifice: This Cylinder is crowned with the Hemifphere or Half-
Bullet L O P M of ¢ of the fame Diameter. As to the Ornaments
in general, they muft be left to every one’s particular Fancy ; but we moft
commonly affe@ an Imitation of the Columns of Architecture. In our
Figure the Height of the Capital is one Diameter. Now to form the
feveral Members of it; this fame Diameter being fet off from Y towards
G, upon the Line Y, G, you fhall rifedt it into 3 equal Parts; each of

I , which
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which fhall be fubdivided into other fmaller Parts. Moreover from F
to K you fhall fet off one Diameter for the Members of the Bafe. 1
fhall be more particular upon this Head when I come to the Explanati-
on of the following Figure, which is more artfully wrought, and more
adorned than this: But in the mean time you may take all the Propor-
tions of this with a pair of Compaffes. The Thicknefs. of.the .Mould
from A to W, and from B to X, as likewife from S to Z; and from Aa
to R, and then down to T and U, is 1 & a Diameter of the Orifice of the
Mould ; but from F to C it is a2 whole Diameter, and in fhort from G to
H it is 3 of the fame Diameter. I isan Iron Pin that runs through the
Subftance of the Mow/d, and through the Cylinder upon the Bottom, to
keep them together whilft the Rocket is driving.

SORT IL

In Fig. 21. the Height of the whole Moz/d G, E, is ¢ of the Diame-
ter A, B, two of which are taken up by the Bottom. A, B, C, D, is
the Hollow of the whole Moxld, A, N, or G, L, is the Height of the
Capital of it, and is 1 % of the Diameter A, B. Now this Diameter being
divided into 80 equal Parts, it will expedite our taking the Proportions
of all the particular Members of the Capital. Firft then, in going
downwards, the Sloping Cornifh fhall be # Parts high ; the Lift of it 3;
the Echinus reverfed 7; the Lift of that 3; the Cymatium or Doric
Gule-revers'd 7; the Lift of it 3; ‘the upper Band 10; the Face 10; and
the nether Band 10 alfo; the Reglet 2; the Apophyge 10; the upper
Ring 2; the Aftragal 4; and-the nether Ring or Neck of the Column 2:
the Projeltures of one and the other Lift or Fillet is 5 Parts; as is
alfo the Retreat of the Face. The half Diameter of the Doric Gula
fhall be taken upon the Perpendicular of the Face, and upon the
Reglet that is under it; but the Semi-Diameter of the reverfed Echinus,
fhall be taken upon the Perpendicular, that defcends from K upon A, G;
as for A, K, it thall be 30 Parts of the Diameter. The Semi-Diameter
of the nether Echinus anfwers to its own Height. The right Line U, F,
terminates the ProjeGture of the Lifts or Rings on one Side, and the
Line I, E, on the other ; but that would be encreafed if from B and U,
and A and I you allow 60 Parts of the Diameter. Know alfo that thefe
right Lines determine the lower Part, or Bafe and Pedeftal of the Mou/d.
‘The upper Thicknefs of the Mou/d as far as the Aftragal is § 2 Diameter
of the Orifice or 40 Parts, but the Lower Thicknefs of O, P, upon the
Bafe is 50 of the fame. All the Thicknefs of the Middle or Shaft of the
Mould is terminated by the right Line M, O, but the Thicknefs of the
Bafe by that other Line E, W, upon E, I; the whole Bafe is 1 ; Dia-
meter in Height. Let us now fpeak of the feveral Members going up-
wards: Firft then, the Plynth is 110 Parts high; the. little Echinus re-

verfed 8; the Lift under it 2; the Doric Cymatium 6; the Reglet 2;
the
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the Tore 6; the Liftel 2 ; the Projeture of the Lifts, and the Semi-Dia-~
meters of the Echinus reverfed, and Doric Cymatium, anfwer to their
refpective Heights. The Members of the Pedeftal are the little Tore which
is 3 Parts, and the Reglet but two Parts only. The Diameter of this (viz.)
E, F, is 3 of the Diameter aforefaid. The Cylinder C,Q,R, D, upon the
Pedeftal is one Diameter in Heighr, and its Thicknefs Q_, R, is78 Parts
of the fame Diameter : The Diameter of the Hemifphere upon the
Cylinder is § of the Diameter of the Mow/d, and confequently 60 Parts
of it. This is what I have to fay of the lefler Rocket-Moulds, as well of
the leaft as the middling Sorts.  If cherefore you would fucceed in your
Attempts in this kind of Work, you muft take care nicely to obferve the
Proportions we have laid down; but indeed the outward Embellith-
ments may (as we have already faid) be alter’d, and varied according to
the Fancy of the Perfon who makes them. Befides thefe two Figures, I

o
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prefent you a third (viz.) Fig. 22. by means of which we may determine Fig. 2a.

the proper Dimenfions and Ornaments of great Rocker-Moulds; and
from thence find the due Proportions of thofe of lefler Sizes. That
which I have given in this Figure is but of one Loth or half Ounce;
and from thence we may find out Mowlds for the % % 3, & Part of a Loth
after this manner. The Bafe of the Figure AB, is divided according to
a Cubical Ratio, and upon the Points of Divifion you have Perpendicu~
lars ere@ed, which are terminated by the Secant C, D, which muft be
produced from C to D; provided that B C, which is the Height of a
Mould of one Loth, be 9 Diameters of its Orifice or hollow Cylinder;
and then all the Perpendiculars may be drawn of the fame Proportion as
to Height. ,

Obferve here that the Semi-Diameters or Radii of the Quadrants, and
the Lines produced to the Extremities of them, in the Figure of the
Mould of one Loth, denote the Thicknefs of the Moz/d in the Places
where their Centers are fituated. To conclude; what we have here
faid concerning the Proportions of fmall Rocket-Mowlds found out by
means of a larger, may be inverted; and you may reciprocally have the
Proportions of large Moulds by means of one of the fmaller fort..

CHAP IL
Of grear Rocket-Moulds.

W E have in the foregoing Chapter limited the Proportions of fmall
and middling Rocket-Moulds ; having allowed them 7 Diameters
of their hollow Cylinders without reckoning the Bottom: And it muft
not be wondered that I have taken this Liberty; my continual Expe-
rience, and the moft valuable part of my Life which has been devoted
Mm to
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to this kind of Study, having fufficiently confirmed my Practice, and
convinced me that they ncither can nor ought to be made otherwife, if
you would have them to anfwer as they thould: And the Authority of the
moft modern Pyrobolsfis will fupport me in what I have laid down; for
to fpcak my Mind, it is in vain for you to feek after thefe nice Propor-
tions in the Writings of the Ancients; for if you compare them all to-
gether (I affure you, I have now before me at leaft a couple of Dozen of
Authors who have written on Pyrofechnics,) you will find them not only
widely different from one another, but likewife entirely contrary to my
Obfervarions, and (if I may fo fay) Diametrically oppofite to my Pra-
&tice. But be this as it will, T fhall give you fome of their Rules and
Dire&tions to confirm my Affertion. Firft then; Brechtelius in the fe-
cond Part of his Pyrotechnics Chap. IX. faith, That the Mow/d of a
Rocket of one 1t, ought to be the Height of 2 Fingers, and the Diame-
ter of its hollow Cylinder the Breadth of two of the fame. Here the
Diameter and Height are in a Subquadruple Proportion to one another ;
but he increafes his Moulds by adding fucceflively 2 of a Finger both to
their Breadth and Height. From this Progreffion this confufed Difpro-
portion will arife, ‘That a Rocker-Mould of 17 1b will have its Diameter
in a - fubduple Proportion to its Height ; and the Diameter of one of
100 1B will be within a little more than ; of its Height : Thus the Dia~
meter and Height will be to one another as 106 is to 131; but as this
Number is a Surd, " it cannot be reduced to the loweft Ternm. - However
the He:ght will be to the Diameter in a fuperpartient Proportion or as
1, %% Parts.  You muft here again obferve that the Diameters of his
Moulds are not increafed in a Cubical Ratio as they ought to be, but by
an uniform Progreffion (namely) by the Addition of ; of a Finger; and
that the Heights of his Moulds are mott fadly proportioned to their Dia~
meters : Upon the whole, I am perfuaded that this good Man never made
any Rockets in his Days, that exceeded one or two Ib ; for it would have
been impofiible for him to make fiich ill-contrived Things depart, or ob-
lige them' to mount up, they being almoft'as broad as they were long,
This is not the leaft Defe@ when he’ fays, that the Diameter of a Mould
of one 1b ought to be 2 Fingers; for it being certain that 2 Fingers ex-
aétly conftitute the Diameter of an Iron Bullet weighing one 1b of No-
remberg ; it will follow, that the Diameter-of a Moz/d of 100 1b will ac-
cording to his reckoning be 26 Fingers andi. Now if we fuppofe this
Diameter to be that of an Iron Bullet, it ought to weigh 2326 1b
3 Ounces: But if we fuppofe it to be the Diameter of a Leaden one (in
purfuance to the prefent Pratice, as I before hinted) fuch a Bullet fhould
weigh 3370 15 13 Ounces. By thiis; any one may readily perceive the
wrctchcd Miftakes: Brechtelius Has fallen into, and how abfurdly. he rea-
foned upon this-Head; and'confequently take care not to mind what he

+ This is right, The French- has it Subdecuple, which is impoffible,
teaches.
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teaches.  Yobannes Schmidlapius is the fecond of thofe ancient Pyrobo-
kfts 1 fhall mention, who lived fome time before Brechtelius. He would
have the Moulds of all Rockets be the Height of 6 Diameters of their
Orifices ; as for the Diameters themfelves he increafes them after this
manner. He divides the Diameter of the firft Mou/d into five- Parts
(which he fuppofes in his Figure to be equal to that of a Loath or half
Ounce of Lead ) and adds two of thofe Parts to the firft Diameter to con-
fticute that of the fecond Mou/d.  This is the Order he obferves in the
Conftru@ion of Moulds ad Infinitum. But to fpeak my Mind as to this
Matter ; he allows too great a Height to his larger Moulds, and has af-
figned no certain fixed Meafure for the Diameters agreeing with the
Diameters of Leaden or Iron Bullets. However I have often tried, and
found that Diameters increafed after the manner he prefcribes, obferve
the following Progreflion with regard to Leaden Bullets; (namely) the
fecond Diameter containing ; of the firft, is exa@ly the Diameter of 2
Leaden Bullet of 3 Loths: The Third containing 7 of the fecond Diameter
anfwers to that of a Leaden Bullet of 7 Loths; the Fourth of 7 of the
third Diameter is equal to the Diameter of a Leaden Ball of 20 Lozhs:
The Fifth containing } of the fourth Diameter is equal to that of a
Leaden Bullet of one 1 22 Loths : ‘The Sixth 7 of the fifth Diameter is
equal to the Diameter of 2 Leaden Ball of 4 Ib 26 Loths : The Seventh
7 of the Sixth, to the Diameter of a Leaden Bullet of 13 1b: The
Eighth Z of the Seventh, is the Diameter of a Leaden Ball of 34 1b:
And to conclude ; the Ninth  of the Eighth is equal to the Diameter
of a Leaden Bullet of 98 1t. From what I have here been faying, it
- follows, that this Author has not afcertained any fix'd or limited Propor-
tion to increafe the Diameters. But this is pretty excufable, and we do
not condemn him entirely ; inafmuch as he has taken upon him to thew
us, how to make Rockers of fuch Sizes, that a fmall one may exadly fill
up the Hollow of a larger. This may be eafily conceived ; for if (for
Example ) you take the Diameters of ¢ Rockets, beginning from one
Loth, to fuch a Number of Pounds as we have fpecified above; the
Eight Firft being put into one another, they will all very conveniently
go into the ninth and laft Recker, the Diameter of whofe. Orifice
is equal to that of a Leaden Ball of ¢8 1b: But you muft take care that
the Paper of your fmall Cafes, and the Wood of the great ones do not
exceed § of their refpedtive Diameters. Thefe two Pyrobolifis 1 have
now been fpeaking of, are the moft anci¢nt I can recolle® ; the firft ha-
ving printed his Pyroboly about 59 Years ago; and the other publithed
his about go Years fince. Amongft thofe of the lateft Date, we find
Diegus Ufanus. ‘This Author, in Chap. XXVL. of -the third Treatife of
his Artillery, determines the Heights of little and big Rockets to be 6 or
7 3-of their Diameters: Therefote in this, e comes pretty near to the
Proportions of our {mall Rockets; but differs widely from our Rules
with regard to Great ones. But the moft modern and moft excellent Py-

robolift

13
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robolift of all thofe I ever read (without difparaging Adrian Roman,
Fames Valbaufe, Furtenbach, Frontshergue, and feveral other worthy
Perfons, who have treated learnedly on this Subje@) is one called Han-
zelletus Gallws, who by his Name thould be a Frenchman : This Author
makes the Mou/ds of all his Rockets from one Loth to 6 1b to be 6 Dia-~
meters, and it is in this that he difagrees the moft from us: But as
for great Rockets (in which confifts the whole Secret of the Art) he
fays, it is fufficient if they be 4, 4 ;, or 5 Diameters in Height;
here he approaches very near to our Proportions. As for our Ob-
fervations on the Conftruction of great Rockets, we here prefent you
with a Mould (Fig. 23.) calculated for the making thofe of 20 1b, I ha-
ving fuppofed the Diameter of the hollow Cylinder A, B, to anfwer to
the Diameter of a Leaden Bullet of that Weight, The Height A, C, or
B, D, is 6 $= Diameters: And is taken from the following Tabl,
where 86 correfponds exattly with 20 1b; that is, thac the Diameter
A, B, being firft divided into 100 equal Parts, 86 of them were taken
off by the Compafles, and repeated 7 times from A or B, towards C or
D, to conftitute the Height of the Mou/d A C, or BD. For as the Dia-
meter compofed of 100 equal Parts being 7 times repeated gives the
Height of Rocket-Moulds of one 1b, fo 86 being 7 times repeated gives
the Height of a Mou/d that is 6 4= of its Diameters. Thus you may find
the Heights of all Mou/ds whofe Diameters anfwer to the Diameters of
Leaden Balls as far as roo It.  But if you would have them by the Rule
of Three, fay, as 100 is to 7, {o is the Number over-againft your Num-
ber of Pounds in the following Table to a fourth Number. Or you may
divide the Diameters of the hollow Cylinders of the Moulds into 100
cqual Parts, and take as many Parts from thac Number, as anfwer to
the Number in the Table oppofite to the Number of Pounds anfwering
neareft to the Diameter of your Mou/d; a fevenfold Repetition of which
will give the due Height of the Mou/d you would make. 'The fame it is
with the Diameter of a Mowld of 100 Ib, which if it be divided into 100
equal Parts, and with a pair of Compaffes you take 4 57 of thofe Parts;
a fevenfold Repetition of them will give the Height of a Rocker-Mould of
100 16, and which will be 4 of its own Diameter minus 4ss or 399
of fuch Parts as its Diameter is divided into.

From hence it is evident that I have not fallen into an Extreme of too
much nor too little with regard to thefe Proportions ; for I have neither
increafed the Heights of Moulds by an uniform Progreffion after the

t Example: as 100 : 7 : 2 g7
A

I—'?gl;’—b2= 3 fg’g= 400 — 153=399 Divifions of
the Diameter.

manner
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manner of Brechtelius, nor laid down one univerfal Dimenfion of Height
with refpet to the feveral Diameters ; nor always kept to 6 and 6 § Dia-
meters, like Diegus Ufanus and Schmidlapius. Upon the whole, I have
not augmented the Diameters according to the Methods of Schmidlapius
and Brechtelius, by dividing them into § Parts, and adding 2 of the
like Parts to them to conftitute the Diameter of the fubfequent Mould,
nor by adding % of a Finger, as they have done; but I have decreafed the
Heights of Moulds proportionably to the Increafe of their Diameters in
a Cubical Ratio; fo that I believe no one can tax me with having com-
mitted a Miftake upon this Head.

Now that you may have no manner of doubt upon you with relation
to what I have juft been faying, I here-under prefent you with a little
Table ; which has not been calculated fo much by Theory and Specu-
lation, as confirmed and afcertained by my long Practice; which, toge-
ther with the many Lofles I have fuftained, and the daily Expences I
have been at in my Profecution of this Study and Art, gave Life to my

Invention.

A T ABLE of Heights for grear Rocket-Moulds.
Pound Weights of Leaden Bullets (Hundredth Parts of Diameters in
whofe Diameters anfwer to the| a fubfeptuple Proportion to the
Diameters of Rocket-Moulds. Heights of Moulds.
I 100
2 98
4 96
6 %
8 92
10 9i
'3 3
15
20 86
25 84
30 82
35 8o
40 78
45 77
50 75
55 73
6o 71
65 69
70 67
75 66
8o 64
85 62
9o 61
95 59
100 57

Nn This
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Fig. 24.
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This is not enough : Let us return again to our Figure, and we fhall
find @till fomething farther relating to this Proportion of Mou/ds. E X
then, is the Height of the Bafe of one Diameter of the Orifice or hol-
low Cylinder: X, C, is the Thicknefs of the Mou/d throughout, which
is ¢ of the fame Diameter ; E, F, is the Solidity of the Bafe or Bottom
equal to 1 } of the aforefaid Diameter; B, P, or A, P, is the Capital of
the Mould whofe Members are reverfed or go upwards: The Lift is 3
of the Diameter in Height ; the Echinus reverfed ;3; the Reglet is 735
and in fhort, the floping or inclining Cornice is 5. Q Q fhew the Thick-
nefs of the Subftance of the Mould; P P denote the Hollowings wrought
in it, which muft be woulded, or fecurely girt round with glued Cord,
to prevent the Mould from fplitting whilft you drive the Rockez: Thefe
Hollowings are 7 Diameter deep. Befides this, there is a Wooden Cy-
linder joiping to the Bottom, which is the Height of one Diameter ; but
this Dimenfion for it will not always obtain; for in great Rocket~Morlds
from 40 to 70 1b, it muft be but § of a Diameter, and in the reft all
you come to roo Ib, it muft be but § Diameter. This Cylinder muft
be crowned with an Hemifphere, or half Bullet, whofe Circumference
is deferibed from the Center. N, and whofe Diameter is equal to
3 of a Diameter of the Orifice or hollow Cylinder aforefaid. R, is a
finall Cavity where a Ring of fome Metal is commonly faftened. W, is
an Iron Pin that keeps the upper and under Part of the Mou/d together.
As to any thing elfe, that may be farther remarkable in this Figure, we
fhall fpeak of it in the next Chapter.

In Fig. 24. you have a Mould for the Conftru&tion of Paper Petards
(in Englifb, Crackers) which I fhall thew you how to adjuft, and make
ufe of in the fubfequent Chapters. I would only have you obferve here
that the Height of thefe Moulds, which is A, B, C, D, ought tobe 4
Diameters of their hollow Cylinders, and that the Height of the Bot-
tom I, K, and of the folid Cylinder G, E, or HF, is one Diameter; in
fhort, the upper Surface of this Cylinder, E F, muft be a perfe& Plane,
except where it is heightened by the Hemifphere.

CHAP IL

Of feveral Infiruments for Making, Choaking and Driving ail
Sorts of Rockets.

OUR Rocket-Moulds being thus adjufted, according to the Propor-
tions laid down in the foregoing Chapters, it will be neceffary that

you be provided with feveral other Utenfils for carrying on your Work.
In the firft Place then; for fmall and middling Rockess you muft have a
Wooden
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Wooden Cylindrical Driver or Rowler (for very fmall ones we ufe a
litcle Iron Rod) whofe Length fhall be equal to the Height of the Mou/d,
and its Thicknefs § of the hollow Cylinder. See the Reprefentation of
it in Fig. 25, where the Line A B is the Length of 7 Diameters of theFig. 25.
hollow Cylinder of the Mould of the fecond Model in Fig. 21. the lower Fig. ar .
end of it terminates in an Hemifphere, whofe Semi-Diameter is § of the
Diameter of the hollow Cylinder (for it is proper this Rowler or Former
thould be a little longer than the Height of the Mou/d) and the Thick-
nefs of it C D, is § of the fame Diameter. E is the Handle of it,
which ought to be a Hand’s breadth in Length. Upon this Rewler or
Former you fhall pafte or glue together, as nicely as you can, fome good
firong Paper, till by the feveral Turns of it your Cafe has acquired the
‘Thicknefs of ¢ of the Diameter aforefaid ; notwithftanding that in the
firft Mould, Fig. 20, I have fuppofed this fame Thicknefs to be § of the
Diameter ; for then it is neceflary that this Row/ler or Former {hould be
% of the Diameter. But for great Rockets that are made of Wood, fuch
as you fee in I K Fig. 23, the Thicknefs K B, or A Iis ; of the Diame-
ter, or a very little lefs; for there is always a fmall Space, as S, left be-
tween the Concavity of the Mould, and the Convexity of the Rocker,
that there may be room for a pretty fubftantial Woulding of ftrong
"Fhread or Cord, with which the Outfide of the Rocker is commonly
reinforced. ‘The Neck or lower Part, G O, of the Rocket in the fame
Figure is ¢ of a Diameter. Now if your Rockets are made of Wood, you
cannot ufe the Driver or Rowler 1 have been defcribing above, which is
defigned only for Paper or Canvafs Rockets ; but for Wood it muft be
of a Diameter, and its Length fhall be equal to the Height of the Mox/d,
minus the Height of the Cylinder upon the Bottom. Upon fuch a Row-
ler or Former 1 have made Paper and Canvafs Gafes for Rockets of 20 or
30 iband upwards, and afte; having woulded and fecured them round
with glued Packthread, I have put them into the Nave of a Cannon
Wheel, and having encompafled them firmly with dry Sand, and fa-
ftened them with Coins, and fixed a Bottom under them, I have in that
ofture driven them very conveniently.

Secondly, you muft have a Remmer or Driver different from this, for
charging your Rockets, which may be conftructed two feveral ways; for
if you intend to bore your Rockets after they are driven, (as we fhall
hereafter obferve) you fhall give it the Form you fee reprefented in Fig. Fig. 56,
26. TwisLength A B, fhall be equal to the Height of the Mox/d, and its
Thicknefs B C fhall be minus i; equal to the Axis C, D, in the firft
Figure, and fhall be perfectly fmooth and round, that it may the more Fig. 14,
conveniently drive or ram the Compofition, and confolidate it in the
Cafe or Coffin. But if you would drive your Rackets upan Copper or
Iron Needles or Piercers, fuch as O P Q, and L M H, in Fig. 20. and Fig. ,,,
23, your Driver ot Rammer (hall be of the very fame Dimenfions with and 23.
the Hollow of your Racket-Cafe, or Coffin, and fhall have a Cavity in ic

I that
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Fig. 34.
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that exa&ly fits the Piercer or Needle; to the end that when you drive
your Rockets the Needle may have free Accefs into the Driver, and
that confequently the Compofition may be driven and compacted in 2
firm Body all round it. You muft here obferve, that if the Needle is
fixed in the Bottom of the Mou/d(which it muft of ncccfﬁty be, if you
would have it in a perpendicular Pofition, and exa@ly in the middle of
the Rocket, upon which much depends) you muit have another Bottom
without a Needle for adjufting the Paper Cafes, and a Driver or Ram-
mer according to the firft Model; or a hollow Driver, as we faid before,
In Fig. 24. (for Example) B A, is the Length of the Driver equal to the
Height of the hollow Cylinder of the Rocker reprefented in Fig. 23,
its Breadth B C, is equal to the Diameter of it, or a little lefs, as
we have already faid: And D, F, E, is the Hollow that receives the
Needle.

Befides thefe two Rammers or Drifts, Pyrobolifis have a Third equal-
ly neceflary for driving Rockets upon Needles. You may fee the Form
of this in Fig. 28. where its Length A B is equal to the Height of the
Rocket above the Point of the Needle; that is, from L to I K the Mouth
of the Rocket-Cafe or Coffin in Fig. 23. but its Breadth or Thicknefs B
C, is exa@ly equal to that of the firft Driver. This is for driving the
folid Part or the Head of the Compofition in the Rocket; and the
Handles D and G fhall be fafhioned as you fee in the Figures: The
Ends H and E fhall have Brafs Rings round them, efpecially when de-
figned for the ufe of great Rackets, to prevent their {preading or {plitting
by the Violence of the Driving.

Fig. 29. reprefents a Leather Belt or Thong, with its Buckle, Copper
Ring, and Iron Hook moveable to and fro upon the Belt. It is with
this that the Pyroboliff girds himfelf when he would choak his Rockets,
Fig. 30. you have another Hook with a Screw, which being fcrewed in-
to any Tree, or picce of Wood firmly fixed in a Building or otherwife,
ferves together with the Firft, to draw the Cord which is abour the
Neck of the Cafe after the manner that you fee in Fig. 31. Fig 32. re-
prefents the Cord, and Fig. 33. is a Wpoden Taper-bit for opening the
Orifice, when the Neck is choaked too clofe.

We have another Way of choaking middling Rockets (viz,) by a
Wooden Sheave or Shiver turmng upon an Iron Pin or Axis, over which
is a Cord, one End of which is faftened to an Iron Ring, and the other
to the End of a Treading Board or Treadle, upon which the Pyroboliff
prefles with his Foot, as may be feen in Fig 34.

But for the choaking of great Rockets, you may ufe the Contrivance
szg 3¢. with its endlefs Screw, and Handle to turn it (A) together with
its Hook and Iron Ring to which the Cord is tied to choak the Rocket,af-
ter having put into the Neck of it a Cylinder done round with Hair or
Wool, and crowned with an Hemifphere as may be feen in Fig. 36.
which ferves properly for forming a round Cavity in the Neck of

the
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the Rocket. Fig. 37 is fometimes ufed to the fame purpofe; it being Fig. 37-
an Iron Infirument with Hollows cut on each Side of it, into which you

put the Necks of your Reckets, in order to comprefs or choak them.
There are other ways of choaking Rockets, befides thofe I have men-
tioned. As for Example; you may faften any Handfpike or Lever to

any Wall, Pillar, or Rafter, and then pull upon the Chosker ecither by

a great Force or Weight. But as thefe Ways are out of Ufe, and auk-

ward in themfelves, I fhall pafs them over, and proceed to a Defcripti-

on of fuch Infruments and Things as are more neceflary for us to be
acquainted with. '

Fig. 38 reprefents a Copper Plate for making a Charger, as you feeFig. 39.
in Fig. 40. I have given it fuch Proportion, that its Length from A toFig. 4.
B is 1 § Diameter of the hollow Cylinder of the Racket ; and its Breadth
C D equal to 2 of the fame Diameter; and have ordered it {o, as to ter-
minate in a Semi-Circle at the charging End, and have to its Length
and Breadth added another Diameter refpeively, that it may be con-
veniently fitted to a little Wooden Cylinder or Handle to which it may
be faftened with fmall Nails; for let the Thicknefs of the Handle be
equal to one Diameter, and the Rotundity of its Convex Surface will be
3 Diameters, that is, equal to the Breadth E F. The Length I have
affigned for this Plate, ought to be obferved in making Chargers for lit-
tle and middling Rockets ; for I have often experimented, that Chargers
made in this Proportion contain exactly fuch a quantity of Compofition
whofe Height fills one Diameter of the hollow Cylinder of the Rocker.
Now it will be fufficient, if you put in as much Compofition at a time
as being well driven with 2 Wooden Mallet will take up the Space of
half a Diameter aforefaid. But in driving of great Rockets you muft puc
in lefs Compofition at a time ; for it will be fufficient if you put in half
of what we have direGted with refpect to fmall Rockets; and confe-
quently the Plate with which you would make a Charger, that thould
hold but juft fo much Compofition as to fill up half the Space we have
been mentioning of the hollow Cylinder of a great Rocker, and which
being well driven fhould be only £ of a Diameter in Height, thould have
its Length equal to but one Diameter. As for the Size of the Handle
to which the Plate is to be fitted, it fhall be in fuch Proportion as we
have above directed.

In Fig. 39 you have the Reprefentation of a Wooden Maller withFig. 39.
its Handle. It fhould be made of fome hird, heavy Wood, fuch as
Elm or Birch Roor; its Length or Height thall be 1 § of its Breadth or
Thicknefs, which fhall be proportioned t6 the hollow Cylinders of
Moulds after this manner. From 100 1b down to 5o 1b, your Rockets
thall be driven with Mallets, the Diameters of whofe Thicknefs are
equal to the Diameters of the hollow Cylinders of the Mowlds: But all
other Rockets down to 10 b, with a Maller whofe Diameter is equal to
that of a Leaden Bullet of 50 1b. In fhort, all from 10 1b to 1 1b, fhall

Oo be
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be driven with a Mallet whofe Diameter is equal to that of a Leaden
Bullet of 40 1b; and as for thofe from 1 1b to 8 Loths or 4 Ounces, they
fhal] be driven with a Mallet whofe Diameter is equal to that of a Lea-
den Bullet of 2a Ih. Or to da better, and fpeak mere plainly; all your
Mallets from 100 1b ta 10 1b fhall have their Diameters equal to the
Diameters of the Orifices of their refpective Mou/ds ; which done, you
{hall make g Cavity in the Ends of them which you do not ftrike with,
into which you muft pour as much melted Lead as may be fufficient to
make them as hegvy as the Bullets by whofe Diameters the Orifices of
their refpe@ive Moulds are meafured. We may with a Mallet of 10 1b
drive all other Rockets, down to 4 1b; and from 4 16 to 1 Ib with a
Mallet of 6 1b; and from one Ibto 1b fs with a Mallet of 4 1b. In fhort,
from Ib fs to 4 Loths, or 2 Ounces, the Mallet fhall weigh 2 1b.

As for the driving of very fmall Rockets, or (as we call them in Eng-
glith) Squibs, you need not be fo nice in the Preparation of them. I
have known fome modern Pyroboliffs who afligned a determinate Num-
ber of Strokes, and Mallezs of various Weights, for the feveral Compo-
fitions they ufed in driving a Rockez of any one particular Size; fo that
they changed the Weight of their Maller, and varied the Number of
Strokes, according to what Compofition they ufed. But in my Opinion
this Rule is more ridiculous and whimfical, than ufeful; therefore fet-
ting thefe Abfurdities afide, this is the moft certain and beft Method
that can be purfued with regard to this Matter ; (namely) When you
pour Compofition into your Rockets, it thall not be too dry, for fear of
its difperfing, and flying about in a fubtile Meal or Duft whilft you are
driving it ; but fhall be a little moift, to the end that it may collet the
better, and be the more folidly comprefled in the Cafe or Coffin of the
Rocket. You may believe, it is impoffible to afcertain any determinate
Number of Strokes that may be exatly fufficient in driving it; and
therefore we can only fay that the Compofition ought to be driven and
beaten till it is become as hard as a Stone. As for thofe Particles that
are dried by the Violence of the driving, and will pot unite with the
reft ; they fhall from time to time be turned out, by fooping the
Mpuld, and firiking it briskly t0 make them fly abroad. I muft farther
caution you, to ftrike the Driver with an equal Number of Strokes,
as often as you pour your Compofition into the Cafe; and let your
Blows be given with an uniform Force, neither too violently nor too
gently, byc with moderation, and makiag a fhort Paufe after each Blow,
The Weag,lm of, the Mallet thall be as, we have ordered above, The
Compofitions fhall be taken and ufed in Proportion to the Diameters of
Rockets, as we fhall obferve in the following Chapter ; and beware of
ufing an hundred different Sorts.of Compoficions, for one or any parti-
cular fized Ra‘c_ket,v and only ftick to on¢ or two, which you. fhall by
Experience find to, be the beft. To this I fhall add, that fuch Ingre-
dients as are too dry, imperfe@ly. mealed, and negligently fearced, or

1 that
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that have too much Charcoal amongft them made of any hard, grofs
Wood, cannot be confolidated without a great deal of Labour, and
therefore muft be driven much longer than thofe which are free from
thefe Defedts. I muft furthermore inform you that the ftronger the
Compofition is, fo much the more ought it to be driven ; that the Fire
may meet with the more Obftruction in confuming i, and that by
means of its folid Confiftence the Aétion of that Element may be re-
firained. But this, on the other hand, is apt to throw us into a great In-
conveniency ; for the Violence of the driving greatly adds to the
Strength of the Compeofition, and indues it with I know not what ex-
traordinary Virtue which it had not before ; therefore muft you keep
this Sentence in Mind, as a general Rule to be obferved in our Art
(namely) Serva Mediocritatem : Avoid Extreams, and keep in the. mid-
dle Path, left by running into either Excefs, your Labour proves vain
and abortive. But let us have done with this Digreflion, and refume
our Subject. Say we then, that the longer the Handle of the Mallet is,
and the higher the Pyrobolif? lifts up his Arm to firike, with fo much
the more Velocity and Pawer will the Mallet fall upon the Head of the
Driver that is bencath. So that a Mallez of 10 16 only will a& much
more violently, and defcend with greater Force, than one of double that
Weight, but whofe Handle is only Subdecuple of the Firft. If you
would know the Caufe of this, confult the Mechanics, and they will fa-
tisfie you. There are thofe who imagine that all Bodies that are put in
A&ion by any means whatfoever, act with the more Power upon the
Bodies they impinge, the denfer the Air is between them : For (fay
they) it is cercain that the Air is condenfed in Proportion to the Velecity
of the defcending or atting Body ; and all fuch as move in a Circle (I
{peak of this circular Motion only) have their Motion the more {wift,
the farther they are remaved from their Center of Mation ; fo that the
Velocities of Bodies in this cafe, are to one another refpe@ively, as the
Radis of the Circles, and the Circumferences they defcribe. If now
you take the Handle of a Mallet that is fomewhat long for the Radius
of a Circle, the Center of which is fuppofed to be in the Arm of him
that ftrikes ; * This Mafler will move more: freely, and with greater Ve-
« locity- and Power, than another Ma//e#, whofe Fraadle is thorter though
« it Weight may exceed that of the Firft ; but is flow and lazy in its
« A&ion by reafon of the Shortnefs of its Handle.” Thefe Arguments are
fine and plaufible : But for my part I cannat help thinking, that this may
with much more reafon be attributed to the Conffruétion of the aiZing Bo-
dy or Mallet, than toany other:Accident; and: I cannot perfuade myfelf that
the Denfity of the.Air camany way: contribute towards the Celerity of the
Maljet, or make it fall the heavier upon the Driver ; and my Reafon is,
becaufe there can be but little Air in the Space taken up by the Mallet
in.its circnlac Motion: Addito which, that by a.frequent Repetition of
that Motion the Air interpofed between the A&ive and Paffive Boi);
wou
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would be rarified and difperfed, inftead of being condenfed, and commu-
nicating 4n Increafe to the Itenfity of the Power of the A&ing Body.
But we fhall in another place have occafion to trace out more particu-
larly the Caufes of the Rarifaction and Condenfation of Air, where we
thall examine in what degree the Air interpofed between two Bodies
(namely, between one fixed, and another moving naturally, or by any
Force imprefled) can cither affift or deftroy the Motion. I fhall here re-
mind you of what I faid above (wiz.) that the Force of an Arm that acts
with Violence, greatly increafes the Velocity of the Mallet, and confe-
quently makes it fall the heavier upon any Objeé.

As to great Rockets you may conveniently drive them, if inftead of a
Mallet, you ufe a kind of Beetle, not much unlike what Architelts and
Workmen commonly drive down Piles, Palifades and Stakes with, pro-
vided you take care to have it of a moderate Weight. This Engine is
compofed of 3 Spars or Poles well faftened together at Top with a Rope,
and fpreads out in 3 Legs at the Bottom ; and has two perpendicular
Timbers, between which the Ram (as fome call it) with its Iron Rings,
and Head armed with the fame Metal, is hoifed up by means of a Rope
reaved through a Pully at Top, and being up, it falls down again by its
own Weight upon the Driver; which by this Blow violently compref{-
fes, and confolidates the Compofition in the Rockes-Cafe. If this Beetle
does not exceed 100 1b, it may be eafily kept going by two Men, and
the longer the Spars are the higher will it be raifed ; and confequently
falling through a greater Space in its Defcent, the more will its Power
be increafed, according to that common Saying, Gravis Cafus ab alto,
Mar. Merfennus in his Hydraulics, Baliftics and Mechanics, treats large-
ly of this, to whom I refer fuch as are defirous of being particular-
ly inftru@ed in it. Let us now return to the reft of our Infruments.
In Fig. 41 you have an Iron Cylinder terminating in a Point (or rather
+ Punch) towards the plane Superficies at Bottom, with which we
pierce certain round Pieces of Pafteboard or ftrong Paper which are put
upon the Compofition after the Rocker is driven.  Fig. 42 reprefents an
Iron Cone that goes tapering to a very fharp Point, which may ferve for
the fame Ufe as the former Infirument : In A you have a circular piece
of Iron or Wood perforated in the Middle, which may be ftopped with
a fmall Nail or little Iron Pin, running into thofe Holes which you fee
all down the Cone with defign to prevent the aforefaid Piece of perfo-
rated Wood or Ring from flipping. The Diameter of this Ring fhall
be fuch as may exactly fic the Orifice of a Rocket whilft the Point perfo-
rates C. 'This may ferve for feveral .Rockets, provided it be long
enough, and that you have Iron Rings of feveral Sizes, adapted to the
Orifices of them. Fig. 43 fhews you the Form of a piece of Wood or

+ He muft here certainly mear a Punck; fox i is certain that a Pawch is fitter for the Work
he mentions than a Poins,

Cap,
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Cap, to cover the folid Head of the Compofition in great Rockets,
which is perforated in feveral Places, and has its Curve Surface hol-
lowed in a Groove like the Sheave or Shiver of a Block or Pully, the

ufe of which you fhall know hereafter. Fig. 44 reprefents the Pyro- Fig. 44.
technic Knife. In fhort, in Fig. 45 you fee feveral Tools diftinguithed Fig. 4s.
by A B and C, for cutting, hollowing, and ingraving all the Wood-

work ufed in the Conftruction of Pyrobolical Machines, a great Number

of which I fhall give you in the following Books.

CHAP 1V.

How to mix the Ingredients, and prepare Compofitions for
all Sorts of Rockets.

OUR Pyrobolifis may be very juftly compared with the canting 4/-
chymifts of the Times paft, (or the Prefent, if any are yet remain-

ing) who, tho’ they dealed in nothing but Smoke, yet arrogantly took
vpon them to be Profeffors of fonoble and excellent an Art as Chymiftry;
and fweating Night and Day in fearch of the Philofopher’s Stone, and
other fuch Whims as fubfifted no where but in their crazy Imaginations,
to the fruitlefs Expenfe of their own Wealth or that of others ; impofed
their Fallacies on the Weak and Unthinking for Truths and Things of
real Exiftence ; like thofe fugglers who throw Duft into our Eyes, to
hinder us from feeing through their T7scks ; and who like them are, ac
the End of the Chapter, obliged to feed on Coal, Afbes, and the Dregs
of their Alembics, and to drink the Tears forced from their Eyes by a
perpetual Smoke as an agreeable Ambrofia. For even as thofe footy
Adepts carefully wrapped up the Arcana of their Art, or rather of their
deceitful Artifices, which they upon occafion knew how to divulge with
fuch fpecious Appearances of Truth, and of which if by chance they
left any Account in writing, they neither exprefled it in Arabick, Chal-
dean or Syrian Characters, butas a Science of Diabolical Extra&tion, and
(if I may fo exprefs myfelf ) immediately derived from Hell itfelf ; and
all with a Defign to give their Profeffion the greater Weight with the
Vulgar ; knowing well that fuch Things as appear the moft myfterious
to them, and fall the leaft under their Apprehenfion, excite their 4d-
miration the. moft, and immediately beget in them a longing Defire
to be let into the Secret : Juft fois it with our Pyrobolifts, or at leaft
with the greateft part of them, who feem to have contracted this evil
Cuftom, and to have borrowed the Alchymift's ridiculous Politics : And
accordingly they would have us believe, that they obtained the Secrets
of their Arf, with much difficulty from their Mafters, or other Per-
fons deeply verfed in 7#: That thefe rare Things were communi-
Pp cated
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cated to them in Pledge of perfe& Friendfhip, or in Recompence for
great Services done, or in return for fecret Bribes of Money. But
mark here their great Difingenuity; and Malice of Heart! for left any
ene fhould eafily come at a Knowledge of thofe Secrets which they fo
carefully conceal, or gather any thing from their confufed Memorandums,
they commonly exprefs every thing ufed in Pyroboly, together with the
Weights and Meafures, by fuch uncouth Characters as are not to be un-~
derftood by any but themfelves. There are thofe, who have made cer-
tain explanatory Notes in unknown Characters to fuch Books as they
had before printed, which if they fhould happen to be loft, Farewel
Science ! we have nothing more to do than to fhut up our Books and
our Shops too, and believe that we have loft the Means of enriching the
Pyrotechnic Treafures, which had been locked up in thofe ineftimable
Cabinets. In truth, I{hould not difapprove of their Defign, but thould
commend their extreme Diligence even in this Cafe, if they would purfue
the Methods marked out by others, in their Endeavours to exalt their 4re
to the higheft degree of Perfection : But it is a very great Weaknefs and
Folly in a neceflitous Man to be athamed of borrowing from a Friend,
what he hepes to repay very foon with Intereft. It is a Task too tediousy
and unequal to our Strength, to acquire an univerfal Knowledge by our own
Induftry, without the Affiftance of others. But they are fo far from be-
ing communicative that they do their utmoft to hide what they have
learned as holy and fecret Myfleries ; fondly thinking, that if they were
to be divulged the Veneration they are had in would be diminithed by
the half, and that cenfequently the Profeflors of the Ar# themfelves
would lofe a great fhare of the good Opinion the World had conceived
of their Abilities. Indeed, I for my part have often feen great and
mighty Collettions of Secrets, Remarks and Annotations, (great and vo-
luminous as to Paper, but {mall and thin with regard to Science) and
upon Tryal have found that all thofe rare Tbings, which appeared fo
extraordinary to the Reader, were nothing but mere Smoke, the Effu-
via of diftemper’d Brains, or like Bladders fwelled out with Wind, which
can preferve their Bulk no longer than they remain unhandled and
clofed up. Since their Humour is of this odd Turn, I fhould think
they woud act more prudently, if they would try thofe Things they re~
ceive from others as valuable, and endeavour with all their Art to puc
them in Pradtice, before they infert them in their public Works, by
doing which they would no longer deceive others, nor be deceived them~
{elves. But the great Misfortune of thefe Men is their having a Notion,
that all {olid Learning confifts in a vaft Heap and Multiplicity of Arti-
cles and Inventions, which they colle&t together where-ever they find
them, without knowing whether they be Good or Bad, Valuable or not ;
but every thing fhares in their Efteem that does but contribute to fwell
up their Works.  But to have done with this Topic; I think thofe take
the moft prudent and commendable Methed in their Pyroboly, who

make
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make ufe of but one or two Compofitions only which they know to be
good, whether they be of their own Invention, or whether they be re-
ceived from any other, whofe Purfe is better able to go through thofe
expenfive Experiments; provided always, that they are founded upon
Reafon, and Gcometrical Demonttration. Now it being my Defign to
treat of the ncceffary Compofitions for all forts.of Reckets in this Chapter 3
I thall endeavour to thew (bcing certain that no one ever attempted it

" before) by what means, and in what Proportion the Ingredients ought
to be mixed for the Conipofitions of all Rockets ; to the end that from the
fine Harmony of their Affemblage, and what elfe you will find in the
Sequel of this Work, you may reap the Fruit and Benefit of our great
Labour.

We find fo vaft 2 Number of Compofitions amongft the Profeflors of
this Ar#, that it is as much as we can do, to guefs which are the beft of
them; for if we were to try them all, it would take up a great deal of
Time and Money. Upon this Account it is that I have given myfelf
the trouble for many Years paft of fecking after a Method, by which I
might readily come at a Knowledge of the Goodnefs of any Compofition ;
and have been {o nice in my Refearch, as to put none in Prattice ull I
had examined them by an exa@ Arithmetical Calculation, Geometrical
Demonftration, and by folid Arguments drawn from Natural Philofi-
pby. Ttis here then (Candid Reader) that I not only give you leave;
but if you are a good Pyroboliff; or if you have never fo little a {mat-
tering of the Mathematical Elements joined to a little Knowledge in
Phyfics ; I do even entreat you to examine all the Compofitions which I
am here going to offet you, thoroughly and to the bottom: For I am
pretty well affured that you will find nothing to difapprove of in either
my Theory or Pratice. But Firff you ought to know the following
general Rules, which will ferve as a Touchftone to try the Value of all
Compofitions, whether they be of your own Invention, or communicated
by others; and by means of which alfo you may contrive new ones at
pleafure.

The firft Rule is : Rochete quo majores fuerint, lentiors onerentur ma-
teria : quo autem minores fortiori, 'That is; the larger Rockets are, the
weaker and flower fhall their Compofition be; and on the contrary,
the lefler they are their Compofition muft be the ftronger and quicker.
This muit be carefully obferved : And the reafon is; becaufe when the
Fire feizes upon a ftrong Compofition in a great Rocket, it will devour
more of it in a Moment, than it could in a fmall Rockef in one, two or
feveral Minutes; for as there is a greater Cavity in large Rockets, the
Fire has an Opportunity of preying upon a great deal of Matter at once,
and accordingly confumes a confiderable Quantity of it in an Inftant.
It is a very difficule thing to prefcribe Laws to Fire, which is the moft
acive and voracious of all the Elements, and much more to fet determi-
nate Bounds to its A¢tion whilft there remains any combuftible Macter

for
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for it to deftroy. From hence it will neceffarily follow, that a
ftrong Compofitien producing a fudden and inftantaneous Combuftion,
it muft, when in great Rockets, burft them fomewhere or other.
Now this happens from the too great Concourfe and Denfity, or
to exprefs myfelf clearer, from the extreme Confluence and clofe
Union of the Rays of Fire iffuing from the Sides of the hollow
Cone, which together with the great quantity of + windy Exbala-
tion (generated by the Accenfion of the Saltpeter;) being too much
ftraitned, and requiring more room, they by their Impatience of
Confinement forcibly break through the Pafteboard or Wooden Walls
of their Prifon. ~But the Cafe is quite different in fmall Rockets ; for
the Fire confuming the ftrong Compofition in them by flow Degrees
only, the Rays of Fire iffuing from the Sides of their hollow Cones are
fewer in Number, and in fo narrow a place they have not fo much #ind
or Exhalation to rarifie at a Time, and therefore are in no danger of
burfting.

The Second is: .Ad majores Rochetas que unam kibram, wvel duas ad
Summum fuperant 5 non alligetur alits materiis pulvis Pyrius. For great
Rockets that exeed 1 or 2 Tb at moft, you fhall mix no Gun-powder with
the other Ingredients. Ihave no other Reafon to give for this, than
what I juft now mentioned; for when Gun-powder is mealed, it muft
be beaten and pounded very much, by which means it is endowed with
an extraordinary Force; for the repeated Strokes add a great deal of
Heat to it, and even Fire itfelf; in fhort, the Pounding unites the Sa/t-
peter with the Coal and Sulpbur, and converts them into a Subftance
that is perfetly Igneous, after having purged them of all hurtful Moi-
fture. Upon this Account it is, that a little Gun-powder has more Vir-
tue and powerful Effe®, than any quantity of Sal/tpeter that might be
ufed in Compofitions in different Proportions.

In fhort, the Third is: For great Rockets from 100 1 down to 10
16, you muft firft take fuch a quantity of clarified or purified Saltpeter as
Jhall be equal to the Coal and Sulphur ; and then afterwards let it be ina
fimple unequal Geometrical Proportion of Superparticular or Superpartient :
but from 10 16 down fo 1 1b or 5 1b, let it be firft in a Double Proportion,
then Triple, and then Quadruple, and fo on, of the Aliquot Parts of an
Integer. In fbort, from one 1b tothe wery leaft Rocker, let the Saltpeter be
taken together with the Gun-powder in feveral Degrees of Superparticu-
lar and Superpartient, as Sextuple, Septuple, -Octuple, Noncuple and De-
cuple; or Sixfold, Sevenfold, Eightfold, Ninefold and Tenfuld. The Pro-
portion of Coal to Sulphur, fball be either Sefquialteral, or Double, or Tri-
ple, and fometimes Equal.

1 This is what we mean in the fecond Book by Flatslent Expanfion —— both thefe Expreff;-
ons bear one and the fame Signification ; but this is moft intelligible here, and Flatulens Expan-
fion is more proper in the other Place,

4
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Obferve here however, that you muft increafe and diminith the
Quantity of Saltpeter with regard o ¢he two other Ingredients, as the
Coal is to the Sulphur, and reciprocally as the Sulphur is vo-the Coal, fo
mutft they both be to the Saltpeter ; as if (for Example) you begin by

-great Rockets, you augment the Quanticy of Saltpeter by degrees, and

diminith the two other Ingredients in fuch Proportion as not to deviate
from thtis Arithmetical Progreffion. Whenever you contrive new Com-
pofitions, 1 advife you to wtry them before you make them public, and
put them in Praice privately, that you may avoid Miftakes, and cor-
re& fuch Esross as you might have fallen into.

As for Compofitions that you receive from others, you may examine
them, if you underftand never fo little of Geomretrical Proportions, and
the Ufe of them ; or if you will make the Experiments according to the
Rules here laid down

Accept then favorably of thefe follawing Compafitions, which I give
you for your Amufement at your leifure Hours. 1 here deliver them to
you with all the Fidelity T am capable of, from thofe of 100 1b down
to the leaft Rockes that can be made. But by the way, I have not con-
fined myfelf to any particular Arithmetical Progrefiion with regard o
the Proportion of Coal to Sulphur, as 1 propofed above ; and indeed it is
not abfolutely neceflary: But I only give you the Compofitions in the
Proportion and Order, I found them in my feveral Experiments of
thiskind, Howevet, if you take upon you the trouble of proving and
reducing them to an Arithmetical Calculation, you will find that I have
firiGly obferved our Firft general Rule in all my Compofitions,

Compofitions for all Sorts of Rockets,

From 100 to 8o and 6o 1b.
Of Saltpeter 30 1o, of Coal 20, and of Sulpbur 10 1,

In this Compofition you have the Sakepeter equal to the two other Jn-
gredients, but the Coal is double of the Sulphur. You may freely ufe
this Gompofition for all Rockets that can be made from 100 to 60 1b; for
it is beft to let their Campofition be weaker than what they perhaps can
bear : It being by much the fafeft with regard to Powder to err on the
weak fide, that is, by allowing rather too little than too much Strength;
for the Weaknefs of a Compofition, or of Powder either, may be eafily re-
medied by adding a Portion of violent Matter: But in order to be af-
fured how your Compofition will prove, you may make Tryal of one
Rocket before you drive any of the reft; from whehce you may conclude
concerning what you may expe& from the others.

From 5o to 40 and 30 1b.
Of Saltpeter 30 1b, of Coal (128_, 15, and of Seipbur 7 1.
9

From
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From 20 to 18 1b.
Of Salspeter 42 b, of Coal 26 1, and of Sulphur 12 1b.

From 15 1b to 12 1b,
Of Saltpeter 32 15, of Coal 16 1, and of Sulpbur 8 1h.

From 10 16 to 9 1b.
Of Saltpeter 62 15, of Coal 20 1b, and of Suipbur ¢ Ib,

From g 1 to 8 1band 6 1b.
Of Saltpeter 35 1b, of Coal 10 b, and of Suiphur 5 1b.

From 5 1bto 4 1b.
Of Saltpeter 64 15, of Coal 16 1b, and of Sulpbur 8 1b.

From 3 b to 2 1b.
Of Saltpeter 60 b, of Coal 15 1b, and of Sulpbur 2 1b.

Of one 1b.

Of Gun-powder 18 1b, of Saltpeter 8 1b, of Coal 4 1b, and of
Sulphur 2 1b.

From 18 Loths, or g Ounces, to ? 1b,
Of Powder 18 1b, of Saltpeter 8 1b, of Coal 4 16, of Sulpbur 2 1b.

From 12 Loths to 10 Loths.
Of Powder 30 Loths, of Saltpeter 24 Loths, of Coal 8 Loths, and
of Sulpbur 3 Loths.
From 6 Lotbhs to 4 Lotbs.
Of Powder 24 Loths, of Saltpeter 4 Loths, of Cosl 3 Loths, and
of Sulphur 1 Loth.
From 2 Loths to one Loth.
Of Powder 30 Loths, of Coal 4 Loths.

From %, % 1 to, %+ of a Farh or half Ounce.
Of Powder g or 10 Loths, and of Coal 1 or 1} Loths.
The fmaller fort, called with us Serpents or Squibs, may be of Meal-

Powder only, except the Priming, which ought to be of Corn-Powder.
CHAP
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CHAP V.

Of the Boring of Rockets, and feveral Inftruments proper
for that Work.

AS for the Boring of Rockets, or the means of piercing their folid

Compofition in a certain determinate Proportion as to Breadth and
Height ; whether it be done at the fame time that you drive them, or
after they are driven; it is an Invention which I can give you no great
Hiftorical Account of, nor inform you whether it be New or Old. How-
ever, I cannot buc think that the ancient Pyrobolifts were well acquaint-
ed with an Article of fuch Importance in the Conftruction of Rockets;
without which it would be impofiible for them to fly upwards; for it is
owing to this Contrivance, that the Fire is able to accend the Compofi-
tion in fuch a manner as to have its Rays collected to a Center, and by
their united Efforts, to force up the Rocker and all its Furniture as long
as there is any Combuftible Matter lefc. But I am inclined to think,
that thofe geod Gentlemen referved it in Silence as a very great Secret of
their 4rz : Or elfe we may belicve, thau they defignedly skipped over
this Article, contenting themfelves with inittating us into feveral other
Myfteries of this Science which they freely enough divulged. Now for
my part, after having read over and over again all the Writings of the
ancient Pyrobolifis, I never met with one Syllable of Inftruction relating
to the Method of doring Rockets. In truth, I do not much wonder at
this; becaufe I know it is at this Day the Cuftom of Fire-Workers (and
they religioufly obferve it) not to reveal any Secrets concerning Fire-
works without much Importunity 5 and whenever they do communi-
cate any of them, it is to fuch Perfons only, who make this Science
their particular Profeffion; or perhaps to fuch as promife them grear
Things : Or they may happen in their Drink to declare all they know,
together with what they know nothing of;; and fo let thefe Arcana fall
from them amongft the reft of their drunken Difcourfe ; which in their
fober Intervals would have been retained within their own Breafts. But
be this as it will, certain it is, that the Profeffors of this 4r# force a fo-
lemn Oath from their Difciples, after they have gone through a proper
Courfe, and that they are upon the point of difmiffing them; in which
Qath they fwear never to reveal what has been communicated to them
to any Perfon whatever, and oblige themfelves not to make a public
Profeffion of it, nor to teach it privately to others till after a Period of
three Years. In this they imitate the Cabaliffs, who never initiate any
into their Myfteries, but fuch as are filled with a Divine Spirit, and (as

they
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they fay) fuch as were predeftinated from their Mother’s Womb to re-

_ ceive the Sacred Gift of Prophecy, or rathet of Pfeuds-Prophecy : Myfte-

ries which they hold in the utmoft Veneration, and perform with ex-
traordinary Ceremonies, mutteting I know not what between their

Teeth, with exprefs Prohibition (a Superftition punithable with Death)

" never to reveal them to any living Soul. But as for me¢, far from en-

Fig. 46.

Fig. 48.

tertaining fuch narrow Sentiments, far from being actuated by fuch a
Spirit, or expelting any Reward ; 1 here give you Gratis, what I pur-
chafed at fo dear 2 Rate: And breaking Silence to oblige my Friends,
and ferve the Public; defpifing all the Reéproachés and Anathema’s,
which thofe worthy Géntlemén the Pyrobolifts may thunder out againft
me; I here declare openly and plainly, Thas Rockets ought to be bored
2o the Height of % of the Compofition or Matter wheréwith they are filled,
minus & Diameter of their bolloiv Cylinders. 'The Breadth of the Ori-
fice at the Choak fhall be $ of the Diamieter of the Mould, and go ta-
pering up towards a Point like a Cone, in fuch manner that the Upper
Breadth of it thall be £ of the Lower; for a Cavity of this Form will
be the beft adapted for receiving the Fire in fuch a manner as to oblige
the Rocket to take its Flight. There are two Sotts of Infiruments ufed
for making thefe Cavities (namely ) hollow Borers, and certain Needles
or Piercers of Iron or Copper, made in fathion of a Cone. In Fig. 46
you may fee a Reprefentation of thefe, diftinguithed by the Letters A B
CDE. A, thefirft, is for Rockets of 2 1b: Its Height, B C, is 2 of the
Height of the Rocket minus a Diameter of its hollow Cylinder, begin-
hing to meafure it from that Point where the Compofition begins (viz.)
at the Neck of Choik, to that Point where the Matter ‘in the Rocker
terminatés. For Example, in Fig. 48 the Height of the Rocket from
P to I being divided into three equal Parts, two of them will reach to G,
then from G, fubdu&ing N O a Diameter of the hollow Cylinder of
the Rocket, and fetting it off downwards towards F, you will have the
proper Height of the Cavity P F or E F (viz.) § of the Height of the
Rocket minus a Diameter of its hollow Cylinder : And its Breadth E P
will be ; of the Diameter M B. The Upper Breadth of the above-
mentioned Borer in C is { of the Lower Breadth D E. In Fig. B,
which is the Second, you have a Piercer for Rockets of 12 Loths or
6 Ounces. C is for thofe of 8 Loths or 4 Ounces. D for thofe of 6 Lotks
or 3 Ounces; and in fhort, E is for thofe of 2 Loths or 1 Ounce. Now
the Proportions of thefe Laft are the fame with thofe of the Firft in
Letter A. You have moreover in the firft Fig. A, Divifions exprefling
the Pierects of fmall Rockets down to } 1b each diftinguithed by its proper
Number. Know then, that I made thefe Divifions in a Cubical Ratis,
by dividing the right Line B C (which is the Length for the Borer of a
Rocket of 2 1b) into Parts Cubically propertionate to it; as into Sub-
duple, which is one 1b: Into Subquadruple, which is % 15 or 16 Loths,
and {0 on of the seft thag are between any two of theo,  And tho’ we

might
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might in this manner have given the feveral fmaller Borers deduced in
proportion from one exceeding 2 1b, I aveided it becaufe I would not
have the Upper Breadths of fmall ones too much difproportioned to
their Lower Breadths; or elfe we muft be obliged to diminith the Up-
per Breadth of a great Borer, {o as to ferve for Rockets of 1 or 2 Loths,
but they would in that Cafe be apt to be too narrow. Therefore you
will do better to have your Borers for fmall Rockets {eparate from the
greater fort; by doing of which you will have them all nearly in one
and the fame kind of Proportion. Your Borers thould have a little
fort of Handle, that you may the more conveniently guide them; a Re-
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prefentation of which you have in Fig. F. The Letter D in Fig. 47 Fig. 47.

thews you another Handle which turns the Borer like that of a Wimble,
In thort, all the Sizes of them may be eafily fixed in a Turner’s Leathe
for boring of Rockets expeditioufly and nicely. But if this Way does
not pleafe you, you may ufe the little Machine which you fee in
Fig. 47. which is very conveniently contrived for this Work : You muit
firft then have a piece of Timber in Form of a Parallelopiped, fawed
through the Middle of its Breadth ; or elfe compofed of two Semi-Pa-
rallelopipeds, each of which fhall have one Side hollowed Lengthways,
fo as to fitand hold a Rockes between them, as appears in A and B. This
Parallelopiped fhall be thut up in the Machine, or (as we may call it in
Englifh) Square Frame, and prefled clofe together with four Wooden
Screws, two on each Side, as F and E, to hold them faft, and prevent
them. from flipping : Then takmg the Borer C in the Handle D, you
fhall fet the Head or End of it to your Breaft, and tummg it round
with your Hand, bore your Rockets at pleafure. ‘There is another Way
of doing this (namely) by driving your Rockets upon Iron or Copper
Piercers with hollow Drivers : We have given thefe the very fame Pra-
portions as we have affigned to the Borers. 'This kind of Piercer ought

to be fafhioned as you fee in Fig. 23, where M L is its Length, andFig. 23.

G H its Breadth. I muft own, I have allotted another Proportion to
Piercers both as to their Upper and Lower Breadths in Fig. 20, where
the Breadth O P is ¢ of the Diameter C D, and the Upper Breadth at
Q_ 3 of the Lower Breadth O P. This I did, becaufe I have obferved
that feveral Pyrobolifts ufe this Proportion; which I can in no wife difap-
prove of, having never feen the Effe@s of Rockets driven upon fuch fort
of Piercers. To this1 fhall add, that Borings are not always made of the
fame Bignefs, whether as to Breadth or Heighr, and I will not affirm,
that my Obfervations will hold good in all Cafes, particularly with re-
gard to thofe, who make ita Practice to drive one Size of Rockets with
feveral forts of Compofitions; for you muft-confider that the ftronger a
Compofition is, the ftraiter and fhallower ougsht the Boring to be, and
on the contrary, that the weaker and flower it is, the wider and deeper
muft it be pierced. 'The Reafon of this may be eafily gathered from
what we faid in the foregoing Chapter ; for as a ftrong Compofition in-

Rr flames
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flames fooner than a weak one, the Rocket which is filled with too vio-
lent a Mixture, and has its Orifice too wide, would let in the Fire too
abundantly, and inftead of departing, would be confumed in an in-
ftant ; inafmuch as the Fire having too much room in fo capacious a
Cavity to a& in, would in a Moment pofiefs itfelf of all the Matter,
reduce it univcrfally to a Flame, and would moft commonly burft the
Cafe, or elfe after having mounted to a confiderable Height, it would
at once difperfe and appear like 2 Flath of Lightning. Small Rockets
are in no danger of this, becaufe of the little quantity of Compofition
they contain ; but for Great ones, be particularly cautious to fill them
with a Compofition proportioned to their Size, and to bore them in pro-
portion to the Compofition they are filled with; or clfe be affured that
your Labour and Expenfe will vanith in Smoke Here then (Friendly
Reader) is what former Pyrobolifis have fo induftrioufly and fo long hid
from us; which ungrateful and envious Contagion of Secrecy, has
fpread down to the Profeflors of this Ar# in our Days, who are fo far
tainted by it, as to imagine, they thould greatly prejudice their Reputa-
tions and private Interefts, if they communicated any thing they make
a Secret of, to fuch deferving and curious Perfons as might have a Ge-
nius for this Science. They either do not confider, or do not know
what daily Experience ‘teaches us; (namely) that a Thoufand ex-
tinguithed Lamps may be lighted at one, which will communicate &
Flame to them all, without being any way impaired itfelf either by a
Diminution of its Oil, or the Lofs of one fingle' Atom of its Fire. As
for me, 1 make no fcruple of publifhing an ingenuous Declaration of what
ought not to be concealed. I indeed forefee, that thofe Triflers (they
deferve this Appellation both on the fcore of their Ignorance and Mean-
fpiritednefs) thofe ungenerous Souls will hate me with more than a
} VatinianHatred. But that gives me no manner of Difturbance ; for
I know that People of any fhare of good Senfe will laugh at their
Snarls, or take no Notice of them, particularly if they recolle@ that
common and true Saying, Principibus placuiffe viris vel maxime fat ef?.
Tholfe vulgar Wretches are but little Dogs, that bark at us, without
being able to bite; and if our Labours prove acceptable to our Princes,
no matter for any thing elfe..

But Jet.us have done with this Topic, and proceed farther on in the
Conftruction of Rockets, and fet our Hands in good earneft to the Work,

+ This Saying is dérived. from Yatinins, the Name of a Perfon who bore a remarkable Hatred
to the famous Qrator Cicere,

CHAP.
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CHAP VL
Of Sky-Rockets thar mount up with their Sticks,

SORT L

THE Rocke? reprefented in Fig. 48, which we have already fup-Fig. 48.
pofed to be of 1 1b, has its Height A B 7 Diameters, in like man-
ner as is its Mould : But from this Height we muft firft retrench § a Dia-
meter for the Neck L M, as the Line BD fhews upon A B. More-
over for the Binding and the Folds of the Choak to E { Diameter muft
be cut off or allowed ; and in fhort, for the Binding of the Head, you
again take from this Height } a Diameter, as may be feen in K I and
A C; therefore the Helght of the Compofition and Repors will be 5 3
Diameters, as you fec in E I or C R. Now divide this Height into
three cqual Parts in the Points Sand G and fill it, with a Compofition
furable to its Size (as we have already cautioned you) from E to G, that
is, to 3 of the Height EL. This done, cover it with a little Cap of
Paper or Pafteboard G ; or what will be much better for great Rockets,
a round hollowed Wooden Cap, fuch as you fee reprefented in Fig. 4.3 s
which fhall be firmly glued to the Sides of the Rocker. If your Café be
made of Paper or Pafteboard, you fhall with a ftrong Cord choak or
force it into the Hollow in the Curve Surface of this Wooden Cap,
which Cord may remain to confine it in, as you fee in Q. But if the
Rocket-Cafe be made of Wood, this Cap need not have its Convex Sur-
face hollowed, but let it be uniform and plane; allowmg its Thicknefs
to be { of the Diameter of the Rocket. You fhall faften it to the Infide
of the Cafe with little Nails or Wooden Pegs, which fhall be driven in-
to it from the Outfide, and then well fecured with Glue. You muft be
particularly careful in doing this; for I have often feen the Cqfes of
great Rockess remain empty upon the Nails without rifing at all, and
the Compofition for want of being powerfully confined at Top, flip up
through the Cafe, and confume in the Air without performing the Ef-
fect expetted. However, fmall Rockets which are choaked at Top are
not liable to this Accident. There muft be an Hole made through this
Cap of $ of the Diameter of the Rocket, feveral of which may be made,
if upon this Cap you would put Running Rockets, or (as they are ufual-
ly called in Englifh) Squibs, and other little Decorations, which are
ufed in artificial Fireworks, which we fhall fpeak of hereafter, Over
this Cap you fhall fill the Remainder of the Café with good Corn Pow-
der, which fhall be preficd down fo gently, as no way to have its Corns
defaced or broken, that they may be able to retain their Vigour. In
fhore,
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thort, it fhall be bound up clofe at Top, and then bored fromE to F,
to the Height of } of the Length of the Rocker, minus a Diameter of
its hollow Cylinder (viz.) N O ; which being fet off downwards from
G towards E, gives E F, which is the Height it ought to be bored.

SORT IL

Take a Rocket-Cafe whofe hollow Cylinder is equal in Diameter to a
Leaden Bullet of 10 Loths or 5 Ounces; let its Height be 4 and $ Dia-
meter, and filled with a futable Compofition to 3 Diameters, and then
bored to the Depth of two of the fame : Cover the Compofition with
a Wooden or Pafteboard Cap, having an Hole through it of 4 of the
abovementioned Diameter, then let the Top be clofed up firmly with a
firong Packthread. 'The Fathion of this Rocker may be feen in Fig. 49,
where it is diftinguifhed by the Letter A. This done, take another
Café, the Diameter of whofe Orifice is equal to that of a Leaden Bullet
of 24 Loths or 12 Ounces, and let it be 5 Diameters of its Mox/d ; this
fhall be filled with a proper Compofition, to the Height of 1 } Diame-
ter of its Orifice, and artfully bored to 1 % of the fame Diameter, fo
that there may remain 2 of a Diameter of folid Head. Cover this with
a Cap as before, and upon that, Corn Powder to the Height of § of a
Diameter. In fhort, overall this you fhall put the Rackes you had be-
fore prepared, which fhall be firmly pafted to the Infide of this. You
will fee the Conftruction of this laft Rockes with the firft in it in the
fame Figure, diftinguifhed by the Letter B. To conclude ; take the Cafe
of a Third Racket of 2 It, whofe Height fhall be to its Diameter as
we prefcribed in the Second Chapter of this Book, and fill it with a
futable Compofition to the Height of 2 §; Diameters; you fhall cover
this with 2 Wooden Cap, whofe Thicknefs and the Diameter of the
Hole through the Middle of it fhall be } of the Diameter of the Mou/d;
and over that, a Report of Corn Powder to the Height of one Diameter
of the Rocket. This done, take the Racket B, with the firft Rocket A
in it, and putting it into the Hollow of this Third, glue or pafte them
neatly together, and cover them all three with the Conic Head F,
made either of Wood or Paper. You have the whole Order of this
Rocket in the fame Figure, diftinguithed by the Letter E.

Obferve here Firft, that the Necks of the two firft Roc%ets do not ex-
ceed ; Diameter.  Secondly ; that you may take three Larger or three
Smaller Rockets, and difpofe of them after this manner. But you muft
take care, that your two Lefler ones be fhortened in fuch a manner,
that the Third may not lofe any of its Height ; and in like manner on
the contrary, that they be not fo high as never fo litde to exceed the
Third that contains them ; and let them be always fo proportioned, that
the Firft exa@ly fills up the Second, and the Second with the Firft in it
exactly fills up the Third. If it happens that the Necks of your
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Rockets do not nicely obferve the Proportion I have laid down, it will be
no great matter, provided that their Diameters are as they ought to be:
And in this Cafe, the Third Rocket muft be driven with a flower Com-
pofition than ‘its Size requires. Thus the two Firft will by the Third
be carried up into the Air, where they perform their Parts; flying
from one fide to the other in Oblique Diretions ; for they cannot
afcend perpendicularly, for want of Sticks or a Counterpoife; but we
fhall touch upon that at the End of this Chapter.

SORT I

Take a great Rocket (viz.) of 2, 6, 8, or if you will of 10 or 20 b
and fill it with a Compofition futable to its Size, and bore it as ufual;
according to the Method directed in the firft Sort of Rockets; and after
having covered it with a Cap, with feveral Holes pierced through it as
you may fee in A, you fhall falt it over with Meal Powder, mixed
with an equal Portion of that in Corns Then fill up the remaining
Cavity of the Rocket with finall Running Rockets, or (as we call them in
Englifb) Squibs, and leave a Space in the Middle of them, for a

1

7

Wooden Cafe or Tube, which you fee reprefented in Figure g4, and Fig. 54.

which you fhall prepare after the following manner. Take a hollowed
Cylinder or Tube of Wood, equal in Height to the Space left of the
Rocket ; or it may be continued up to the inner Vertex of the Cone that
crowns your Rocket.  Let the Thicknefs of the Wood a b, be § of the
Diameter a c; and let the Bottom f g be ; of the fame Diameter, to
which may be faftened a Leaden Bullet by way of Counterpoife. This
Tube or Cafe fhall be filled thus: Firft, pour in Corn Powder to the
Height of § a Diameter, and Jupon that a Light Ball, the Conftruction
of which I fhall teach you in the Third Chapter of the next Book;

over this Ball put flow Compofition; upon this, Corn Powder again in
the fame Proportion as before, and upon that another Light Ball; then
Jlow Compofition s and in this Order you muft proceed till your Cafe
or Tube is filled up. We fhall treat of flow Compofitions hereafter; and
in our Book of the feveral Pyrotechnical Machines, we will enlarge
upon what relates to this fame Caf. . The whole being difpofed
after this manner, and the Tube filled as we have direGed, well re-in-
forced with good Iron Wire, or ftrong glued Packthread, for fear the
Powder fhould fplit it, it fhall be fixed in the Middle of the Squibs
with its Mouth downwards upon the Meal and Corn Powder abovemen-
tioned. The whole being thus compleated, fhall be clofed at Top with
a Wooden or Paper Head, according as the Rocker~Cafe is made of ci-
ther the one or the other of them. You have a full and particular Re-
prefentation of this in Fig. 5o,

ST SORT

Fig. so.
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SORT IV.

This kind of S&y-Rocket differs but little from the foregoing, except
that inftead of fmall Rockets or Squibs in the empty Space above the
Compoﬁnon you put either Sparks or Stars (which we fhall teach you
to make in the Third Chapter of the following Book) mterfperfed with
Mealand Corn Powder : As for any thing elfe relating to it, you are to
proceed in the fame manner we did with the Firft. See the Reprefen-
tation of this in Fig. 51.

SORT V.

You thall take a Rocket of any Size you will, and fill it with a proper
Compofition to 2 § Diameters of its Orifice or hollow Cylinder ; and
cover it with a Wooden Cap, whofe Thicknefs is 3 of the fame Diame-
ter ; and over that, Corn Powder to the Height of § of a Diameter; and
upon that, Compofition to } of a Diameter: This muft be covered
with a Cap, and that again, with Corn Powder as before ; and upon thar,
Compoﬁuon as before, and fo on till the Rocket is quite filled. This
done, it fhall be tied clofe and firm at Top, and bored to the Depth of
2 i Diameters, Fig. 52 fhews you the whole Order of this.

SORT VL

You fhall firft take a Rocket, and fill it according to the common
Rule and Order, and bore it as we did the Rocket of the Ficft Sort. This
done, prepare certain Boxes or Cafes of dry light Wood, the fame as
you fee reprefented in Fig. B, under Fig. 53, or clfe firm Paper Cafes
like thofe of Rockets, choaked clofe at Bottom. Then with hot Glue
ftick as many as you pleafe of them, to the exterior Surface of the
Rocket as you fee in C, minding to place them in a Spiral Dire¢tion, and
tye them faft with good Packthread as you fee in the Letter D. Into
cach of thefe Boxes put a Running Rocket, filled with Meal Powder, and
opened at thg Choak, through which and the Boxes, the Fire may be
conveyedfrom the great Rocket. ‘The great Rocket might ferve for a Petard
ot Cracker filled with Gorn. Powder, but inftead of that, you may ufe
Iron Crackers; whofe upper Parc thall be filled with fine Powder, and
the lower Pare with. Rocket Compofition. The Letter A fhews you one
of the abovementioned Boxes, with the Running Rocket in it, to render
she thing more.eafy to your Apprehenfion.

SORT
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SORT VIL

Fill a Rocker with a reafonable Compofition, to the Height of 2 Dia-
meters of its Orifice; and bore the faid Compofition to"the Dépth of
one Diameter, and to the Breadth of § Diameter. Cover this Boring
with a piece of Paper only, to prevent its being filled up whilft you
drive the reft of the Rocker; this Order you are to obferve till your
Rocket is quite filled; (namely) by always putting in 2 Diameters of
Compofition and boring one.  See Fig. 55.

SOR T VIIL

You muft here obferve the feveral Circumftances relating to the Firft;
Fourth, and Sixth Sorts, as well in filling this Rocket, as in boring it.. Sup~
pofe then, that you have a Rocket prepared as it ought to be: You fhall
ftick round the Outfide of it, as many Paper Crackers as you fhall think
fir, (fuch as you fee diftinguithed by A ) and at fuch Diftances as you
fhall think moft proper. Then prime both them and the Rocket with
Meal Powder. Fig. 56 plainly illuftraces this.

SORT IX.

This Ninth Sort of Rocket fhall be prepared after the following Or-
der: You fhall firft fill the Rocker with a futable Compofition to the
Height of 2 § Diameters ; which fhall be covered with a Wooden Cap,
having an Hole through the Middle of it: And over the Cap you fhall
put a Layer of Corn Powder to the Height of § of the Diameter of its
Orifice ; upon which fhall be a Layer of Compofition to the Height of
; of the fame Diameter. Then taking a ftrong Cord, choak the
Roacket clofe above the Compofition, leaving only a fmall Hole of Com-
munication in the Middle of it. 'This done, you fhall put in Compgf-
tion afrefh to the Height of §, and upon the faid Compofition Corn
Powder to the Height of ¢ In fhort, upon this Powder you fhall put
Compofition to the fame Height as before, and choak it again a fecond
time. In this Order you thall proceed till the Rocker is filled up, This
will appear obvious to you in Fig. 57.

SORT X

This Rocket has nething particular in it, to make it very different
from the reft ; for, firft, ic is filled and bored after the fame manner
with thofe of the Firft, Fourth, and Sixth Sorts. There is only an
Addition to it of a Reporz, and upon that, a longith hollow piece of
Wood in a Spherical Form, fill'd with an Aquatic Compofition, (by

Aguatic
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Aguatic, T mean fuch Compolfitions as are contrived to burn upon or in
the Water, which I thall give you in the following Book) or any other
firong Mixture. You muft fire this Rocke at the Head before vou fure
it_at the Orifice of the Choak, becaufe the upper Compofition has no
Communication with the lower Part of the Rocket. Being then moved
off, and having taken its Flight into the Air, you will fe¢ two Sorts of
Fire (namely ) that of the Rocket darting its Rays downwards, and the
other iffuing from the Head, and fpreading abroad in the Air like x
great Fire Rain.  This s clearly explained to you in F7g. g8.

SORT XIL

Take 7 fmall Rockets of 2, 3, 4, or more Ounces, filled with a com-
mon Compofition; and bored as ufual: Bind them up together in a
round tight Bundle, and wrap them about with ftrong Paper or Pafte-
board, and head them with a large Cone of the fame, as you fee in A.
You muft not forget to ftick them (I am juft going to inftrut you in the
Rules relating to #éat) in fuch a manner, that the upper End of the
Stick may come under the great Paper Cafe that encompaffes the
Rockets.  Fig. 59 will fully inftru. you as to this.

Obferve here that the feveral Sorts of Rockets 1 have been now treat-
ing of, require to have Sticks faftened to them, to ferve cthem as a
Counterpoife, and to affift them in their right Afcent. They are ufual-
ly made of light dry Wood, fuch as Pine, Fir, and Lime-Tree. Their
Length muft be to that of the Rocket in a Septuple, or at moft an O&u-
ple Proportion ; that is, they are commonly 7 or 8 times as long as the
Rocket. They ought to be of a tolerable Thicknefs at the End to
which the Rocket is tied, and from thence down to the lower End go
gradually tapering to a Point. The neceflity there is for them, is not fo
much on the fcore of their Figure, as on account of their extreme
Equality as to Weight; or the nice &quilibrium which muft be ob-
ferved in fitting them to the feveral Weights of Rockets. Now you will
find it no great difficulty to adjuft them exadtly, if you put the Stick at
two Finger's Breadth from the Neck of the Rocket upon the Edge of 2
Knife, or upon your Finger, and if in that Situation both Ends are in
Aquilibrio, you are right; that is, the End to which the Rocket is fa-
ftened and the other muft be exactly parallel to the Horizon, without
inclining or wavering' to one Side or the other. Butif your S#ic£ End
happens to overbalance, you muft pare and diminifh it till it comes to
an Fquilibrium with the Rocket End. You have a Rocker with its Stick
plainly and cunouﬂy reprefented in Fig. 6o. Brechtelius teaches us a
Method (which is eafy enough) to find out the proper Length of thefe
Sticks in Chap. IX. of the Second Part of his Pyrotechnics, as follows :
Add one to the Number of Fingers that conftitute the Length of your
Rocket, and multiply the Produ by the Length of the Rockes, and you

will
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will have the due Length of its Stick: For Example ; if the Rocket 1s
8 Fingers in Length, add 1 to them, and you will have 9; which Num-
ber multiplied by 8, which is the Length or Height of the Rocker, will
give 72. You fhall then tye a Stick of fo many Fingers in Length to
your Rocket.

CHAP VIL
Of Sky-Rockets #hat mount up without Sticks.

SORT [

AKE a fmall Rocket of 8, 10, 16, or 18 Lozks, filled and bored as
ufual, and fix four fmall #zngs to it after the manner of the Fea-

16

thers of an Arrow : (Letter A in Fig. 61 will explain what I mean.)Fig. 6t.

Thefe #ings muft be made of light Wood, fuch as Lime-tree, or elfe of
Pafteboard, and muft be placed crofs-wife. Their Length fhall be § of
the Length of the Rocket, and their Breadth at Bottom fhall be £ of the
fame Length; their Thicknefs may be left to your own Difcretion :
Neverthelefs if you would have ## in fome fort proportionable to their
Length and Breadth, it fhall be of ¢ or i of the Diameter of the
-Rocket.

In Fig. 63 I have given you the Reprefemauon of a little Contrivance Fig. 63

compofed of 4 Rods, a Bottom, and an Handle beneath, upon which
you may fet this fort of Rockets when you fire them. It needs no far-
ther Explanation, fince it may be, readily underftood by the Figure it-
felf. In the Middle of the Bottom-Piece, in which the aforemen-
tioned Rods are fixed, is a little Cavity or Chamber, that has Commu-
nication with a little Channel ; the which as well as the Chamber itfelf
muft be filled with Meal Poider, when you would fire your Rocket,

SORT IL

This kind of Rockez differs but little from the former, except that its
Wings are otherwife contrived; for upon this you have but three only,
of the fame Thicknefs with the others, but pretty different from them
in Height and Breadth; for the Length of thefe is equal to the whole
Length of the Roeker to which they belong, and are fixed upon it in
fuch a manner, that the Lower Extremities of them defcend one Dia-
meter below the Neck of the Rockez, and confequently their Upper Ex-
tremities muft fall an equal Portion thort of the Head of it. 'Their
Breadth fhall be a Semi-Diameter of the Orifice or hollsw Cylinder of
the Rockez, as you may fee by a, b. You may, if you pleafe, fire this

Tt kind
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kind of Reckets upon the Contrivance above deforibed, ia order to make
them fly up with the greater Conveaiency. Sec £33, 62.

SORT 1

Having miade 2 Rocket of what Size you pleafe according to the ordi
nary Method, you fhall to the Neck of it faften a piece of Iron Wyre;
with an Iron Bullet at the End of it, of the fame Calibre with the
Roacket : 'This Wyre 4hall be turned in a Spiral like a Screw, and fhall
be as near as poffible of fuch a Length, thatin cafe ic happerxs to widen
or fretch s litde, the Bullet may notwithftanding be in AEquilibrio
with the Rocket, in the fame manner as we juft now faid of #ooden
Sticks, Fig. 64 will give you a perfect Idea of this:

SORT .

After you have prepated a Rocket as you have been fully direéted, and
that you have covered the Compofition in it with Corn Powder to the
Height of one Diameter; fill up the remaining Vacancy with Rafpings
or Filings of Lead ; obferving that the Q}ntlty of it be fuch, as to be
twice the Weight of the Rockes-Cafe jt belongs to. Confule Fig. 65,
which will fet you right,

P

CHAP VIIL

Of Watet-Rockets, or fuch as Burn and Swim upon the
Water.

SORT 1L

YOU thall fill a Rocket of 2 or § Loths with a futable Compofition;

to the Height that we ufually fill common Rockets; and fixing a
Cap upon the Compofition with a Report of Corn Powder above it, it
fhall be bered throughout the whole Height of the Compofition. This
done, prepare a Paper Cylinder, with two fmiall Wooden or Pafteboard
Heads or Bafes, having a Hole bored through the Center of each. The
Height of thxs Cylinder fhall be equal to but half of the Rocket, and
the Hole through the Center of each Head fhall be made to fit the
Rocket exa@ly, In fhert, being nicely fitted, and thruft through the
Hole in the Center of each Head of the Cylinder, throw ## into a
uantity of melted Wax or Pirch ; after which the Rocket may be fired,
and thrown into the Water. See Fig. 66.

SORTS
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SOR'TS I, and TI.

Thefe Sorts differ very listle from the foregoing, whether in Size, or
ihe manner of filling and boring them, or any thing elfe relating to
their Conftrution. And the only difference between thefe two, is, that
the Firft fuiz Fig. 67) ought te be fhut up to the Neck. in a PaperFig. 67.
Cone, whafe Vertex, (as you fee in the Figure) or Bafe, Bo matter
which, is made faft 5o the Neck of the Rocker. The Second (wiz,)
Flig. 68 is put into 2 Bladder full of Wind; which muft not be dipped Fig. 68.
in melted Wax or Pitch like other #ater-Rockets, but only dawbed over
with a Liniment, made of foar Partsof Lanfeed Oil, #wo Parts of Bole
Armoniac, one Part of Piume Allum, and balf a Part of Afhes.

SORT IV.

"The Racket which you fec reprefented in Fig. 69, muft be prepared Fig. 6.
after the fame manner we ordered with regard to the Ninth Sort of
Sky-Rockets in Chap. VL of this Book, excepting that it muft not be
bored, and that the Orifice of its Choak is very fmall, which it has in
common with: other Water-Rockets ; this is not defigned to move up-
on the Surface of Water, but to burn in one particular Place; and for
this Reafon there is a Weight tied to the Bottom of it at A. This alfo
mutt be plunged in melted Wax or Pitch, as well as all the following.

SORT V.

Fig. 5o teprelents a Racket which is prepared after the fanie manner Fig, 56
with the Third Sort of Sky-Rocket in Chap. V1, only with this difference,
that its Compofition is fepatated by a folid Cap G from certain Sparks and
Stars intermixed with Mea/ and Corn Powder. To this alfo belongs a
litle Iron or Wooden Tube diftinguiftied by Bt And from each End of
this Tube, there goes another fmaller Tube (viz.)C D and F E;; all
three of which have a Communication with one another; and likewifé
with the Compofition, and the Stars, &e. aforefaid. The Fire, as foon
as ever the Compofition is burn’d down to the Cap, is conveyed through
the aforementioned Tubes to the Head of the Rockez, where accending
the Meal and Corn Powder, the Stars, (and whatever elfe might have
been in it,) are blown up into the Air. Its Counterpoife may alfo'be
feen in Letter A

BORT VL

In Fig. 71 you have a Rockét that is perfecily like the Sixth Sort of Fig. 71.
Sky-Rockets whieh we deferibed in Chap: VI; for here the great Boxes
ot
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Fig. 72.

Fig. 73.
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or Cafes diftinguithed by E, and the Rockets contained in them by B ;
and the others of fmaller Size, pointed out by D, and the lefler Rockets
in them by C; ftick alfo to the great Rocket A ; which communicates
Fire through the little Tubes H; into the Boxes on each Side of it;
which enkindling the Powder under the Rockets contained in them,
blows them up into the Air to perform their Parts. This kind of Rockez,
together with the Boxes or Cafes.on each Side of it, muft be wrapped
about with firong Paper, as may be feen in G, and then thrown into
melted Wax: Nor muft you forget to add a Counterpoife under it, that
it may burn upright, and float at nearly an equal Height above the #a-
ter, :

SORT VIL

The Rocket which you have in Fig. 72, has nothing farther in the
Preparation of it, than what I direed with regard to the Fourth Sort
of Rockets in the foregoing Chapter ; and all the difference between them,
is, that this is not to be bored, as I have already obferved ; befides its be-
ing coated with Wax or Pitch; and burning in the Water.

CHAP IX

Of Rockets zhat run upon Lines or Ropes,

SORT 1

TYE two Iron Rings or a Wooden Tube to a Rocket filled with a

certain quantity of Ounces of a futable Compofition, and bored
as it ought to be: Then reave through the Rings, or Tube, the Line
which you would have your Rocket to run upon. This is of the moft
fimple kind; for being arrived at the Place, which the Duration of its
combuftible Matter will allow it to reach, it there ftops. The follow-
ing will be much more artificial. You have a Reprefentation of this in
Fig.73.

SORT IL

Fill any particular Rocket, whofe Orifice may be equal to that of the
foregoing (but much longer) to the Height of 4 Diameters, and bore it
to the Depth of 3 i.  Then upon this Compofition put a Cap or a little
Wooden Partition which muft have no Hole through it, and may be
glued to the Infide of the Rocket, or any other way well fecured, to
prevent the Fire, when it is arrived at that Length, from catching hold
of the Compyfition contained in the other Part of the Cafe. This done,

you
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you muft charge the Remainder of the Rocket to the fame Height as
before ; namely to 4 Diameters; 3 i of which muft be bored. You
muft then choak the Rocket at Top, and make a little Recepracle for the
Priming as at the other End; or elfe fit a round piece of Wood to it
with an Hole through the Middle of it, as may be feen in A, which
mutft be covered with a little Cap, as you will fee dittinguithed by the
fame Letter. 'To this you muft add on one Side a Tube made of a ve-
ry thin Iron Plate; which muft be filled with Meal Powder. Bore an
Hole through the Side of the Rocket near the Partition in the Middle,
and fill it with Meal Powder ; which is done, the more readily to con-
vey the Fire through the Tube, o the other Receptacle where it lights
the Rocket at the other End, and confequently obliges it to return back
to the Place from whence it came. The upper Part which holds the
Priming muft be covered with Paper, as well as the fmall Tube that con-
veys the Fire from one End of the Rocket to the other. This thall alfo
have a Wooden Tube, or two little Iron Rings to run upon along the
Line. You will have the more Diverfion if you tye fmall Paper Crackers
all round it. 'The Contrivance of this Recket is very pretty. You have
a Reprefentation of it in Fig. 74.

SORTS IH nd IV;

Take two Rockets of equal Length; conftructed according to the Me-
thod we have already laid down, and let them be bound together with
ftrong Packthread, and let the Head of the one be even with the Choak
of the other, and fo on alternately, to the end that the Firft of them
being burned out to the very End, it may catch hold of the other, and
oblige them both to return back again. The extremity by which you
intend the firft fhall fire the other; (that is the Neck of the one and the
Head of the other) fhall be capped with Paper, or any thing elfe, as you
fee in Fig. A, minding to fill the Vacancy of the Cap with ffow Compo-
Jition.  In thort, vou muft add a Tube to.them, to run upon. See
them reprefented by Fig. 75 and 76, by which you will obferve a diffe-
rence between them ; the latter having a piece of Wood hollowed on
each Side to receive them both, and keep them ar a little diftance
from one another, in Confideration that if by chance the Firft thould
burft, the other may receive no damage from it.

‘Obferve here that thefe Rockéts commonly ferve to fire feveral Py-
robolical Machines which are ufed upon Rejoicing Occafions. Some-
times alfo they are difguifed under the Form of divers Animals, whe-=
ther Fi&itious or Real, fuch as, Flying Dragons, Doves, and other things
which you would contrive to vault and run up and down, which we
fhall treat of in our Book of Pyrobolfcal Machinery.
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Fig. 74.

an 7f
and 6.

In Fig. 77, 78 and 79, you have three Contrivances for hanging up Fi 5 77
8 79-

Sky-Rockets when they are to be fired.
Uu CHAP.
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CHAP X

Of the feveral Defe@s of Rockets, How 20 avoid them: To-
gether with what ought be obferved in the right Conftrafti-
on of them.

TH E Firf and moft remarkable Vice in Rockets, is, when after be-
ing fired, and mounted to the Height of 2 or 3 Percbes, they break
and difperfe without performing their proper Effets.

The Second, which is not much better than the Firft, is when they
remain fufpended upon the Nails, wafting flowly away without moving
off or rifing at all.

The Third is, when in their Afcent they form an Arch, or defcribing
a Semi-Circle, return down again to the Ground before all their Com-
pofition is burn’d out.

The Fourth is, when they mount in a Spiral Line, winding up in-
to the Air, without obferving an uniform, regular and right Motion as
they ought.

The Fifth is, when they move up heavily and lazily, as if they re-
fufed or fcorned to take their Flight.

The Sixth is, when the Cafes hang empty upon the Nails, and the
Compo_ﬁtwn rifes and difperfes in the Air.

There is fill a greater Number of vexatious Accidents, which may
fruftrate the Hopes, the Labour, and the Expence of the Pyrobolift; and
which would be too tedious for me here to enumerate. It will be fuffi-
cient if you keep an Eye upon thefe, which are the moft to be féared

and provided againft ; and in order to avoid and reétific them, pleafe to
obferve the following Rules.

Infallible Rules for the confirutting of Rockets, wrhont
any Defelt.

1. Your Rockets thall have their Heights proportioned to their Ori-
fices or hollow Cylinders, after the manner we have fo often re-
eated.
’ 2. Whiethér your Cafés be made of Paper, or Wood, they fhall be.
neither too thick nar toa thin,
3. They fhall be made of Paper which is moderately dry, neatdly
rowled, and perfedly tight to the Rowler,

4. Their
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4. Their Necks fhall be well and firmly choaked ; fo that neither the
Knots of the Cord or Packthread, nor the Folds of the Choak, may di-
late or give way ; and therefore they thall be reinforced with Glue,

5. All the Ingredients that enter into the Compofition, being exacly
weighed in Proportion to the Orifice or Size of the Rocket you intend
to make ; fhall be firft mealed and paffed through a Searce feperately
Then weighing them again, they fhall be well incorporated together in
one Mafs, and mealed a fecond time, and pafled through a fine Searce as
before. .

6. The Saltpeter and Sulphur thall be purified and mealed as fine as
poffible : The Coal fhall be perfectly well burn’d free from Moifture,
and made of fome light foft Wood, fuch as Lime-Tree, Hazel, and
Branches of Willow : And on the contrary be cautious not to make it of
Birch, Oak, Maple and Service-Tree ; becaufe they are naturally im-
pregnated with a great deal of grofs Earthy Matter.

7. Your Compofition fhall be prepared juft before you want it.

8. It thall be neither too moift nor too dry; but fprinkled over with a
little of fome Oily Humour, or a little Brandy.

9. When you drive your Rockets, be always mindful to put equal
Quantities of Compofition into your Cafes at a time.

10. The Strokes of your Mallet fhall fall in a perpendicular Dire&tion
upon the Driver.

11. Your Rockets muft be driven with Mallets of proportionable:
Weight to their Size ; with an uniform Succeflion, and an equal Num-
ber of Strokes every time you pour any Compofition into the Cafes.

12. In Paper Cafes you fhall cover your Compgfition with Wooden
Caps, with an hollow Convex or Curve Surface ; but for Wooden Ca-
Jes their Convexity fhall be plain, that they may be the more firmly fe-
cured in the Rocket.

13. Your Rockets fhall be bored with a futable Borer, or Typer-bit,
fo that their hollow Cones may, be neither too Wide, nor too Narrow,
too Long, nor too Short. '

14. The Cavity or hollow Cone thall be as Upright and Perpendicular
as poffible, and exactly in the Middle of the Compofition ; o as net in the-
l¢aft to lean to the one Side or the other.

15. You fhall not bore your Rockets till juft before you ufe them, and
when they are bored they fhall be tenderly handled, with the ends of’
your Fingers only, for fear of difordering their Form.

. 16, Their Sticks or Rods {hall be nicely proportioned to them, both-
as to Length and Weight, according to the Rule and Method above gj-
ven. They fhall neither be bent nor crooked, uneven nor knotty ; buc
as ftrait and as fmooth as poffible ; and if need be, they may be planed.
. 17. Your Rackets being filled and compleated, take care hew you pue:
them into too dry or too damp a Place ; for both the one and the other:
may {poil them; thercfore.chule fome temperate Place,

18. When

167
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18. When you would fire them, they muft be fufpended upon Nails,
perpendicular to the Horizon.

19. You fhall not oblige them to move off with Burthens difpropor-
tionate to their Strength ; and though you are {o exact as to load them
with futable Weights; the whole muit be adjufted with regard to
Form, fo as that it thall with the moft Eafe cleave the Air, and rife with
the leaft Oppofition; fo that their Burthens may in no refpet retard
their Rifing, which is a Motion the moft unnatural and difficult to any
Body. And this you are to obferve the more nicely, the larger your
Rockets are ; which muft retain in general (as much as poffible) a2 Pyra-
midical or Conic Figure, as being the beft adapted of any Shapewhat-
foever to pierce the Air, and to meet with the leaft Refiftance from
that Element. 'Tho’ I muft obferve that a Spherical Form is the moft
convenient for a Body, which is to turn, rowl, and vaul in the Air,
becaufe of the Equality of its Surface.

20. You fhall avoid as much as poflible all Rainy, Damp, Mifty, and
Foggy Nights; as alfo thofe which are Tempeftuous or Squally.

21. The different Effe@ts produced by feveral Rockezs, filled with one
and the fame Compofition, muft not be attributed to any other Caufe,
than their not having been treated with equal Diligence in every refpeét;
whether in the Driving or Boring of them, and in many other Articles
which ought to be firiétly obferved. Or elfe to their having been laid
up in Places of different Degrees of Dampnefs ; and having thereupon
contra¢ted different Degrees of Moifture, their Flight and Combuftion
will be various.

22. If you would have them make an Appearance in the Air like
FEire Rain, or like a Cloud of Fiery Sparks, or like long and broad Rays
darting downwards: You muft mix your Gompofitions with a little of Glafs
coarfely powdered, of Filings of Iron, or Sawduft of Wood. You may
alio contrive fo as to have the Fires iffuing from your Rockets of divers
Colours.  As for Example ; if you mix a certain Quantity of Camphire
in your Compofition, it will yield a White, Pale, or Milky-Colour Fire.
If you mix a little Greek Pitch in it, it will produce a Reddith Copper-
Colour Flame. If Sulplur, you will have a Blue Fire. If Sal Armo-
niac, it will be Greenith. If Crude Antimony, the Flame will be of a
fad Yellow, or of an Honey or Box-Colour. If the Scrapings of Jvory,
it will be of a bright Silver-Colour, inclining 2 litcle to the Livid or
Lead-Colour. If the Rafpings of Yellow Amber, it will appear the
fame, but inclining to the Citronith. In fhort, if you mix your Compo-

Jfition with common Pizch, your Rocket will caft forth an obfcure gloomy

Fire, or rather a black thick Smoke which will darken all the Air. The

" Sieur de la Porte (fometimes called Baptifta Porta) tells us in his Natu-

ral Magic, Book VII, and Chap. VII, that the Loadffone being buried
under Burning Coals, commonly emits a Flame that is of a Blueifh,
Sulphurine, or Iron Colour. Whofoever doubts this, may make the

Expe-
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Experiment by fcraping a little of it into Rocker Compofition, and fee
whether it be as he fays or not: But however let him do it with
Moderation and fparingly, for fear left a difproportionate Quantity
of it thould deceive him in fome degree or other. ~But I think,
I have now faid enough concerning Rockets ; and I fear, I begin to
grow tirefome to the Reader, and that I fhall frain his Sight too
much, if I keep him any longer looking up to the Sky. And in-
deed, I apprehend that I have left nothing unfaid that may be of Ufe to
the diligent and expert Pyrobolif}, and that I have fully warned him, as
to what he ought to embrace or fly; what he is to follow or avoid. But
before I conclude this Book, I muft obferve that it is impoffible to meet
with any Artift fo perfe&, but that he may err fometimes in fome tri-
vial Point, where fuch a multiplicity of Circumftances muft be kept in
Mind; therefore we ought not to pafs any Judgment upon a Pyroboliff,
nor infer any thing to his Advantage or Difadvantage, from his good or
bad Succefs in the Conftrution of Rockezs. It would be endlefs to enu-
merate how many different Accidents may happen in carrying on fuch
ticklith Works (though at firft Sight they appear no other than Childifh
Amufements) or even to tell of what Confequence an almoft incompre-
henfible number of Particulars may be, which Argus himfelf with all
the Eyes beftowed on him by Fabulous An¢iguity (in Allufion to his
great Sagacity and Watchfulnefs) would not be able to keep continual
Sight of ; much lefs avoid falling into fome little Miftakes, and confe-
quently would be far from providing againft them all in general. There-
fore all that can be done in this Cafe, is to take the Advice of good
Mafters, and to confult able Pyrotechnicians, who often lay their Hands
to the Work ; for I muft own and declare, that I make no Account of
certain Perfons who having no Knowledge in the Practical Part, yet ar-
rogantly take upon them right or wrong to cenfure the Performances of
thofe who are incomparably more knowing than themfelves, with an
envious Defign of wounding their Reputation, or blafting their He-
nour, or to inftil a mean Opinion of them into thofe who are fome-
times the moft interefted in the Lofs or Confervation of the Perfons
fo decried. But what can we fay to thefe malicious Cenfors that
may affront them lefs than that Old Saying: Ne Sutor ultra Crepidam,
Let not the Shoemaker judge beyond bis Laff. Now the whole Excellence,
or univerfal Knowledge of Pyrotechnics doth not confift in the Con-
ftruction of Rockets, which is but the leaft Part of that great and noble
Art; and accordingly we find that they are never employed but upon
Tumulwous Rejoicings, on the {core of Victories obtained, Towns fur-
rendered, or Sieges raifed ; or fometimes at the Celebration of Mar-
riages, or at Solemn Feftivals to divert the Guefts; and in fhort, at
public Bonfires exhibited to pleafe the People only. Therefore we muft
not peremptorily conclude any Man to be well skilled in our A7¢ that
has a Knack at making Rockets ; for we find but too many wha will

X x make
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mpke a Rocket well enough; but if you would go any farther with
them, they will ask Pardon, and defire to be excufed. In truth, it
weuld be an arrant Shame, that fuch Fellows fhould affume the fine Ti-
tle of Pyrotechunicians; for with equal juftice might a Mountebank, a
Country Barber, or a Farrier boaft of being a learned Doctor of Phy/i.
This then is not the utmoft Peoint of Perfetion in our Ar#, and we
muft believe that there is ftill fomething of a more exalted Nature, that
properly and pofitively conflitutes the true Pyrobo/sff, who may juftly
bear the Authentic Denomination of Maffer. All our Inventions, and
Fire Machines, together with that variety of Pra@ice which will be ex-
pofed to your View in the Sequel of this #ork, will give you a juft Idea
of the Perfeé? Pyrotechnician. 1 fay then, again and again, for feveral
Reafons, that it is impofiible to deduce any Confequence to the Difad-
vantage of the other Parts of this Greas Arz, from the regular or irre-
gular Afcent of Sky-Rockets ; as was pra@ifed by the Magicians of old,
wha drew ConjeCtures with regard to Human Events from the Flighe
of Birds; and confequently that we ought not rafhly (as I have already
intimated) to condemn thofe, who happen ever to be unfuccefsful in the
Conftruction of Rockets. 'What I have here faid is grounded upon fuffi-
cient Reafons, and is a real Fa&t; for I knew in my Time a Maffer of
the Ordrance to a great Prince (whofe Name I fhall forbear here, tho’
he has never fpared mine) who thought there could be none more able in
the Pyrobolic Art, than thofe who were well skilled in making Rockets;
and accordingly not contented with carefling them and receiving them
with open Arms, and admitting them into the Service of his Prince,
and placing them in the Rank of Pyrobolifts; he by all his Endeavours
fixed them deeply in the Favour of his Mafter, and continually repre-
fented to him, the Neceffity there was, for that incomparable Know-
ledge they had in their Ars, But he has fince then perhaps been
convinced (if he would be convinced; tho’ at the Public Expence,
and not at his own) that Rockets are in reality no other than Amufe-
ments ; Inventions more properly calculated for the Diverfion of People
who would fpend their Lives in Debauchery and Diflolutenefs, than
the true Thunder of War., And indeed he found by Experience that
they were not even fufficient to fhake the Enemy, much lefs to pur
them into Diforder ; and that thofe whom he had, with fo much Care,
taught to make Rockets, were not only incapable of managing any War-
like Machine with Skill and Judgment, at a Time when they were to
tear the Enemy to Pieces ; but alfo unworthy of the Title which he had
t0o readily and liberally beftowed on them. As for himfelf, the Szury
fays that not being able, or not daring ta be prefent on the Spot, he was
at a Place 40 Miles from thence whilft the Tragedy was acting; and was
afterwards found in a foeg Corner our of all Danger, and meditating
this fine Saying in his Heare: Beatus qui procul Negotiis. Happy the

Man who is out of Harms-way.
But
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But God give him Grace to amend himfelf; fo that laying afide (if
Shame does not prevent him) the Title and Office of Mafter, he may
humble himfelf, and fubmit to the Ferula of good and expert Profeflors
in our Ar¢, and under them ferve a commendable Apprentithip ; re-
ceiving their Counfel no longer as impertinent or troublefome Correcti-
ons, but as ufeful Inftructions towards the regaining of his Reputation,
and the re-eftablithing his Honour. As for thofe worthy Gentlemen his
Difciples, who once embraced his Inftruions with fuch Warmth, and
looked upon whatever he faid as pure Oracles ; I beg of them to know
themfelves at laft, and renouncing their falfe Do¢trine, to think of pur-
fuing more rational Schemes for the future, towards the Advancement
of their Fortunes. But as it is impofiible to recall what is paft, and
fince it is Sending for the Phyfician after the Man is dead, to fay any
thing more about this matter ; I fhall only add that I believe this cele-
brated Doctor would pretty well cure his own particular Infirmity, and
apply a Remedy to the Damage he has done to fo many deferving Per-
fons, if he for the future would continually keep. in his Heart and in
his Mouth thefe Words of the Prince of Orators : Tibi femitam non fa-
pis& alteri monfiras viam.  Thou thyfelf art blind, and yet wouldeft guide

others.
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PART the FIRST.

BOOK IV.

Of F1IRe GLoBEs or BALLs.

2 HE Word Globe is of a more extenfive Significa-

B tion, and what we mean by it is much more va-
tious as to Form in Pyrotechnics than in Geometry s
for you muit not here think that Glodes or Balls are
perfeétly Round Bodies, and contained under one Sur-
face, according to Euclid’s Definition of the Globe
and Spbere Book XI. Defin. XIV : but that we in ge-
neral underftand by it, feveral Bodies of various Kinds of Figure, all di-
ftin& and different froim one another. For firft, there are thofe which
are perfectly Round, fome of which are Solid and others Hollow ; of the
former are all Cannon and Mujquet Balls, &c. and of the latter are Gre-
nadd’s and Bombs, &c. which are feveral ways filled according to the Rules
of Pyroboly. There are again Balls made in the Fafthion of an Egg; others
of a Spheroid ; fome in Form of a Citron or Pear, or a Cylinder, and in
feveral other Shapes which the Workman may give them. Befides thefe
of fimple Kinds of Figure, there are others compounded, that is, that
partake of feveral forts of Form together. And what is ftill farther ex-
traordinary, I have in the Magazines of the Earl of Oldemburg, and in
feveral other Places, feen very old Grenado's that were thaped perfeétly
like a Cube- or Parallelopiped. Now let their Qualities and Condirions
be
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be what they will, and whatever Form or Figure they may bear, I beg
the Liberty of calling them by the general Denomination of Fire Globes
or Balls; at the fame time obferving to give them Sirnames and Epi-
thets futable to their particular Properties and Effecs, to diftinguifh them
the better from one another. This is the Subject I propofe to entertain
you with in this Book, which we will divide into Two Parsts. In the
Firft of which we fhall fhew you, and as it were make you handle (with-
out any danger of burning your Fingers) all the Sorts of Recreative Fire-
Balls both Aguatic and Terreftrial, or fuch asrun and leap upon Horizon-
tal Planes; and thofe alfo which are projected from Mortars, which be-
caufe they perform their Parts in the Air may be properly enough called
Aerial. The Second Part of this Book fhall treat of all thofe Balls
which we call Serious or Military ; that is, of all thofe that are ufed
upon Warlike Occafions, as well to repel and oppofe the Affaults of the
Enemy, as to convey Fire and Dread into their Quarters, whenever it is
needful. I hope it will not be taken amifs that I here give the firft
Place to the Recreative Fire-Balls; for in fo doing I only imitate Na-
ture, who firft forms the Fefus in the Womb, which from Infancy ad-
vancing by degrees to Puerility, is thence gradually conduced to Virili-
ty, and at length compleated in perfe® Manhood. Thefe Recreative
‘Works of our Art are but the firft Fruits, or rather the Seeds which pro-
duce the many fine Fruits of this noble Science. They are as it were
the Lower Rounds of a great Ladder to the Higheft of which none muft
hope to arrive: Or to lay afide the Allegory, and fpeak in dire@ Terms;
none muft expect to atrain a thorough Knowledge of what concerns the
terrible and wonderful Machines of War, but Thofe of a fertile Genius,
a robuft Body, and of an Intrepidity not to be thaken by the horrid
Bellowing of Cannon, nor difmayed at the Tempeftuous Iron Hail pro-
jected from thofe mercilefs Thunderers. But let us have done with this,
and take in hand the Subje& we propofed to treat of in this Book.

Yy PART
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PART L of #his BOOK.

CONCERNING

RECREATIVE GLOBES.

CHAP L
Of Aquatic Globes, or fuch as Butn and Swim upon the Water,

SORT L

ZWE E'T an hollow Wooden Glode made of what Size you think
fit, and let both its Convex and Concave Surface be perfectly
Spherical : The Thicknefs of the Wood throughout thall be 3

=S of the Diameter A B, as you fee in A C, or BD; and fhall
be furmounted.by a Cylinder, whofe Diameter E F fhall be 3 of the Dia-
meter A B, and the Hollow of it G H fhall not exceed * of a Diame-
ter aforefaid. The oppofite part of this Globe fhall be opened, to re-
ceive a Tompion I K, of the fame Diameter with the above Cylinder ;
by which Opening, the Compofition muft be put into the Globe when
you would fill it; and through which you have the conveniency of put-
ting a Petard or Report made of an Iron Plate in a Cylindrical Form,
and which being filled with good Corn Powder, muft be laid athwart as
you fee in M. The Globe being thus prepared, fhall be filled with one
of the Adguatic Compofitions, which we fhall hereafter treat of, and then
ftopped up with a Tompion that has been fteeped in hot Pitch. This
done, you fhall run as much melted Lead over it as may be fufficient to
make it of equal Weight, or fomething heavier than a Bulk of Water
of the fame Magnitude with itfelf. I fhall tell you why this is done to-
wards the End of this Chapter. In fhort, this Ba// being adjufted after
this manner, it fhall be thrown into melted Pitch. When you would
divert yourfelf with it, light the Priming, and as foon as you find, that
the Compofition is thoroughly inkindled throw it into the Water. Fig.80
reprefents this,

SORT
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SORT IL

This Ball, which you fee reprefented in Fig. 81, differs from the a-Fig. 81.
bovementioned no farther, than that the Form of it is not Spherlcal but
Spheroidical ; and the Se@ion parallel to the Axis of it is Oblong. The
Thicknefs of the Wood throughout the whole, its Tompxon beneath
and its Vent-hole B, obferve the very fame Proportions as in the above-
defcribed Globe. Beneath it you have a Leaden Grenade diftinguithed
by A, charged with Corn Powder, the Neck or Fuze of which goes into
the Bottom , of the Globe, as the Figure thews you. In fhort, it muft be
filled with one of the Aguatic Comp(y' ftions 1 fhall hereafter give you; and
then well coated with Pitch, before it is thrown into the Water.

SORT IIL

You fhall get an hollow Wooden Cylmder made by a Turner, of the Fig. 8.
Height ADor BC, whxch thall be 1  of the Breadth ABor D C; it
fhall at Top be ftopped up with a Wooden Tompion with an Hole in
the Middle of it, of a Conic Form to hold the Priming, the inferior
Breadth of which E F, fhall be § of the Height of the Glode, and the
fuperior Breadth of it G H,  of the Inferior. You fhall fill it with one
of the Compofitions I (hall hereafter give you, and ftop it well up with a
‘Tompion, after having wrapp’d it round with a piece of Cloth dipped in
hot Pitch or Tar ; beneath it you may fix a Grenade, or a Report, as you
fee in M. The whole bcmg thus ordered, you fhall near the Vent-hole
fix an Aolipile, asyou fee in L, which is to be contrived after the fol-
lowmg Method. Get a Founder to caft you a fmall hollow Globe, (or
it may be of any other Form if you will) or elfe you may make it by
foldering two Hemifpheres together ; from the Top of it fhall iffue two
hollow tapering Pipes like Horns, but let their Cavities be as {mall
as you can poffibly make them, efpecially towards the Extremities of
them;; in fhort, their Diameters may be equal to ; the Diameter of the
Subftance of their refpective Pipes. Being thus adjufted, cover it with
Burning Coals, and let it there remain till it is red hot : Take it burning
as it is, and put the {fmall Pjipes of it inftantly into Water, and let them
be immerfed a little till the Zolipile is quite cold; during which time it
will have imbibed a certain Quantity of Water, more or lefs according
to the Bignefs of it. -This Ba/l or Folipile being ordered as we have
now dire&ed, you fhall fecure it faft near the Vent-hole of the Water-
Globe with {mall Nails or Pins running through a little Handle adjoin-
ing to the Lower Part of it. 'This done, you fhall fix two fmall Leaden
Flutes or Tubes on each fide of your Water-Globe, fuch as you fee in L
and K (in the fame Figure) fo contrived that their Upper Orifices may
exaltly ﬁt the Excremities of the Pipes of the Zolipile.  Having done

all
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all this fet fire to the Priming with the End of a Match, and when the
Compofition is accended and got to a ftrong Head, throw it into the Wa-
ter; and in a little time the Fire iffuing from the Vent heating the £Eoli-
2l 1o that degree as to make the Water in it boil, it will difcharge its
Steam through the fmall Pipes with great Violence, which rufhing into
the Flutes above-mention’d, they will yield an odd kind of Harmony.
Fig. 82 will give you an exact Idea of this.

SORT 1IV.

In Fig. 83 you have the Reprefentation of a Water-Glode, which the
Germans call Binfchwerm. This needs no particular Defcription to il-
luftrate it, for the Figure explains itfelf. The Heightof this Globe thall
be proportioned to the ‘Running Rockets it is defigned to contain, tho’ it
is generally made 1 ; as long as it is broad. The Wooden Tube diftin-
guifhed by A, ought to be equal in Height to the G/lode; and fhall be
filled with a Compofition of 3 Parts of Powder, 2 of Saltpeter, and one
of Sulpbur. You again, are to add underneath it a Paper Cracker, as you
fee in C; D is a piece of Lead ferving for a Counterpoife ; in thort, you
muft add a round piece of Board to buoy it up upon the Water, a Profi/
of which is reprefented by B.

SORTS V, and VL

In Fig. 84 and 85 I prefent you with the Conftruction of two Water-
Globes, which have a near refemblance to one another as to Effe&t, but
very little Affinity to each other as to Form. In the Firf of thefe, the
Middle of it A, is filled with an Aguatic Compofition, which muft be
fropped up with a Wooden Tompion as you fee in H; which muft be
picrced through and through in the Middle ro reccive the Priming. In
B and C you have certain Hollows or little Reccptacles for holding
fmall and great Rockets. The Letters E and D pomt out the fmall
Tubes of Communication, through which the Fire is conveyed to the
Rockets. F is an Hole through which the Fire has Paflage to the
Leaden Grenade, or a Cracker, one of which we ufually faften to the
Bottom. So much for the Firft Figure, proceed we now to the Second.
You are to fill the Middle of this, as well as that of the former, with
an Aguatic Compofition, as you fee in A. This Globe inclofes two Orders
or Sorts of Rockets (viz.) Greater as B, and Smaller as C. The two
Tubes which convey the Fire from the Body of the Globe to the two
Rockets are denoted by H and N. D is a Report of Corn Powder, which
is feparated from the Compofition by the Wooden Partition E, which has
an Hole bored through the Middle of ir. Farthermore F is a Cap that
covers the Compofition, which is in like manner perforated in G, where
you are to fet Fire to the Whole. You may make Covers or Heads of

pafted
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pafted Paper, or of Canvafs dipped in Glue, and fometimes made of an
Iron Plate, with which you cover the Tubes M and N, which hold
the Running Rockets, in order to hide them. In fhort, O and P are
two Cavities or Grooves which are to be filled with Mea/ Powder, to
fire the Rockets which are placed over them. The Profi/ of this will
fully inftrué& you:

SORT VIL

177

Get 2 Wooden Globe that is perfectly Round and Hollow within, and Fig. 86.

pierce the Outfide of it with certain Cavities, of fufficient Capacity tore- -

ccive a Running Rocket ; however take care that they be not made o deep,
but that there be the Thicknefs of a Finger of the Wood, between the
inner Extremities of them and the Aguatic Compofition, contained in
the Middle of the Globe A. 'That the aforefaid Compofition may have a
Communication with the Rockets which are thruft into the Cavities above
mentioned, you fhall bore the Wood between them with a fine Gimblet,
or with a red hot Iron Pin, juft as you fee in B; which Hole fhall be filled
with Meal Powder. This done, the Vertex of the Globe fhall be fur-
mounted by a Wooden Cylinder or Tompion, crowned with the He-
mifphere C, made hollow to receive the Priming. In the oppofite Part
or Bottom is a. Tompion D, which is likewife hollow to give Paffage to
the Fire, that it may enkindle a Cracker which we commonly fix be-
neath it. In thort, E points out a Leaden Counterpoife which is de-
figned to keep the whole upright in the Water. See Fig. 86.

SORT VIIL

The Form of the Globe in Fig. 87 is not Simple in its Conftru&ion Fig. 8.

like the foregoing, but is pretty Complex ; for its Lower Part is an hol-
lowed Cylinder, which is furmounted by a Concave Hemifphere as G-
The Cylindrical Part is filled with Paper Crackers asC, and the Hemif-
pherical Part with an Aquatic Compofition as may be feen in A. This Compo-
Jition is feparated from the Crackers by a Wooden Partition D; through
which pafles a Wooden Tube as B, whofe lower Extremity muft fall
fhort of the Bottom of the Glode. ‘This Tube muft be filled with fuch a
Compofition as 1 prefcribed for the Fourth Sort of Globes. Beneath all,
is a Paper Cracker as E, and a Leaden Counterpoife as F. H is the
Vent-hole, where you muft prime your Globe in order to fire it.

SORT IX.

The Water-Globe you fee in Fig. 88 is a Spheroid, though you may Fig. 83.

have it perfectly Round if you will. The Body of this muft be filled
with one of the Compgfitions we fhall hereafter give you, The Outfide
Z z or,
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or Convex Surface of it is fluted or hollowed in feveral Places, for the
miote’ conVemently ﬁxmg of Crackers to it. Thefe are diftinguithed by
the Letéer A On oné Side of the Figure in Letter E, you have the
Fotm'of thefe Crackers, which are to be laid in the above-mentioned

Flutings, to each of which bélongs a little Iron or Copper Fuze, which

muft be filled with Meal Powder, and fo ordered as to fit the fmall Holes
you fec in the Flutings, and which are diftinguithed by B. Through
thefe the Fire has a Communication from the Body of the Ba/l to the
Crackers. F points out the littde Fuzes before-mentioned, and thews
How' they are to be fixed to the Crackers. C is the upper Orifice for
the’ Prithing. In fhort, D is its hollow Tompion, through which the
Fire is commiunicated to the Whole.

SORT X

As for the Conftruction of the Globe Fig. 89, you will readily con-
ceive it, the Figure explammg itfelf ; therefore I fhall not trouble you
with a particular Detail of it. I fhall only obferve that the little Cham-
ber A at Bottom ought o be i of the Breadth of the whole Glsde, and
that its Height fhould be 1} of its Breadth. Secondly, that the Water-
Bzll B, fhall'be as we ordered in the Firft Sort, and on all Sides incom-
paffed ‘with an' Aguatic Compofition as may be feen by H. That the
Charnber'A fhall be covered by the Partition C, to the end that when
the' Powder” in it fhall have the Fire conveyed to it, through the
Pipes or Tubes E, F and G, it may with the more Eafe and Force blow
up the Ba// in the Belly of the Firft; which taking fire at the Hole D,
will burn upon the Water, and will foon after to the Aftonithment of
the Beholders blow up the other Bal/ that was in it. In fine, I muft
caurion you to fecure the piece of Wood that covers the Whole as well
as poflible, for fear it fhould be blown up by the Compofition of the
greater Globe before it is all burned out.

SORT XL

If you confider the Globe reprefented in Fig. 9o as to its Effe®, you
will find that it has a perfe& Refemblance with that we have been juft
now defcribing ; except that inftead of containing a Spherical Glode in
its Cavity, it has Iron Pefards or Crackers, as may be feen by the Letters
B and F; befides that it retains the Form of a Cylinder, and is flat both
at Top and Bottom. Above the Crackers it is filled with an Aguatic
Compofition, like that above defcribed, as may be feen by A.  The Tube
C which goes through the Body of it, and touches the Matter contained
in the Chambér D;- oughit to'be, ﬁllcd with fuch a Compofition, as we di-
rected for the Fourth Sort of theﬁ: Globes. Near the Lower Extremity of
this Tube you: thalt bore an Holé 4s E, by which the Fire may have Pal-

fage
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fage to the Crackers when the Globe is blown up. In fhort, the Cham-
ber D in the Part where it is broadeft ought to be ; of the Breadth of
the whole Globe xtfelf its Hexght thall be ¢, but underneath it will
be fufficient if it is ¢ of the aforementioned Breadth. G is aPaper
Cracker which is made faﬂ: beneath all. M is a little Communication
between the Chamber and Cracker. -

SORT XIL

179

As to the Conftruc@ion of the following Globe (Fig. 91.) You firft muft Fig. o1.

have an hollow Wooden Cylinder made, having in the Bottom of it a
Chamber which may be filled with Powder : Its Orifice thall be at leaft
one Foot in Diameter, and its Height 14 of its Orifice. Bemg thus, you
thall adjuft a round Board whofe’ Convexity may exactly fit the Concth
ty of the Globe, and freely flip down into it: Beneath this Board fhall
be a Wooden Tompion to confinie the Powder in the Chamber, and
through this Tompion fhall pafs an Iron Tube filled with Meal Powder,
or with that Compofition we mentioned for the Fourth Sort of thefe Balis.
You will fee the Reprefentation of all this'in the Figure under the Let-
ters A, B, C, D, E. In the Third Place you thall prepare 6 Water-
Balls or more, as you fhall think proper, of the fame Form as we de-
feribed in the Firft and Second Sorts; or any of the forcgomg, each of
which fhall have an Iron Fuze:in its Orifice filled with good Meal Pow-
der. Let all thefe Balls be of fuch'a Size, that being’ dxfpoféd inacir-
cular Form, and joined clof¢ to one another, the imaginary Circle they
are contained in, may not exceed the inner Circumference of the great
Globe, in which you would lodge them, that'is, that they muft as exa&-
ly fit each other as poffible. This done, and having charged the Cham-
ber of the Globe with Corn Powder, you fhall let down the round Board
with its Tompion before mentioned into the Globe, and upon that you
fhall range in a perpendicular Situation the 6 Water-Balls all round the
Iron Tube; which #atér-Balls muft be furmounted by another round
Board, with-6 Holes bored through it,” which muft exaily fit the Fu-
zes in the Orifices or Vents of the faid Balls, and be at fuch diftances as
nicely to correfpond with ‘the fame Fuzes ; which running up through
them fhall rife a little above the faid Board. The better to conceive

this, caft your Eyes upon the Figure at the Letter G, This laft Board

or Partition fhall be fpread over with a good Quantity of Mea!/ and Corn
Powder mixed together, and upon that fhall be placed as many Running
Rockets as the Globe can hold. In the midft of thefe thall be fixed a
large Rocket (which muft not be bored) into whofe Orifice the Iron Tube
(before mentioned) ‘beneath may enter; this Tube is the fame which
you fee in H; and fhall be pierced through and through all round, up-
on the Plane of the aforefaid Partition; to the end that the Fire having
a Communication through them ic may accend the Running Rockets, and

at
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at the fame time inflame the #ater-Balls whofe Fuzes rife up through
the Partition; and from thence, after having penetrated down to the
Chamber beneath, it may be fprung, and blow up the Whole into the
Air; and make itfelf be heard. In this Figure the Letter F points out
the 6 Water-Balls, K the Great Rocket in the midft of the Running ones;
L the Chamber for the Powder ; M is a Communication to convey the
Fire to the Paper Cracker N. In fhort, this Globe being adjufted after
the manner we have now directed, it fhall be well cafed and envelopped
with a proper Covering, and thrown into Tar to preferve it from the
Water.

§ORT XIIIL

The Water-Globe 1 am now going to defcribe, and which is repre-
fented in Fig. 92, is by the Germans called Waffer Pumpe, by which
they mean a Pump or Pipe, or any fuch Hydraulic Contrivance ; they
again call it Waffer Morfér, which fignifies an Aguatic Mortar-Piece, or
a Mortar that will ferve upon the Water ; and is to be conftructed after
this manner. Take feven Wooden Pipes or Tubes, and wrap them
round together, with a Tarred, Pitched or Glued Cloth, and gird them
firmly round with Cord or Mar-line. Their Height, Breadth and
Thicknefs of their Wood, may be ordered as you fhall think proper;
except that you muft allow the Middle o7¢ a fomewhat greater Height
than the reft: ‘Thefe Tubes then (having the higheft in the Middle of
them) fhall be bound up together in one Cylindrical Body, as may be
feen in D. Beneath the inferior Extremities of them you fhall fix, (by
way of Bafe or Bottom) a round piece of Board as you fee in C, to which
you fhall faften thefe Tubes with {mall Nails; and be not fparing of
Glue to ftop up all the Cracks or Crevifes to prevent the Compofition
from taking Air. ‘This done, you fhall fill your Tubes according to the
Order you may obferve in Fig. A. Firft you fhall pour into each of them
a little Corn Powder, to the Height of about half an Inch; and upon
that, put a Water-Ball as you fee in G ; upon that, fow Compofition; and
then Corn ]’mder again; and then a Water-Globe filled with Running
Rockets, as may be feen in H ; and upon that again flow Compofition, then
Corn Powder, and then a Light Ball as may be feen in 1. Over this you
fhall a third time put flow Compofition and Corn Powder as before, which
fhall be covered with a Wooden Cap: Upon this Cap you fhall fet Running
Rockets, but not fo clofely together, but there may be room between them
for a Wooden Cafe filled with an Aquatic Compofition. In fhort, to con-
clude, you fhall fill the Remainder of the Tubes with flow Compofition, and
then ftop them well up. Al your Tubes being filled after this manner,
you fhall get a fquare or round piece of Wood, no matter which, with
an Hole in the Middle of it, big enough to receive the Ends of all thefe
Ttibes thus bound together, which you fhall ftop near the Tops of them
to buoy them up, and preferve the Powder or Compofitions from being

Wet.
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Wet. This Float-Board is diftinguithed by the Letter L. The whole
being prepared purfuant to the Directions here given thall be dipped in-
to a Quantity of Tar. Then fhall the Rocket M be ftuck into the Ori-
fice of the Middle Tube, or inftead of it, a {mall Wooden Tube filled
with a ftrong Compofition, and that will burn upon the Water (as I have
{o often mentioned) which is the fame with the Compofition 1 ordered for
the Fourth Sort of Balls. As to any thing farther relating to this you
may readily trace it out from the Scenographical Figure, which we have
here drawn. ‘

Obferve here in the Firft Place, that it is neceffary that the Middle
Tube fhould have a little more fow C’ompef tion in it than thofe which
encompafs it.

In the Second Place, take Notice that if you would have all thefe Col-
lateral Tubes take Fire at once, you muft pierce the Sides of the Great
one with fmall Holes, each of which fhall correfpond with one of the
Tubes, by which means the Fire may be conveyed to all of them at
once, and confume them equally and in the fame time. But if you
would not have fuch a quick Confumption of them, but on the contra-
ry would have the Pleafure of feeing them burn one after another, you
muft head them well up with ftrong Paper, and to each Tube fix a lit-
tle Pipe of Communication, filled with Meal Powder or a flow Compofi-
tion, through which the Fire may be conveyed from the Bottom of that
which is confumed, to the Orifice of that next to it, and fo on fuccef~
fively to fuch as have not been fired.

COROLLARY L
Of Odoriferous, or Perfumed Water~Balls.

G ET a Turner to make you fome hollow Balls of the Bignefs of a

Walnut or Crab, which you fhall fill with one of the following
Compofitions : Being all ready and filled, you fhall, after having lighted
them, throw them into Water; (this I underftand to be done in fome
Room or Apartment) but firft you fhall add a little guick Match to
them made of our Pyrotechnic Tow, or Cotton Wyck, that the Compofi-
¢ion may be lighted the more conveniently. Thefe Compofitions are as
follow :

"Take of Saltpeter 3 iij, of Storax Calamita 3 j, of Frankincenfe 3j, of
Maftic % j, of Amber 3 s, of Crvet % {5, of Sawduft of Funiper % ij, of
Sawdutt of Cyprefs 5 ij, and Osl of Spikenard % j; make your Compofition
of thefe according to Art and the Method laid down.

Or elfe take of Saltpeter ij, of Flower of Sulpbur or Brimflone % j, of
Camphire 3 {s; of the Rafpings of Yellow Amber finely pulverized 3 f5;

Aaa of
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of Coal of Lime-Tree-Wood % j; of Flowers of Benjamin or Affa Odorata
2 fs. Let them be finely pulverized, then mixed and incorporated to-
gether.

COROLLARY IL

Of the Compofitions for Water-Globes or Balls, which burn
as well upon the Water as in 1.

L
FIRST take of Scltpeter finely mealed 16 Ib; of Sulpbur 4 1b; of
the Sawings of Wood that have been previoufly boiled in a Saltpe-
trous Lye or Water, then dried, 4 1b; of good Corn Powder 1b fs; of the
Shavings of Tvory % iiij.
IL

Take of Saltpeter 6 16; of Sulphur 3 1b; of Meal Powder 1 1b; of

the Filings of Iron or of Hammer-flaw 2 1b; and of Greek Pitch 1b £.
IIL.

Take of Saltpeter 24 1b; of Meal Powder 4 1b; of Sulpbur 12 1b; of
Sewduft 8 1b; of Amber Powder 1b {5 ; of Glafs coarfely powdered 1b £5;
of Camphire 1b fs.

You muft obferve the very fame Rules in the Preparation of thefe
Compofitions, as we taught with regard to thofe defigned for Rockets ; ex-
cept that the Ingredients need not be {o finely mealed, but they muft be
to the full as well mixed and incorporated. You muft take care that your
Compofition be not too dry when you would fill your Glodes; and for this
Reafon it fhall be moiftened with a little of the Oils of Linfeed, Olives,
Naptia or Petrol, Hempfeed or of Nut, or any other Fat Subftance that
is fufceptible of Fire.

Befides the Aquatic Compofitions above-given, from my own Expe-
perience, you may contrive others at pleafure, by obferving to take the
Ingredients in different Proportions to one another. This indeed you
will find eafy enough; but I would have you try them from time to
time, before you exhibit them publickly. It will be of very great Im-
portance to fuch as would have a perfect Knowledge of the Nature of
Compofitions, to be extremely well acquainted with the particular Vir-
tues, Properties and Effe@s of each Ingredient they are compofed of ;
for as Arifiotle faith in Lib. VIL. Cap. X. of his Phyfics, Ex particulari-
bus pracognitis univerfalis acquiritur Scientia : The Knowledge of parts-
cular Things leads us to univerfgl Science : Therefore I muft defire you
to confider attentively what I am going to fay to you of all thefe Tugre-
dients {eparately.

Gun-
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Gun-powder is the Firft and Principal of them all, the moft violent
when accended, and burning more outragioufly than any of the reft:
Whence it is that it powerfully refifts all kind of Moiffure 1o prevent its
Flame from being fupprefled by it.

Saltpeter well purified may be placed in the Second Rank. We have
treated largely of this when we had occafion to {peak of its Nature and
incredible Virtues in Gun-powder : But befides what we have faid of ir,
we (hall add, that it has an unaccountable, particular Quality, of repel-
ling and difperfing the Drops of Water which prefent themfelves near
the Orifices of Water-Globes, &c. which muft be owing to its #indy
Expanfion.

All Osls mixed with the Compofitions in moiftening them, when they
are well united with the other Ingredients, keep up the Fire in fpite of
the Water, and feem to fide with it to prevent its Extin@ion; and this
becaufe of a Fat Humour, together with a very Aerial and Igneous Sub-
ftance natural to them, which the Fire embraces with fuch Eagernefs
that it is impoffible for them to difengage themfclves from that Element,
when once caught hold on by it; and as all O:/s are of a pretty denfe
and tenacious Subftance, and their Parts not to be disjoined or difperfed
cafily, it is a hard matter for Water to difpofle(s the Fire, when tho-
roughly poflefled of fuch Oils; and for the very fame Reafon it is that
Water is incompatible with them, and cannot infinuate itfelf into them,
and more particularly when there is a powerful Mafler within, who
rages, and refolves not to quit his hold, till he has firft removed every
thing belonging to him, and devoured all that can be converted into his
own Form or Subftance.

Sulpbur has very great Virtues, which indeed for their Excellence
ought to hold the Firft Rank; for from this Ingredient it is, that all the
Compofitions we have mentioned derive a great part of their Strength,
and would infallibly be imperfeét without it: Inafmuch as it is the par-
ticular Office of Sulpbur, o conceive the Fire upon all Occafions, and
having once conceived it to communicate it to the other Ingredients
with which it is incorporated. In fhort, I believe there cannot be found
any kind of Fat or Bituminous Subftance, that can be comparable to
this, as well for retaining and preferving a Flame when once conceived,
as for proteting and defending it againft all Enemies who by the Con-
trariety of their Qualities endeavour to deftroy and fupprefs it; and this
proceeds from a certain Sympathy between ## and Fire, or from a naty-
ral Parity of Subftance; or fram fome unaccountable occult Friendfhip
mutually fubfifting between them, and which renders them infeparable
whenever they meet together.

Amongtt the rare Qualities of Campbire, that of retaining and pre-
ferving an inextinguifhable Flame is none of the leaft, and it may boat of
being the only Oily, Bituminous, or Fat Subftance to whom Nature hath
granted {o extraordinary a Property. -But be this as it will, we by Ex-
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perience find, that without the help of any other Ingredient it burns in
the midft of the Dampeft Things, and maintains its Combuftion with
fuch Obftinacy, that it feems as if it would give Laws to them, evenin
their own proper Element. If you doubt this, light a piece of it and
put it upon Ice, or if you will in Snow (taking care not to bury it clofe
up, but to leave an Opening for the Ajr) and you will fee that it will
melt, both the one and the other, and fupport itfelf, notwithftanding
their Frigidity, to its utter Confumption. Moreover, being pulverized,
then lighted, and fcattered over the Surface of Water, it produces an
agreeable Appearance ; for it feems as if the Water itfelf, upon which it
floats becaufe of its Lightnefs, was all inflamed. However you muft un-
derftand that it does not conceive the Fire {o readily from any particular
Heat that is natural to it; but becaufe it is of a very fubtile Fat Sub-
ftance. From whence happens that ftrange and admirable Phenomenon,
that if you throw fome Camphire into a Bafon which has Brandy in it,
and let it boil to its univerfal Evaporation, in fome clofe Apartment, it
will be rarified and converted into fo fine a Vapour and fuch fubtile Ef-
Sluvia, that the Door being opened fome time afterwards, and you im-
mediately enter into the Place with a lighted Torch, all the Air in the
Room will inftantly take fire, and appear like a Flath of Lightning,
without doing the leaft Damage to the Building, or without in the leaft
kurting any of the Spe@ators. This arifes from the extreme Subtility
of it: For you muft think that Fire will not burn, except when its
Parts are very clofely united: And this may be farther obferved in the
Paper of this Country, which being in a Blaze you may freely pafs your
Hand over it, without any danger of being burned. The fame is it
with Brandy, which emits fo fine a Flame that an Handkerchief being
dipped into it, it will be confumed from one End to the other of it, with-
out hurting the leaft Thread of the Handkerchief.

All Sorts of Pitch and Bitumen, amongft which we may reckon the
Rafpings of Yellow Amber, (though it has naturally no great Affinity with
them, as we fhewed formerly from Scaliger) produce a ftrong Smoke,
which retaining a great deal of Fire, and much Aerial Spirit in it, muft
confequently be very light, and tend upwards; and therefore break-
ing violently through the moft clofely united Parts of the Water, it
ferves as a Forerunner to the Fire, and clears the Way for it, to afpire
in its natural Dire&tion: For being colletted in little Whirlwinds un-
der the Water, it briskly blows up the fuperincumbent Liquid which
oppofes its Excurfion, and caufing at the fame time a great num-
ber of large Bubbles upon the Surface of it, declares its Refolution of
not fubmitting to an Element which is ordained by Nature to lye be-
neath it ‘

The Sawduft of Wood, Filings of Iron, and Powder of Glafs, being
heated by the other Ingredients which are more combuftible than they,
are blown up aloft by the Strength of the Powder and Saltpeter, where

appearing
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appearing like a Cloud or Shower of Sparks they yield an agreeable Pro-
fpec to the Eye, and immediately falling down again upon the Surface
of the Water (hot as they are) you hear a Succeflion of {mall Noifes
which are by no means difagreeable: Now you muft know that thefe
Things are not ufed in Compofitions purely to pleafe the Eye or Ear;
but they alfo greatly reinforce the Fire by keeping its Rays united;
which is one Reafon why it is able to fubfift in any kind of Liquid.
And indeed their real Office is to increafe the Fire; for from its great
Redundance, and Denfity it is, that it contemns the Attacks of its
Enemy; and this we may reafonably affirm if fo it be, that thofe
Powers which are the moft perfe@tly united are always the ftrong-
eft. The Strength of thefe Ingredients is not a little added to, by their
Confinement; becaufe the Limits prefcribed, being unequal to their
violent Expanfion, they ruth with great Impetuoufnefs through the Vent
or Orifice of the Ball, or whatever elfe contains them ; and thus Scaliger
tells us, That Reftraint adds to their Force.

I have now done with what I propofed to fay-concerning Aguatic
Compofitions ; which may be of great Ufe to the Pyrobolif}, if he gives
due Artention to it, and at the fame time ftudioufly confiders the feve-
ral Particulars we have here handled.

Give me leave to entertain you now with a Story, relating to the dif-
ferent Properties of Fire and Water, and the mutual Power they exercife
over each other when they contend for the Soveraignty.

This Stery is pretty common, and is related by Philander from Suidas,
in the Preface to Lib. VIL. of Vitruvius. Ruffinus alfo mentions it in
Ecclefiaff. Hiffor. Lib, 11. Cap. XXVI. nearly in thefe Terms: Ar the
Time when the Chaldeans facrificed to Fire as to a Divinity whom they
revered above all other Celeftial and Elementary Powers; boafling that
their God alone was able to fubdue all Things, and confequently (according
to their way of arguing) it was but juft and equitable, that thofe Honours
Joould be paid to him which bad been ufually given to others : Adding that
the Gods of other Nations, whether made of Brafs, Silver or Stone, or any
other Materials whatfoever, were unable to withftand bim, and that be de-
voured all that came in bis Way : It happened that the Prieft of the God Cano-
pus beard of this ; who being @ Man of Wit and Cunning, be undertook to
undeceive them, and to demonfirate that there was f4ill a Power, fo whom
their God would be obliged to yield : And in order to this, be caufed a large
Pitcher to be made full of Holes, which was well coated over with Wax,
and painted of feveral Colours, and then filled with Water. This Pitcher
being thus prepared, he fixed it upon the Shoulders of a great Statue
(which ke pretended to be the Statue of Menelaus) inflead of the Head
which be had taken off.  In a little time after, the Ghaldeans coming o bé
Witnefes of this decifive Contention between their Deity and the other, they
Jet loofe the Fire at bim, who_flock fill expected bis Adverfary's Affault. At
Jirft (the Story fays) the Fire animated by the Sight of fo mighty a Colof
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fus, /aid bold on bim with fuch Violence and Obflinacy, that every one pre-
fent concluded he muft remain Mafier of the Field, efpecially when they be-
keld the Immobility and Inaltivity of bis Antagonitt. But Fate would
have it otherwife, and foon made the Spetators of a different Opinion; for
in a little while after this great Body bad been thoroughly heated, and that
the Fire bad diffolved the Bonds whick kept his Enemy imprifoned in the
Scull of the Statue ; be infenfibly found bimfelf feized with a cold Sweat,
which trickling down from Head to Foot, foon flackened bis Heat, and de-
prived bim of all Hopes of the Viclory ke bad promifed bimfelf. In feort,
the Combat did not bang long in Sufpence ; for the Holes of the Pitcher being
by this time all opened, the Water gufbed out furioufly upon bim, and over-
awhelmed bim on all fides ; fo that in expiring be was obliged to acknowledge
that be was overcome, and that Water ought to be preferred to bim. The
Chaldeans equally afbamed and affliéted to fee their once-favorite God in
this deplorable Condition, retired diffatisfied with the Combat, and from
that Time forwards forfaking Fire, they fided with the Egyptians. This
was the Event of the Cangpian Prieft’s Stratagem.

COROLLARY I
Of the Due and Proper Weight of cach Water-Globe.

I AM now going to perform the Promife I made you, in my Defcrip-
tion of the Firft Sort of Water-Globes. It is then very evident from the
Experiments that have been made, and even from the Demonttrations of
Archimedes (in Lib. wees tow éuspévor, &c. feu de Infidentibus Humids, Prop.
3, 4 and 7.) where he fpeaks of Bodies immerfed in Water, That Solids
of equal fpecific Gravity with Water, or any other Liquid, being immerfed
into it, will remain fufpended in it, and will be fupported by it, neither
finking beneath nor rifing above the bigheft Surface of it. But Solids which
are fpecifically lighter than a Liquid, will upon being immerfed in it, afeend
above the bigheft Surface of it in a certain Proportion. In fhort, Solids
which are Jpecifically beavier than a Liquid, will fink down te the Bottomn,
and lofe as much of their Weight whilft in the Liquid as @ Bulk of the Liquid
equal to themfelves in Magnitude would weigh. Therefore as all Glodes
defigned for. this Ufe are made of Wood, and notwithftanding they are
filled with an Aguatic Compofition, are lighter than Water, they muft
(according to Archimedes) rife in fome proportion above the Ligheft Sur-
face of it; and that in fuch degree, that the Part of the Glsbe which
is immerfed, prefles upon the Surface beneath, with a Preflure equal to
that of a Bulk of Water as big as idfelf. ‘Thus the immerfed Part of a
MW ater-Globe bears fuch Proportion to the Whole of it, as the Weight of

the
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the entire Water-Globe does to a Bulk of Water equal to itfelf in Magi-
tude, and fo on by an inverfe Ratio. Thus a Bulk of Water equal in
Magnitude to the immerfed Part of the Glode is always equal in Weight
to the Whole of it. As for Example; be there a Water-Globe whole
Weight is 3 I, and let § of it be immcrfed in Water, and : rife above
the higheft Surface. I fay, that in this Cafe the Weight of the whole
Water-Globe is exceeded by that of a Bulk of Water equal to it in Mag-
tude in the fame Proportion as the immerfed Parts of it are by the
Whole, namely by ¢; and thus a Bulk of Water equal to the Water-
Globe muft weigh 4 15. And by inverting the Propofition, if the
Weight of a Bulk of Water be well known; and if a Ba// be immerfed
in it to } of its Height, it will be evident that fuch a Ba// or Globe will
be £ lighter than fuch a Bulk of Water. Thazt is, that a Body of Wa-
ter containing 3 of the 4 Parts of the Ball, will weigh as much as the
whole Ball. Now if thefe 3 Parts of Water equal to the 3 Parts of
the Water-Globe are called 3 1b, we may fafely conclude that the whele
Water-Globe weighs 3 Ib likewife. But we commonly contrive them in
fuch a manner as not only to fwim upon the Surface of the Water, but
likewife to be juft even with the very Top of it, and fometimes to Be
quite immerfed in it; that they may, by means of the Fire iffuing from
them, throw up the #ater ; and that the more the former is refifted by
the latter, the more it may be enabled to oppofe it, which is the great
Point, and the only thing you are to endeavour at.

If now your Water-Globes are fpecifically lighter than Water, they
will not be totally immerfed in it, but will afcend above the higheft Sur-
face in a certain Proportion; and as faft asthe Iire confumes the Compo-
Sitions in them, they will become flill lighter, and muft ncceffarily rife
higher and higher till all is wafted. For this Reafon it is neceffary that
your Water-Globe be of the fame fpecific Gravity with Water, to the
end that the Vertex of it may be exacly level with the Surface of the
Water : Or it may be a little heavier if you will, that it may be totally
immerfed; which will be beft for the Reafon above given (namely) be-
caufe the fucceflive Confumption of the Compofition muft naturally take
away from the Firft Weight of the Water-Globe.

Now that you may know the fpecific Gravity of a Water-Globe with
regard to Water, and confequently that Part or Portion of it, that would
afcend above the higheft Surface of the Water: And likewife that you
may know, what Weight of Lead ought to be added to a #Water-Globe,
to make it Lquiponderant with Water, or a little heavier: As alfo how
to find the fpecific Gravity of Water with regard to your Water-Glbe,
without meafuring or weighing either the Watcr or Glsbe by any ordinary
Mechanical Contrivance; and that you may be perfectly well verfed in
whatever relates to this matter ; I fhall illuftrate the Whole in the plain-
eft Manner, by a Calculation of the Firft Sort of Water-Ghobes we de-
fcribed above,

We
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We fhall then fuppofe the Axss or Diameter of the faid Glode to be
divided into g equal Parts, each of which we will take to be an Uncid
of the Rhynland Foot ; from whence we may eafily come at its Solidity,
and the Weight of a Wooden G/obe nrade in that Form.

Let us range the Analgy as follows, (viz.) as 21 is to 11, fo is the
Cube of the Diameéter of a Globe of g Unciee (which is 729) to the So-
lidity of the Globe in Cubic Uncie or Inches; according to the Demon-
frations of Chrifiopher Clavius, Geomet. Prat. Lib. V. Fol. 253. From
this Operation you will have about 381 Cubic Uncie, which would be
the Contents of this Globe if it was Solid and Full; but as it is Hol-
low and Empty, and the Diameter of its Cavity is 7 Uncie, we muft
find out the Contents of that Cavity in the fame manner as if we fup-
pofed it to be Solid. Say then as 21 is to 11, {o is the Cube of the Dia-
meter of 7 Uncie to the Capacity of the above-mentioned Cavity. Now
the Cube of this Diameter being 343, the Capacity will be found to be
179 Cubic Uncie, or thereabouts. 'This Capacity of the Hollow of the
Ball, which is 179 Unciz, being fubftracted from 381 the whole Con-
tents of the Globe (which we at firft fuppofed to be Solid) you will have
a Remainder of 202 Cubic Uncie, which are the Contents of the whole
Shell of this Glode, whofe Thicknefs throughout is one Uncia. To
this muft be added the Solidity of the Hemifphere upon the Tompion
which ftops up the Orifice of the Globe; which you may find out after
this Manner.

Double the Plane of the Bafe of the Hemifphere, which fhall be
3 Unciz and 3 fquare, or 42 Lines, and being doubled, you will have
7 Uncie fquare or 84 Lines for the Convex Superficies. In thort, mul-
tiply this by ¢ of the Diameter of the Bafe of the Hemifpherc, and your
Product will be 336 Lines for its Solidity, which are ; of an Inch and
48 Cubic Lines, which being added to the former Number will confti-
tute a Body whofe Solidity in Cubic Inches will be 202 Uncie or Inches
and 7 and 48 Lines, or if you would have the whole reduced to-Cubical
Lines you will have 349392 of them.

You may again come at the Weight of this Body after this Manner.
In the firft Place fuppofe it to be made of Iron. Now according to the
Rule laid down in Book I. Chap. VI. an Iron Ball whofe Diameter is
4. Uncie ought to weigh 8 1b; therefore as the Cube of the Diameter of
a Ball of 8 1b is to its Weight, fo is the Cube of the Diameter of a #a-
ter-Globe to its own Weight if it was made of Iron. The Operation
being over you will have 49 1b, or thereabouts, for the Weight of the
Shell if made of Iron : But as it is made of Wood, you muft take the
proportional Numbers of Iron and Wood from the Tab/e Book I. Chap.
IX, and fay as 42: 3 fo is the Weight of Iron laft found to the real
Weight of the Wooden Shell or hollow Glode; from whence you will
have 3 1o, 8 Ounces, or thereabouts.

Let
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Let the Compofition which fills the Cavity of the Globe be here fup-
pofed o weigh 8 1, 10 Ounces, 2 Deniers and 7 Grains ; and let the
Weight of the Iron Petard or Cracker be called 4 Ounces, and let the
Powder in it be one Ounce. Now add the Weight of the Wooden Shel),
to that of the Compofition and Cracker, and you will have in all 10 1b,
1x Ounc. 7 Dr. 2 Den. and 12 Gr.

According to this fame Method; you may find out the Weight of a
Bulk of Water equal in bignefs to your Water-Globe. We have faid in
Chap. XII. of Book I, from the Teftimony of the Ancients, that a
Veflel of a Roman Cubic Foot being filled with Watet would weigh
8o 1b Menfural, and but 66 ib 8 Ounces Ponderdl. Farthermore, we
have from the Obfervations of Dogen agreed, that the ancient Roman
Foot was equal to what we call the Rbynland Foot ; and therefore a Cu-
bic Rbynland Foot of Water ought to contain as much in our Days as it
did formerly : But as I have experienced that a Cubic Body of Water
cach of whofe Sides is 6 Unci or half of the Rbynland Foot (the Water

-being taken out of the Rbine near Leyden in Holland) weighs about

8 15 2 Ounces Ponderal of ours, each Pound 16 Ounces : It muft follow;
that as a Cubic Body whofe Dimenfion is a Foot contzins 8 of thé
aforementioned, it muft weigh 65 it of ours. And becaufe on the othet
hand a Cubical Foot containing 1728 Cubic Inches weighs alfo 65 1b;
381 Cubic Uncie or Inches, which are coritained in a Bulk of Water
equal to the Water-Glsbe we are now treating of, muft weigh 14 1,
§ Ounc. 2 Dr. 1 Den. and 8 Gr. as may be eafily feen by any one who
will give himfelf the trouble of proving it.

Well; let us now compare thefe two Weights to one another (name-
ly) that of the Water-Globe filled with a proper Compofition, which is
10 1b, 11 Qune. 7 Dr. 2 Den. and 12 Gr. and that of a Bulk of Water
equal in Magnitude to the aforefaid #ater-Globe ; which we have found
to be 14 1b, 5 Ounc. 2 Dr. 1 Den. and 8 Grains; and by fubftra@ing the
Lefler of thefe from the Greater, we fhall have a Remainder of 3 if,
9 Oun. 2 Dr. 1 Den. and 20 Gr. Now as this is exally the 3 Part of
the aforefaid Bulk of Water; we muft conclude that the #ater-Globe is
% lighter than the Water; and confequently, that the ; of the Water,
of equal Magnitude with } of the Water-Globe will be as Heavy as the
Whole of it.

Therefore if we would prepare a Water-Globe, fo as to have it
totally immerfed in Water without finking to the Bottom; and that the
Vertex of the Globe fhould be exa&ly upon a Level with the Surface of
the Water ; we muft add a Counterpoife (as we have called it) whofe
Weight is equal to the difference of the two Weights above-mentioned
(wiz.) the § Part of the Weight of the Bulk of Water, which is 3 1b,
9 Ounc. 2 Dr. 1 Den. and 20 Grains ; that is, you muft tic a piece of
Lead to it of that Weight, or elfe make a Cavity round the lower Tom-
pion, and pour as much melted Lead into it as will fupply that Dif-
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ference. In fhort, it would not be amifs if you added a Weight fome-
what fuperior to the above-mentioned Difference, for feveral Reafons
which I have already given, and which it were needlefs to repeat
here.

Now in order to find out that Point upon the Axis of a Water-
Globe, together with a certain Circle defcribed round it upon the Con-
vexity of the faid Globe; through which if an Horizontal Plane pafs,
it would cut off a Fourth of the Water-Globe; or to thew how deep
it would be immerfed in Water if it was a Fourth lighter than Water ;
I fay in order to find out this, you may proceed as follows.

Since according to Luc. Valerius, who fpeaking of the Center of
Gravity of Solids faith, Lib. IL Prop. 33. Hemifpherii Centrum gravita-
tis fit punttum illud, in.quo fi Axis dividitur ut pars que ad verticem fit ad
religuum ut § ad 3. That the Center of Gravity of an Hemifphere is in
that Point of the AXis through which if it was bifelted, the upper Section
of it would be to the lower as 5 is 0 3. 'Therefore you may divide the
Semi-Diameter of a Glode, or the Axis of an Hemifphere, into 8 equal
Parts ; and as each of them is compofed of 6 ; Lines, ’ of the Axis of
the Hemifphere, or 33 3 Lines, or 2 Inches, 9 Lines and ; meafured
upon the Axis from the Pertex of the Hemifphere towards the Bafe will
give you its Center of Gravity ; through which if a Plane be produced
parallel to the Horizon, it will divide the Hemifphere into 2 Zquipon-
derant Parts ; for it is properly called, Centrum gravitatis uniufeujufque
corporis; or the Center of Gravity of any Body whatfoever, according to
the Definition of Guid. Ubaldus, and other Mechanics. Punéfum intra
extrave pofitum circa quod undique Partes equalium mementorum confiftunt ;
ita ut fi per tale Centrum, ducatur planum figuram quomodocunque fecans,
Jemper in partes equiponderantes ipfam dividat. This Point, whether it be
placed within or without, is That round which 4l the Parts of a Body are
at reft, and fituated in fuch a manner, that if a Plane be produced through
that Center bifecting the Body in any direltion whatfoever, it will be al-
ways divided into equiponderant Parts. Therefore the upper Section of
the Hemifphere is § of the whole #Water-Globe. And if from the Point
laft found on the 4xis of any Hemifphere, you upon any Plane defcribe
as from a Center a Circle whofe Radius is equal to the upper Se&ion of
the Axis ; and take the Circumference of fuch a Circle with a piece of
Thread, and tying the two Ends of it together, you apply it to the
Convexity of the Glede, it will fweep over that Portion of it as would
be immerfed in Water, provided that fuch Glode be ; lighter than a Bulk
of Water equal to it in bignefs.

To tcll you now how to find out the Aliquot Parts of an Integer,
with regard to other Bodies of Infinite Variety as to Figure, befides
fuch as are regular or approach nearly to a Regularity, or to teach how
to feparate them from the reft of the Body; is neither my Intention,

not iy Bufine(s in this Place. The curious Pyrobolsff, who would give
himfelf
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himfelf the trouble of learning it, may have recourfe to Villalpandus,
Tom. 1L Par. I1. or Kepler’'s New Stereometry, and the Works of many
other Geometricians and Mechanics, who have written largely upon that
Subje&.

In fhort, the fpecific Gravity of Water, and the Weight of Bodies
immerfed in it, may vary infinitely ; and therefore we muft retract what
we faid of #Water in Book I. Chap. XII. The firft thing you are to feek
after in all Cafes of this kind, is the Specific Gravity of the Water,
without a Knowledge of which you may be liable to err.  All that I
have here faid to you is but by way of Example, and to mark out a Path
which will infallibly condué you into the High Road, which leads to fo
many wonderful Operations.

But before I lay down my Pen, T muft add to all this, a Method for
+ weighing all forts of Bodies regular or irregular (for which it is chief-
ly defigned) in Water ; which will be as agreeable to our Pyrotechnician
as it will be ufeful and neceffary to him. I have taken it from Mer/en-
nus, and prefent it to you in his own Words, as you may find them in
his Phenom. Hydr. Prop. 46.

What Archimedes means by Magnitude, 7s Body, 2o’ it be empty
Space that is merely a Vacuum, and containing no corporeal Subflance :
Whatever bas Extenfion, may be ranked under that Denomination, even
by thofe who believe Space, (or who think there is @ Medium) deflitute
of Refiftance.  If now you fuppofe fuch a void Space to defcend in Water,
the Water would rife as much as if a Solid Body of the fame Bulk bad funk
down into it: As for Example, a Veffel being filled with Air only, and
preffed down into the Water, bas the fame Effeit as if it bad been filled
with Water, or any other Liquid; fo that if you fuppofe a Cubical Space
which is perfellly deflitute of Weight, to be forcibly immerfed and kept un-
der Water, it would bave the Jame Effeét with refpeét to the Water as a
Cube of Lead equal to it in Extenfion, allowing the Force requifite to keep
it under is equal to the Gravity of the Lead.

But let us now proceed to confider Solid Magnitude or fuch as is Hard.
Let there be for Example a Body lighter than Water, whofe 1 Gravity
may be eafily found by a previous Knowledge of the Gravity of the Water,
or any other Liquid it may be immerfed into, as alfo the immerfed, or
emerfed Parts of it. Let then the Part immerfed be to the Whole of it as
X to 12, and the Gravity of the Water will be to that of the Body as 12
2o 1: And if the immerfed Part of the Body is but Subquadruple or Sub-
duple of the whole, a Body of Water of the fame Bulk with the whole Body
would be 4 times or twice its Weight.

1 He, by this, properly means a Method of findi t the Specific Gravity of hing wi
felpedt to %ater,Pangl foy on inverflely, 7 out e Spect raviey of any thing with
1 He here all along means Specific Gravity,

You
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You may by another way determine the Gravity of Bodies lighter than
Water ; (namely) by fuperadding a Subflance that is beavier than Water,
SJuch as Lead whofe Weight is known, and wbhich by its Gravity im-
merges light Things; for it will be eafy to conclude, that a Bulk of Water
equal to them both, will be exaétly the Difference of the Weight of thofe Bo-
diesin Air and in Water ; by the Weight of which you may readily come at
the Gravity of the Body lighter than /¥ ater, by this Method of reafoning ;
(namely) That the Weight of a Body of Water equal in Bulk to the Lead
being taken from the whole Mafs of the Water which is equal to both the
Lead and the other Subflance, there will remain a Weight of Water equal
in Bulk to the lighteft Body.

For Example; Let there be given a Wooden Stick or Cylinder whofe
Weight in the Air is 12 Ounces, and be there fuperadded to it 11 Oun-
ces of Lead, and throw them into Water. I fay, that as this Lead
weighs but 10 Ounces in the Water, a Body of Water equal to it in
Bulk would weigh one Ounce exaltly. Now let us fuppofe the Weight of
the one and the other immerfed Body to be 16 Ources whilff in the Water,
the Aggregate of whoje Weight in the Air was 23 Ounces : The Difference
between 16 and 23 being 7, it will give you to underfiand that a Mafi of
Water equal in Bulk to the Wooden Cylinder and Leaden Weight would
weigh 7 Ounces; from which if you fubdult a Body of Water equal in
Bulk to the Lead only, there will remain 6 Ounces for a Bulk of Water
equal to the Wooden Stick or Cylinder. The fame thing will happen, if
you immerge feveral Bodies togetber that are lighter than a Liguid, by means
of a Superaddition of Lead, or any thing elfe that is beavier than fuch a
Liguid.

unt care muft be taken that the Body immerged doth not contrai?, or im-
bibe any of the Liquid in its Pores, by which means it would be beavier than
it was when weighed in dir : Tho' this Accident may be eafily prevented by
coating the Body well over with Wax, Pitch, or any thing of that Nature;
Jor by fubfiraéling a quantity of Water equal to the Wax, &c. the Re-
mainder will infallibly give you the Gravity of the Porous Body. But you
muft firft weigh the Quantity of Wax or Pitch ufed in coating the Porous
Body, whether it be of Wood, Stone, &c. and farthermore know the Specific
Gravity of the Wax or Pitch with regard to Water.

As for Examples fuppofé the Wax ufed in coating the Body weighs 22
Ounces in the Air, a Bulk of Water equal to it will infallibly weigh 21
Ounces; therefore muft you fubdult a Bulk of Water of 21 Ounces, if you
would by the Weight of the Remainder of the Bulk equal to the Body, know
the Specific Gravity of the Body itfelf, as we bave already faid.

If you would know any thing farther relating to this Matter, con-
fult the-fame Author in the fame Treatife, Prop. 43, 44, 45, 47, and
others, which will fatisfy you upon this Head. If thefe thould not be
fufficient, you may have recourfe to Galileus, who f{peaks clearly on
this Subjet; and befides them, you have a little Italian Book publithed

by
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by Nicolas Tartagha, intitled, Ragionamenti de Nicolao Tartaglia: So-
?ra la fua travagliata Inventione. With another intitled, Regola ge-
nerale da fulevar é mifurar non folamente ogni offendata nave: ma una
torre folida, di metallo trovata da Nicolao Tartaglia.

CHAP IL

Of Recreative Globes thaz leap and bound upon Horizontal
Planes.

SORT L

TAKE an hollow Wooden Globe, perfectly Round, with its Orifice

and Tompion, in the fame Proportion and Form as we direé&ted
for the firft Sort of Water-Globes in the foregoing Chapter ; and fill it
with an Aguatic Compofition. Then be there 4 Iron Petards or Crackers
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(or more if you will) made in the Form you fee in Fig. 93 under theFi. o3.

Letters A, B, C, D: Thefe you fhall fill with the beft Corn Powder
you have, and ftop them up with Wadds of Paper or Tow. Then bor-
ing Holes in your Globe of a proper Size to receive your Petards,
you fhall fecure them with Nails to the Outfide of your Glode ; which
done, you will have the Whole prepared. If you fire thisupon a fmooth
even Spot, you will fee it leap, and bound, as often as the Pefards in it
go off.

SORT IL

Get a folid Wooden Ba// made as Round as poffible, and coat it well Fig, o4.

over with Wax. Then cut long Slips of Paper of the Breadth of 2 or
3 Inches, and pafte them to the Convexity of your Glhbe, fo that it
may be entirely covered with them, but not with one Layer only, but
to the Thicknefs of one or two Lines: Or what will be more expeditious,
Take of that Pulp or Pafte of which Paper is made, and diffolve it in
Glue Water, and with it coat over the whole Glode, and dry it by a ve-
ry flow moderate Fire; and being perfe@ly dried, divide it into two
Parts. In fhort, fet it then before a Fire which is hot enough to mele
the Wax, and you will have two hollow Paper Hemifpheres (as you
may readily conceive) with which you fhall make a Leaping or Running
Ball, after this Manner. 'Take three common Rockets filled and bored,
as we direGted for the Firft Sort of Sky-Rockets, excepting only the Re-
port which is not here neceflary. Thefe Rockets thall be of fuch Length
as not 10 exceed the interior Diameter of the Hemifphere. Fix then
thefc Rockets in either of the Hemifpheres, and difpofe of them fo as

Ddd that
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that they may have their Heads and Choaks alternately even with each
other: And thus they muft be ordered ; that when the Firft is quite
fpent, the Second may immediately take Fire, and force the Hemif-
phere back again ; and {o on with the Third, when the Fir¢ is commu-
nicated to that. Care however muft be taken, that the Fire does not
privately pafs from the Firft Rocket to the Second or Third, before it is
quite confumed : This Danger you may eafily avoid, if you kecp in
Mind, what we have already faid of two Rockets joined together,
when we treated of thofe that run upon Ropes. Now in order to
fire this Glebe you fhall make an Hole in your Paper Hemifphere
over-againft the Choak of the Firft Rocker. In fhort, all the ne-
ceffary Precautions being taken in fixing your Rockets, you thall cover
them with the other Hemifphere, which fhall be firmly joined to
the Firft with ftrong Pafted Paper; you muft be careful in doing this,
for fear left in turning, running, and winding about, they fhould be
torn from each other; whereby your Labour and Expence might become
matter of Laughter to the Speators, and yourfelf be put to Confufion
inftead of meeting with Applaufe. In a Word; fuppofing them to be
well joined together, fet fire to the Priming which correfponds with
the Firft Rocket, and leaving it freely upon an even Horizontal Plane,
you will fee it run and fly about with fuch Swiftnefs, and with fo ex-
traordinary a Motion, as will furprize the Beholders. In the fame Sce-
nographical Figure, the Letters A B C fhew the Rockets, and how they
mutt be fixed in the Hemifphere.

SORT IL

This Globe is not very unlike the Firft Sort, excepting that to this you
add a certain Number of Crackers, which are difpofed as you may fee
in Fig. g5, where the Crackers are diftinguithed by the Letter A, and
the Vent or Touch-hole by B,

CHAP.
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CHAP IL

Of Recreative Acrial Globes which are projected from a
Mortar-Piece.

WHEN you would make any of thefe Aerial Globes, which are

thrown up into the Air by Mortars, you fhall firft of all take
care to have the Calibre of the Mortar you intend to ufe : And having
found it, you fhall divide it into 12 Parts, one of which you fhall al-
low for the Windage of the Globe, and # fhall remain for the Diame-
ter of the Glsbe you intend to make. You fhall then divide this Dia-Fig. 96.
meter into 6 equal Parts; and the Height between A and C fhall be
equal to the Diameter of the Globe; the Radius of the Semi-Circle C 1
fhall be % or half of the Height or Breadth of the Globe. The Thick-
nefs of the Wood H I fhall be $; of the above Diameter; but the
Thicknefs of the Cover A K fhall be ; of the Diameter of the Glose.
The Diameter of the Cavity G H of this Glebe fhall be } of its whole
Diameter. The Height of the Priming-Chamber B F fhall be + and } of
the Diameter; but its Breadth ; only; that is, its Height fhall be 1 £ of
its Breadth. As for the Diameter of the Touch-Hole, it will be fuffi-
cient if itis 3 or 3 of that of the Chamber.

This is all I can fay of the Proportions of this Sort of Ba/ls, as to their
Wooden Conftru&ion : But as for the Manner of filling them, the fol-
lowing Directions will fully inftru& you. The Figure of this Glode,
and thofe which follow it, may be plainly underftood by Fig. 96.

Obferve here, that the Proportions of thefe Globes are only to be un-
derftood of thofe which are projected from great Morzars (namely) fuch
as can carry a Stone Ball of 30, 40, 6o, or 100 b, or more if you
can get any fuch : But for the Lefler, which carry but 6, 10, 15, or
20 Ib of Stone, thefe Globes may be made of Pafted Paper, and rowled
in fathion of a Cylinder, excepting only the Bottom which fhall be of
Wood, as well as their Priming-Chambers and Vent-holes.

SORT I

Take hollow Canes or common Reeds, and cut thern into Lengths to
fit the Cavity of the Globe, and fill them with a fow Compofition made
3 Parts of Meal Powder, 2 of Coal, and one of Sulphur, moiftened with a
little Ozl of Petrol ; excepting the lower Ends of them which reft upon
the Bottom of the Globe, which thall have Mea! Powder only, moiftened
in like manner with Os/ of Petrol, or fprinkled over with Brandy, and

then
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then dried, to make them take Fire the better. You fhall moreover
cover the Bottom of the Globe with Meal Powder mix'd with an equal
quantity of that in Corns.  Thefe Reeds being filled after this manner,
you fhall fet as many of them upright in the Cavity of the Globe as it
is capable of containing. Then cover it well at Top, and wrap it well
round, with a Cloth dipped in Glue, or any tenacious Subftance. The
Priming fhall be of the fame Compofition with the Reeds, or one of the
two following. The Firft; made of 8 Parts of Powder, 4 of Saltpeter,
2 of Sulpbur, and one of Coal. The Second; 4 Farts of Powder, and
2 of Coal. Meal, mix, and incorporate thefe [fugredients together as
well as poffible. To conclude, you fhall ftick round the Orifice or up-
on it (with a little Pyrofechnic Glue, which we fhall fpeak of in the
following Book ) fome Quick-Match (which muft be prepared as we
dire@ed in Book II. Chap. XXIX.) with fome untwifted Tow of the
fame fort. Fig. 96 fhews you the whole of this; for the Letter L
points out the Reeds contained in the Glode. The reft needs no Ex-
planation,

SORTS II and IIL

Thefe two Sorts of Recreative Globes, which you fee reprefented under
Figures g7 and 98, are perfe@ly contrived like the Firft Sort, with on-
ly this Difference between them, that the Firft of thefe is filled with
Running Rockets; and the Laft with Paper Crackers and Stars, and Py-
rotechiic Sparks interfperfed with Meal Powder, which are put promif-
cuoufly over the Crackers. It is needlefs then to dwell any longer upon
thefe, fince you may gather whatever relates to them, from what I have
faid above, as alfo from the Reprefentations of them; which are fo

plain, that it is impoffible for any Body to be miftaken that does but con-
fider them a little.

SORT 1IV.

This Globe, which we rank in the Fourth Place, and which we have
reprefented in Fig. g9, is not fo difficult in its Conftruétion, but that it
may be eafily comprehended by the Figure itfelf. Firft of all, the Great
Globe which contains a Lefler in it, is the very fame with thofe above-
defcribed ; for it is charged with Running Rockets as well as that of the
Second Sort: But however with this Difference, that this is lined but
with a fingle Range of Rockets, as may be feen in the Letter A; whereas
the Cavity of the other is quite filled up with them. In the midft of
thefe Rockets, you fix a Globe in a Cylindrical Form with a flat Bottom
as B, and a Chamber and Touch-hole at D. The Capacity of this In-
ner Globe is filled with Tron Crackers as C, and covered with a flat Co-
vering as E.  You fhall fill the Priming-Chambers with the fame Com-

pofition
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pofition as we have ordered for the above Glodes.  As for the Fuzes they
fhall be of good Mea! Powder.

SORT V.

As for the Conftru&ion of this Fifth Sort of Recreative Globes; it dif- Fig. 100.
fers in nothing from the Fourth above defcribed, except that it is larger
and more capacious, and contains two others one within another. The
Biggeft of all is diftinguithed by the Letter A, which is charged with
Tubes D; (the Conftruction of which we have fo often given) whofe
Orifices are all turned downwards, upon the Bottom of the Glode, which
is fpread over with Corn and Meal Powder mixed together. The Second
and Middlemoft, diftinguithed by B, is in like manner charged with one
Row or Round of Running Rockets E. In fhort, the Third and Smal-
left BallC is charged with other fmaller Rockets as may be feen in F; in
the Middle of which is a Light Ball G. As for any thing farther re-
lating to it, you are to proceed in the fame Manner as was ordered with
regard to the aforementioned Sorts; fee the Reprefentation of this Fig.
100, which will illuftrate it, if our Explanation is any way defeive,

SORT VL

Firft get a Wooden Globe, in the Middle of which let there be made a
Mortar, with a little Chamber for Powder ; round which thall be formed
a Berm or Ledge, for the conveniently ranging of certain Paper Tubes
or Cafes: In this Berm you muft hollow out a little Groove or Channel,
which muft be filled with Meal Powder, for conveying the Fire all
round. This done, you fhall put a Recreative Globe into the Mortar, filled
with Running Rockets, Paper or Iron Crackers, Reeds, or in fhort, with
Stars and Sparks which we have fo amply defcribed elfewhere. Upon
the abovefaid Channel then, you fhall place your Cafes or Paper Tubes,
exactly after the Manner we ordered in the foregoing Chapter for the
Sixth Sort of Water-Globes, which fhall be filled with Running Rockets,
and covered round with ftrong pafted Paper or Glued Cloth. Caft your
Eye upon Fig. 101, where the Letter A points out the Wooden Glode Fig. 101.
without any Addition toit. The Letter A alfo thews its Mortar. E the
Hollow in the Berm. D the Touch-hole. C the Priming-Chamber,
and B is the Chamber of the Mortar. But in the other Figure diftin-
guithed by B, the Letter F fhews you the Order in which your Paper
Cafes ought to be placed upon the hollowed Berm or Ledge. The reft

may be readily comprehended by whofoever rightly confiders this Fiy.
101,

Ece SORT
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SORT VIL

_ You thall order a2 Wooden Globe to b¢ made whofe Heighe is double
Fig- 102 of its Breadth; fuch as you fee in Fig. 102, where its Height from A
to B, is double of its Breadth from C to D. So much for its outward
Form. Hollow out one half of it (I mean the upper Part) after the
fame Manner as has been done with regard to the preceding Recreative
Globes 5 which Cavity fhall be filled with Running Rockets or Crackers,
or fome other of thofe Things we have mentioned above. Then clap
a Cover over it. The Lower Part of this Globe thall have 2 Priming-
Chamber at E, whofe Height and Breadth fhall be ¢ of the Diameter
of the whole Givbe; and the Touch-hole fhall be ¢ or § of it. ‘This
done, you fhall pierce all the Lower Part of the Globe with Cavities
which fhall not be fo deep as to interfere with the Touch-hole in the
Middle; but between the Inner Extremities of them and thar, there
thall be the Thicknefs of half an Inch of Solid Wood: Which how-
ever thall be afterwards bored with a red-hot Iron, fo as to have 2 Com-
munication with the Touch-hole. You may fee how this is to be done
by the Letters G and F.  Thefe Cavities fhall be of fufficient Capacity
to reccive Iron Crackers or Running Rockets. Now to repeat to you,
how they ought to be fixed ; what ought to be obferved to make them
depart after they are lighted ; or what muft be done or not done to pro-
cure the defired Effe@® from them; this is what I have {o often touched
upon, that a farther Repetition might be troublefome. Let us thea pro-
ceed to the following Sort.

SORT VIIL

The Structure of this Glbe is not fo confiderable on the fcore of its
Contrivance, as it is admired by the Spectators for its fine and agreeable
Effects in the Air; and T may fafely fay, there are but few Pyrobolifis
who can reprefent in the Air, in a dark cloudy Night, Letters or Cy-
phiers in Fire, or whole Names, or even feveral Sentences all in Flame.
Here then in the Conftru@ion of this Glode (which I myfelf invented,
and have often put in Prattice) I intend to fhew you one of this Na-
gure, which will have fuch Effes as cannot but be admired: In the
ordering of which you muft proceed as follows. In the firft Place get
a Wooden Globe of the fame Form, and of the fame Height, Breadth
and Thicknefs, with that of the Firlt of this Sort of Glades, or of the
fubféquent of them, no matter which. Now the Priming-Chamber A,

Fig. 103.in Fig. 103, fhall have its Breadth and Height of ; of the Diameter of
the whole Globe. Befides this Chamber you fhall have another to re-
ceive Corn Powder, whofe Height C D fhall be equal to its Breadth
D E, which fhall be alfo § of the Diameter of the whole Glode ; but the

Fuze
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Fuze or Vent-hole B fhall have its Breadth one fourth of the Powder-
Chamber, or Priming-Chamber above mentioned. You fhall have alfo
another Globe in a Cylindrical Form, the Bottom of which fhall be
rounded on the Outfide, as may be obferved in the fame Figure by the
Letter F. The Cover of it, G, fhall be let a little into the Inner Sur-
face of the Cover of the Great Glode, in order to keep it firm; and this
Lefler Globe fhall be placed perpendicularly over the Chamber which is
filled with Corn Powder. You fhall then fill the Cavity of this litde
Globe with Running Rockets, Stars and Sparks, as may be feen by the
Profil.  'To the rounded Bottom of this Globe, fhall be tightly fitted a
Wooden Ring (the Profil of which you have in H ;) the Subftance of
which fhall be bored through with Holes, as you may fee inI; or if you
will, it may be fluted all round, as may be feen in K; or finally, you fhall
plant {fmall Iron Nails all round the Bottom of the Glode, in fuch man-
ner that their Heads may be all even, and form a perfe& Circle, whofe
Diameter exaétly correfponds with the Inner Diameter of the Glode,
and its Circumference with the Circumference of the fame. Sce it re-
prefented in Fig. L. After having prepared your Globe after this man~
ner, take two long thin Slips of Whalebone (which the Germans call
Walfifchbein) which naturally permitting itfelf to be bent without any
danger of breaking, and inclining to a voluntary Recurvature, it is very
proper for the Ufe we fhall here apply it to. You fhall then take two
Slips of it, which though rowled up in a Spiral Diretion, have Strength
and Spring enough to recover their firft Re&itude, upon their being re-
leafed from their Conftraint. Having two fuch pieces of Whalebone
join them together, difpofing of them fo that their Convexitics may be
Inward, and their Concavities Qutward, as may be plainly feen by M.
Of thefe two curved Slips, you fhall make one ftrait Piece as N by tying
them down at the Ends and in the Middle : Thefe Slips thus joined to-
gether, though bent and rowled up after any manner whatfoever, will
by their own natural Spring and Energy recover their ReQitude, when
left ac liberty.

Take two Pieces thus prepared, and lay them Parallel to each other
(confider here the Figure O compofed of thofe Artificial CharaGers
which exprefs Vive le Roy) and to the Extremities of them tie
two fhorter Pieces at right Angles with them; fo as to conftitute
the right-angled Parallelogram P T S Q. Thefe four Pieces being
thus bound together, you fhall form the Letters or Cyphers within
them, which fhall be made of Lattin or Iron Wyre, or (what will be
much better) of pieces of Whalebone ; but your Letters, €&%¢. muft be
of fuch Size as not to exceed the Heighe of the Cavity HR, and if
they are fomewhat thorter it will be fo much the better, as we have or=
dered it in our Example. Again ; your Letters thall be at the Diftance
of a Palm from each other, or a Foot at moft: In a Word, their Di-
ftances fhall be according to the Capacity of she Glabe you iatend to

put
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put them into.  Your Letters being thus fixed in your Frame (or Paral-
lelogram) take loofe Pyrotechnic or Quick Tow (prepared as we directed
in Chap XXIX. of Book IL) and wrap them neatly round with it from
one end to the other; then fteep them in Brandy, in which you fhall
have previoufly diffolved a little Gum Arabic or Gum Dragant, and as
you dry them falt them over with Mea/ Powder. You muft however
take care that the pieces of Whalebone which form your Frame, are no
ways incommoded or intangled by your Tow; for fear when your Let-
ters burn out, their Flame fhould be confounded in one another, and
become indiftin¢t in the Air. If now you would have your Letters de-
fcend perpendicular to the Horizon, you fhall faften two fmall Weights
to your Frame at S and Q only; but if you would have your Frame
fall down parallel to the Plane of the Horizon, there thall be two other
Weights at Pand T; that is, there fhall be a Weight at each Angle of
your Parallelogram or Frame. Finally, the Whole being thus ordered,
bend it round to go into the Inner Circumference of your great Globe ;
and let it reft perpendicularly upon H in the aforefaid Glode, and then
fill up the empty Spaces between the Letters with Meal/ Powder. This
done, cover it up, and I affure you nothing can be more delightful to
the Sight, and that you will receive an unfpeakable Pleafure from the
Effe@s of this Globe ; provided that in the Conftruction of it you ob-
ferve every thing that is here directed.

You may by a Contrivance of this Kind not only reprefent Letters
and Cyphers in Fire; but alfo the Arms of Princes and great Lords, to-
gether with Human Figures, and Animals, which will move to and fro
in the Air, to the great Satisfaction of the Beholders. But you muft
know, that to fucceed in fuch fine and difficult Attempts, it requires a
Perfon to be pofiefled of a pretty good fhare of Senfe, and found Judg-
ment, joined to a perfet Knowledge in Pyrotechnics, and a fine Tafte
of every thing relating to it: And where thefe Qualifications are want-
ing, I would advife no Body to engage themfelves in fuch a Work ; for
neither Zftulapius nor all his Succeflors of the Faculty, can find one
Remedy throughout the whole Extent of their Science to repair the leaft
Mithap that might befal you in this Cafe.

COROLLARY I

Of Shining or Light-Balls, fuch as are commonly sfed ar
Bonfires, which the Germans call Lichtkugel.

THERE are two Sorts of Light-Balls (namely) the Recreative and
Serious ; of the Laft of which we fhall fpeak in its proper Place;

and fhall now only curforily touch upon the Recreative Sort,
Take
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Take of Crude Antimony 2 b, of Saltpeter 4 1b; of Sulpbur 6 1b; of
Colophone 4 1t, and of Coal 4 1b.

Orelfe; take of Antimony 1b s, of Saltpeter j 1t; of Sulpbur 1b £, of
Colophone j 1b, of Coalj It, and of Black Pitch 1b fs.

You fhall put either of thefe Compofitions (after having been well
mealed) into a Brafs Boiler, or into any glazed Earthen Pot, and melt
them over a Fire. Then throw as much Hemp or Flax into them as
may be fufficient to abforb them quite up: And whilft cooling, you
fhall make them up in Balls of fuch Sizes as you want. Then wrap-
ping them well up, and coating them with Pyrotechnic or Quick Tow;
you may put them into Rockets or Recreatsve Globes, whether Aquatic or
Aerial,

COROLLARY IL

Of Pyrotechnic Stars and Sparks, called by the Germans
Stern-veuer and Veuerputzen,

? YROTECHNIC Stdrs differ thus much from the Sparks, that

they are a great deal larger, and not fo foon confumed; but
fubfift in the Air, and fhin¢ out with a longer Duration, and with a
Splendor which becaufe of its extreme Brightnefs, may in fome degree
be compared with the real Szars which adorn the Firmament. They
are to be prepared after the following Manner.

Take of Saltpeter 1b fs, of Sulpbur % ij, of Powder of Yellow Amber
3, of Crude Antimony % j, of Meal Powder % iij.

Or elfe; take of Sulpbur % ij fs, of Saltpeter % iiiiij, of Powder finely
mealed ¥ iiiij, of Olibanum or Frankincenfe in Drops of Mafic, of Chry-
Sal, of Mercury Sublimate, of each % iiij, of White Amber % j, of Cam-
phire 3 j, and of Antimony and Orpiment of each % fs.

All thefe Ingredients being well beaten and pafled through a Searce,
they fhall be fprinkled over with a little Glue Water, or Water of Gum
Arabic or Dragant : Then made into lictle Balls of the Bignefs of a
Bean or {fmall Nut; and being dricd by the Sun or Fire, they fhall be
laid up in fome convenient Place, to be ufed in the Artificial Fireworks,
which we have here fo amply treated of. When you put them into
Rockets or Recreative Globes they muft be wrapped up in Quick Tow.
Pyrobolzfts fometimes inftead of thefe Balls take certain Quantities of
a melted Stuff (which we fhall fpeak of hereafter when we teach you
the Preparation of Fire Rain) which they wrap up in Quick Tow for
feveral Ufes in Fireworks.

But if thefe do not pleafe you becaufe of their blackith Caft, and if
you would rather choofe to have them Yellowifh or inclining to White ;

Fff Take
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Take % iiij of Gum Dragant, or of Gum Arabic, beaten, mealed and pafied
through a Searce; of Camphire difiolved in Brandy 3 ij, of Saltpeter
b j fs, of Sulphur 1b fs, of coarfe Powder of Glafs 3 iiij, of White Amber
235, of Orpiment % ij : Incorporate all thefe Ingredients together, and
make Balls of them as before. 1 learned this of Claud Midorge.

The Method of making Sparks is as follows: Take of Saltpeter 5 3,
of the fame melted % f5, of Meal Powder 3 {s, of Camphire 3 ij. Af-
ter having mealed thefe Ingredients (fuch as want it) apart, put them
all together in an Earthen Pot, and pour upon them Water of Gum
Dragant, or Brandy that has had Gum Dragant or Gum Arabic diflolved
in it, that the Whole may have the Confiftence of a pretty Denfe Li-
quid. This done, take an Ounce of Lint, or the Down of Linnen,
which has been previoufly boiled in Brandy, Vinegar, or Saltpeter, then
dried and fpread out, and throwing it into this Compofition, mix and ftir
it about, till it has abforbed it all. This done, rowl it up in Pills
about as big as a great Pea, which you fhall fet to dry after having
falted them with Mea/ Powder. Ufe thefe according to our Dire-
¢tions.

We have, farthermore, a Way of preparing certain Odoriferous Pills,
which are ufed in little Pyrotechnical Machines and Contrivances, which
are fired in Rooms and Clofets. Thefe are commonly compofed of Sz-
rax Calamita, of Benjamin, of Gum Funiper, of each 3 ij; of Olibanum,
of Mafic, of Frankincenfc, of White Amber, of Yellow Amber, and of
Camphire, each % j; of Saltpeter % iij, of Lime-Tree Cval § iiij. Thefe
Ingredients are to be well beaten, pulverized and incorporated together;
then moiftened with Rofe Water, in which has been previouily diffolved
fome Gum Arabic or Dragant, that the Whole may be made up in Pills,
which muft be dried in the Sun or before a Fire.

COROLLARY IIL

Of the mofi certain Merhod for Projeding Recreative Globes
from a Mortar: Of the Quantity of Powder requifite for
that Parpofe: And of the Chambers to receive 2,

Y OU mutt confider that all thefe Recreative Globes are ufually thrown
up into the Air in a Vertical Line, or againft the Perpendicular of

the Horizon ; wherefore it is neceffary that you fhould have a thorough
Knowledge of the due Quantity of Powder requifite to diflodge your
Globe, and to proje® it into the Air to any determinate Height you
would have it.  'We may come at this by two Ways. The Firft is thus:
Weigh
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Weigh your Globe with a Balance or Steelyard, and for every Pound
that it weighs allow £ of an Ounce of Gun-powder. As for Example ; if
your Recreative Globe weighs 40 I, you muft, to diflodge it, allow
40—13 of an Ounce, or 10 Qunces of Powder : And this will be full
enough for the purpofe; for thefe Globes being made of Wood only,
they could not bear the violent Shock of a larger Quantity ; add to
which, that the Powder confined in #arltke Machines exerts idfelf more
to throw up a Body in a Right Line, than to projett it in any Oblique
Direction; becaufe it is proportionably more oppreflfed by the fuperin-
cumbent Weight, and has its Liberty thereby more reftrained. This I
fhall endeavour to demonftrate more amply elfewhere. If you fhould
be in a Place where no fuch thing as a Balance or Steelyard is to
be got; take the Diameter of your Globe with a pair of common Com-~
pafles, or with a pair of the crooked Sort, and apply it to that Side of
the Calibre Scale calculated for Stone Bullets, and divide the Number to
which your Compafles extend into two Parts, and you will have the
Number of Loths or balf Ounces of Powder requifite to diflodge your
Globe.

Now fuppofe you do know the due Portion of Powder requifite to
project your Globe, yet methinks this is not enough; for you ought to
know alfo, how and in what Form this Powder ought to be put into the
Mortar. We have two Ways of coming at this. 'The Firft of which:
Be there made a certain Body of foft yiclding Wood, in the Form of a
truncated Cone reverfed, (which the Germans call Setz-Kamer) equal in
Height and Breadth to the Chamber of the Mortar, in which fhall be
hollowed out a Chamber for receiving the Powder. 'This fhall be
pierced with afine Borer, or a red-hot Iron Needle from the bottom of
the Wood to the Center of the bottom of the Chamber in it; but not
in a perpendicular Direction, but diagonally or flanting as from ¢ to d in
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Fig. A under 104. The place where this Touch-hole begins (hall be Fig. 104.

marked, fo that when you fill the Chamber, it may be turned to cor-
refpond with the Vent-hole of the Mortar. When therefore you would
load your Mortar with a Recreative Globe, cover the Battom of the
Chamber with a little Meal and Corn Powder mixed together, and upon
that put your Wooden Chamber, in which fhall be the Quantity of
Powder requifite to project your Glade. In thomt, your Glske (hall have its
Orifice turned down upon the Powder, and thall be wrapped round with
Hemp or Flax, Hay or Straw, no matter what, fo that it be not any
thing that will retard its Flight, and hinder its ProjeGion. Confult Fi-
gure 104, which will give you a perfe@ Idea of all chis.

Obferve here, that your Wooden Chamber ought to be of aCapacity
fufficient to hold all the Requifite of Powder, and on the contrary, it
thall not be fo big as not to be entirely filled by it.

If by chance the Chamber of your Mortar is broader than needful,
or if its Height is not well proportioned to its Breadth ; or in fhort, if

the
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the Requifite of Powder is fo little as not to fill up the Chamber ; (whichi
may frequently happen, inafmuch as Recreative Globes are much lighter
than Grenado’s or Bombs, &c. for which Mortars were chiefly defigned ;
which have accordingly fpacious Chambers to receive the Requifite of
Powder neceflary to project thofe heavy Bodies, and notwithftanding you
may make according to our firft Method a Chamber that is juft fuffi-
cient to contain the Requifite of Powder ; yet as in fuch a Chamber the
Powder is not clofely united, but is rather extended too much, it will
not be fo vigorous, nor act with fuch Force upon the fuperincumbent
Weight, as if it was confined to fome Chamber whofe Cavity is propor-
tioned to the Effe& required ; for the Reafons here-under giver) and
therefore it will be neceffary to have fome Wooden Cylinder equal in
Height and Breadth to the Chamber of the Mortar; in the Middle of
which fhall be bored a Cavity, whofe Height is equal to that of the
Chamber of the Mortar to hold the Quantity of Powder neceffaty to
throw up the Recreative Globe. Now this may be done as follows.

Firft, by aScale divided into equal Parts, meafure the Height of the
Powder contained in the Chamber of the Mor¢ar that is requifite to pro-
je&t your Globe ; and then by the fame Scale meafure the whole Height
and Breadch of the Chamber. Then find out a mean Proportional be-
tween the Height of the Powder in the Chamber and the Height of the
whole Chamber itfelf. This mean Proportional being found, you fhall
look out for a Fourth Proportional ; by faying, As the mean Proportio-
nal found, is to the Height of the Powder in the Chamber, fo is the
Breadth of the Chamber to a Fourth Number. Having performed
this after the common Way you will have a Fourth Proportional, which
will be the Diameter of the future Chamber, capable of containing
your due Requifite of Powder, which Diameter you fhall meafure by
the above Scale. This will be readily apprehended by the following
Example.

Let then the Chamber of your Mortar be a, d, in Fig. 104 under the
Leuter B, and let the Height of itbe a c or b d; let the Height of the
Powder in the Chamber be ¢ e : Thus d e will be the Cylinder that con-
tains a Quantity of Powder requifitc to proje@t your Recreative Globe.
As this Powder is not fufficient to fill up the whole Chamber, there
muft of neceffity be a vacant Space between it and the Globe, which
refts upon the Orifice of the Chamber. Now fince, fo large a Vacan-
cy may be a great Hindrance to the Ejaculation of the Glode, and fince
the Powder is but a very little Quantity when compared with the Ca-
pacity of the Chamber ; therefore muft this Cylinder or Chamber which
now contains it, be transformed and altered, into another equally ca-
pacious to it, and whofe Height fhall be at the fame time equal to the
whole Height of the Chamber of the Mortar. This is to be done af-
ter the following Manner.

Find
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Find out the Height of the Powder between e and ¢, which we wiil
here fuppofe to be 20 Parts or Divifions of your Scale ; and the Height
between ¢ and a, or that of the whole Chamber, which we will fuppote
to be 45 of the aforementioned Parts; the mean Proportional between
thefe two Numbers (wiz. 20 and 45) being about 30 ; fay, As 30, the
Proportional Number immediately found, is to e ¢, the Height of the
Powder in the Chamber which is 20 Parts of your Scale; foisc d or
a b, the Breadth of the Chamber of the Mourtar, which is 24 of the
fame Parts, to the Diameter or Breadth of the Chamber you would pre-
pare. ‘'This performed, you will have 16, which will be the Diameter
of the Orifice fought. Hollow out then of your folid Wooden Cylin-
der 1 o, equal in Height to the Chamber of the Mortar a d, the Con-
cave Cylinder g k, the Diameter of whofe Orifice g h is 16 of the fame
Parts with the 45 which conftitute the Height of it 1 n, or g i: Thus
will you have a Chamber of a Size requifite for your Purpofe.

Obferve here, that in this Cafe, and in fuch a Chamber, it is not at all
neceflary to prefs down the Powder, and that it will be better to have
the Interftices of it free and open, that the Air may be diffufed through-
out it, and that the Fire may have free Paflage to inflame it all at once,
and inftantaneoufly.

If this kind of Chamber does not pleafe you, get a Wooden Former
whofe Diameter is equal to the Cavity of the laft mentioned Chamber,
and either pafte or rowl as much ftrong Paper upon it, as may give it
fuch a Thicknefs and Length as exa@tly to fit the Chamber of the Mor-
tar. You have the Figure of thisinD. It is my Opinion, that there
can be no better Reafon given, why Powder when confined in a long nar-
row Chamber, fhould have a more violent Effe&t, than when an equal
Quantity of it is lodged in a broad fhallow one; than that the Powder
is much more united in the Former than in the Latter, where it is
more extended ; from whence it happens, that the Denfity of the Fire
iffuing from the clofe confined Powder is more confiderable, the Exha-
lations and Expanfion much more abundant ; the Union of the Parts of
the Fire much more perfet ; and confequently the Flath muft be every
way more powerful, as I faid above.

In a Word ; I believe the true Reafon why the Ancients invented
Chambers for their Mortars and Cannon, was becaufe thofe Engines were
chiefly defigned for proje@ing Stome-Bullets : But as in thofe Times they
alfo ufed Mortars for throwing out certain Pyrotechnical Globes (as is ftill
practifed, and to which we have lately added Bombs, &c.) which re-
quiring but a little Powder in Proportion, to what was neceffary to pro-
je& thofe ponderous Bodies of Stone ; if their fmall Requifite had been
lodged in a fpacious Cavity it could have performed no notable Effe&,
for want of being colleted in a clofe Body: To remedy this Incon-
veniency, the antient Pyroboliffs contrived Chambers in their Mortars
which are as it were little Magazines for keeping the Powder clofe toge-

Ggsg ther,
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ther, that by the Proximity of its Corns, its expulfive Force might be
perfectly united, and acting impetuoufly upon the Projettile, oblige it
to depart as faft as its Weight will permit. I have however often ob-
ferved, that the Chambers in old Mortars and Guns were much larger
than ours, the Reafon of which was, becaufe their Powder was much
weaker than ours, which was owing to the fmall Quantity of Saltpeter
in it; wherefore it was neceffary that their Chambers (hould be propor-
tionably targe. This, the Modern Pyroboliffs have altered ; for in our
Days, that Mars feems to have been more infolent and outragious than
ever, thofe who have had the ordering of the Aw¢sllery have greatly lef-
fened the Chambers, becaufe our Powder is much more ftrong, than what
was formerly ufed ; and therefore our Chambers muft be proportionable
to the Virtues and Qualities of the Powder they are to contain. If what
I have been here faying, does not feem fufficient to you, to clear up what
I have here offered concerning the weaker or ftronger Effecs of Gun-
powder, in proportion to the Capacity of the Chambers where fuch Ef-
fects are produced, I thall ftill farther endeavour to illuftrate it by an
Example of Preumatical Engines or Wind-Guns ; for if into any two of
them of equal Capacity you inje& an equal Quantity of Air, it is cer-
tain that the Air fo condenfed being fet at liberty, would ruth with
much more Noif¢ and Impetuoufnefs through a narrow Tube, than
through a broad one, and attack any Obftacle in its Way, and impel it
with a Power, much more confiderable than the other, and all from the
different Size of the Tubes or Barrels; (if we are here to underftand
Wind-Guns:) and it is certain that in unequal Capacities the greateft
or leaft Quantity of Air would help or hinder the Violence of the Air
iffuing from two unequal Engtnes or Guns; for that Quantity of Air
which was fufficient to fwell or fill up a fmall Tube, would not be
enough to fill up a larger Tube; but would difperfe on all Sides, and
diffufe itfelf throughout the whole Capacity of it, and could not be fo
much condenfed in its Excurfion through a Space where it has room to
expand itfelf. Thus is it with Hydraulic Machines, which throw up
their Water the higher, the narrower their Pipes are ; which 2lfo moves
with a greater Horizontal Velocity, than that which runs through large
Pipes or Channels; fuppofing fiuch Water to run in Channels or Pipes
equally inclined to the Plane of the Horizon, and to be of equal Quan-
tity, &@c. The Caufe of thefe different Effects may be accounted for,
by what we faid above, (namely) That it is more compa&cd in narrow
Channels, in which being hurried along by any Force imprefled, or
only left to the liberty of runmng its inclined Courfe, it flows along
with wonderful Rapidity. It is quite different in fpacious Channels,
where the Water has room ta fpread abroad. Applv this now to Gua-
powder in the Chambers of Warlike Engines, where bzing converted
into a Fiery Spirit, which when it finds itfelf oppreffed and pent up ina
narrow compafs, exerts its whole Strength to difengage itfelf from all
1 manner



Book IV. Of the Great Art of ARTILLERY. 207

manner of Reftraint, and having forced a Paflage to the Air, it violent-
ly explodes and difperfes that Element, which inftantly clofing together
again, produces that fhocking Clap which is heard upon the difcharge
of all Pieces of Ordnance.

COROLLARY 1IV.
Of Recreative Petards or Crackers.

WE have often mentioned Pefards or Crackers in the preceding
Chapters; but have faid nothing yet of their Conftru&ion. You
muft know then, that there are two Sorts of Petards, which the Ger-
mans call die Schlage : One Sort of them being ufed in Recreative Fire-
works ; (which only I fhall here treat of ) and the other is applyed to Se-
rious and Warlike Ufes, concerning which we fhall fpeak hereafter. The
Form then of the Recreative Sort may be very much varied. Now of
an infinite Number of them, thofe which you fee in Figures 105, 106,
107 and 108 in A and B, are fuch as I choofe to give you the Reprefen-
tation of. Some of thefe are made of Paper; as you may fee by B, in
Fig. 105 and 108 ; which are formed in Moulds particularly contrived
for them, one of which we have already reprefented and defcribed in
Book III. Chap. IIL.
Others are made of Iron and Copper Plates, and fome of Lead as may
be feen in Fig. 106, 107 and 108, diftinguifhed by the Letter A.
Thofe which are made of Paper after the manner that you fee in Fig.
105 and 106, have their Upper Parts (diftinguithed by A) filled with Fig. 105.
Corn Powder ; and their Priming-Chambers muft reft upon one and the* %
fame Plane, that they may not all go off at once, but by Intervals one af-
ter another. The Chamber of the Firft towards the Right Hand, fhall
be Subquadruple of the Laft towards the Left, as well in thofe of Pa-
per as thofe made of any thing elfe. As for the Proportion of the
Chambers between the Firft and the Laft, they gradually increafe in
going upwards, and confequently the Gempofition in them muft increafe
in Proportion : This may be readily conceived by the Oblique Lines
b and ¢, upon the one and the other Scemgraphical Figure, which are
Parallel to two other Oblique Lines diftinguithed by d, and which ter-
minate all their Heights in fuch manner, that they are all of an equal
Capaciry, with regard to that Part of them which is filled with Corn Poze-
der. The Inequality of their Chambers thall be then contrived as we
juft now ordered, and fhall be filled with a _fow Compofition, which we
have already given you, or elfe with the following Compofition.
Take of Meal Powder 3 Parts, and of Coal one Part, beat them and
incorporate them well together.  Carry this Compofition into fome damp
Place,
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Place, that it may contraét a little Moifture, and by that means be the
more eafily confolidated ; or elfe you may fprinkle it over with a little
Oyl of Petrol or Linfeed.

In the Iron Crackers you muft have little Iron Partitions to feparate
the Compofition from the Corn Powder : Thefe Partitions muft be pierced
in the Middle, that the Fire may have Conveyance to the Corn Powder.
In Paper Crackers what we call the Priming-Chambers and Orifices, muft
be made juft after the fame Manner as we choak Rockets, with this Dif-
ference only, that they muft be choaked clofer in thefe than in thofe,
according to the Size and Quality of your Crackers.

As for thofe which you fee in Fig. 107, they are filled only with Corn
Powder; and ftopped well up at Top with Paper or Tow, and have fmall
Vent-holes at Bottom where they receive the Fire.

In fhort, thofe Crackers which you fee in A Fig. 108 are clofed up
both at Top and Bottom with thin Iron Plates, which muft be well fol-
dered to the Tube, and pierced. As to the Method of charging them,
you make an Hole in one Side of them to put in Corn Powder.

That which you fee in B, muft be ordered after the following Man-
ner: After having choaked it clofe up at Bottom with ftrong Pack-
thread or Cord, fill it up with Powder, and choak it clofe at Top. This
done, bore an Hole through the Side of it, into which you fhall put a
lictle Iron or Copper Fuze filled with Mea/ Powder. Thus you will
have your Crackers ready for Ufe, and properly adjufted.

Sometimes inftead of Crackers we ufe hollow Leaden Bullets (which
are mere Grenado's) which are filled with Corn Powder ; we have a
plyed feveral of this Sort to our Water-Globes in this Book, Chap. I. Be-
fides thefe there are others made in Form of a Cube, fome of a Tetrabe-
dren, others of a Prifm, and in many other Shapes Regular and Irre-
gubar.

PART
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FIREGLOBES; or BALLS

PREPARED FOR

MILITARY USES.

® HE Number of Artificial Balls prepared for the feveral Mi-

s litary Purpofes is almoft infinite, fo that it is impoffible to
give an Account of them all: For which Reafon I fhall on-
* ly touch upon fome of the beft and principal of them; but
more particularly upon thofe which are ufed in our Days; which I
fhall in this fecond Part of this Book, delineate and explain to our Py-
robolift with all the Perfpicuity and Accuracy I am able. I fhall allot
a Chapter to each Sort of them, in Confideration that they differ pretty
much from each other in Effe@ ; and are diftinguithed accordingly by
particular Appellations.

CHAP L
Of Hand-Grenado’s.

SORT L

$ to the Form of Hand-Grenads's, it is perfely Spherical, as is
alfo the Cavity in the Middle of them ; and they are called Hand-
Grenado's from being grafped, and thrown by Hand, to annoy the Ene-
my. If we would ftick to the Latin Denomination of them, we fthould
call them Palmary Grenads's, becaufe their Hemifpheres commonly fill
Hhh up
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up the Palm of the Hand; for they are ufually of the Size of an Iron
Bullet of 4, 5, 6 or 8it. They fometimes weigh 1 1b or 1 4 Ib, and
fometimes 2 or 3 1. They are called Grenado’s from the Refemblance
they bear to the + Punic Fruit which we call Pomegranates; for as the
Rind of thefe inclofes a vaft Number of Grains, from whence they de-
rive their Name of Granates; {o our Military Grenado's are filled with
innumerable Grains or Corns of Gun-powder, which taking Fire, burft
them into a thoufand Splinters, which fly againft, and grievoufly opprefs
the Enemy; therefore Leonard Frontzberger in his Artillery calls them
Jpringende and fchlagende Kugelen; which is as much as to fay, leaping
or bounding, or rather firiking Balls, if we may fo exprefs ourfelves.
Now this laft Appellation of thefe Balls may be very properly applyed
to all the greater Grenads's; which doubtlefs borrowed their Name~
from the fmaller Sort, which have a greater Natural Refemblance to
the Punic Fruit above-mentioned than the Larger have: Add to
which, that it is certain the Small ones were ufed before Men (induftri-
ous to each other’s Ruin) invented the Great ones. And indeed we do
not find the leaft Footfteps of the great Grenado’s amongft the ancient
Pyrobolifis; but their Writings make ample and particular mention of
the fmaller as what they were perfectly well acquainted with, tho’ at
the fame time it muft be confefled that they called them by other
Names, and treated of them in a different Manner from us. Boxkornius
relates fomething which agrees pretty well with our Sentiments con-
cerning Hand-Grenado's in his Hiftory of the Siege of Breda in the Year
1617.

Grenado’s (fays he) which we have fo often mentioned, derive their Ap~
pellation from their Refemblance to Pomegranates; and are bollow Iron or
Brafs Globes, the Diameter of whofe Cavity is 3 Uncie or Inches, and
whofe Thicknefs of Metal is 3 Lines. They are filled with Gun-powder,
and formetimes with particular Compofitions; in their Vents they bave
Fuzes which are flow indeed in Combuftion, but very fufceptible of Fire,
and calculated to burn for fome time, to avoid the danger of their burfling
in the Hands of thofe who throw them. The fame Author fays in another
Place, That they forbore to throw thofe Balls which derive their Name
from the Punic Apple ; becaufe as they required a good deal of Powder, and
the Befieged falling fbort in that Article, they could not afford to fupply
them with 1t.

But it were to no purpofe to dwell any longer on the Etymology
of thefe Balls, fince every Body knows what is meant by them. Let us
then proceed to the Order obferved in the Preparation of them ; which
indeed is fomewhat needlefs after what we have quoted from Boxhor-
nius : But however I muft beg Leave o add three or four Words which
{hall favour more of Pyrotechnics than of Hiftory.

4 Tais is the fame with African and Carsbagizian,
With
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With regard then to the Matter of which they are formed, Hand-Gre-
nads’s may be faid to be of three Sorts ; the Firft and meit common of
which are made of Iron; the Second of Brafs mixed and allayed with
other Metals; and the Third of Glafs. If you would have them of Iron,
they muft be the moft brittle and the leaft wrought that they can poffi-
bly be. If you would have them of Brafs or Copper, you muft mix
6 b of Copper with 2 Ib of T'in and half a Ib of Marcafite ; or elfe it
fhall be one Ib of Tin, with 3 Ib of Lattin, Thofe which are made
of Iron, fhall have their Metal throughout, of the Thicknefs of ; of
their Diameters. Thofe which are made of Brafs fhall be 4. And thofe
which are made of Glafs, {hall be 7 of their Diameters in Thicknefs, as
may be feen in the Fig, 109 under the Letters A, B and C. Fig. 109

The Diameter of the Vent thall be 2 of the Diameter of the Gre-
nado; and the lictle Hole thall be iz of the fame Diameter: Itis through
this that the Body of the Grenads is filled with Corn Powder.

The Fuze which you fee in the Letter D, thall have its Diameter
from Qutfide to Outfide  of the Diameter of the Grenado, or it thall be
a little lefs that it may eafily flip down into the Vent. The Length of
this Fuze fhall be { of the fame Diameter ; and the Hollow of it thall
be 3, and the Top of it thall bea concave Hemifphere, as may be feen
by the abovefaid Figure. This Concavity muft be filled with Powder
finely mealed, which muft be moiftened with a little Gum or Glue Wa-
ter, that it may ftick rogether the clofer. As for the Body of the Fuze
itfelf, it fhall be filled with one of the Compofitions here-under given;
then capped with Tow, and fome of that Pyrotechnic Cement which the
Germans call Kit ; which is made of 4 Parts of Ship Pitch, 2 Parts of
Colopbone, one Part of Turpentine, and one Part of #ax; thefe are all
put into a glazed Earthen Pot, melted over a flow Fire, and mixed and
incorporated well together.

Compofitions for the Fuzes of Grenado’s.

Of Powder one 1b ; of Saltpelt'er one Ib; of Swipbur one 1b.
Of Powder 3 b3 of saltpgér 2 15 of Sulphur one 1.
Of Powder 4 b of sazt;g}r 3 b3 of Sulphur 2 1.
Of Powder 4 1b; of Saltpiz;‘ 3 1bs of Sulphur one b,

SORT
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SORT 1L

The Hand-Grenado 1 am now going to defcribe, differs in no refpe@
from the former, excepting in its Fuze, which is otherwife contrived,
and which together with fome other minute Circumftances, is all that
conftitutes this, a Grenado of a different Sort from the foregoing. We
have given you a Reprefentation of thisin Fig. 110; in the Preparation
of which you are to take Notice of the following Rules. Firft, geta
Wooden Fuze made (though it may be of fome Meral if you will)
whofe Length is equal to the Diameter of the Grenado, and its"Breadth
equal to the Diameter of the Vent; but it thall be thicker and larger
at Top by ¢ of a Diameter, where it is to be hollowed out in a2 Concave
Hemifphere. The lower Part of it, which is to go down into the Gre-
nado, fhall be bored with feveral Holes which fhall be filled with Mea/
Powder. 'This done; fix it in the Gremado in fuch manner that the
lower End of it may reft upon the Bottom of the Shell, and fecure it as
we faid before ; then fill the Gremado with good Corn Powder, which
you are to do by a little Hole on one Side of it, which fhall afterwards
be ftopped up with a little Wooden Pin or Spile which muft be very
forcibly driven in. ‘The Head of the Fuze fhall be crowned or adorned
with Sprigs of freth and green Box, which fhall be tied with Packthread,
to keep them faft whilft they are handled.

When you would put thefe Grenado's in Prattice, take a little End of
Match, of fuch Size as to be able to {lip readily down the Hollow of
the Fuze, and tye a little Leaden Bullet to the lower Extremity of it
‘Then light your Match, and as foon as it has acquired a good Coal, put
jt into the Fuze with its Bullet downwards, and throw the Grenado
where you think fit; and be affured, that as foon as it ftrikes againft the
Ground, the Leaden Bullet and its Match will fall down in the Fuze,
and by lighting the Mea/ Powder in the Side Holes of it, will fire the
Grenado and fplit it into a thoufand Pieces. The Sprigs of Box are not
defigned fo much for Ornament as Ufe in this cafe; for they ferve to
keep the Ventof the Grenado upwards, or in a Vertical Pofition whilit
it isin the Air, fo that falling upon its Bottom, it may thake down the
Leaden Bullet, and confequently the Match with it : This Contrivance
may likewife be of Ufe to other Bodies which are to fall down upon
Horizontal Planes.

This Grenads is moft frequently armed with Leaden Bullets; that is,
the Outfide of it is covered with them, that it may do the greater Exe-
cution. In order to do this, you muft firft coat the Grenado with melt-
ed Wax which muft have a certain Quantity of Colophone mixed with
it; into which you may fink as many Mufquet Balls as you pleafe whilft
it is cooling : Then wrap the Whole up in a Cloth, and bind it well
round with Packthread.

4 SORT
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SORT IIL

In Figure 111, 1 give you the Reprefentation of a Hand-GrenadoFig. 111.
(though it may be of a larger Size if you will) which may be privately
hid at the Entrance of any Avenue, or in any narrow Paffage, through
which you expect the Enemy to come. This Grenado has two Holes
Diametrically oppofite to cach other ; through which pafles a Wooden
or Metal Fuze, pierced all round with Holes, primed and falted over
with Meal Powder ; through this Fuze you draw a piece of common
Match lighted at one End: The Vertex of this Grenado has a Third
Hole (or Vent) where you fill the Cavity of it with Corn Powder, which
being afterwards firmly ftopped up with a Tompion, your Grenade will
be prepared. I believe I need not teach you the Ufe of this, which
you may eafily gather from the Figure itfelf, and which upon occafion
Neceflity may fuggeft to you.

COROLLARY.
How to Throw or Delrver Hand-Grenado’s.

AFTER our Definition and Defcription of thefe Grenado’s, we need
not tell you that they are grafped and thrown by Hand, at fuch
times as the Enemy is within the reach of your Strength : Nor need we
tell you that they are both Offenfive and Defenfive .Arms, which thofe
who know nothing of the matter, may learn from fuch as have been
prefent at Sieges: We fhall only add, that Hand-Grenado’s are very
much.ufed after the happy Succefs of a Mine, which has made a Breach
in fome Rampart, thrown down a Wall, or blown up a Baftion; it is
then that they are ufed to clear the Way in mounting the Breach : It is
upon fuch occafions, that you fee the moft generous and brave of
each Side, armed with Fire and Flame, valiantly maintaining the
Caufe of their Prince, the Intereft of their Country, their Liberties and
their Lives. Or when the Befiegers have got to the Foot of a Rampart,
and are obftinately bent upon infulting it, and infenfibly fcale it; (being
covered by the Rampart itfelf from the Defences of the Flanks :) It is
then that the Befieged are to thower down Grenado’s upon the Enemy,
and of which the Befiegers are to make the beft returns they can, to
procure themfelves a free and fafe Paflage; as was not long fince feen at
the Siege of Hulff, which was taken by the Hollanders. But it is impof-
fible to enumerate the feveral particular Ufes of Hand-Grenads's in the
Occurrences of War, and efpecially when both Armies are fo near as to
be almoft at Handy-cuffs wich each other. It it fometimes neceffary to
Iii throw
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throw them at great diftances; but here I mean one after another: I
thall hereafter thew how to throw feveral together, which being a Work
unequal to the bare Strength of a Soldier, the Mafters of this 4r¢# have
invented little convenient Machimes for that Purpafe ; the beft Sort of
which I reprefent in Fig. 112, after having made fome neceflary Addi-
tions to it. With this Mackine you may not only throw Hend-Grenads’s,
but feveral other Sorts of Military Fire-Works, fuch as Light Balls,
Bombs, Fire-pots, Fire-boops, Garlands, and Crowns, and feveral other
fuch like things, which we fhall fpeak of in their proper Places.

There is nothing difficult in the Conftrution of this Machine, and it
may be eafily comprehended by the Figure itfelf : 1 fhall only add, that
fo much the longer that Arm of it is, which is made in the Form of a
Ladle (into which the Grenado is to be put) than the other Arm to
which the String is faftened, fo much the more powerful will it be.
You muft here underftand their Length to be meafured from the Center
of the Iron Spindle, upon which they turn, to one and the other Ex-
tremity of the Arms; and in this they imitate a Balance.

Boxbornius alfo mentions, in the above-quoted Place, a certain new in-
vented Machine, made like one of our Mortars, and well fortified with
Iron Rings, with which they fhot Hand-Grenadd’s into Breda during
the Siege. And it is not long fince we faw at the Siege of Hulf, and
fince then at Murpfey, which is a pretty firong Place, a like Mackine
conftru@®ed by a bold Englifb Soldier, who prefented it to Frederic
Henry Prince of Orange, of immortal Memory; of whom this Englifs-
man demanded 100 Dutch Florins for the Trouble he fhould take, and
the Danger he fhould incur in throwing his Gresado’s : In fhort, he
obtained his Demand, and began to play his Machine; but to fay the
'F'ruth, he did it {o aukwardly, and with fo little Judgment, that che
greateft part of his Grenado's either did not reach the Place they were
defigned for, or broke in the Air; which was attributed to the Defe&
and Imperfe@ion of the Engine, together with the Ignorance of the En~
gineer who wanted Skill to govern it.

We fhall, in the Second Part of our Work, give you a Treatife upon
Mortars, in which we fhall take occafion to fpeak of a little Machine of
our Contrivance, more perfect and artificial than this, for projeéting
Hand-Grenado's, or greater Shells if you will, and to throw them juft
where you pleafe: But that for which it is as ufeful as admirable,
is its being able to throw feveral at once, as for inftance 7 at a time,
or one after another according as the Exigence of Affairs requires ; to
which I for the prefent refer the Reader who is fo curious as to want
the Conftruction of it.

But upon the whole I cannot help admiring at the rigorous Sentence,
which the firft Inventors of our 4r# pafied upon the Warlike Ma-
chines of the Ancients, as if guilty of fome notorious Crime, for which
they refolved entirely to banith chem from the Modern Aris of War 5

and
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and to carry their Contempt of them fo far, as to burn them ignomis
nioufly in their Kitchens, that there might not remain any Footfteps of
them ; conceiving perhaps that their Succeflors, convinced of their In-
nocence, might one time or other recal them from Banifhment, if
they were not utterly deftroyed. And indeed if the Writings of {o
many great Men their Contemporaries, who had feen their wonder-
ful Effe@s, did not bear witnefs of the great Services they did, whilt
they were in their greateft Splendor and moft venerable Majefty,
we fhould never have known any thing relating to their Conftru&ion.
An ungrateful Return fure they meet with, for their great and migh-
ty Performances! Muft Contempt be the Reward of their illuftrious
Executions, by means of which Rome became Miftrefs of the Horid,
and tr1umphed over Nations and Kings till then Invincible ? No :
it would be in vain to dwell upon this Subject; they have fuffered
great InJuﬁlce and fiill continue to fuffer it, and are now not even
admitted into the moft inferior Clafs of the Servants of Mars and
Bellona, but are totally rejected, and condemned to an inglorious In-
a&ivity; and are fo far funk in Point of Reputation, that whofoever
offers any thing in Favour of them, is fneered at by a Pack of ignorant
Fellows, who openly fcoff at the great Exploits they formerly did, and
look upon them as Romances and old Women’s Tales.

But to what purpofe do I wafte my Time in defending the Caufe of
thofe injured Inventions? Lipfius, the greateft and beft Judge that ever
was of the Ancient and Modern Ar#s of War, has fufficiently pleaded in
their Behalf; to whom we are infinitely obliged for the Trouble he
has been at in tracing out the Ufes and Services of them: It is from
him that we have colletted fo rich a Store of what concerns the won-
derful Machines of the Ancients, and which we fhall dwell upon whea
we come to compare them with ours. My fole Defign at prefent is to
evince, that all the Sorts of Grenado’s, and the other Pyrobolical Inven-
tions in prefent Ufe (which might be projected by the Slings, and § Fun<
dibali of the Ancients but not by the Ba/ifiz) may be flung very conve-
niently to very great Diftances.

Firft then; I beg of you to liften to what I am going to fay of the
furprizing Strength and admirable Effects of S/ings, which indeed are fo
very great, that when I firft read and confidered them, I was perfeétly
tranfported. Ovid fpeaks fomewhere of them to this Purpofe.

Non fecus exarfit, quam cum Balearica Plumbum
- Funda jacit, volat illud & incandefcit eundo
Et quos non babuit, fieb nubibus invenit Ignes.

In Englifb thus:
It burns, as when from Balearic Thong,
The pond’rous Lead with nerveus Force is flung ;

4 Thefe were 2 kind of Slings, .
Which

21§
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Which flies and whiftles through the airy Height ;
And glows with raging Heat contracted in its Flight.

By this it appears, that in his Time they ufed che Sling for Leaden
Balls, which were perhaps filled with Combuftible Matter, fince he fays
that they took Fire in their Flight, and acquired 2 Flame in the Air by
their violent Motion. Lucan fays as much :

Inde faces, & faxa volant, [patiogue folutee
Aéris, & calido liqucfaliee pondere glandes.

In Englifb thus ¢

There Fiery Darts, and rocky Fragments fly 5
And melting Bullets whiftle thro’ the Sky.

All thefe Fire-Brands ot Darts, Flying Stones, Melted Bullets; which
he here fpeaks of, were the true Fire-Works of his Time, which they
fhot at the Enemy with Slings, or fome fuch Contrivance.

I fhall pafs over feveral other Authors, the Teftimony of whom is col-
le@ed by * Lipfius to prove what he fays of Skngs. ButI cannot omit
what 4 Seneca fays in his Natural Queftions. Motion (fays he) rarifies the
Air, and that extreme Rarefaltion generates Heat : Thus a Bullet pro-
jeted from a Sling is melted by the Attrition of the Air as much as it
would. have been by Fire. Does not this appear very ftrange? Surely if
we had not the Teftimony of fo many great Men, we fhould at once
1ook upon thefe as Romantic Fables. fo/eph Quercetan feems to think
them Fabulous ‘in his Book of the Carbine, where he difputes againft
|| Arifotle s who fays, That the Darts and Javelins were fo beated by the
Friction or Attrition of the Air, that they were bot enough to melt Lead.
This, Quercetan flatly denies ; inafmuch as Experience teaches the con-
trary, by thewing that-Mufquet Balls, &c. which are projected by Fire,
and that with greater Violence (thefe are his Words) than any Arrow or
Dart can be fhot, are not heated to that degree. Let us now examine
into the Weights, Sizes, and Qualities of thefe Bodies; and at the fame
time we fhall fee how far the ancient S/ings could throw them; which is
partly the End and Aim of this Effay.

Diodorus Siculus fpeaking of the Inhabitants of the |||| Balearic Iflands,
fays, 11 That they were the moft dextrous People in the World at flinging
great Stones. ‘The fame Author fays elfewhere of thefe Iflanders, Thar
they bad acquired fuch a Perfection in the Exercife of the Sling, that they
could caft great Stomes with fuch Strength and Violence that they feemed

* Lipfins Lib, V. Dial. feu Coll, XX, de Mil. Rom, t Sen. Cap, LVI.
|| Arift, de Ceelo, Cap. V1I. llil Thefe are now called Majorca and Minorca.
tt Diod, Sic, Lib, VI,

rather
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rather to be fhot from 4 Catapulte, fo great and wislent was the Blow
they gave! which broke Shield, Helmet, and every other kind of Armour,
shough never fo well tempered, An uncertain Author in Suidas, fays of
the fame People, Tbat they flung Stones of the Weight of a Mina: By
which he means an Attic Mina, which weighed 100 Drams, as we have
faid clfewhere ; but Cefor calls them Libral or Pound Slings. So much
for the Weight of the Stones they ufed to fling; which, according to
what we have faid above, agrees pretty well with the Weight of our
Hand-Grenado’'s, 'We are told alfo that befides Stones, They ufed
to fling Leaden Balls at their Enemies, without the Affiftance of any
Engines but their Funde or Slings ; which we cannot compare
with any thing more properly than with our Grenads’s. An uncer-
tain Author in Swidas fays, That the § Cadurci were reckoned the beft
Slingers ; and that they could caft Stones and Leaden Balls to that Nicety
‘as never to mifs their Aim. ‘They had farthermore a way of flinging
Pots full of Fire, into the Places they Befieged' when they were near
cnough to do it, or had got Pofleflion of the Outworks: But I cannot
avoid thinking that thefe Fire Pors were heavier than our Grenado's.
Appianus in his Libic. fays, That the Romans bad raifed bigh Terraffés
oppofite to thofe Towers ; from whence they threw a great Number of lighted
‘Torches and Fire-Brands, together with Veffels full of Sulphur and Pitch.
And Dion. in Lib. XX. fpeaking of the Time when the Romans befieged
the Capitol, which their Slaves had poffefied themfelves of, fays, That
there were Thofe who flung Veflels full of Bitumen and boiling Pitch from
the Houfes in the Neighbourbood of the Capitol. However this was, we
muft believe it fince they fay it: But all thefe things were only fo many
Forethoughts of our Hand-Grenade’s. You will find ftill fomething far-
ther to this Purpofe in || Fulius Cafar’s Commentaries, where he fays,
That agreat Wind rifing, the Gauls began to fling upon our Cabbins and
Huts (which were only thatched with Straw after the Fafbion of the Coun-
try) bot Balls which were made of a fufible Earth; and at the fame time
Showered a vaft number of wvery bot Javelins upon us. But Lipfius is of
Opinion, that this ought to be rendered Earthen Veffels filled with melted
or boiling Matter. Orofius fpeaking alfo on the fame Subject, fays, Thas
they took red-bot Pots or Earthen Heads, and threw them at their Ene-
mies.

It was thus that the Romans and the moft Warlike Nations their Con«
temporaries ufed the Shng, as well in attacking their Enemies as de-
fending themfelves. If you would know in what great Efteem they
were held within the Memory of our Fathers amongft our Northern
Neighbours, even fince the Invention of Gun-powder ; confult Olaus the
great Archbithop of Up/z), who was one of the moft learncd Writers

+ Thele were Warlike Engines to-fhoot Darts or Stones,
3 The ancient Inhabitants of Guienms in Framce were formerly fo called,
i| Jul. Caf. Com..VIL

Kkk that
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that ever lived in the North ; and who fpeaks in thefe Terms: + The

Aquilonians, or Northern People, when they defign to befiege fome Towen, or

attack a Camp, bave certain flexible Chains, or a kind of Links and Feints

of Iron made faft to Sticks or Staves, which they prefer to all other Arsus,

particularly when the Country is fony. But in fuch Places where they can

get no Stones nor Pebbles (which feldom bappens in thofe Parts) they fling

pieces of red-bot Irom, which they put into the Purfes of their Slings with
Pincers. You always fee them with a certain Veffel in their Hands made kke

a Roman Barrel, full of Crufts and Pieces of Iron, which being bested red-

bot, and flung at the Enemy, they matke fo firange and dangerous a Wound,

that whoever bas the Misfortune of being firuck by them, muff hope for ne
Help from any Phyfician or Surgeon. And the reafon why this Irox
wounds [o dangeroufly and irrecoverably (obferve this) is becanfe of its
Weight and the Adufbion it caufes in the Part. The Remembrance of an
Event like this, is fiill frefb in the Perfon of Chriftiern the 1Id King of
Denmark, who loff a mighty Army in the Year 1521, at the City and
Camp of Arofen, by means of fuch contrived Arms. For bere they did the
Jame with burning Darts, which being taken with Iron Pincers from
the Fire, and put upon Ballitz (for they promifcuoufly ufed the an-
cient and modern Machines together) zhey were fhot from them, and
wounded the more incurably, according to their degree of Huat, which
made it fometimes impoffible to draw them out with the Hand : But what
was the moff difafirous and dreadful ; thefe burning Darts and Pieces of
red-bot Iron, falling upon their Gun-powder it was inflantly fired, and
went off with a deafning Clap, and burned and fiifled all the circumadija-

cent Soldiers ; and what flill added to their Misfortune, was the Incurfions
and Outrage of the Mountaineers, (a Savage Brutal Race bred sn Subter-
raneous Caverns and Mixes) who overwhbelmed them with Darts, Stomes,

and Pieces of bot Iron, which they fhowered upon them with their Slings. I
Jaw (fays he) 250 Italian Miles from thence, feveral that were brought by

Sea to Stockholm ; @ moft terrible Sight to bebold! fome were without No-

Ses, otbers had loff their Eyes, thefe their Arms, and thofe their Legs : In

Jbort, their Wounds being incurable, the Germans, Scots and Danes in

particular, died in the utmoft Mifery.

Let us now have done with the Size, Weight, and Quality of the Bo-
dies that were ufually thrown from the Slings of the dncients: And indeed
I believe I have faid enough on this Subje& for you to draw forne Con-
jecture of the Diftance they could carry, as well as of their Certitude
of hitdng what they aimed at. But I Vegetius {peaks very plainly of
this Matter, when he fays, That the Archers and Slingers fet up a fmall
Fagot, or Bundle of Straw for a Mark, from which they retired to the di-
Lance of 600 Foot, and bhardly ever miffed it with the Arrows they fhot, or
the Stones they flung. ‘We read alfo in Haly Writ, || That among the In-

} Olaus Lib. VII, Cap, VIL. % Veget, Lib, I Cap. XXIIL [} Judges Chap, XX. ver. 16.
babitants
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kabitants of Gibeah there were fiven bundred chofen Men Jeft-banded, eve-
rv.one of whom could fling Stones at an bair's-breadth and not mifi. The
Roman Surveyors had moreover a certain Meafure which they afligned
to Fields and Grounds, which anfwered to the Caft of a Sling; from
whence they called 2 Farm wich all the Tillage belonging to it, Fun-
dus, (which the French at this Day call Fonds; ) whofe Breadth and
Eength was a Sling Caft. 'Thofe who know any thing of this Meafure,
affirm that it was 600 Foot. We find fomething to this Purpofe in Quin-
trlian in focul. in thefe Words.

Fundum Varro vecat, quem poffim mittere Fundi
Ni tamen exciderit qua cava funda patet.

But to what Purpofe thould we dwell any longer upon the Power and
Properties of the S/ng? Let us now try whether or no, we can, ac-
cording to the Rules of Modern Architeiture, conveniently fling Grena-
do’s fram our Lines of Approach into the Enemy’s Intrenchments. Firt
then it is a general Rule amongft our Military Architeits or Engineers,
to begin their Lines of Approach at the diftance of 60 Rods from the
Place Befieged; if the Situation of it will not permit to break Ground
nearer without Danger. This Diftance is equal to the Level Range of
Bodies projected from S/ings; for it is thus that you muft underftand
what Pegetsus {ays above- of the Exercife of the Roman Soldiers; which
alfo is taken Notice of by feveral other Writers: And it is likewife with us
the Practice of our Mufqueteers, to exercife themfelves at a Mark fet up
at about the Height of a Man, from whence they retire 200 or 300 Pa-
ces, to acquire a Certainty in their Aim, and to familiarize the thing to
them, when they come to engage with the Enemy Face to Face. But
as this Method of aiming is quite different from the Projecion of our
Hand-Grenads's, the former being Parallel to the Horizon, and the latter
in a Curve, in which the Body falls into the Enemy’s Works, we muft
find fome other way of doing it.

Now it is very evident from the Obfervations on the Shots of our
great Guns, (c. that the Line of Shot which the French call, de -
veau; and the Italians, de pomto in biawco, and We, paint blank, is the
Tenth Part or thereabours of the utmaft Random, ar an Elevation of
45 Deg.

It is farther certain, that all Projectiles obferve one conftant Proporti-
on: Therefore if any one takes his Aim, to {ling an Hand-Grenads af-
ter having {wung it a few times round his Head ; and endeavours to
throw it at the diftance of 6000 Foot, or 600 Rods, which is ten times
as far as the Spot where you begin your Lines of Approach is from the
Place befieged (provided always that it does not exceed 60 Tsifes or
Rods, or 600 Foot) I do not in the leaft doube that it would fall within
the Enemy’s Walls; for all Thof who v the Sling, or throw any thing

with
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with the Arm only, are naturally led to proje& it in an Angle of
45 Deg. or thereabouts. But fuppofe they were to be thrown to the di-
ftance of 30 or 40 Toifes only; who will deny that it may be very
conveniently done by Siings? Provided they are always ordered and di-
rected in the fame manner as our Mortar-Pieces, when we would thoot
Bombs, great Grenado’s, and other Pyrobolical Balls from them to little
Diftances; that is, you muft allow them the fame Elevation; which is
a Dexterity and Knack that might be eafily acquired, partly by a pre-
vious Knowledge in Gunnery, and partly by continual Pra&ice; for it
was doubtlefs by Ufe and Cuftom that thofe Foreign Nations attained
fuch Skill in handling the Skng, as enabled them to do fuch mighty Ex-
ploits, and to perform fuch terrible Execution with it as they did.

I muft confefs, this is a Point which requires fome Prolixity in the
treating of it, but becaufe I do not think this a proper Place for fuch a
Difcourfe I fhall proceed farther on: And in the mean time only eb-
ferve in what manner, the Skngs being loaded with a Hand-Grenado,
the Slingers may' fo contrive as to proje them from the Trenches into
the midft of their Enemies. In order to this; lodge your Slingers up-
on the moft advanced part of the Lizes, in fome Place where they may
be in Safety,and under the Covert of a good Parapet ; as for Example,
in fome Redoubt whofe diftance from the Top of the Gabions on the
Enemy’s Parapet thall be 500 Foot. Now that we may not feem to be
too hard upon our Soldiers, whofe Arms are not yet formed to this Exer-
cife, and that they may not think we would impofe Impoffibilities on
them, we will fuppofe that our Hand-Grenado’s cannot be thrown to a
greater Diftance than 100 Foot ; therefore (according to what we faid
above) if they be projected at an Angle of 45 Deg. they muft defcribe a
Curve of 1000 Foot: But as a Diftance of 500 Foot requires that the
Arm of the Slinger fhould deliver the Grenado at an Angle of 10 Deg.
(or 3 of a Quadrant) beginning from the Center of the Arm that flings;
therefore if the Slinger ftands upon the Spot which terminates the Di-
ftance of the Place as aforefaid, at 15 Foot from the Parapet of the
Lines of Approach, and if from that fame Point there be a Stake
planted whofe Height exceeds the meafure of the Slinger from the Sole
of his Foot to the Center of his Arm by 2 Foot 8 Inches, and whofe
Pofition is perpendicular and directly oppofite to the place where you
fend your Grenado’s (or elfe they will go wide of your Aim,) and if the
Slinger remains fixed in that Point, and after having fired the Fuze of
his Grenads in the Purfe of his Sling, he gives it one Turn only, and
then throws it towards the befieged Place, in fuch a manner that the
Grenado (every time he delivers one) almoft touches the Top of the faid
Stake, and if he has always the End of it for a Mark, he will never
fail of fending his Grenado's to the Place they are defigned for ; provided
they are of equal Weight, and that their Fuzes are fo ordered, as not to
fire them before they are arrived at the intended Length, Now the

Fire
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Fire of your Fuze will never go out if you fill it with one of the Com-
pofitions that we have given above, which I can venture to affure you of;
having often ufed them with Succefs for the Fuzes of great Shells that
are thot from Mortars, whofe Motion you may believe is none of the

floweit.
REMARK L

By what we have faid of the Stake driven perpendicularly into the
Earth, you are to underftand that the Height of 2 Foot 8 Inches, over
and above the Height of the Man from the Sole of the Foot to the
Center of the Arm, is a Perpendicular in a reétangled Triangle, whofe
Bafe is 15 Foot: The Angle intercepted between the Bafe, which be-
gins in the Center of the Arm of the Sknger, and the Hypothenufe,
which is the Hand that is lifted up with the Sling, is exaétly 10 Deg.
to which Angle, the Perpendicular beforementioned is direély parallel
or oppofite. The farther the S/nger removes from the Perch or Stake,
the longer will the Perpendicular be; and on the contrary, the nearer
he approaches to it the thorter. 'What I have here faid, is by way of
Example only, inafmuch as Bafes of various Lengths require different

Perpendiculars.
REMARK IL

You muft meafure the Diftance between the Skinger and the Tops
of the Gabions on the Enemy’s Ramparts in fuch manner that there
‘may be a Space of 15 Foot moreorlefs between himand the Parapet of the
Lines of Approach, which Bafe fhall be terminated by the Szake above-
mentioned ; left meafuring the Diftance from the Inner Height of your
Parapet, you be obliged to expofe yourfelf to evident Danger, by plant-
ing the faid S#ake on the other fide of your Gabions: But this may an
the other hand be done within the Befieged Place.

REMARK IL

The Strings or Reins of your Skngs may be of Lengths futable to
the Diftances of: Places, according to the Praétice of the ancient Inha-
bitants of the Balearic Iflands, who knew very well how to lengthen
and fhorten their S/ings as occafion required, if we may believe + Flo-
rus, who tells us, Upon Warlike Occafions they ufe three Sorts of Slings, fo
that it is no wonder they are fuch good Mark's-Men, efpecially when we
confider they bave no other Arms, and are trained up to the Sling from the
Cradle; and to barden them, it is the Cuftom of the Mother never to give

1 Flor, Lib, 111. Csp, VIII,
L1l ber

221



222

Of the Great Art of ARTILLERY. Book IV.

ber Child any Victuals till fbe fhews it him with a good Blow. But let us
hear what Strabo fays of thefe Iflanders; They carry three Slings twifled
about their Heads, the Reins of one of which are very long for great Di-
Srances; of the other very fhort, for finall Diflances; andof the third of amid-
dling Size between the two former, for middling Diftances. Diodorus would
have them wear the Shorteft round the Head, the Longett like a Girdle
round the Middle, and carry the Middling one in their Hands.

REMARK IV,

Nothing can be more convenient or certain for throwing Hand-Gre-
nado’s than the Sling ; for we have often obferved, that when they are thot
from Machines like Mortars, they are apt to break before they are pro-
jeéted, to the great Damage of the Machine, and Danger of the Perfons
who play it. If on the other Side they are delivered from the Hand on-
1y, what Difafters are not thofe liable to who are obliged to do it; befides
thofe to which they are already expofed? The feveral Sieges of our Time
have all furnithed us with difmal Inftances of the Ruin and Death of
many a brave Fellow, to whom this Iron Fruit was more fatal, than
hurtful to their Enemies: In good Truth, if my Mafter was here
who taught me the firft Rudiments of this Nodle Art, he would be ve-
ry ready to back what I have here offered, and (I dare fay) would tell
you, thatif it had been the Cuftom in his Time to throw Grenads's
with a Sling, he had never loft his Right Hand. Befides the Siing, I
approve very much of certain little Machines not very unlike the Be-
hfie of the Anctents; fuch as we have already defcribed ; therefore I
thall curforily touch upon them.

We {hall in the following Chapter treat of the great Gremado's thae
are ufually proje€ted from Morzars; but I muft by the way take Notice
that they may be very conveniently fhot from the Ba/iffr of the An-
cients, I fhall in Book I. Chap. I. of the Second Part of our Artil
lery dwell upon the Power and Effects of thofe Machines, where I thall
confirm what I fay with the Teftimony of feveral good Authors;
and give you the Profils and Scenographical Figures of them, moft
curioufly and exactly drawn, and occafionally explain how the An-
cients were wont to conftru&t them. Be {fatisfied at prefent with
what T Fofepbus tells us of the incredible Power and Strength of
the Baliffa, i his Account of the Deftruction of Ferufatem; where
e faith, That every Stone was of @ Talent Weight; and did Execn-
tion not only at Hand, but to the Top of the Walls and Ramparts, though
it were at a Furtong diffance; and where it fell it carried a whole File
before st.  And 4 Diodorus; Demetrius placed in bis * Helepolis Je-
veral Machines, the greatefft of which carried Stones of three Talernts,
Athenzus alfo {peaking of King Hierv's Ship which was built after 2

§ Jofeph. Lib. VII. 1, Diod. Sicul, Lib, XX, * This nearly anfwered to whas we
sow underffand by a Battery,
Model



Book IV. Of the Great Art of ARTILLERY.

Model contrived by Archimedes, relates, + That in this Ship they erefted
a Platform or Battery, from whence with their Engines they fbot Stones of
three Talents Weight, and at the fame time a Spear or Favelin of 12 Cu-
bits in Length, to the Diftance of @ Furlong. This is very wonderful, and
almoft incredible ; but I fear 1 begin to tire you with this Subje&t ; and
indeed, I think, I have here faid enough, to inform you of the Weights
and Diftances which the Ba/iffee formerly carried, and to thew that the
Things fhot from them were very near equal to our greateft Grenads's
ot Bombs, and if I had affirmed them to have been much larger and
heavier, I believe I fhould not have exceeded the Boungs of Truth,
We fhall take a proper Opportunity of treating at large on the Ulfes
and Conveniencies of thefe Machines, where we fhall make it appear,
that it would be very proper to introduce them into Modern Practice
with our other Engines.

CHAP IL

Of Bombs and Grenado’s that are ufually projebed from
Mortar-Pieces.

IF we confider the greater Sort of Grenads's in point of Form, we

fhall find them to be of two Kinds, (v/z.) Round, and Spheroidi-
cal ; which laft we commonly call Bombs. Though Boxbornius, in his
Hiftory of the Siege of Breda, calls thofe alfo Bombs that are of a Sphe-
rical Form; for he mentions them in thefe Terms, after having de-
fcribed the Hand-Grenado's.  Bombs of the largeft Sizes that were one or
two Foot Diameter did the fame Execution, They were fhot into the Air
Jrom Engines, and fell upon the Places they were defigned for. But if I
am not miftaken, he here confounds the Grenado’s with the Bombs ; for
he in another Place fays as much of Grenads’s as he does here of
Bombs, (viz.) They were obliged to erec? Batteries at warious Diflances
Jrom the Counterfearps; according as the Exigence of Affairs required,
either to cover their People, or flop the Sallies of the Enemy, to ruin their
Mackines, demolifb their Batteries, and difmount their Cannon. That up~
on the Batteries they erected, they mounted more or lefs Artillery with fome
of thofe Machines (meaning Mortars) from whence they fbot Grenado’s,
which burned and threw down every thing within their Reach. (He then
diftinguifhes thefe from the Hand-Grenado’s, by faying) That the lighter
and leffer Sorts were thrown by the Soldiers. As an Hiftorian, I do not dif-
approve of what he here fays; (the true Knowledge of thefe Matters be-
ing referved for Pyrobolifis;) 1 fhall only obferve that moft Pyrotechni-

1 Athen, Lib. V, .
F ldﬂf
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cians call thofe Balls that are Hollow and Spherical, Grenado's; and
that thofe which are Longith and Oval, they call Bomés.

Fig. 113.  You have thefe round Grenado’s reprefented in Fig. 113, and the long

Fig. 114.0nes in Fig. 114.

To thefe two we have added a Third of 4 Cylindrical Form, which

Fig. 115.you have in Fig. 115 ; it has 2 firm Tompion beneath, which fetves to
prefs down and confine the Powder in the Chamber of the Mortar, in
the fame manner as the Tompions which are commonly ufed on thofe
Occafions do. It is not long fince thefe Grenads's were put in Execution;
for fome of ;thofe who were prefent at the memorable Siege of Rackelle,
in the Years 1627 and 1628, by Louis XIII. King of France and Na-
varre, have related to us the ftrange Havoc they made, and how
greatly they annoyed the Befieged : All which was afcribed to the great
Knowledge and Skill of the worthy Henry Clarmer of Noremberg; to
whom no Body can deny one of the firft Palms, defervedly beftowed on
the Heroic Warriours, who wrought fuch Wonders at that remarkable
Siege, without doing the leaft Injuftice to the Merits of Pomponius Tar-
gon, who was at that time chief Engineer to his moft Chriftian Ma-
jefty.
! gut there have been fome odd-turned Spirits, who have had Impu-
dence enough to rob thofe great Men of the Honour they atchieved in
the Condu@ of fo long and fo laborious a Siege, and who have endea-
voured (urged by an unaccountable Envy) to afcribe to themfelves what
was due to thofc illuftrious Perfons ; and they have fo far gained
their Point, as to infinuate a good Opinion of themfelves into the Cre-
dulous and Ignorant, who cfteem them to be in Reality what they only
are in Appearance : But a time will come when they will receive a Cha-
ftifement adequate to their Unworthinefs; for Divine Juftice leaves no
Crime unpunithed, and will certainly take Vengeance of them for their
fraudulent Dealing ; in fo ungeneroufly affuming that to themfelves,
which had been purchafed by others at {o dear a Rate. But let us re-
turn to our Subjed, and confider after what manner we are to propor-
tion, prepare, and ufe the two Firft Sorts of Grenado's.

There are thofe who allow the Thicknefs of Metal, for Iron Grena-
do's and Bombs, %, 3, or iz of their Diameters. The Vent ought to be
3, as well for thefe as Hand-Grenado’s. Near the Vent they have two
Ears or little Handles, by which they are lifted into the Mortar.

The Fuze of the faid Grenado fhall be § of its Diameter in Length,
though fome Pyrobolifts allow it but § only. Its Diameter at Top fhall
be 3 or %, but beneath it fhall be but § only. The Depth of the Con-
cavity in the Fuze fhall be & of the fame Diameter, as ufual; you

Fig. 116. have this Fuze reprefented in Fig. 116. But the whole Myftery is to
know of what Dimenfions to bore the Fuzes; for there is a certain li-
mited Time, at the Period of which the Grenado 1s to perform its Ef-
fec, according to the Diftances of Places, and according to whi;;x the

ortar



Book IV. Of the Great Art of ARTILLERY.

Mortar is elevated to different Degrees of the Quadrant. It is more-
over neceffary to know with what Compofition the Fuze ought to be
filled upon different Occafions, that the Shell may not break till it is ve-
ry near the Ground. But as this is an improper Place to dwell upon
thefe Particulars, which bear an immediate Relation to the Artificial
Conftru&ion and Ufe of our Warlike Machines, 1 thall referve what 1
have to fay of them for the Second Book of the Second Part of our Ar-
tillery, where Ifhall in the moft ample manner difplay the Conftruction
of Mortar-Pieces, their Properties, and particular Ufes: Agd if it be the
Will of Heaven, I thall produce fufficient Arguments in Behalf of eve-
ry thing I'lay down, and fhall make it my utmoft endeavour by no
means to deceive our diligent Pyroboliff : But let us proceed to the Se-
quel of this Effay.

Thefe Fuzes fhall be re-inforced without, with dried Sinews, fpread
out like Tow, then fteeped in hot Glue; and within them you fhall
ftick fome Threads of Quick-Match here and there, for fear the Fuze
thould unluckily'go out, by the Violence of the Wind or Air during the
Flight of the Bomb : In thort, the Fuze being filled with a futable Com-
pofition (fuch as we gave in the foregoing Chapter) you thall drive it into
the Vent of the Grenado or Bomé, which muft be filled with good Corn
Powder, in the fame manner as we dire&ed in reference to Hand-Gre-
nado’s.

Obferve here, that you muft never ufe a Shell till you have tried whe-
ther it be found and whole, which you may know by the following
Proof: Bury your Shell under burning Coals to make it red-hot ; and
having acquired that degree of Heat, take it from under the Fire, and
pour cold Water into i¢ before it is cooled, and ftop up the Vent, to
prevent the Water from getting out; then inftantly anoint the whole
Convexity of the Shell with Butter of Antimony, or with Soap moi-
ftened with a little hot Water ; if it is cracked or defe&ive in any Part,
you will fee little Bubbles, or Blifters, rife, fall, and difappear by turns.
If you perceive any thing of this Nature upon the Surface of your Shell,
I would have you throw it afide if you have any better, as both ufelefs
and dangerous: But if the Situation of your Affairs obliges you to ufe
fuch, for want of better; you fhall take particular Notice of the Cracks
or Flaws if they are vifible, and if not, you fhall remark thofe Places
where you faw the Blifters rife; or if they are lictle Holes that are con-
fpicuous, you may ftop them with Steel Nails. This done, coat your
Shells over with Tar or Fitch, or fome of our Pyrotechnic Cement,and then
cover them well with Tow fteeped in the fame Swff, the Compofition of
which we gave in the above Chapter. Finally, wrap them tightly round
with a ftrong Cloth. You muft exadtly obferve thefe Particulars with-
out omitting the leaft thing 1n the World ; for fear the Grenado thould
mect with any Accident from the Fire of the Fuze during its Flight.

Mmm You
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You may find the Requifite of Powder for proje@ing your Grena-
do’s, by what I am now going to fay: But firft of all it will be neceflary
for me to tell you, how to come at the Weight of a Grenads, purely
by the Affiftance of an Arithmetical Calculation, and by means of our
Calibre Scale, which is the moft ready Step towards finding expedi-
tioufly and certainly the Quantity of Powder requifite to thoot out your
Grenade. 'This you may work after the following manner.

Take the Diameter of a Grenado, and apply it to that Side of the
Calibre Scale JWhich is defigned for Iron Bullets; and confequently one
Foot of the Compafies will fall upon a Number, anfwering to the
Weight of the Grenads if it was folid. Set down this Number upon a
piece of Paper, or at leaft take care to remember it. Then take the Dia-
meter of the Cavity of the fame Grenads, and applying it in like man-
ner to the Calibre Scale, one Foot of the Compafies will point out a
Number exprefling the Weight of that Cavity if it had been folid, and
of Iron. Then fubftra& this laft Number from the firft, and the Re-
mainder will give you the Weight of the Shell of the Grenadb.

If you thould meet with a Diameter which extends beyond the Length
of the Calibre Scale, you fhal] apply the Half of it only to the faid
Scale, and the Number it reaches to being multiplied by 8, the Pro-
duc@ will give you the Weight of the whole Grenado had it been Solid.
As for Example ; be there given the Diameter of a Grenado that cannot
be meafured by the Extent of the Calibre Scale; the Half of which be-
ing applied to the faid Scale reaches to 18 : This Number being multi-
plied by 8 will produce 144, which would be the Weight of the Gre-
nado had it been folid : Then taking half the Diameter of the Hollow
or Cavity of it, and applying it to the Calibre Scale, fuppofe it to ex-
tend to 7: Let this Number be in like manner multiplied by 8, and it
will produce 56. In fhort, this lat Number being fubftraGed from
144, you will have a Remainder of 88, for the Weight of the Shell of
your Grenado or Bomb.

You will find the Quantity of Powder neceflary to fill your Grenads,
if you meafure the Cavity of it with a certain Line or Scale of Powder,
Stereometrically divided into Pounds and Ounces, fuch as you fee diftin-

Fig. 117, guithed by A in Fig. 117; upon which the Number which falls under
the Foot of your Compafles, will exprefs the Number of Pounds or Oun-
ces of Powder which the Cavity of the Grenado is able to contain ; add
now this Weight of Powder, to the Remainder of the laft Subftraction,
which gave the Weight of the Shell, and you will have the whole
Weight of the Grenado when filled with Powder. I will now inftru&
you in the Conftruction of this Scale. Fill fome perfe@ly round Gre-
nado with Corn Powder up to the Vent, then pour it out again, and
weighing it, fert down what it weighs. Then meafure the Cavity of
the faid Grenads, and divide the Diameter of it Stereometrically into as

many Parts as the Powder contains Pounds or Ounces : This you may
readily
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readily do by obferving the Rules in our Firft Book; and upoen fiuch-a
Scale you may mark out the Diameters of feveral Pounds, or Otinces-of a
Pound, or half Ounces if needful.

But if you fhould not have Grenadd’s juft at hand, whereby to forni
this Scale, get an hollow Wooden Cylinder of what Size you pleafe
équal in Height and Breadth, and filling it jwith Corn Powder, pour it
out again, and weigh it. Now as every Cylinder that contains a Sphere
is in a Sefguialteral Proportion to it, according to Archimedes : Therefore
muft you fay as 3 is to 2, fo is the Weight of the Powder contained in
the Cylinder, to the Weight of that which would be held by a Sphere,
included in the fame Cylinder. This done; you will' haye 2 Number in
your Quotient anfwering to the Weight of a Gloe-of Powder, fuppofing
the Diameter of fuch a Glode to be-equal to the Height.and Breadth of
the Cylinder. 'This may be done by any Body, that is never fo little
skilled in Geometry.

Sometimes Pyrobolifls, by way of Diverfion or Experiment, fill Grena-
do's with Sand, thereby to come the more eafily at their true Weight
Which done, they put them into Mortars, and taking their Sight at
Marks at certain Diftances ; they fhoot them off, and obferve their Falls:
Upon which Account it is neceflary to know the Proportion which the
Weight of Sand bears to that of Powder. For my part, I have often
experimented that very Fine, White, Dry Sand, bears fuch Proportion
to fine Corn Pjftol-Powder as 144 does to 83, Upon this Foundstion
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I have formed another Scale which you fee diftinguifhed by B forFig. 117,

Globes of Sand. By this Line you may know how many Pounds of Sand
would fill each Grenado.  But if you would take only juft fo much Sand
as is equal in Weight Yo the Powder which fills the Grenado (in which
Pyrobolifis are very exact) you muft find out the Quantity required by
means of the proportional Numbers above: But that Razso will not al-
ways obtain; for the Weight both of Powder and of Sand may be infi
nitely varied ; for as the Ingredients of Gun-powder are mixed a thoufand
ways, you may readily fuppofe that it differs much in Weight; and on
the other hand, the feveral forts of Sand are infinitely unequal in point
of Gravity : But thofe who are defirous of being perfe& in our Ars,
will have the Patience to examine the Gravity of different Sorts of Sand.
Having thewn you the way how to come at the Weight of Grenads's
tilled both with Powder and Sand (as I propofed) without the help of
any weighing Inftrument ; I fhall advance farther on.

Now this Weight being found, it will be very eafy to find the Requi.
fite of Powder for charging your Mertar. But to fay the Truth, this

is- 2 Point which cannot well be determined ; for Pyrobolifts change and .

vary it very often, as Occafion requires; being obliged fometimes to take
more, fometimes lefs Powder, according to the Diftances of Places. Moft
commonly they take half an Ounce of Powder for every Pound that the
Grenado weighs; and in fome Cafes they take but a Quarter of an

Ounce,
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Ounce, and at other times but ; of an Ounce, and {fometimes lefs, parti-
cularly when they would project their Grenads’s {o as not to be above
4 or 6 Seconds at moft before they fall at perhaps the Diftance of 10 or
15 Paces, and in their Projection borrow more upon a ftrait Line than a
Curve. This is ufually done when the Befieged fee the Enemy pre-
paring to make their Galleries, or perceive them obftinately bent upon
pafling the Fofé, by any other means, in order to gain the Foot of the
Rampart ; it is then that the Ufe of Mortars, Grenado's and Bombs is
not forgot. I muft own however, that the fame thing may be done with
a greater Quantity of Powder ; but then it would be attended with this
Inconvenienc (namely) That the Grenado being projected with the
greater Violence, it would be obliged to go through a greater Space,
and confequently remaining longer in the Air, it would give thofe who
fee it, time to get out of the Danger of it before it can fall. I muft al-
fo remark, that you may throw Grenads’s, Bombs, &c. at feveral Di-
ftances with one and the fame Quantity of Powder; by means of the E-
levation of the Piece above the Plane of the Horizon, and alfo by the
Declination of it from the Vertical Point or Zenith to an Angle of 45
Degrees, which Pofition is the moft natural to Mortars. This may
not be an improper Hint ; for I am really of Opinion, it would be
by much the beft and moft certain ( were it not for fome infur-
mountable Difficulties and Circumftances which oppofe it) to take cer-
tain Quantities of Powder in proportion to each Diftance; by which
means the Machines being elevated but a few Degrees above the Hori-
zon, would always have their Pofition very low, which would be never,
or very feldom changed. However as this cannot be eafily practifed, or
indeed not at all, for every Diftance; yet metHinks I would have the
great Machines, whofe Elevations borrow the neareft upon the Vertical
Point, and which are ufually chofen for the thorteft Diftances, deprived
of a little of their ufual Requifite of Powder, and in Recompence for
that Lofs, inclined a little more to the Horizon.

But not to ftop here, and that we may conclude upon fomething cer-
tain with regard to the Requifite of Powder ; I have eftablithed and
afcertained a Quantity, that may generally fpeaking diflodge the Mi/-
tary Projectiles, be their Weight what it will : In order to this, I have
confiruéted a little Table of Requifites (which we fhall dwell more parti-
cularly upon in the Second Part of our Ar¢illery) which I hope may be
fuccefsfully put in Practice. I fay it will be fufficient if for Balis or
Bombs of great Weight, as 300 1b or more, (if there are any fuch,) you
take half an Ounce of Powder for every Pound. This Proportion may be
obferved for Projectiles down to 100 b : But from 100 1b to one I,
you fhall increafe every Quintary that is every Fifth Number wich 15
Grains ; fo that you may have 588 Grains of Powder, which are 2 Loths
and 12 Grains, to proje&t a Ball of one Ib. Upon this Foundation I have
calculated a lictle Table of Proportion, from 100 1b down to one Ib.

There
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"There is nothing that can be more plain or eafy than the Ufc of it; for
you need only multiply the Numbers of the Column B by the Num-
bers of the Column A, and divide the Produés by 288 in order to have
the Requifite Number of Lozhs ; (for a Loth contains juit that Number
of Grains;) which Number of Loths being divided by 32, you will have
the Pounds: But that you may have a perfe&t Apprehenfion of this, 1
fhall illuftrate it by an Example. Suppofe you have a Ba// of 8o Ib
which you would projet: Look firft for 8o in Column A ; and having
found it, multiply it by the oppofite Number in Column B (viz.) by
348, and you will have a Product of 27840, which will be the Number
of Grains of Powder ; which being divided by 288, will give 96 Loths
8 Den. in the Quotient ; each Denier 24 Grains. In fhort, thefe Loths
being divided by 32, will give 3 1. You muft then take 3 Ib and 8
Deniers of Powder to charge the Chamber of the Mortar, from which
you would proje&t a Body weighing 8o It.

The following Table will help you in the Difficulties which may oc-
cur in this Cafe; provided that you have a right Conception of this Ex-
ample.

A T aBLE of Regaifites of Gun-Powder.

A B
100 = = = - - <« - - - 288
95 - = = = - - - - = 303
9 - - - - - - - - - 318
8 - - - - - - - - - 333
8o - - - - - - - - - 348

75 - - - - - - - - - 36
70 - - - - = ----378

65 - = = - = - - - - 393

60 - - - - - - - - - 408
55 = = = = = = = = = 423
S0 - - - - o= - - - - 438
45 = = = = = = - = = 453
40 - - - - - - - - - 468
35 - - - - - - - - - 483
I .
25§ = = = = - - = -~ - 513
20 - - - - - - - - - 528
1§ = = = = - - = - - 543
10 - - - - - - - - - 558
5-=--=--=-=-=-"- 573
I - - - - - -~ - - - 88

Nnann OBSER-
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OBSERVATION I

To every Number between the Quintaries of this Table, you fhall
fucceffively add 3 Grains for every Pound. This done, multiply the
Sum of that Addition by the Weight of the Projeitile. As for Ex-
ample, if you meet with one that weighs 82 Ib, you will find it lefs by
3 than 85, the fuperior Quintary of the ‘Taéle having then added 9
(which is 3 for each Pound) 10 333, you will have 3425 this 342 being
multiplied by the Weight of the Projec#ile which is 82, the Product
will be 28044 ; which being divided by 288, you will have 97 Lotks,
4 Deniers and 3.

OBSERVATION IL

The Rule here laid down for the Projectiles which are fhot from
Mortars ought to be followed as univerfal and immutable: But at the
fame time Allowance muft be made for the different Strength of Pow-
der ; inafmuch as one Ounce of fome fort of Powder will do twice, nay,
ten times the Service as an equal Quantity of fome other Sorts; and
confequently one Ounce of the former will be as ftrong as 10 Ounces of
the latter. But I leave this Article to the Confideration and Judgment
of good Pratitioners; and fhall go on to the loading of our Mortars.

Suppofe now, you have the Reqmﬁte of Powder for proje@ing a Gre-
nado from a Mortar : You fhall in the next place meafure the Height
and Breadth of the Chamber by means of a Cylindric Scale, or rather a
Cylindro-metric Scale, divided Cubically, and adjufted to the Weight of
Gun-powder, fuch as you fee in Fig. 117 in the Lecter C. Now if 1c
happens that your Chamber is equal in He;ght and Breadth, you may

conclude that it holds as many Pounds of Powder, as the Number it
cutsupon your Scale contains Unities : But if on the contrary its Height
and Breadth are different, you muft find out a mean Proportional be-
tween them, which may give you the true Capacity of the Chamber.
If thefe Numbers fhould happen to be Surds, you may find out a mean
Proportional between them by Lines much better than by Numbers.

If the Chamber of your Morzar is bigger than neceflary ; firft put
your Powder into the Chamber and meafure the Vacancy of it above
the Powder : Divide this into 6 equal Parts, and add ; to its Height;
and you will hive the true Height of a Wooden Tompion ; by which
the Powder in the Chamber will be fufficiently comprefled, fo that the
Flath will have no rooin to expand itfelf, and will confequently a& with
its full expulfive Vigour: But if on the contrary the Chamber of your
Mortar 1s too little to hold the chmﬁte of Powder ; divide the Hexght
of itinto 1o equal Parts, and fill it up with Powder to %, and ram it
with a Tompion of {..  And in this Cafe the Rule we have given above
can be of no Ule,

You
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You muft proceed after this manner when it happens that your Pow-
der fills your Chamber {o exattly as to leave no room for a Tompion ;
but you will be better inftructed in every thing relating to this matter
by the Sequel.

The Wooden +} Tompions for corfining the Powder in the Chambers
of Mortars are prepared after different Fathions; for if you weuld fix
your Grenado in {uch a Pofture as to have its Fuze turned outwards to-
wards the Muzzle of the Mortar, and if you would projedt it by one
Fire only, your Tompion fhould be fluted like a Pillar, as you may ob-
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ferve in Fig. 118 by the Letter A; or pierced through with Holes acFig. 113%.

Top which terminate in a largc one at Bottom, as may be obferved in
B. I muft here remark, that it is by much the fafeft Way, to projet
your Grenads's by means of one Fire only; in doing of which you are
to obferve the following Order.

After having loaded your Chamber with the Requifite of Powdler,
and driven the Tompion upon it, fo as in no degree to furmount the
Edge or Rim of the Chamber ; you fhall fill up “the Holes in the faid
Tompion, or the Flutings round it, with good Mea! Powder, and falt it
over with a good handful of the fame ; then wrap up your Grenado in
a Felt, or a coarfe Woollen Cloth, well foakeéd in ftrong Brandy, mixed
with Meal Powder ; this Coat or Covering fhall be open at Bottom, of
the fame Breadth as the Orifice of the Chamber. This done ; fix your
Grenado in the Mortar in fuch manner as to bear upon the Tompion,

The Fuze fhall be well garnifhed round, with fome of our loofe Quick
Match; and the whole Body of the Grenado thall be well falted over
with Mea! Powder, to facilitate the Accenfion of the Fuze.

This is the firft Way of projecting Grenado's from Mor:ars with one
Fire only. The Second does not differ much from i, excepting that it
is much the more dangerous of the two ; for here the Fuze is turned
mmwards upon the Chamber ; and in this cafe you muft have a Tompion
with an Hole in the Middle of it, and divided into 4 équal Parts by
means of two Diameters intérfe¢ting each other at Right Angles, as you
fee in Fig. 118 by the Letter C. However I would by no means have
this practifed for ordinary Grenads’s : But I would have them ordered as

you fee in Fig. 119, where the Vent and Bottom are turned into Fe-Fig. t1g.

male Screws, which fhall have an Iron Fuze with a Screw at Top and
Bottom to be inferted into them, as may be feen in A : Bue I muft tell
you that thefe Screws cannot be too nicely fitted to each other.

If you would rather chufk to project your Grenado by means of two
Fires, you fhall have a folid Tompion. This Tompion being driven
into the Chamber, you fhall cover it with a freth green Gazon or Turf;
or fomething of that kind, which fthall be covered with a round Board
of 2 or 3 Inches thick, but a little lefs in Diameter than the Calibre of

4 Thefe Tompions are found to be ufelets,
the
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the Mortar (fee Letter D.) To conclude, you {hall fix your Grenado up-
on it with its Fuze turned outwards, and cover it with a.Gazoz; after
having ftuffed the Vacancy between the Ske// and the Jiortar all round
with Hay, Straw, Tow, or Mold, to keep the Shell fixed and firm.

Fig. 120. This laft Method is very particularly reprefented in Fzg. 120, to which
I refer you, if you do not apprehend my Explanation.

COROLLARY.

To tell you now wko firft invented, or who firft practifed this
deftru@ive Contrivance, which has been promifcuoufly the Ruin of
fuch Numbers of Men, and the Overthrow of fo many of the moft
beautifel Buildings, moft magnificent Cicies, and firongeft Walls and
Fortifications in the World, is a Task unequal to my Knowledge; for
we do not find the leaft Mention made of the Perfon in any iiiftory. In-
decd in feveral reputable Authors we have an Account of the Tiraes and
Places, when and where this infernal Inveution was firft put in Pra-
&ice; the Teftimony of whom I fhall here infert, notwithitanding that
they differ pretty much from one another. But as to the Inventor him-
felf, we do not find the leaft Mention made of him; which I cannot
help being furprized ar, fince it feems to be a very great Injuftice to
Pofterity to conceal the Name of fo great an Engm\‘er from jr. In
truth, I know not what to fay or think of fuch a Proccdure, and
fhould be glad to know whether it was thro’ Chance or premeditated
Defign, that the Writers of thofe Times have left vs in the dark asto
this Matter : But every one may judge of it as he pleafes, for my part,
I can only here entertain fuch as are wholly Strangers to the Hiftory of
this Invention, with what can be gathered from the Teltimony of feve-
ral Authors. Thuanus fays,

+ Al the Stratagems of the Duke of Parma before Bergen op Zoom
proving tneffeftual, cnd defpairing to carry it, and confidering that the
Seafon was very far advanced, andthat the Low Country was almoft over-
Jflowed ; and finding that the Garrifons of the Ifland of Tretole, by their
continual Excurfions and Depredations, made Provifions very fearce and
dear in bis Army, be refolved to raife the Siege, and fend his People into
Winter Quarters, and accordingly be difiributed fome of bis Troops in Tu-
renhalt, Rofendal, and the Country of T Campen, and font the r off t0 join
the Troops which were under the Command of Prince Erneft Ma: asfelt af

the Siege of Bon, fo block up Warcheendonck, which is an ancient Tomen
of the || Sicambrians, fituated upon the Niers not far from the City of
Gueldres. This was done, at the earneft Entreaty of the Inbolitants
of Ruremond, who begged to be delivered from-the troublefome Excur-

1 Thu, Lib, LXXXIX. Pag. 263. A.D. 1588, $ This is now moft commonly cslled Zurpb .
l| The People ot Geld Jerland were anciently fo called, and the Country itfelf was cailed s

cambria.
Sions
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fions of the Robbers (it was thus they called the Soldiers of the neighbouring
Garrifins,) Towards the end then of Ottober the Place was invefted, un-
der the Conduét and Command of the aforefaid Mansfelt. The Pioneers
advanced and raifed Batteries of Gazons or Sodds, upon which they mount-
ed their Cannon, which played upon the Town till they threw down the Roofs of
the Houfes, and all the lofty Buildings in it. But they did not only (fays he)
ruin them with their Cannon, but they alfo galled them with Grenado’s and
Balls filled with combuftible Matter, which they fbot among them with cer-
tain Engines, fo that the poor People could hardly find Safety any where,
from the borid Tempeft which was fhowered down upon them. He adds,
That thefe Balls were made hard by, at a finall Town called Venlo ; and
that the Inventor of them, refolving to make Proof of bis Work, at the Ce-
lebration of a Feftival defigned for the Entertainment of William the
young Prince of Cleves, be bad no fooner fet Fire to them, than they bad
an Effelt quite contrary to what be intended; for the Town was fired by
them, and was very near balf defiroyed. A melancholly Diverfion !
This Author has hitherto pretty well informed us of the Place where
our Miffive Thunder was invented, and of the Time it was firft puc
in Execution. But another Writer, who equally deferves our Credir,
(namely) Reidanus, who has left us the Hiftory of the Low-Country
Wars in Latin, feems to be of a quite contrary Opinion as to this Point.
He fpeaks thus: 4 Adolphus Nivenarius, Governor of Guelders, re-
Jolved to keep up the Scarcity of Provifion as much as be could, and to
Starve the Inbabitants of Bergen, if poffible. But unbappily as he was
proving bis Bombs, with which be had determined to defiroy the Enemy's
Ammunition, be was greatly aftonifbed, to find that upon being fired they blew
up the Arches and Vaults of the Caftle of Harnem, together with feveral
ather fine Buildings. A brave Officer called Denis, and another Gentle
man, perifbed by this Accident : dnd the Earl bimfelf could not efeape the
Fire, for being cruelly burnt, be died a_few Days after. _Almoft fuch ano-
ther Accident happened the Year before, (he means 1587) af Bergen op
Zoom ; but of a more extraordinary nature. A certain Italian who de-
Jerted from the Duke of Parma, fled to the Confederates, o whom he pre-
tended, that be bad an admirable and un-heard of Invention for preparing
bollow Veffels and Globes of Iron and Stone ({ure this was a thing impra-
&icable, and I believe every Pyrotechnician will think it impofiible to
contrive 0 as to make Stone effeual in fuch Works: But he goes on)
which might be eaflly thrown amongft the Enemy; where they would
do moff terrible Execution by Thoufands of Splinters, which would fly from
them in burfting, and befides, that the leaft Spark of them would infallibly
Jét fire to whatever they touched. But the Infant that our Grenadier was
bufied in carrying on bis Projest, a Spark of Fire unfortunately fell upon
the Table where be bad prepared bis Compofition ; and as be was going

t Reid, Lib, VIIL Page 182,
Ooo haftily
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baflily to take it away, the Fire (which lofes no time) got bold on his Hand.
He, aflonifbed to fee a Glove of Flame upon his Hand, and not knowing
what to do to get rid of it, clapped bis Hand between his Thighs to fiifle it,
but far from being fuppreffed it laid bold on bis Breeches, and from thence
penctrated to bis Thighs: In a Word, bis Hand was inflantly fiript of both
Skin and Flefb. Vinegar proved ineffeitual, and inflead of extinguifbing
rather increafed the Flame ; to conclude, the Fire [preading over the reft
of bis Limbs, the unbappy Man expired in lefs than three Days, after bav-
ing fuffered the moft fevere Pains without Intermiffion or Relief.

To the Teftimony of thefe two grave Authors, I fhall add that of a
'Third, whofe Fidelity is unqueftionable, I mean Famianus Strada, who
fpeaking of the Low-Country Wars, writes to this Effe@, 4 There was
nothing which more aftonifbed the Enemy (he here means the Attack of
Mansfelt ax Wachtendonck) than certain great Brafs Globes bollow within,
which were filled with Powder and Sulphur, and other inextinguifbable
Things; which were fhot from great Mortars, with little T Ropes in a
fmall Hole, which by their Weight, and Violence of their Fall, threw down
the greateft part of the Buildings ; and what is the moff firange of all, when
they were lighted their Flame caught bold on every thing within its reach,
with fuch Obftinacy that no Water could extinguifb it. Thefe Globes, which
gave the firft Hint to the Invention of Grenado’s, Fire-Pots, and fuch like
Infiruments of Death, were invented (as we are told) by a Man at Venlo a
Little before the Siege of Wachtendonck ; thoagh be bappened to be the De-
Sftruction of biscwn Town: For upon a Day that the Inbabitants of Venlo
made an Entertainment for the Duke of Cleves, this confummate Artift mak-
ing Experiment of bis new Invention to divert that Prince, fhot off one of
them, which falling upon a large Building, broke down through it from
Top to Bottom, and fetting it in a Blaze, the Fire ran over all the Neigh-
bourbood, [o that in a very little time two Thirds of the Town were laid in
Ajbes. I know a certain Author (he means Reidanus) who in bis Hiftory
relaies fomething of this Kind to have bappened a Month or two before at
Bergen op Zoom, fo 4z Italian Deferter, who was going to make an Ex-
periment of one of thefe Balls. This Renegade promifed the Confederate
States fo make certain bollow Veflels or Globes of Iron or Store, wwhich be-
ing kindled, and thrown into befieged Places, fhould fet Fire to whatever
they could recch; after having broke into a thoufand pieces. But by a firange
Mithap, a Spark of Fire fell upon the Compofition be ked prepared for
thefe Globes, and the Flame of it caught bold on bim in fi frightful a manner,
that fpreading all over bim from one Limb to another, ke died mofft mifera-
bly, after baving undergone the moft exquifite Torment 5 and left it doubt-

Juh, whetler or no ke would have come up to what ke promifed. But
bowever that might be, it appeared that thofe Venlovian Engines an-

1 Fam. Stra. Lib. X, Decad, 11 T This feems pretty obfcure ; but perhaps inftead of
Fuzes, they ftuck fume fort of Match in the Vents of their Grenado’s or ’Bom!v:l.) b

Swered
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fwered wvery well to the Purpofes of Mansfelc ; for with them be commit-
ted fuch mercilefi Ravages, demolifbed fo many fine Buildings, and kill:d
Juch vaft Numbers of People in the Places ke befieged, that the Inhabitants
could bardly find Skelter from the Tempett, which continually purficed them
where-ever they went, though they retired to Cellars and the moft fibterra-
ncous Retreats. The Burgeffes of the Town at length confidering that this
Storm of Iron and Fire, threw them into the utmoft Confufion, and perceiv-
ing that it demolifbed all their Habitations, and that they fbould infenfibly
lofe their Country, refolved to go in a Body to Lan&eir their Gover-
nour, to befeech bim to take fome Meafures towards the Prefervation of
their Lives and Fortunes, and to defire bim to refle? ferioufly upon their
unbhappy State. Upon the whole, they alledged that they were utterly de-
Siroyed by degrees; that they had but few Busldings left flanding ; and ad-
ded, that if the Enemy continued to ply them with their Grenado’s, 7t
would be impoffible for them to fubfifi, or make any farther Refiflance, ex-
cept they buslt a new Warchtendonck wnder Ground, as they bad already
begun.

“I muft confefs that what I have quoted from this Author, is a
litde foreign to the Point in hand: But he has exprefled himfelf
in fo moving a manner of this dreadful Contrivance, that I could
not help tranfcribing of him at length. It is from hence that the skil-
ful Pyrobolift may draw Conclufions in favour of thefe Weapons; it is
from hence that he may perceive the Neceflity there is for them in the
Attacks of Places in our Times; in fhort, it is from hence that he may
judge of their great Utility to the Befiegers, by compelling the Befieged
to a fpeedy Capitulation, by expediting the Surrender of Towns and Ci-
ties, and diftrefling thofe that are the moft obftinately bent upon de-
fending themfelves.

Here I fhould clofe up this Corollary, as knowing that what I have
quoted from thefe famous Hiftorians has fully anfwered my Intention,
which was to give an Account of the Origin of our Gremads’s. But
fince in this Work I a& the part of a Pyrobolift, 1 think myfelf obliged
to clear up every thing that may be obfcure in relation to the Pra&ice of
our Art, for the Benefit and Inftruction of thofe who particularly ap-
ply themielves to the Cultivation of it. Let us then look back to what
we quoted from Famianus Strada, where he has feemingly defcribed the
Form, the Properties and Effeéts of our Grenado’s ; and let us ask him
what he means by the Fire-Poss, Grenado's, &c. which according to
him derive their Origin from the hollow Glodes he fpeaks of, fince his
Defcription of them agrees fo nearly with that fort of Arms which are
now in Ufe with us. If he anfwers, that they were a fort of Balls,
which in his Time were called Bombs; (which Word I know is promif-
cuoufly ufed to this Day) I fhall reply, that the Word Grenado would
have fuited better with them, as being a more general Term. If on
the other hand he alledges, that the little ones, which we call Grenado's,

are
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are Defcendants of thoft great Balls; his Affertion will in fome degree
be falfely grounded; for I fufficiently demonftrated in the foregoing
Chapter, that the ancient Pyrodolifis were acquainted with the {mall
Grenado's, confiderably before they knew any thing of the Great.
Thofe who have the leifure, may upon this Subje&t confult Leonardus
Fronfpergerus in the Second Part of his Military Art ; which he dedi-
cated to Rodolpbus II, who was at that time newly eletted King of Hun-
gary, and who was afterwards Emperor of the Romans in the Year of
our Redemption 1573. But though I fhould grant that the lefler fort
of Grenado's were unknown to paft Times till after the Invention of the
Greater, and that it was from Experience of the Nature of the Latter,
that Men took it into their Heads to ufe the Former; yet I fhall never
allow that the Military + Ollz or Fire-Pots are pofterior to the hollow
Globes which he fpeaks of, as he would have us believe. But very
far to the contrary, I dare affirm that our Grenado's are derived from
the Fire-Pots; and I make no fcruple to fay, that the Ollz of the An-
cients were the Lightning which preceded our Modern Thunder; and
this I may fafely advance, fince I have the Teftimony of feveral great
Authors, who lived in unfpotted Credit and Reputation amongft the
Ancients, to fupport me in it; from whom we may gather, that the moft
expert Caprains in former Days met with very fuccefsful Effe@s in their
Sieges and Attacks from Fire-Pots not very unlike ours. We have elfe-
where touched upon this, and therefore {hall defift frem it at prefent,
teferving it till we come more particularly to fpeak of Fire-Pots. Inthe
mean time (dear Reader) let what we have offered be kindly received by
you; and affure yourfelf, that Artificial Pots are of very old ftanding,
and that they are fo far from deriving their Origin from Grenads's or
Bombs, that it is more reafonable to believe quite the reverfe. Pray
hearken to what Sextus fulius Frontinus fays of the Fire-Pots of the
Ancients. 1 Cneus Scipio, 77 @ Sea Fight found out a way of throwing
|| Veflels full of Pitch and Pine-wood ar the Enemy's Fleet, which
were as dangerous in their Fall, becaufe of their Weight, as they were
burtful on the feore of the Igneous Nature of the Matter they contained
which was [pread abroad from them. Dionyfius {peaking of the Fireworks
which were ufed at the Battel of A&#ium, between Auguftus Cefar and
Marc Antony, obferves, * That Celar perceiving his Soldiers very roughly
bandled by Marc Antony’s Party, who cut them in pieces with their Axes
and Swords, and galled them terribly with their mifive Weapons, from the
Advantage they had of being in taller and better-fortified Ships: He bhad
recourfe to Fire, as the beft Remedy be could apply to the prevailing Evil :
In fbort, bis Soldiers gathered round him, and began to throw Fire-Darts,

T This is only a Lariz Word which fignifies a Poz of any fort.

 Sex. Jul. ¥rom, Lib. 1V. Cap, VII,

Il The Latin has it dmphoras ; but we muft here conclude that Frontinus thereby means any
fort of Veffels in general. * Dion, Lib, L, de Bsl, Atk

Brands
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Brands and Torches, zogether with Pots full of Pitch and burning Coals
at the Antonians, which fo annoyed them in their Ships (though they
took care to keep as far out of Danger as they could) that the Czfareans gor
the better of them. Thus what the Force of their Arms could not obtain,
they effected by Fire, and thus by means of that Element they triumphed over
their Adverfaries.

I could bring feveral other Authors to bear witnefs in Favour of the
Fire-Pots of the Ancients: But I apprehend that thefe two will be fuffi-
cient to convince you of their Antiquity. Let us then proceed to the
Conftruétion of feveral other Sorts of Grenado's.

CHAP I
Of Grenado’s #hat are commonly called Blind.

?) YROTECHNICIANS have certain Grenado’s which ftand
in no Neceffity of being lighted when they are projected, from
whence they are called Blind, which is 2 common Term amongft them,
for fuch Grenado’s and other Balls as ftand in no need of being fired at
the time of their Projection : But as foon as thefe ftrike the Ground, or
fall upon any hard Subftance, they have the fame Effe& as other Gre-
nado's. Fig, 121 reprefents one of thefe Grenado’s, in which the Letter Fig. 121,
A is the Grenads, hollow and pierced through and through, and
which has on one Side another fmall Hole, for the fame purpofe as thofe
in the other Grenado’s which we have defcribed above.

Letter B in the fame Figure points out a Barrel or Tube, made of an
Iron Plate, whofe Sides are full of Holes, and its Infide made rough like
a File. This Barrel receives two Flints which are fcrewed tight in
Contrivances like the Cock of a Gun-lock, which are foldered to a fub-
ftantial Iron Rod, as may be feen in C. Firft then, this Barrel muft be
fixed in the Shell; its upper End paffing through the #ertex or Top of
the Grenado where it is fecrewed faft with a little fquare Plate of the
Thicknefs of 2 or 3 Lines only, as you fee in G. The lower end of the
Barrel which receives the Flints fhall reft upon a round Plate with an
Hole in the Middle of it, as you fee in E, to keep it fixed in its Pofi-
tion. Now the Iron Rod that has the Cocks of the Flints foldered to
the upper End of it, fhall have its lower Extremity turned into a Screw,
to fit a female Screw in the Middle of a large round Iron Plate, as you
fee in D, which ferves for a Foot to the Grenads and all its Furniture,
and upon which it falls when it comes to the Ground.

The Letter H thews you a fingle moveable Cock with its Flint, rea-
dy to ftrike Fire, and mounted upon a Steel, which may ferve as well as
the two former.

Ppp If
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If you would fee this Grenado as it is compounded of all its Pares
when fet togecher, caft your Eye upon Letter K, where you will fee it
juft as I have defcribed it. You will moreover fee two fmall Tails a-
bove, to ferve it inftead of Wings, which are made of old pieces of
Linen, drawn through two fmall Irons, which are faftened to the Rings
on cach Side of the fquare Plate G; the Ufe of them is to make the
Grenado fall in a perpendicular Dire&tion upon its Foot or round Plate at
Bottom.

Now the Grenads falling in the abovefaid Direcion, the Flints in the
Barrel will by the fuperincumbent Weight of the Grenado be violently
forced upwards, and confequently rubbing impetuoufly againft the
rough Infide of the Barrel, will ftrike fuch a Fire, as muft accend the
Gun-powder in the Grenado through the Holes in the Sides of the Barrel,
by which means it will have the fame Effe& as the former.

CHAP 1V
Of Grenado’s that are fbot from large Cannon,

I Shall now defcribe to you the fourth and laft Sort of Grenadd's ;

(namely) thofe which are commonly fhot from great Pieces of Ord-
nance, to tear down Rampartsand make Breaches, almoft like thofe
made by ordinary Mines, though indeed not fo large or confiderable.
Pyrobolifis have from time to time invented infinite Sorts of thefe, but I
do not here undertake to treat of them all; I fhall therefore only dwell
upon the moft ferviceable of them, and fuch as you may truft to, with-
out any Danger of their failing.

SORT I

Of the numerous Clafs of thefe Grenads’s, we fhall give the firft
Fig. 122. place to that which we have reprefented in Fig. 122, which (as may be
feen) is Spheroidical in its Form and hollow within, Its Pent is a Fe-
male Screw, contrived exactly to receive a Male Screw, which is beneach
a certain Iron Socket : Into this Socket you fix a round Fuze, (or if you
will it may be multi-angular) whofe Sides fhall be bored all round with
a pretty fine red-hot Needle, in an Oblique Manner, or at Acute Angles,
all which Borings muft Center in the Hollow of the Fuze ; by which
means all their little Orifices will be turned towards the Grenado. All
thefe, as well as the middle of the Fuze, muft be filled with Meal Pow-
der 3 and the hollow Screw of the Socket which goes into the Grenado,
thall be filled with one of thofe flow Compofitions, which have been given
for the Fuzes of Grenado’s. Upon this Fuze, and the Socket which re-
ceives
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ceives it, you muft fix four Wings, or more if needful, made of thin
Copper or Iron Plates, exa@tly the Length of the Fuze: As for their
Breadth, it fhall be fo ordered, that the Breadth of any two of them op-
pofite to each other being added to the Diameter of the Fuze, they
may conftitute a Right Line which is equal to the leaft Diameter of the
Grenado ; and confequently their Breadth muft be equal to the Diameter
of the Fuze, which on the other hand muft be equal to a ¢ of the
thorteft Diameter of the Grenado.

The Length of the Fuze muft be o nicely proportioned, that being
fecrewed into the Gremado, it may be in exa& Aquilibrio with it. This
Zguilibrium will be eafily found, if you recolle@ what we faid of
the fticking of Reckets. In thort, to conclude with this, you thall wrap
the Fuze well up in loofe Quick Match, and falt it over with Meal Pow-
der, and then put it into your Cannon.

SORT IL

In Fig. 123, you have another Sort of Grenado of this fame Species, Fig. 123.
which muft be prepared after the following manner. You fhall take a
common Grenade, whofe Diameter is a little lefs than the Diameter of
the Cannon you would projed it from. It muft be fixed upon a Wooden
Cylinder, whofe Top is hollowed out in form of a Concave Hemifphere,
fo as exactly to receive one half of the Grenado; its Bottom muft be flat,
but its Head (which we fhall mention hereafter) fhall be Cozic. You thall
bore an Hole lengthways through the aforefaid Cylinder, which fhall
have a Communication with the Pent of the Grenado, and which you
fhall afterwards fill with Meal Powder. ‘The Length of this Cylinder
fhall be 2 ; Diameters of the Cannon : Then clap on the aforefaid Coni¢
Head, the Diameter of whofe Bafe is equal to that of the Cylinder, and
which mutt alfo be hollowed out in an Hemifphere to receive the other
half of the Grenado. In fhort, the Cone and Cylinder fhall be joined
in the firmeft manner with Pitch and Glue : Whatever relates to this,
may be eafily apprehended by the Figure.

SORT I

You have the third Sort of thefe in Fig. 124, the Conftru&ion of which Fig. 124.

is very fimple : You need only take a Wooden Cylinder as A, equal to
the Diameter of the Piece it is to be thot from : It is firft hollowed out
beneath in Form of a Concave Hemifphere, fo as to be able to reccive
half of a Grenado as B, whofe Diameter muft be a little lefs than the Ca-
libre of the Piece : The Top of it fhall be bored with feveral Holes, which
thall all tend towards the Penr or Fuze of the Grenado ; all which fhall
be filled with Meal Powder to fire the Fuze. 'This done, the Cylinder
and Grenado {hall be well bound together with ftrong Iron Wyre. In

thort,
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fhort, it fhall be put into the Cannon with the flat End of the Cylinder
towards the Powder.

SORT IV.

Fig. 125. In Fig. 125 you have a fourth Sort of the fame Grenads's, where the
Letter D points out the Grenado itfelf. C is a Wooden Cylinder of the
fame Dimenfions with the Third above ; and has in the fame manner a
Concavity to receive one half of the Grenado. E is an Hole bored
through the middle of the Cylinder which correfponds with the Fuze
of the Grenado, and which fhall be filled with Meal/ Powder. Bisa
Paper Cartridge fixed to the Wooden Cylinder, and covered at Top
with Paper or Wood. This Cartridge holds the Requifite of Powder,
which is necefary to diflodge the Grenads, as may be feen by A in the
fame Figure.
This does not differ much from the other fort we have already fpoken
Fig. 129.0f, and is the fame which is reprefented in the Cannon in Fig. 127, ex-
cept that this laft does not appear with its Paper Cartridge; which muft
be formed upon a Wooden Rowler or Former after the fame manner as
the Cafes of Rockets. 'This is filled with Corn Powder as in the fore-
going Cafe, and as it appears in the Figure. Thefe two Sorts require to
be charged with grear Diligence and Expedition ; and particular Care
mutft be taken that the Powder is not too firong, for fear they fhould be
damaged, from whence unhappy Accidents may enfue.

SORT V.

'This Way of fhooting Grenads's from Pieces of Cannon, was not on-
ly defigned for projecting one at a time (as may be imagined by what we
have hitherto faid) but likewife for throwing feveral fmall Hand-Grena-
do's at once into the Enemy’s Camp, or amongft the Battalions which
are drawn up in Day of Battel. This you may eafily do, if you fhut
them up in hollow Wooden Boxes or Cartouches, fuch as you fee in

Fig. 126. Fig. 126. In the firft place, the Bottom of the Cartouch, A, fhall be
twice as thick as the Sides, and fhall be re-inforced with an Iron Plate,
and wrapped round by a ftrong Paper Cartridge; or elfe you may tye a
litde Canvafs Bag full of Corn Powder round it, as you fee inD. The
Fuze C fhall be cither of Wood or Iron, and filled with a flow Compofi-
tion, by which the Fire is conveyed to the Grenads’s as foon as the Box
falls amongft the Enemy.

SORT VL

We may thoot Grenado’s from Cannon without any of the abovemen-
tioned Additions to them; but they muft in this Cafe be thicker at Bot-
tom
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tom than in the reft of their Circumference, as may be feen in Fig. 128.Fig. 128.
Thefe fhall have Iron Fuzes which fhall not in the leaft degree fur-
mount or rife above the Convexity of the Grenado, and the lower Ends
of them fhall be received or let into the Bottom of the Grenado's, as may
be feen by Letter A in the fame Figure. This Fuze (which fhall be
filled with a flow Compofition,) muft be of the fame Dimenfions as we
have ordered for the other Sorts of Fuzes; B thews you a Profil of it-
The Bottom of this Grenade fhall be turned inwards, or towards the
Powder in the Gun, and confequently its Fuze muft be direGed out-
wards towards the Muzzle of it. 'Though the Grenado be fixed in this
Pofture, you need not fear its being fired before it gets out of the Piece;
for being agitated by the Flath of the Powder, it muft in its Excurfion
through the Chafe of the Gu7z be turned and whirled round feveral
times before it can reach the Muzzle;; therefore it will be impoffible for

it to mifs taking Fire from the Flafh, which wraps itfelf all round it by
turns.

SORT VIL

Not long fince; in the Reign of Uladiflaus IV. King of Po-
land and Sweden, His Majefty’s Engineer Major, Frederick Gethant,
( who for his univerfal Knowledge in the Sciences and grear Skill
jn all the Branches of Mechanics, deferves to be called a fecond Archi-
medes of our Country) contrived a moft certain and infallible Way, for
projeting Grenadd's from great Guns 3 to which purpofe he caft a Piece
of Cannon, which as to Length is not very different from an old fort of
Gun which the Izalians at this Day call Canone petriero incamerato : But
it differs greatly from this in its Chamber, which is fo proportioned as
exaltly to contain the proper Requifite of Powder. It has moreover
two Touch-holes, which terminate in the Vent of the Piece; one of
which defcends obliquely into the Chamber where the Powder is, and
the other perpendicularly upon the Grenado, by which the Fire is con-
veyed to light a kind of Quick Match with which the Grenads and its
Fuze are coated all round ; to the end that whilft the Powder is taking
Fire, the Grenado may be in a Readinefs to depart, and only wait for
the Motion which is to be given by the Flath of the Gun. I have
taken the Trouble of giving you a Profil of this Gun with its Grenado
lodged in it, as may be feen in Fig. 129. As to the particular Propor-Fig. 129.
tions of the feveral Members of this Cannon, I fhall refer fpeaking of
them to the Firff Book of the Second Part of our Artillery, where I
fhall defcant upon them art large, according to the beft Information I
could get from that celebrated Mafter of the Military Arts and Sciences.

Qaq CO-



242

Of the Great Art of ARTILLERY. Book 1IV.

COROLLARY L

Grenado’s of all forts may be applied to very various Ufes in the Con-
duét of War; many of which.we fhall fpecify in the fubfequent Chap-
ters. But if you actentively confider that Grenado reprefented under
Number 118, by the Letter E, you will find it none of the moft de-
fpicable. It is firft fhut up in two parallelopiped Timbers, which are
fecurely bolted and forelocked together fo as to keep the Grenado fixed
and immoveable: It is then fired and thrown down from fome Emi-
nence, amongft the Enemy, where it does moft horrid Execution by
the Splinters of the Wood about it, and its own Iron Splinters.

COROLLARY IL

In order to fhoot Grenads’s from Cannon, the Requifite of Powder
fhall never exceed # of the Weight of the Grenadoand all its Furniture,

without which it cannot be conveniently projected.

COROLLARY IIL

We have obferved that Grenado's of every fort of Conftruétion, be-
ing fallen upon any Plane, do (by an inconceivable Myftery of Nature,
and fome fecret Caufe not hitherto traced out by the Wit of Man) burft
and fly to pieces in an Angle of 45 Degrees. Whofoever keeps in
mind this Remark, and the wholefome Advice I now give him, may a-
void the Danger of all forts of Grenado’s, and make a Jeft of them
though they be pretty near, if before they burft he has time to lay
himfelf flar on the fame Plane which they fall upon: This I would
have no Body forget, when they happen to be in fuch aSituation as not
only to be oblig’d to fee them, but alfo to take a Share of them,

COROLLARY 1Iv.

Thofe who are curious to know the great Things that have been
performed by Grenads's in the feveral Wars, fince their Invention, may
turn over the Commentaries of the Hiftorians who have in our Age
recorded the Remarkable Tranfactions in the Low-Countries. Thofe
Gentlemen will tell you (without my giving myfelf the Trouble of do-
ing ir) that amongft innumerable Means for expediting the Sieges and
Surrenders of Plaees, and which contributed the moft to the Progrefs of
the Arms on each fide, the vaft Expences of which were almoft unequal
to the entire Revenues of feveral European Kipgsand Princes; I fay,
they will tell you that Grenads's were always the chief and the firft
Thing they had recourfe to; which by the Indufiry of skilful Pyrose-

lifts
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#fls (in which, thank God, the Low-Countries are fo fertile, as to afford
to fpare them to their Neighbours) were thowered into befieged Places,
and into the Enemy’s Trenches, which fuch prodigious Devaftation as
cannot be reflected upon without Horrour. How many FPeterans, and
old Citizens have we living at this day, who count themfelves happy,
and glory in having been prefent at thofe deftrutive Scenes ? and feemto
defpife fuch ashavenever been, like them, at the Siege of a Breda,a Boij-
leduc, an Offend, ora Maefiricht, &c. which they look back upon, and
defcribe 10 you with a fecret Satisfaction of having efcaped the Dan-
ger?

All thefe will concur with me, and confefs, that the Grenads’s which
were fent amongft them from the Enemy’s Lines of Approach, not only
ftruck them with Dread, but alfo urged them to a fpeedier Capitulation
than they defign’d. And how was it poflible for them to hold out any
great length of Time? For according to the Idea I have formed to my
felf, they could fee nothing on all Sides but dead Bodies ftretched out ;
People buried under Rubbith; or elfe frightful Wounds; Arms, Legs
and Heads mafhed to pieces; together with the melancholy Ruins of
once-magnificent Edifices, promifcuoufly blended in one common De-
ftru@tion with the obfcureft private Dwellings ; and all owing to Gre-
nads's. In fhort, we may believe that.the Calamity was inexprefiible,
and that the Inhabitants could find no Place of Refuge where they could
be in Safery.

But to corroborate what I have faid, and to fhew that I do not defire

you to pin your Faith upon my Words only, I thall recur to the Tefti-
mony of two famous Authors who were prefent at the Siege of Boifle-
duc and Breda, and who were careful Obfervers of every remarkable Oc-
currence that happened. Firft then, Dansel Heinfius,in his Hiftory of the
Seige of Boifleduc, fpeaks of Gremads's in thefe Terms. Thke Lnemy
awere not bebind-hand with us in any refpel, but defended themfelves with
Sfuch Bravery, that we could not gain an Inch of Ground upon ther, but
by very great Compulfion, or by their own Will:  During this, nothing
was to be feen but Balls of Fire (by which he means Grenado's) which
were fometimes thrown by Hand, and fometimes flung through the Air by
Mackines, and conveyed Fire and Dread wherever they fell; nothing more
cruel or frightful was ever feen; and no Word can be more expreffive
of their Jod Effels, than Death itfelf :  For whenever they fell upon
tke Ramparts or Houfés, the poor Inbabitants were put into the utmoft
Conflernation; And almoff as often as our Engineers threw any amongft
them, we prefently faw Houfehold-goods, Furniture, and Cloaths blown up
into the Air; and it is not to be doubted but in a long courfe of Time, and
by frequent Repetitions, foine of them fell into their Arfenals and Maga-
zines. As for thofe which the Enemy threw amongft us in our Entrench-
ments and Works, we bad Opportunities of avoiding them.

Boxhornius
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Boxbornius fays fomething to this purpofe concerning Grenado’s, in
his Hiftory of the Siege of Breda; namely: That three Houfes were de-
molifbed by one of thofe Fire-Balls which were called Bombs. Grenado’s
did not fall fbort of them in Execution, from the Danger of which there
was no efcaping but by a Miracle.

But I fhall pafs over a great number of Hiftorians, whofe Works are
filled with Narratives of this kind; and fhall only appeal to the Perfi-
dious Mufcovites who are flill living, and alfo to the multitude of Auxi-
liaries that joined them, when they invefted and took the Forurefs of
Smolensko in white Ruffia, (which was afterwards retaken from them in
the Year 1634) to tell us what they know of the ftrange Havock made
by the Grenado's, which the Lithuanians threw into their Camp, incef-
fantly for three Months together.  But if they fthould be filent upon
this Matter, our mighty Prowefs has ftunned them in fuch a manner (if
1 may fo exprefs myfelf) that they will have no more Heart to make
head againft our Victorious Arms for the future, than if they had been
thunderftruck. It will be enough if I inform the World that our Py-
robolic 'Thunder drove them to fuch Extremities, that thofe Barba-
rians could find no Safety even in the Bowels of the Earth; and that
though they took Refuge in the moft profound Caverns, yet our Gre-
nado’s found them out, and did their bufinefs. In fhort; perceiving
themfelves overwhelmed day after day with freth Difafters, and being
quite difpirited, they were obliged to throw themfelves, and all their
Warlike Apparel and Habiliaments, at the Feet of our Invincible and
Auguft King the Great Uladiflous IV, in the moft fuppliant Pofture,
begging Life and Liberty, that they might have the Satisfaction of end-
ing their Days in their Native Country, rather than be Food for
Wolves and Ravens in a ftrange Land.

But let us now, on the other hand, confefs that thereis nothing to pre-
vent the Befieged from demolifhing the Befiegers Works, by Grenado’s,or
from putting them into the utmoft Confufionand Diforder; (thoughindeed
not to compare, with the Calamities they caufe in inclofed Places) to
confirm which, I thall give you no other Example than the famous
Siege of Offend, which wasas Memorable on the fcore of its Duration,
as on account of the many gallant Perfons who there gave the moft con-
fpicuous Proofs of the moft Heroic Bravery. The famous Annalift
Paulus Pigfecius, Bithop of Premiflaw, {peaks thus of it in the year
1601.  They began with throwing a vaft many Balls of Fire, by the Af
Siffance of Machines; fo that the Befieged bad no where to fhelter them-
fekves; That there was nothing to be Jeen but Artificial Thunder and
Lightning, flying backwards and forwards in the Air; and That to bis
Knowledge there were rather more than 50000 thrown into the Town in
one Montl's time, and 20000 from out of it.

But to what purpofe fhould I dwell longer upon this Subject, fince
we have ftill freth in our Minds, Inftances of the famous Sieges carried

on
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on lately in Spain, France, Italy, Germany, Poland, and the Low-
Countries, (which have always been the grand Theater of War, and
principal School of Mars;) not to mention particularly the vaft Num-
bers of Towns, that have been invefted over all Eurgpe ; and have by
rueful Experience found (as is alfo allowed by the moft expert Judges
in Military Affairs) that Grenads's are the Bane of the Befieged, the
Ruin of Cities, and commonly the Death of moft of the Befiegers; not-
withftanding that it is certainly eafier for the latter to efcape the Danger
of them, than the former.

CHAP V.

Of 1 Fire-Balls, which the Latins call Globi Incendiarii or
Igniti, zbe Italians Palle di Fuoco, the Germans Ernft and
Fewer Kugelen, the French Boulet a Feu, the Flemings
Vyer Ballen, and the Poles Ogpifte Kule,

INCE Fire-Balls are of a much elder Date than our Grenads's, it
may be wondered why they did not take place of them, as being
the firft in the natural Order of Things: But the fertile Invention of
our Modern Pyrobolifts fuggefting new Thoughts to them every Day,
towards the Improvement of the Old, or Contrivance of New Ma-
chines, and all New Inventions in every 4r¢ being commonly efta-
blithed in Prejudice of the Old, as if for being New, they are of
more intrinfick Worth, and more perfect than the former ; Fire-Balls
feem to have given up their Place, and to have yielded to Grenado’s;
and are accordingly grown almoft out of Ufe. However, the frequent
Services they have done rendering it indifputable, that they are in fome
fort ufeful upon Warlike Occafions; I fhall give you the Method of
their Conftrution, and fhew you their feveral Forms and Shapes with
us; and thofe alfo which they had formerly ; together with Reprefen-
tations of them drawn in the moft curious Manner I am able. But be-
fore we enter upon a particular Defcription of them, let us examine a
little into their Form, which will facilitate the making of them.

The Form then of Fire-Balls may be very various, but the moft
common is that of a Spheroid, or a Sphere: And in Confideration that
they muft be made of coarfe Cotton Cloth, or any Cloth more fubftan-
tial and ftronger, if any fuch is to be had ; you muft, to expedite your
Work, have Patterns (which the Germans call Mufier) by which to cut
out your Cloth, which thall be afterwards fewed up in Oval Bags as a

1 Our Carcafles are an Improvement upon thefe,

Rrr Sphe-
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Spheroid, or in Round enes as a Sphere ; which muft be afterwards filled
with combuftible Matter, and feveral Pyrobolical Compafitions.

The Patterns for Spheroidical Bags may be prepared after feveral
Ways, five of which I fhall here communicate to you; and Firft, Take
the Diameter of the Mortar, from whence you are to proje&t your Fire-
Ball, and fetting it off upon fome Plane, divide it into 4 equal Parts, as
may be feen in Fig. 130. 'Then fixing one Foot of your Compaffes at
the Extremity of the Diameter (viz.) at B; extend the other to § of the
faid Diameter (v7z.) to C; and with that opening defcribe an Arch of a
Circle D C E; then fhifting your Compafles to the Point C, with the
other defcribe another Arch of a Circle D B E, interfe&ing the Firft
in the Points D and E ; by this means you will have a longith Figure
comprehended between the two equal Arches D C E B, which will be
the Pattern for your Fire-Ball. This done, cut out four Pieces of ftrong
Cloth, by the faid Pattern, and few them well together, and you will
have a Bag in the perfe@ Form of a Spheroid, after it is filled with an
Artificial Compofition.

The Second Way of fathioning Patterns for Fire-Balls is thus: Di-
vide (as we ordered above) the Diameter of the Mortar into 4 equal
Parts, as may be feen in Fig. 131. 'Then extending the Diameter A B
as far as C, in fuch a Manner that A C may be double of the Diameter
A B, you fhall divide the Additional Line B C into 4 equal Parts, fo
that the whole Line A C may be divided into 8 equal Parts : Take then
$ with the Compafs, and from the Point A which is one of the Extre-
mities of the Line A C, defcribe an Arch of a Circle towards C; and
then reciprocally from C defcribe another Arch interfecting the Firft in
the Points E and D ; and thus you will have another Pattern which will
be a fixth Part of a Spheroidical Bag. Therefore by this Pattern fhall
you cut out fix pieces of Cloth, and few them ftrongly together to
make your Bag.

Under Number 132 you have three different Ways of making thefe
Patterns; the Firft of which (viz.) A, is done by affuming the Diame-
ter of the Circle for the Radius of the Arcs. The Second (viz.) B, by
the mutual Interfection of two Circles, whofe Diameters are equal to
the Diameter of the Morfar. In fhart, the Third is infcribed within
the faid Circles. Thefe three different Methods give Patterns for three
different Spheraidical Bags, when three Pieces only are fewed together.

The common Way of forming Patterns for perfectly Round Bags, is
thus: The Diameter of the Mortar being biffected into two equal Parts,
defcribe a compleat Circle round it, which you fhall quadrife& into four
Quadrants, each of which fhall be trifeéted inta three equal Arches. This
done, produce a Right Line; upon which you fhall fet off 19 of the

Fig. 133.Subdivifions of the Quadrants, as may be feen in Fig. 133 under the

Letter A ; where A B is the Diameter of the Circle, and B C the Right
Line divided into 19 of the abovementianed Parts, each equal to § of a
Quadrant
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Quadrant of the aforefaid Circle. Now if you fix one Foot of your
Compafles at the Extremity B, and extending it to the Eleventh Di-
vifion defcribe an Arch of a Circle; and if you reciprocally defcribe
another Arch of a Circle interfeéting the Firft in the Points E and D,
you will have a Pattern for Round Bags: Therefore cutting twelve Pie-
ces of new Stuff by this Pattern, and fewing them together, you will
have a Spherical Bag.

In the fame Figure you have another Method of doing this, under
the Letter B; which I have taken from Chap. 1. of Book IIL of Dse-
gus Ufanus's Artillery ; “ Having taken the Diameter of the Mortar,
“ infcribe it in a Circle, which being divided into Quadrants, by ano-
¢ ther Diameter interfeting the firft at Right Angles through the Cen-
“ ter of it; you fhall from the Extremities of the Chord or Subtenfe of
“ any one of thofe Quadrants, defcribe two Arches interfe®ing each
« other; and from the Point of their Interfection defcribe a Third Arch;
“ {o that they may compofe an Aquilateral Spherical Triangle. This
“ done, cutout 8 Pieces of Cloth by this Pattern, and few them neat-
“ ly together, and you will have a Spherical Bag.” If you would now
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fee the manner of fewing thefe Bags, caft your Eye upon Figures 134 f;g- 134

and 135.

Compofitions for Fire-Balls.

Notwithftanding that all the Compofitions we have already given for
Water-Globes, might ferve for Fire-Balls ; yet becaufe thefe require to
have them a little more violent, and are to dart forth a very long Flame,
and vomit out a great Quantity of large Sparks, to the end that fuch as
would endeavour to ftifle them may not be able to approach near them;
I fhall touch upon an infallible Way of preparing them, and alfo of try-
ing them after they are made.

COMPOSITION 1

Take of Meal Powder 10 ib; of Saltpeter 2 1b; of Sulphur one 1b;
and of Colophone one 1b.

COMPOSITION IL

Take of Meal Powder 6 1b; of Saltpeter 4 1b; of Sulpbur 2 1b; of
coarfe Powder of Glafs one 1b; of Crude Antimony 1o fs; of Camphire
b fs; of Sal Armoniac one 1b; and of common Sa/ % iiij.

COMPOSITION IIL

Take of Meal Powder 48 1b; of Saltpeter 32 1b; of Sulpbur 16 1b;
of Colophone 4 1b; of Filings of Iron or Hammer-flaw 2 16 ; of the Saw-
’ duft

d 135,
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duft of Fir or Pine boiled in a Saltpetrous Water and then dried, 2 Ib;
and of Birch Coal one It.

The Powder fhall be firft reduced to a very fine Meal for all thefe
Compofitions, and paffed through a very fine Hair Searce: As for the
other Ingredients, they fhall be but indifferently pulverized ; becaufe if
they were to be reduced to a very fine Meal, the Compofition would emit
but very fmall weak Sparks, and thofe not to any great Length. Or
on the contrary, by being in pretty large Lumps, one Ingredient could
not well incorporate with the reft, but would all burn independant-
ly of each other, and lofe the Fire before it could have time to in-
flame the Whole : You muft therefore be very careful in preparing thefe
Compofitions, the Goodnefs of which may be tried as follows.

Take a woodenFuze, or a Paper Cafe, no matter which, of the Height
of half a Palm, and the Orifice of it the Breath of half a Finger
only: Fill it with your Compofition, and nicely obferve the following
Prognofiics.

If the Flame rifes to the Height of a Palm, that is, to twice the
Height of the Fuze which contains it.

If it throws out a good quantity of Spars on all fides, with a pretry
great Noife and an acute Crackling ; which falling upon the Head of a
Drum have Strength enough to break through it, or at leaft Heat enough
to burn it

If, in fhort, it burns during the Time you can rehearfe the Apofiles
Creed.

I fay, if you obferve all thefe Indications, you may conclude that
your Compofition is in very good Temper ; therefore you may not only
ufe it for your Fire-Balls, but alfo for your Fire-Lances, Clubs, Gar-
lands, Crowns, Darts, Fire-Hoops, and the reft of your Pyrobolical Ma-
chines, which we fhall fpeak fo amply of in the Sequel. But if you ob-
ferve your Gompafition to be either a livde too weak, or too ftrong, you
may eafily make amends for it by adding Ryick or Shw Matter to it
You will not do amifs, if you {prinkle your Compofition over with a litde
of fome fort of Oil, that the Ingredients may unite the clofer, and that
if your Bal] happens to fall into Water, or any damp Place, it may
be enabled thereby to maintain its Combuftion with the greater Obfti-
nacy.

Having thus given you the proper Compofitions for Fire-Balls, 1 can
do no lefs than proceed to inftruét you in the Preparation of the icveral
Species of them, and fhew you how you are to charge them.

of
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Of FIRE-BALLS.

SORT I

For this, you fhall firft make a longifh Bag, according to the Order
and Method already laid down, and fill it up to the Brim with onc of
the above Compofitions, prefling and fhaking it down as much as poffi-
ble, ’till it is almoft as hard as a Stone. Then ftopping the Orifice of it
with a Wooden Stopple D ; take two Iron Rings, of which that which is
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to be uppermoft upon the Ba// ( you have it reprefented in B, Fig. 136)Fig. 136.

fhall be 7 of the Diameter of it ; and that which is to be beneath fhall
be but { only: You have this in Letter A.

But I muft beg your favourable Acceptance of what I have here
taken from Brechbtelius’s Pyrotechnics, relating to this matter. « He
“ fays then, that for Balls of 100 It, the upper Ring fhall be 3  Uncie
“ or Inches, and the Lower one 3 Uncie only. For Balls of 75 1b, the
 Upper Ring fhall be 3 Uncie, and the Lower one 2 } Uncie. For
“ Balls of 5o 1b, the Upper Ring fhall be 2 ¢ Uncie, but the Lower one
“ 2 Uncie only. For Balls of 25 1b, the Upper Ring fhall be 1 ¢ Un-
“ cia, but the Lower one 1 $ Uncia only. For Balls which exceed
“ 100 Ib, as for Example, 125, or 150, or more; the Rings fhall be
“ increafed half an Uncia for every fifteenth Pound. As for Balls be-
“ tween the Fifteenths, their Rings fhall always obferve a Medium, be-
“ tween the next greateft and the next leaft; in fhorr, they fhall be
 proportioned as fhall be judged moft convenient.” As much may be
faid of their Thicknefs, for according to the Size of your Balls muft
you make your Rings more or lefs fubftantial, in which you muft be
guided by your Eye. Upon the whole, you muft take Notice when we
mention the Weight of a Fire-Ball, that we mean, if the Diameter of
the Mortar from whence it is to be projected was to be applied to that
Side of the Calibre Scale which is calculated for Stone Bullets, it would
point out fuch a Number of Pounds. This you muft keep in mind,
throughout the Remainder of this Diftourfe.

Suppofe now you have two Rings of proper Dimenfions, one for the
Top and the other for the Bottom of your Ba// : Take a ftrong Cord
or Line (whofe Thicknefs muft not exceed that of the Rings) of the
Length of 8 or 9 Yards, more or lefs according to the Size of your Ball,
and tying one End of it to either of the Rings, and paffing the other
through 2 Needle (as may be feen in the Figure) lace your Ball tightly
round with it, obferving to do it in fo neat a manner, that your Lacing
may appear like little Ladders of Cord, or (to give you a better Com-
parifon ) like the imaginary Meridians and Parallels drawn upon a Ter-

refirial Globe ; caft your Eye upon Figure 137, where you will fee itFig. 137.

juft as I have defcribed it.
S{f Now
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Now to eafe you of fome of the Trouble you might be at in Lacing
or Cording thefe Balls, I have given you the Conftruion of a Wooden
147-Stool in Fig. 147, upon which if you fix your Ba/l between the three
Iron Spikes which you fee bent outwards, you may conveniently per-
form your Work. If you thould fometimes happen, through too much
Hafte, or for want of being ufed to this Work, to make any Slips or
Miftakes in your Knots, &c. you may undo them with the Marline-
150. Spikes, which you fee under Number 150, diftinguifhed by C and D,
and E : A and B are two Copper Needles.

Having thus laced or corded your Ba// after the manner we have or-
dered, you will have nothing to do, but to thruft Iron Crackers into
the Body of it, which you may eafily do by the help of that little Con-

149 trivance like a Pole-Ax which you fee in Fig. 149, or fuch a Borer as

146.you fee in Fzg. 146. But before I proceed farther, I muft fay fome-
thing concerning the Proportions of thefe Crackers, how they are to be
fixed, and what Order is to be obferved in charging them; becaufe we
thall, for the future, make great and frequent Ufe of them, as very ne-
ceflary Adjun@s to the feveral Balls we fhall prepare.

Pyrobolifis ufually make three Sorts of Copper or Iron Crackers, for
their Fire-Balls, and each of a different Length ; to which they are in-
duced by fufficient Reafons and continual Experience, which (according
to the common Saying) is the Mother of all Things. The firft and longeft

137.of the three you have in Fig. 137, where it is diftinguithed by the
Letter A: B is the middling or mean one; and C is the leaft. We
fhall give Reafons for this Inequality hereafter ; but as to their Length
in general, you muft obferve the following Ru/es.

You fhall divide the Diameter of a Fire-Ball into 4 equal Parts, one
of which will exactly give you the firft Cracker without its Point. The
Second fhall be {s of the Length of the Firft, and the Third &; or if
you would rather choofe to proportion them by the Diameters of Bullets,
you fhall proceed as follows.

For Centenary Fire-Balls, by which we mean fuch whofe Diameters
are equal to that of a Stone Bullet weighing 100 1b, the Crackers thall
be made of Iron or Copper Plates turned into Tubes, which fhall be fol-
dered both without and within if poffible, and their Orifices fhall be re-
inforced with a Ring of the fame Metals. The Diameter of their Ori-
fices fhall be equal to that of an Ounce of Lead; and their Length fhall
be 6 of the fame Orifices ; I here mean the longeft Crackers only ; for
the middling (hall be but 5§ # Diameters; and the leaft but z. For
Fire-Balls which fall thort of this Weight, the Diameters of the
Leaden Bullets fhall be infenfibly diminithed, and the Lengths of the
Crackers hall be proportioned, as I faid juft now: You muft only ob-
ferve here, that the Leaden Bullets which are to determine the Diame-
ters and Lengths of the Crackers for Fire-Balls of 25 1b, fhall weigh
half an Ownce : But for the reft down from 20 to 15 or 10 1b (which

are
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are the leaft that ought to be made) the Leaden Bullets thall weigh at
leaft two Drams : The Lengths of the Crackers muft be as I have faid
above.

Your Crackers being thus ordered, take the little Pole-Ax, or an Iren
Spike, and driving it with a Wooden Mallet, which you have in Figure
148, into the Spaces between your Cording, thruft your Crackers intoFig. 148.
thofe Holes, in fuch Order that the longeft of them may be in the mid-
dle part of the Ba/l, and beneath them towards the Bottom you muft
drive in your lefler; and in fhort, all round the Vent and towards the
Top you thall drive in your leaft, fo that the Ends of them may be
turned downwards towards thofe of the longeft. However, you muft
be cautious how you put them too near the Pent, for fear of their go-
ing off too foon. You fhall likewife take Care that they be not all in
one Pofition, but that they be diverfly difpofed, in fuch manner that
their Ends may be turned alternately upwards and downwards to the
Right and to the Left, that they may not go off many at a time, but by
degrees one after another.

If it happens that your Fire-Ball is fo folidly or clofely filled, as to
refufe Reception to fo great a Number of Crackers, as muft of ne-
ceffity be thruft into it, you fhall (after having driven in the Spike of
your little Pole-Ax) compleat the Hole with the Borer 146, or fome
Tool like it, with which you may {coop out fo much Compofition as will
make room for your Cractkers.

When thefe Crackers are driven into the Body of your Bal, you fhall
fill them with good Powder to the Height of 3 Diameters of their Ori-
fices, and over thata Leaden Bullet, and then a good Wadd of Paper or
Tow; and let them be clofely ftopped up.

To conclude ; the Vent of your Ball {hall be made within the Upper
Ring, by cutting the Cloth crofswife, or like a Star; but you fhall not
have one only; for you fhall make three others in a Triangular Pofi-
tion, and at the diftance of 3 or 4 Inches from that in the middle,
which will be of great Service, and make your Fire-Ball as effectual as
you could with. Thefe Holes are made to facilitate the Accenfion of
the Compofition, and to prevent its Fire from being eafily fuffocated by
the Enemy with raw Hides, wet Bags or Matrefles, &e. and to affift it
if it thould fall into foft Earth, or Mudd, Afhes or Green Turf.

Being thus adjufted, it is neceffary to dip it into a certain Compofition,
which the German Pyrobolifts improperly call Tauff, and Ernfkugel
Tauffen, which fignifies to baptize a Fire-Ball ; this is to be done as
follows.

Get firft an Iron or Wooden Ring equal to the Bore of the Mortar
you would ufe, the Figure of which you have in 145 under Letter A :Fig. 145
In the fame Figure you alfo have a Wooden Board or Iron Plate, bored
through with Holes of various Sizes, as in Letter B: Either of thefe In-

ftruments are very convenient for meafuring the Circumference of your
Balj,
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Ball, that you may not inadvertently make it unfit for the Calibre of
the Mortar, in lacing it and in coating it with the following Mixture.

Take then 4 Parts of Ship Pitch, 2 Parts of Colophone, 1 Part of
Linfeed or Turpentine Osl, and melt and mix them well together in any
large Brafs Boiler, or glazed Earthen Pot ; and taking this liquid Mix-
ture from the Fire, throw as much Mea/ Powder into it as may be
fufficient to thicken it: Then holding your Ba// by a String dip it into
this Stuff up to the Vent, (which fhall be previoufly and tightly
ftopped up) and afterwards coat it round with Tow, that its Convexi-
ty may be perfeétly fmooth, and the Knots entirely hid.

Whilft you are dipping it, you fhall from time to time meafure it
by the above Contrivance, and continue the Immerfion of it ’till it is
exadly of the due Calibre you want. You have this Fire-Bal/ moft

Fig. 137.curioufly reprefented in Fig. 137: But we have faid enough of it, let

us therefore proceed to the reft.

SORT IL

In the Preparation of this, you muft firft have a Bag, (no matter
whether it be Spherical or Spheroidical;) in the Botrtom of which you
fhall fix 6, 8, or more Hand-Grenado’s with very fhort Fuzes, which

Fig. 138 thall be turned downwards ; (as you may perceive in Letter C Fig. 138,)

thefe Grenads's fhall be afterwards buried under a proper Compofition,
with which the Remainder of your Fire-Ba/l fhall be quite filled up: You
fhall then have two Iron Bafons like Scales, the Rims of which fhall be
bored through with little Holes. That which you defign to be upper-
moft, thall be open at Top like a Milk-ftrainer ; thefe are diftinguithed
by A and B. To the opening of the upper Bafon you fhall folder an Iron
Fuze, which muft be filled with one of the Compofitions we have al-
ready given for Fuzes,

This done; clap your Bafons upon the Top and Bottom of your Bal/,
and lace them tightly on, through the aforefaid Holes in the Rims of
them; and dip and coat this Ba// as you did the Former. You are to
add Iron Cracker s to this, if you will; but you muft take care that they
do not interfere with the Grenads's.

SORT IIL

Take a round Bag, which being filled with Compofition may form a

Fig. 139_§phcrical Ball, fuch as you fee in Fig. 139, 140, and 144, Firft fill
140,1t with Corn-Powder 1o } of it’s Height, and let it be interfperfed with
and 1441 eaden Bullets, bits of Iron, pieces of Flint, and fuch like Things.

The reft of this Ball thall be filled quite up with one of the Compofitions
already given for Fire-Balls, and fhall be adjufted on the Outfide like
the laft.  You have this, in Fig. 140,

In
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In thort; take a good quantity of Leaden Bullets of an Qunce, or
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half an Ounce weight, with each a little Iron Needle or Point belong- 5" 13-

ing to it. Arm all the Interftices of your Lacing with thefe, by dn—
ving them into the Compofition; and coat this Ball asbefore, that nei-
ther the Bullets nor Lacing may appear. The Fuze for this (which you
fee in A) fhall be filled as ufual.

SORT 1V,

The Ball 1 am now going to prefent you with, is moft horrible in
its Effets; which are the more frightful, becaufe the Treachery of its
Conftrution can be no way fufpected; For what can be more furpri-
fing to the Poor People, amidft whom fuch a B/l is fent, (who ta~
king it to be one of the ordinary Sort, and accordingly ufe their ut-
moft Endeavours to ftifle it) I fay, what can be more furprifing to them,
than te be on a fudden moft cruelly butchered by it: And what is farther
extraordinary, it does not perform its Execution all at once, but by a
Repetition of 3 or 4 Times, which ftill makes it the more dreadful.
If you would learn the Conftrution of this, you muft mind the fol-
lowing Directions.

Take the Diameter of the Mortar you intend to ufe, and divide it
into 5 Parts in a Stereometrical Proportion. Now though I appre-
hend I have fully inftructed you in this Operation in our Firf# Book;
yet in confideration of this wonderful Invention, I fhall fubjoin the
following Method.

Look into the Table of Cube Roots (which you have in Chap. 1.
of Book 1.) for the Number of equal Parts, contained in the Fifth
Root, and you will find it to be 171: Divide then the Diameter of
your Mortar into 171 equal Parts. And fince in the faid Table the Firft
Root is compofed of 100 Parts, you fhall take 42 of the whole Diame-
ter abovementioned, for the Firft Portion; i34 for the Second; 3% for
the Third, and {7} for the Fourth, which laft muft be added to the
Fifth, for Reafons hereafter given; in fhort, I need not tell you that
the Fifth will be 171 Parts.

Thefe Cubical Portions of your Diameter being found, you muft
infcribe the Firft, Second, Third, and Fifth, inany Circular Figure,
as if they were Original, or Primitive Diameters (as we fhewed in the
fame Chapter) Thefe Circumferences will ferve you for forming
Patterns to cut out your Bags by.

I 'have given you a Fire-Ball of this Conftruétion in Fig. 141, which Fig. 141.

indeed is Oval, though I muft own I like the Round beft. The
greateft (v:z.) A, which contains 3 fmaller, has its leaft Diameter, or
(or if you will) its Breadth, equal to the Fifth Portion, or (to fpeak
more intelligibly) equal wo the Calibre of the Mortar it is to be pro-
je¢ted from: The like Diameter of B, is the Third Cubical Divifion ;

Tte and
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and the Diameter of D, is the Firft or Leaft. Allthefe Diameters are
mean Proportionals betwixt two Extremes. The order they obferve,
both as to Capacity and Bulk is thus: If the Firft or Leaft B4/, D,
contains one 1b of Compofition; the Second C will contain twice as
much ; and the Third will hold 3 1b. Thus thefe three, contained by
and in each other, need only have 1 1b of Pewder for every one in
particular.

In fhort, the Fourth and Laft would be fufficiently capacious to
contain 5 1b of Compofition; burt as the Third is to be included in it
which on the other hand holds the two which are lefs than idfelf, it
will require but two Pounds of Compafition to fill it quite up. The
Reafon why this Laft Shell or Ball is allowed a greater quantity of
Compofition than the three others; is, that the three Lefler, upon theburft-
ing of the Greater, may fuddenly take fire one after another; fo as to
give the Enemy no Opportunity of {upprefling or extinguifhing them,
and confequently they fhould have but very fhort Fuzes. For as the
whole Ball (as compounded of all the reft) takes up fome time in its
Projection, and requires a few Maments before it breaks after it is
fallen, it is proper to allow this Fifth Skell or Bag that Portion of
Compofition and ‘Fuze which would have been taken up by the
Fourth.

As to the Conftruétion of thefe Balls thus contained in one another,
I have told you above, almoft as much as can be faid of 'it. But I
think I had as good repeat it over again.

The Leaft then fhall be filled according to the Method prefcribed
for the foregoing: (wiz.) You fhall fill it to $ of its Height with the
beft Corn Powder, and the remaining Third with one of the above
Compofitions: It {hall then be well corded, and armed with Lezden Bul-
Jets, and coated with Glue and Tow, inftead of Pitch. When you
put this Firft into the Second, it muft have its Orifice exa&ly anfwer-

ing to the Orifice or Vent of the other. The Second fhall be filled

with Corn Powder to the Height of the Firft Ba/l; and the remaining
Vacancy with the fame Compofition. 'This likewife fhall be firmly laced;
and between the Lacing it fhall be armed with Iron Crackers loaded
with Powder and Ball, fo low as the Compofition reaches; But Care
muft be taken that thefe Crackers be not fo long asto incommode the
included Ba//: Beneath thefe upon the Corn Powder you fhall add
Leaden Bullets, and under them you (hall ftick in lictle Tron Spikes to
fill up the Interftices of the Cording. In fhort, this Ba/ fhall be
coated with Glue and Tow like the foregoing. The Third fhall be
prepared exactly like thele two.  And finally, the Laft and Greateft
fhall be ordered juft like the three former; but it will bear to have its
Crackers longer, and in greater Number. It fhall alfo be armed with
Leaden Balls, all over that Part of it which contains-the Corn Powder.
In thort, you (hall coat it in the fame manner as we ordered for the

above
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above Species of thefe Balls, and be (jult like them) moft exactly fitted
to the Bore of the Mortar.

Obferve here, that it will be proper for the three Balls contained in
this laft to have three enss pretty near to each other, which fhall be
filled with Mgl Powder to facilitate their Accenfion, and render it a
difficult matter to fupprefs them.

SORT V.

"Thiy Fire-Ball is moft commonly fhot from Cannon, and particularly
when you would fet Fire to the loftieft Edifices of a Town ; or bura
any Wooden Houfes, particularly when they are only roofed with
Shingle, or thatched with Straw or Reeds; which manner of Building
is the moft common throughout Poland, Lithuania, Ruffia, Sweden and
Mufcovy. Cornelius Nepos tells us, in Plin. Lib. XV1. Cap. X. that be-
fides feveral Towns in Spain and France, (witnefs Cz/ar) even Rome it-
felf was only covered with Qak Laths for the Space of 470 Years. Add
to this the Teftimony of F7#ruvius, who confefles in L74, IL Cap. L that
the Palace, or rather the Cabbin of Romwlus, was only thatched with
Straw, which in Commemoration of that firft Founder of the Romax
Emgpire was always kept whole and entire. This was the Magnificent
Pile that Pirgil {peaks of &neid, VIII. where he defcribes the Work an
Aneas's Shield.

In fummo cuftes Tarpeie Manlius arcis
Stabat pro templo, & Capitolia celfa tencbat ;
Romulesque recens borrebat regia Culme.

In Engli/b thus :

High on a Rock Heroic Manlius ftood ;

To guard the Temple and the Temple’s God.

‘Then Rome was poor ; and there you might behold,

The Palace thatch’d with Straw, now roof’d with Gold.  Dryden.

Owid alfo givesus to underftand that the Habitation of this Firft Ro-
man was only thatched with Straw : I leave you to judge what fort of
Dwellings the reft of the People had. '

I fay then, that it will be very proper to thoot Fire-Balls from Can-
non at fuch kind of Edifices, except they are fo low, or the Ramparts
fo high that they aré hid from Sight, for in that Cafe it would be beft to
proje&t them from Mortars.

Mott of the Sieges which have been carried on in our Country, have
furnifhed us with Examples, fufficient to evince the Utility of this Con-
trivance. Methigks 1 now fee Big//, a litde Town in Severia, not in-
differendly fortified or garrifoned, which was invefted the fame Year as

the
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the Mufcovites were forced to deliver up themfelves at Smolensko, by that
Heroical and Magnanimous Prince Chriffopher Radziville Palatine of
Wilna, General of the Armies of the Great and Mighty Dutchy of Li-
thuania 5 who conducting that Siege like a brave Captain, and an excel-
lent Politician as he was, caufed great Numbers of Fire-Balls to be thot
upon the flight Lodgments and Cabbins of the Mufcovites, that were only
thatched or covered with Shingle, which did them fuch Mifchief as is
not to be conceived, and all they could do, could not preferve their
Town from the Flames. Thus thofe Barbarians found by Experience,
that Art and Stratagem are always attended with better Succefs than
blind Rage or inconfiderate Rafhnefs.

I cannot pafs over what Fuffus' Lipfius relates in his Poliocreticon s
concerning the prodigious Devaftation made by Fire-Balls in certain Pla-
ces of Mufiovy and Livonia, which were befieged and taken by Szephen
King of Poland; he writes to this Effect: This great King invented
Fire-Balls which be threw into the Wooden Retrenchments of the Mufco-
vites and Livonians: Upon which thofe Barbarians complained that the
Laws of War were violated, and the Honour of Arms polluted, by fuch un-
fair and unprecedented Dealings : But our People laughed at them and
their Remonfirances too, and rejoiced in their own Succefs.

Thefe Fire-Balls are fometimes ufed in Sea-Fights, to burn the Ene-
my’s Sails and Rigging; in thort, to deftroy their Ships: But thefe
fhould be armed beneath with a bearded Harpoon, to run into the
Planks, and to make the Danger of them inevitable : Or that being fired
at the Sails the Harpoon may go through them, and keep the Ba//
hanging in them: (But Iam inclined to think that the Body of the Bal/
would be driven through the Sails ; and that therefore it would be better
to fhoot Fire-Darts and Arrows at them from a Crofs-Bow) I fay, the
Harpoon piercing through the Canvafs, and the Ba// being naturally
urged to hang downwards, and the Beard of the Harpoon hindering it
from falling down, the Sails cannot avoid taking Fire. All that can be
done in fuch'a Dilemma, is at once to clew up the Sails and firike the
Yards, in order to extinguifh the Fire upon the Ship’s Deck; which
muft put the Enemy into unfpeakable Confufion.

Iig. 142. ‘The Fafhion of this Ball is clearly exprefled in Fig. 142. The Har-
poon I have mentioned is under A. This muft be ordered by the very
fame Rules as the reft we have defcribed ; Crackers loaded with Leaden
Bullets would render it dangerous to approach it.

SORT VL

This laft Sort of Fire-Ball bears fome refemblance to that Old Gre-
nado, the Figure of which you have in Number 115 in its outward
Form ; butl cannot fay there is any great Likenefs berween them in their
Effets. This Ball is grown antiquated and entirely difufed, on the

fcore
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feore of its Form, which will not permit it to move freely through the
Air; for we have found by Experience that thofe Projeétiles which
come the neareft to a Sphere meet with the leaft Refiftance from that
Element ; therefore this, approaching nearly to a Cylinder, it muft be
attended with fome Inconveniences in its Motion : But I {hall not dwell
upon this Point, it being my Defign to treat of it here-under. You have
the Conftru¥ion of this Fire-Ball as follows.

After having taken the Diameter of the Mortar you are to ufe (fee Fi-
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gure 143) conftitute a Parallelogram whofe Length is Triple of itsFig. 143

Breadth; fuch as you fee in the Parallelogram G I K H: Its Breadth
G H or I K is equal to C F the Semi-Diameter of the Mortar; B C
being the Diameter of it. Its Length G I or HK is treble its Breadth,
or 1 4 of the Diameter B C. Then from the Points G and H defcribe
the two Arches H D and G D, mutually interfe¢ting each otherin D :
But from I and K you thall form the Zquilateral Triangle I K E.

By a Pattern of this Shape, you fhall cut out fix Pieces of ftrong
Cloth, to make your Bag fo as to fit the Calibre of the Mortar, which
Pieces thall be artfully fewed together ; leaving only an Opening at Top
by which to put in your Compofition. It {hall be then corded as you fee
in Letter A,

Having done all this, you will have a Cylindric Fire-Ball, with a
Spherical Head and a flat Bottom, which fhall therefore be put into 2
flat-bottomed Mortar; fome of which we fhall give you in the Second
Part of our Artillery, in our Book of Mortars,

COROLLARY L

Of the feveral Shapes that may be given to the Pyrotechni-
cal Projeciles ; which of them are the beft adapted o
recesve the Impreffions of a moving Force, and to resain
their Motion after it is once communscated.

THERE are many who are of Opinion, that fuch ProjefZiles as have
a flat Bottom do not require fo great a Quantity of Powder, to
carry them to as great or even to a greater Diftance, than thofe which
are perfectly Spherical: This I thall demontftrate according to their
Way of reafoning, without deviating in the leaft from their Arguments.
The Modern Mortars having their Lengths moft commonly but 2 or

1 + of their Diameters refpetively, and fometimes but one only; the
Powder in their Chambers being inflamed, and accordingly ftriking a-
gainft the Ball or Bomb to project it, does not a& with its whole Strength
Uuu upon



258

Of the Great Art of ArTiLLERY. Book IV.

upon it, but the Flath endeavours to efcape through the #indage of it,
choofing rather to make its Excutfion through a free Paffage, than be
obliged to remove the fuperincumbent Weight, and therefore does not
ftrike the Bottom of it with all its Force. The Reafon of which is, becaufe
though the Convexity of an Hemifphere is always double of its Bafe;
(according to the Docrine of Archimedes, Prop. XXX of the Sphere, and
of the Cylinder Lib. 1) yet if from the Imaginary Points which the Bafe
is compofed of, you produce right Lines extending to the Convex Sur-
face of the faid Hemifphere, you will find that you cannot affign a
greater Number of Points to its Convexity than to the Plane or Bafe up-
on which it refts. Now the farther any of thefe Perpendiculars are
from 2 certain Line, which you muft fuppofe to extend from the Center
of the Bafe to the Vertex of the Hemifphere, the fhorter will they be;
and confequently, any one of the Imaginary Points on the Convexi-
ty of an Hemifphere being applied to any Plane, will immediately
touch it, and be wuched by it; but the Points or Extremities of the
other Perpendiculars will be exempt from any Contaét; becaufe thofe
Perpendiculars are fhorter than the Axis, which is that Perpendicular
we juft now fuppofed to be in the Middle: Therefore there can be but
one Point of Contaét between any Plane, and the Convex Surface of an
Hemifphere. You have this largely and curioufly handled by Clzvius
in his 15th Prop. and 16th Book IIL. of Exclid : See alfo Marius Betts-
nus Vol. IIL Book IIL in his Schel. upon Prop. 1. of Euclid Book II and
III, and in the following; as alfo in Theods/. Tripol. Book 1. of Spheres
Prop. IIL

If now we fuppofe the Moving + Power of any Gun-powder, or the
Flath of it, to extend itfelf in fuch a Form as to have a plane Superficies
towards the Projeéfile; this Plane will ftrike and projet it in a Point
only: Therefore muft we conclude that the whole impulfive Quality of
it is not united, and that it aéts upon a Spherical Projetile with only an
aliquot Part of its whole Force; for a Plane is compofed of an infinite
Number of Points, whofe Aé&ions and Affe&ions are ali independent of
each other; wherefore the Affe@ion of the Central Point has nothin
to do with that of the others extended all round it, nor has the leaft
Communication with them; (but you muft here make Allowance for
the different degrees of the Natural Solidity of Bodies, which quite al-
ter the Cafe) on the contrary they inftantly move on, and difperfing in-
to Rays which embrace the whole Convexity of the faid Projectile, and
ating in an oblique Direction upon the Points of the Convex Surface
of it, they cannot be faid to drive it out with their compleat Energy ; for
oblique Rays are ftronger or weaker the more or lefs they decline from
a ftrait or perpendicular Diredion, the Truth of which may be demon-

.} Where-ever in the Sequel you meet with the Terms Moving Power, Moving Caufe, and fuch
iike, you are only to underftand by them the Flafh of the Powder in general; e Thefe Ternss
are chofen to avoid Taurology,

ftrated
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firated from Vitellic's Optics, &c. 'Therefore we muft conclude that
the Flath of Gun-powder does not project a Spherical Body with its unit-
ed Strength, and that a Sphere is almoft unfit to receive the Impulfe
of it. But it is not thus with a Flat-botromed Projectile ; for as all the
Perpendiculars which you may fuppofe to defeend from the Pertex or
Convexity of it, terminate in the Plane of its Bafe, and whofe Points or
Extremities compofe the Flat Bottom of fuch a Body, the Plane Sur-
face of the Flath muft impel it with its full and united Power; for
every Ray of it muft of neceflity ftrike fome Point or other of the Bot-
tom of fuch a Projectile in a right Dire@ion, and rebound immediately
back again, according to the Nature of the Rays of all Luminous B~
dies, with whom (as we are taught by Optics) the Angle of Refleion is
always equal to the Angle of Incidence. Wherefore all the Rays in ge-
neral being confined and refifted by the Body they would proje@, and
having no room to efcape through the #indage of i, they unite their
whole Might to remove the Obftacle which oppofes their Freedom, and
accordingly project it with prodigious Violence : And in this Cafe none
of the Flath will appear out of the Muzzle, till the Projetile is depart-
ed from the Piece ; nor will it wrap itfelf round the Sides of the pro-
jected Body, (as it does with refpe to Spheres or Spherical Balls,) and
foon after quitting it, retire to its Natural State of Reft ; but will ad-
here to the Bottom of it, drive it forwards, and purfue it a confiderable
Way through the Air, in proportion to the Pofition or Elevation of the
Piece, with regard to the Horizon.

Perfons who are ufed to judge of Things by the Lump, may conclude
the Arguments I have here produced to be juft and well-grounded, and
may conceive an Opinion that Flat-bottomed Projeé#iles have a great
Advantage over the perfectly Spherical Bodies, or fuch as in any degree
incline to that Form.

Therefore having thus demontftrated, as clearly and fuccinétly as I
could, a Matter which feems to have fome Truth on its Side, and which
might be deemed a Faét by fuch as are dim-fighted in thefe Affairs: I
fhall do my utmoftt to evince that they are poor, lame, unpolithed Ar-
guments, which ftand in great need of being filed and burnifhed.

In order to which we muft examine into two Things (viz.) Firf? the
Nature of the Moving or Expulfive Power, the Properties, Qualities,
and Manner of Action of the Flath of Gun-powder, and what Form it
affumes when it projects any Bodies. Secondly, why (contrary to the
above Arguments) a Spherical Body is more adapted to receive the Im-
pulfe of the Flath of Gur-powder, or any other Moving Caufe, than 2
Flac-bottomed one ; and how it comes to pafs that the nearer a Body
approaches to a Spherical Form, it is the more fofceptible of Motion.

For the Firft of thefe : The Generation or Produion of the Moving
Power of Gun-Powder can be attributed to no other Caufe, than to the
Fire which infinuates itfelf into it, and changes the whole Subftance of

ic
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it (it being naturally very fubje to Tranfmutation) into another infi-
nitely more fubtile, and particularly into fuch as is moft like icfelf, or
which tends the moft to its Confervation and Increafe; for it is laid down
as an infallible Maxim, that each Element endeavours as much as pofiible
to reduce every thing to its own particular Subftance, from a natural
Inclination and Defire of Infinity and Eternity. This is amply verified
in Fire, which has a boundlefs Ambition of furmounting and pofleffing
itfelf of every Thing: And being (according to Scaliger) as it were the
Prince of Elements, it greatly extends its Empire by a perpetual Domi-
nation, uniting fome things, and feparating others, and exerting its
Power over whatever is within the Sphere of its Aéion, and accumu-
lating whatever can be converted into its own Subftance. Thus when
it feizes upon Wood, it knows how to diftribute the Humidity and
Athes to the Earth, the Exhalations to the Air, and never forgets to lay
hold on what belongs to itfelf, which it takes Care to keep Pofleffion of.
The fame may be faid with regard to Gun-powder, whofe Nature being
perfeitly Igneous, the Fire feizes upon the whole Body of it, excepting
fome little Smoke and Soot, generated by the Cos/, and certain grofs
carthy Particles impregnated with the Sulpbur and Saltpeter, which
ufually ftick to the Infide of the Piece.

Therefore we will call this Virtue, and Moving Force of Gun-pow-
der, a certain Natural Property of Fire, compounded of + another
which is extremely Subtile of itfelf, (which obliges Philofophers to fay
that it neither burns nor thines) and which is Spirable, Violent, Impe-
wous, A&ive: Thus this compounded Force difperfes, thickens, heats,
rarifies and burns; is impatient of Oppofition, incapable of Condenfa-
tion, or Contra@ion. But I thould never have done were I to give a par-
ticular Detail of all its Attributes!

Since now you have a pretty good Idea of this Moving Caufé, which
never had any thing comparable to it; it is neceffary I fhould fhew you
its true and natural manner of a&ing ; before I fpeak of its Form.

But I fhould think myfelf guilty of a very great Slight to the
learned Scaliger, if I did not here recur to his Arguments; (though
I fhould not be at a Lofs to illuftrate it myfelf) for I dare fay, that no
Man fince Arifiotle, has been fo diligent an Obferver of Things,
or cultivated Natural Philofophy fo effeGtually as that great and
learned Perfon. He fpeaks thus, in his Exercitat. XI. Not only Art-
traction but Impulfion is caufed by Rarifaltion, as may be feen in Brafi
Tubes filled with Saltpetrous Matter ; for the Fire in its Rarifaction en-
deavouring to poffefs itfelf of the Places neareft to it, muft neceffarily repel
and drive forwards ; which cannot be properly attributed to Denfity: And
becaufe (he fpeaks to Cardan) this Doétrine of yours bas gained ground

t- By this he means the Flatulens Expanfion o the Windy Exhalasion produced by the Sals-
peter. o ) -
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among i the gemerality of People, I fhall bere particularly dwell upon iz,
You would have us underfland it thus: (viz.) the Powder being converted
into a Flafh of Fire, cannot be contained in the narrow Space in which it
was contained whilft it was Powder ; therefore its Parts endeavour to con-
denfe; but becaufe that is impoffible, they break out with great violence.
But you do not here perceive that the Rarifattion #s Two-fold. The one being
immediately joined to the Expulfion ; for it could not Sy out unlefs it was
dilated: And the other which isthe Caufe of its Condenfation, for if
would not be condenfed near the Bullet, except from its Firft Accenfion if
was fucceffively rarified.  Thus is your Argument falfely grounded, and ns
ways Metaphyfical, and all frem your Ignorance in what concerns the
Moving Caufe :  Indeed this Denfation s not only fecondary but acciden-
tal alfo; it being a Privation of the natural Property of Fire; wbhich is
RarifaGion. By what Rule of Nature then can the Privation of the
Natural Property of Fire, perform the Effect of it ; which is Impulfion ?
Which Impulfion zs owing to the Endeavour of the Form (or Body) to fill
up its Place. Moreover, RarifaGtion 7s a Motion, by which the Things
rarified extend their Bounds : On the other Fand, Condenfation 7s @ Motion
by which their Bounds are contraéted. Impulfion #s @ Promotion of the
Extream.s Therefore you are miftaken, to attribute this. Motion to
Condenfation.

Here I would willingly check the Courfe of my Pen, were it not
for the Noblenefs of the Subjec, which leads us on to a true Know-
ledge of the admirable Effeéts, and unfpeakable Strength of Baliffe,
+ Scorpiones, Catapulte, Bows, and fuch like Warlike Machines (which
we fhall hereafter explain, and defcribe by the moft Curious Figures;)
in fhort, I find fuch Charms and fecret Virtues in the Words of this
Great Man, ' that I muft let him purfue his Subje@, whilft-we follow
him as clofe as our Apprehenfions will permit.  You are as much mifia-
ken when you attribute the Motion of Impulfion in Baliftz fo Rarifaction.
For it is performed by Condenfation ; becaufe whenever the Bow of a
Balifta unbends it Condenfes. It is thereby made fhorter, and confequent-
ly muft be contralled. For which reafon it breaks fometimes in the bend-
Ing 5 becaufe it is rarified. Now if you affert, that this RarifaGtion fs
the Caufe why the Bow unbends and condenfes;  you will raife two Objecti-
ons againft your felf. And Firft: I fball deny that it can be any way attri-
buted to it. It is neither Form nor Matter, but an Accident, and a Priva-
tion of Denfity, which is owing to the Bow. It is not the Effect : The Effect
is Impulfion.  Is it the Efficient Caufe? I denyit. No Being can ef-
felt what is its contrary, or diametrically oppofite to its Nature: No
Privation tan perform the Office of its Subjet?.  Rarifaltion is a Priva-
tion of Denfity.  The other Objetion is: If yeu will bave this Rarifadti-

¥ Scorpiones were a Sort of Crofs-bows with which the Ancients ufed to fhoot Poifoned Ars

rows &¢.
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on #o be the Caufe of the Impulfion, becaufe it is Antecedent to the Conden~
fation ; you fhould allow the fame thing for Firc-Arms, in which the Rari-
fa@tion is akways Antecedent to the Condenfation. If a Bow be broken
it is becaufe it is too much rarified. Therefore we find that Tough
Things cannot be broken, becaufe of their Parts, which will admit of the
utmoft Extenfion or RarifaGion. Earthen Things break, and will not
bend.  Metals may be rarified, and are therefore flexible. Why
do the fame Bows break if you deprive them of the Spring-pin, the Nut
or the Arrow? It is, becaufe whilf} they have any thing that retards their
Contraltion, they are contralted with lefs Violence ; but whenthey are
devefted of all Incumbrances, it is with a fudden Motion that they un-
bend, and are therefore Broken. This alfo bappens to Wooden Hoops,
wbich if they be bent eafily and gradually, they will follow the Circu-
lar Direition you would give them, but if they are fuddenly bent they
break. If it be allowed, that the Concavity of the Bow when bent is
condenfed, and on the contrary rarified in unbending ; this will agree with
us. Perbaps the Ratio of this Motion is in proportion to the exterior Cir-
cuit of the Bow. But fome of the more Subtile may deny this Motion to
be caufed by Impulfion; but to the preceding Caufé of Attralion. For
the String impells the Arrow, becaufe it draws; and it draw? becaufe 1t
is drawn. The Traltion or drawing of the String is the Firft and Im-
mediate Caufe; the Traltion of the Bow is the Second and Laft. The
Caufe of the Traltion is the return of the Bow to its Site or Relti-
tude, which cannot be done without Condenfation. It is @ Return of the
whole, but a Condenfation of Parts only.  Truly this Motion is diffe-
rent only in Caufe, and not in Effect. The Impulfion is a mere Effec?,
and the Condenfation @ mere Caufe. The Tra&tion is the Caufe of the
Impulfion, and the Effect of the Condenfation. The String of the Bow
is broken when it unbends without an Arrow, not jfor the fame Reafin that
the Bow breaks (viz.) by Rarifaltion, but by the Strength of the Bowwhich
pulls it violently at each End, in endeavouring fo return toits free State :
But if the String breaks in bending the Bow, it is broken by Rarifa@ion.

Thus far Scaliger. 1 {hall now refume the Thread of my Effay, in
order to which we will firft confider the Form and Figure of this Mo-
ving Caufe which is generated by Gunpowder.

It cannot be doubted (if you conceive what has been faid above)
that this Power is no other than Fsre, or a certain inflamed Air or Va-
pour; fince it is evident that Powder is ahmoft all Fire in Power (as
Metaphyficians have it) before it is converted into a Flg/b, and by the Ap-
plication of Fire to it, it actually turns into a Flame. From this it can-
not be denied that it affumes the Form of Fire.

Now we have an infallible Argument to prove, that Gunpowder does
affume the Form of Fire, from the nature of Saltpeter ; which though
it be derived from a Saline Humour, yet that Humour is not Aqueous
but Aerial, and confequently hot like Air, and bordering upon Fire:

and
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and being violently and for fome time beaten in a Mor¢ar, it is greatly ra-
rified and fubtilized, by being devefted of all grofs and crude Particles
which might be impregnated with it, and therefore ftill approaches
nearer to Fire. Now to tell you that it is no way incommoded by being
incorporated with Coa/.and Sulpbur, would be a moft needlefs Repeti-
tion of what I have already demonftrated.

Again; Fire, whether it be Natural, fuch as it is in its proper Sphere,
(which is thought to be neareft to the Heavens) or whether it be Arti-
ficial, which is commonly called Culinary Fire; 1 fay, whether it be
Natural or Artificial, it is a Body. I need not go about to prove this
Affertion, fince it is allowed to be fo by the joint Teftiizony of the
Learned ; and fince it is a Fact, which is obvious to the Senfes. Being
a Body, it muft neceflary be finite, and circumfcribed within certain
Bounds. Thus Philsfophers and Geometricians tell us, That a Superfi-
cies terminates a Body, a Line a Superficies, and a Point 3 Line: and
that Form or Figure is made up of the different Dufpofitions of them.
Therefore fome of the Learned have attempted to reprefent the Ele-
ments under particular Forms, in imitation of other Natural Bodies:
From whence it is that you have the Four Elementary Bodies of Pla-
to, to which a Fifth has been added by his Difciples, as you will find
in Clavius Chap. 1. Spher. Sacreh. {peaks of them to this Effet.
Plato reprefents Fire under the Figure of a Pyramid or 2 Tetrahedron,
Jrom its afpiring in a Point, or the Acutencfs of its Flame. To the
Air be attributes an O&ahedron: For as Air is the next in order to
Fire, fo an O&ahedron bears the greateft Refemblance to a Tetrahedron,
it being compofed of two Pyramids. To the Water be afcribes an Icofi-
hedron, decaufe of its great Mobility and Fluttuofity. To the Earth be
allots an Hexahedron or Cube, becaufe of its Immobility ; for of all the
Regular Bodies, a Cube is the leaft adapted to Motion. To the Heavens
@ Dodecahedron ; for even as the whole Circuit of the Heavens contains 12
EgualSigns, f6 alfp aDodecahedronis contained under 12 Equal Surfaces.

Butin the main you muftlook upon thefe Figures as Emblemartical on-
ly : For who can believe that Fire artificially condenfed in the Hollow of a
" Cannonor Mortar can aflume the Form of a Pyramid? Or who can con-
ceive that the Moving Caufe, which (as I have often faid) is a certain
Windy Exhalation or Airy Expanfion, can put on the Figure of an
Ociabedron? This it would be impoffible for it to do, except when it
enjoyed its perfect Liberty to mount upwards. And therefore Fire as
well as Water being confined and comprefled within any Body, puts on
the Form of the Cavity wherein it is contained. As for Example, if
the Windy Exhalation beforementioned, or rather the Flath of Gux-
powder, was by any Artifice condenfed within a Concave Sphere (fuch as
our Grenado’s) it would certainly affume a Spherical Figure; and fo
likewife when it is confined in the Chafe of a Piece of Ordnance, it
muft take upon it the Form of a Cylinder.

As
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As for the Figure of the Vertex of the Moving Power, or that End of
it which ftrikes the Projeétile, it is a difficulc matter to afcertain any
thing zbout it; nor can it be demonftrated any other way than by Con-
jeCuire, or by Comparifons inftead of Arguments. It is very probable,
that it endeavours as much as it can to enjoy its Natural Form; which
it may do in Confideration that the Prajeé?ile refifts it lefs than the Sides
and Bottom of the Piece, and is not very capable of hindring it from
affuming what Figure it will: From whence it is likely it may break
out into 2 Cone or a Pyramid, which are Figures feemingly natural to
it; add to which, that the main Strength would center in the Pertex of
fuch Forms, which being repelled by the Ball, would return back
again with redoubled Vigour againft it (by means of its Rarifaction) af-
ter the manner of fome Purges. On the other hand, it is not impofiible
but it may take upon it the Shape of an Hemifphere; which does not
appear very unnatural to the Form of Fire and Air when in their proper
Spheres, and is the ftrongeft of all Figures and Bodies : From whence
it is that Porters are naturally led to ftoop to take up any Burthen, by
which means all the Joints of the Body are colleted as it were into a
fubftantial Arch. The Fiction of At/as, whom the Poets feigned to
have fupported the Earth upon his Shoulders, gives us a familiar Idea as
to this Doubt.

But to give you the moft certain and rational Explication of this
Matter, and that which is the moft univerfally received amongft Natu-
ralifts; we muft firft make a Diftinction between the Situations and Po-
fitions of the Projectiles in our Mortars, from whence it will be con-
fpicuous, Youare to underftand it thus.

All the Mortars with which we proje& Pyrobolical Bodies (as we have
often faid) have certain Chambers, which are to contain the Requifite
of Powder neceflary to perform the Effect required. Suppofe now that
every Corn of Powder is at one Inftant inflamed ; and that the Projectile
cannot be driven out by ir, till it is become an Expulfive or Moving
Power. Secondly, that your Projefile is perfely Spherical, and that
it immediately refts upon the Powder, without the Interpofition of any
Body between them. Itiscertain, that in this Cafe the Moving Power
or Flath will not firike upon the whole inferior Hemifphere of the
Ball, but on that Part of it only which ftops up the Orifice of the Cham-
ber, whofe Dimitient Line is exally &, or at leaft an Aliquot Part of
the whole Diameter of the Superincumbent Ba//. Now the Ball re-
ceives all the Impulfe neceffary for its Proje@ion, before the Flath can
make its Excurfion out of the Chamber, and whilft the whole Energy
of the Flath is confined in that narrow compafs ; which being once ef-
caped from thence, it expands itfelf, and is confequently greatly weak-
ned.

By this it appears that the firft Shock is all that is needful, or requi-
fite for the Projetion of the Superincumbent Body. And if the Moving

Force
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Force or Flath is really collected into an Hemifpherical or Pyramidical
Form, it cannot be doubted (confidering its Denfity whilft in the
Chamber ) that it would impel a round Body moft powerfully, and
hurry it out of the Mortar, &c. Nor muft you imagine, that it a&s
with lefs Power than if the Projeéfi/e had been Flat-bottomed, for the
Reafons above given; to which we may add, That the Flath being
ftrongeft, in its Excurfion from the Chamber, it imprefles its utmoft
Force, and confequently gives a fufficient Motion to both a Spherical
and Flat-bottomed Projeétile, by means of that Line only which pafles
through the Center of Gravity, round which all the Parts of the Pro-
jected Body are at reft.  Moreover, as a Sphere reprefents a kind of Uni-
ty, which may be properly enough faid to be but a Point; therefore if
it be folid and made of any hard Subftance, fo that by the Solidity of its
Matter and its Form, its Parts cannot be eafily disjoined, it would be
fufficient if it were ftruck in a Point only; for from that Point the
Blow would be inftantly communicated to all the reft. And I am real-
ly of Opinion, that this Impreflion would net have a more powerful
Effe&, if it had ftruck the whole Flat Bottom of any Projetile: But
on the contrary I believe it would be much weaker ; for int that Cafe (as
I have already faid) the Powder being extended, its Flath would not be
collected into a Body of fufficient or at leaft fo great Denfity, and con-

fequently its A&tion would be fainter. Thus the Flat Superficies of the:

Flafh (if it be 2 Plane) is n6 more adapted to imprefs a Force upon a
Flat-bottomed Projeétile, than upon any other. o

Moreover; if any Body be placed berieath a Spherical Projectile, or
one inclining to that Form ; or beneath one that is Flat-bottomed, which
is equal in Weight and alike in Subiftance with the Spherical one : As
for Example, let us here fuppofe a Tompion to be driven upon the
Powder in the Chamber in fuch a manner, that the Flath cannot imme-
diately firike eicher the one or the other of the aforementioned Proje-
&iles, and that it muft give its Blow by means of the Tompion ; I fay,
it is moft certain that whatever Figure the Flath affumes upon its Ac-
cenfion, it will impel and drive out the Tompion with all its Might,
and that either of the Projectiles muft equally fhare in the Impulfe of
the Tompion, though their Motion would be unequal; from the Ine-
quality of their Figure, as fhall be obferved hereafter. What does it
fignify if the Tompion ftrikes a Flat Bottom in feveral Points, or but
in one, as it does a Sphere? Since, as we have already faid, any Point
of a Sphere is as it were the whole Body of it, and wice verfa, the
whole Body of it as it were a Point: For nothing is feperated from it
all its Parts are dependant upon each other, and the Excellence of its
Figure admits of no Inequality or Defeét in its Surface. As to the Rea-
fon, why the Flath, being efcaped from the Chamber becomes weak
and unable to imprefs any violent Force upon a Projetile of any fort:
1 have fufficiently accounted for it already : But neverthelefs I will once

Yyy more
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morc obferve to you ; that the more the Flafh is confined and refifted,
the more furious does it become, and feems to be fucceflively indued
with new Degrees of Power, till it has forced its Way to Liberty. And
it is for this Reafon, that befides th¢ Wooden Tompions which are
driver into the Chambers of Mortars, they add certain round Boards,
equal in Diameter to the Calibre of the Mortar, as we have faid elfe-
where. Therefore we may fay that thefe round Boards fupply the want
of Flat Bottoms, fince they prevent the Excurfion of the leaft Atom of
the Moving Power or Flath till the Projeltile is departed. But they
are of no farther Ufe after that Moment; for it is impoffible for them
to purfue the projefted Body with an equal Pace, whether they remain.
whole, or whether they be broken by the Violence of the Shock.

Upon the whole, it is an eafy matter to prove that the Impulfe of
the Flafh upon any Body is Inftantaneous or Momentary, from the Ex~
ample of fuch Things as are thrown by Hand, or thot from a Bow or
a Baliffa; which are never accompanied in their Projedtion by the
Mo‘viﬂg' Caufe, for it is fufficient that the degree of Force (let it be
what it will) is once imprefled. There are many of the Learned who
maintain, that a Body being once put in Motion, would move on for
ever, if its Motion was not deftroyed by fome Caufe; and they hold
thar this Affertion would obtain in a Yacuum, or a Space deftitute of all
fort of Refiftance, that might obftruc and annihilate the Motion given ;
which Merjfenntis thus accounts for : + Whatever is produced cannot be
defiroyed, except it be attacked or gffected by fome defiruétive Canfe ; for
as no Being bas the Power of generating or creating itfelf, fo no Being
can be fippofed to procure its own Defiruction. There are many great Men
awho think this o be true, fince infallible Arguments to prove it may be de-
duced from what Idea’s we bave of it: For bow can any Body e deprived
of the Motion communicated to it, 1f it meets with mo Obftruction or Caufe
which is deftruttive to it: For it may be fuppofed that God would no more
deny bis Zifffence 2o Motion, which is 2 Thing of real Exiftence, than fo
other Beigs 5 bow then can it be anmibilated or fuppreffed if it meets with

no Trgpedimerts ? |

Here I thould be very willing explain how a Body moves or flies
through a Refifting Medium (fuch as the Air) if 1 thought this a proper
Place for fuch an Effay ; But as T think it is not; 1 fhall only remark,
that Thofe are moft ftrangely out of the Way, who perplex themfelves
in fuch inextricable Miftakes, as to imagine, that the Moving Power
of ‘Gunpowder, purfues the Body for fome time during its Projection, and
that adhering to it, it drives it on with freth degrees of Velocity; or ac
leaft affifts it for fome time, and prevents it from falling to the Ground
fo foon as it otherwife would: For what Man living is {o ignorant, as
ot to be in fome fort acquainted with the Nature of Fire? or rather

1 Merfen, in Phano. Ballit, rop. XXXVIII,
who
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who is he, that has found an Art, or that is able to bind that Element,
which is fo Subtile, Volatile and Light, that Element which is fo
difficult to be handled, to a Bal/ violently hurried through the Air? Who
obliges it to adhere to the Projeftile without daring to forfake it> What
magnetical Virtue can an Iron Bullet have, that fhould draw the Flath
after it? But if I fhould grant all this, what would it fignify ? How
could the Flath imprefs new degrees of Force upon the Ball, or by
what Means could it fuperadd to the Motion at firft communicated? Or
how could it prevent the Motion from immediarely forfaking the pro-
jected Body? For being once at full Liberty it becomes fo fubtile and
rare, that it has none of that Strength ir had at the Inftant of its Rari-
Jfaction, which Strength confifted purely in its Denfity, and the com-

pa&ted Union of its Parts: Thofe who are obftinately bigotted to this

Opinion are no lefs miftaken, when they fay that a Guz carries the fur-
ther the longer it is; becaufe the longer the Flath is confined in the
Chafe of the Piece, fo much the longer does itattend the Bullet,and pur-
fue it the clofer. But we muft in charity believe that the goor Men,
who reafon upon fuch a wrerched foundation, are perfect Strangers to
fome Rules in our Art, which teach; That if a Piece of Cannon is
made longer than ordinary, it is not becaufe the Flafh fhould thereby be
enabled to project the Buller with the greater Violence; but the Length
is fo proportioned, that the Requifite of Powder may be totally infla-
med in the Chafe of the Piece, and that at the Inftant the Projectile
is departing from the Muzzle of the Gun, the whole Power of the
Flath may be united, and accordingly proje it with its utmoft
Mighe. -

And here I muft inform you that the longer a Cannon is, fo much
greater ought its Roquifite of Powder to be; and on the contrary, the
thorter it is, the lefs Powder does it require. For even as too greata
quantity of Powder, rather hinders than affifts the ProjeGtion of the
Bullet; becaude it cannot be totally inflamed at the Inftant the Ba// de-
parts, and is therefore fpilt upon the Ground (though fome Pyrobolifts
have another way of accounting for this, which I fhall touch upon
hereafter;) fo on the contrary, too fmall a Charge is totally accended
before the Bullet has moved through the Chafe of the Piece. I fay
then again, that the Flath which accompanies a Buller through the
Chafe of a long Gun can by no means add to its Velocity, for the
onger it remains in the Hollow or Chafe of it after its Accenfion, and
the more Room it has to expand itfelf, the more will it be rarified, and
confequently it ‘muft be proportionably weaker: So that if there was
2 Cannon of 100 Foot in Length or more, whofe Calibre would only
receive a Bullet of 1P, which if it was allowed but the ufual Requi-
fire for fuch a Ball, whichis 1 Ib of Powder; 1 firmly believe that the
Flath of fuch.a Quantity, in accampanying the Bullet through fo long
a Chafe, -would be fo very much weakened, that it would fcarce be

able
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to drive it of the Piece, much lefs to project it to any great Diftance.
But we fthall have a more proper Opportunity to fpeak of the due
Lengths of Cannon, together with the Weights and Sizes of their Bullets,
and their Requifites of Gun-powder, in Book 1. of the Second Part of our
Artillery, where we fhall treat of Cannon.

Let what I have here faid fuffice at once to demontftrate and . perfuade
you, that Pyrotechnic Projedtiles with Flac Bottoms are not near fo
well adapted to conceive a Motion adequate to the Impulfe given, as
thofe which are Spherical or inclining to that Form. Now that what I
have faid is in every refpe@ true, I fhall appeal to the Demonftration of
Merfennus in + Mechan. Lib. II. Par. III. Prop. 6, 7 and 8, where you
may confult him.

From whence it will be evidently demonftrated, that any Projeciile
inclining to a Spherical Form, makes its Way through the Air with
more Eafe, and penetrates through a Medium with lefs Difficulty, than a
Cylinder with flat Bafes or Ends. But to this it may be objected, that
a Cylinder may not always have one of its Ends foremoft, nor purfue
its Courfe like an Arrow, for it may happen that its Convexity may
cleave and rowl in the Air; and that it may alternately cut it with its
Convex Surface, and alternately with its flat Ends.  But to this I reply
in the firft Place; that it is not impoflible but that the End of it which
is turned Outward in the Piece may be driven on foremoft. 2. Thar,
though the Cylinder fhould cleave the Air with its Convex Surface, yet
that it would clear its Way with more Points than a Sphere ; though
they were both to be of equal Weight, and though the Height and
Breadth of the Cylinder were to be equal to the Diameter of the Sphere,
In this Cafe the Form of the Cylinder would be but litcle adapted to re-~
tain the Motion communicated to it. 3. That if the Cylinder thould
whirl round in fuch a manner, that its Convexity and Ends do al-
ternaly prefs forwards through the Air; it is very eafy to perceive,
that there is but little difference between this Motion, and that by
which it might move on diretly with one of its Ends foremoft, for its
Ends muft always meet with an equal Refiftance as well at one Time
as at another. But be this as it will, and whether the Cylinder rowls
and whirls about (which is an A&ion common to all Round Bodies)
or not; it is certain that its Motion is in no refpect like that of a Sphere,
and far from being equal to it.

Here by my own good Will could I filently pafs over feveral ad-
mirable Properties which are natural to a Spherical Figure; but I can-
not forbear inferting what Scaliger, that Divine Spirit, has obferved con-
cerning the Sphere, in his Exercit. XXX. 1. With whatever Motion a
Globe is turned, we ahways conceive it to generate a Form like itfelf.

+ The Original has here a long Quotation from Merfennus, which being in the main a mere
Pedantic Repetition of what has already been faid, I thoughe it would rather perplex the Rea-

der than help him,
2. Being
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2. Being whirled round upon a Poins, it akoays flls or tokes up the Sfaine
Space, which alfo is comman to a -} Cone from its circudar Figure: Again;
if a Globe changes its place, it dsfcrihes in the Air a Figure different from
1tfelfy (viz.) a Column s and at the fame time forms a Line which is not in
itfelf, but in Power. Being rewled or fet upsn a Plane it Youckes it only
in one Point, in which wonderfid Property it differs from all other Bodies :
How then can a Solid Body reft upon that which has no Exiffence 2 3. By
one only Turn, it bkas two contrary Motions (namely) upwards and down-
wards with refpec? ro its Circumference; (I do not bere fpeak of the Hea-
vens, but of any Bali or Wheel;) they are farther contrary, becaufe the
Downward Rotation is natural, and the Upward unnatural. 4. Not-
withflanding that it is one continued Body, yet fome of its Parts move with
a greater Velocity than others : But you mufft here underfiand Velocity
as Twofold; (namely) when Bodies, or Parts of Bodies, go through as much
Space in Iofs Time, or more in the fame : Therefore the nearer its Parts
are to the Outward Surface, the fivifter they moves; and the nearer they
are to the Axis, the flower.

In thort, the Circle and Sphere fhall clofe up this Corollary, though
they themfelves are endlefs; and they will not only conclude this Corol-
lary, but this prefent Year alfo (viz.) 1649; the laft Hours of which
our Prefs employs in printing thefe Lines. By God’s Leave we fhallto-
morrow not only enter upon a new Core/lary, but a new Year alfo, a
Year of Benediction,, the great Year of Fubilee; fo long wifhed for by
the Chriftian World! The Almighty, who has neither Beginning nor
End, has this Day compleated the Circle of a wonderful Work, in
which every living Soul muft hold its Courfe without exceeding the cir-
cumfcribed Bounds of it. To-morrow we fhall begin a New Year,
which I with may be pregnant of Happinefs, Peace and Joy throughout
the whole Face of the Earth: Humbly befeeching the ineffable Good-
nefs, that fixing one Foot of the Compaffes of his Love in our Hearts
and in our Souls, he would with the other defcribe a new Circle, which
may excite new Degrees of Velocity in us, and haften us on in an im-
mediate Tendency, towards the endlefs Blifs of a bleffed Eternity ; to the
End, that being far removed from the firft Point of thac Impulfe, which
naturally urges us to purfue and covet the Viciffitudes of Worldly For-
tune, we may no longer be expofed to Danger amidft the Rocks and
Shelves of our Folly : But that on the conttary, continually revolving in
an endlefs circular Diretion upon the {mooth Planes of Fortitude and
Conftancy, we may at length refume the Place from whence we fet out
(namely) Heaven, there to enjoy Eternal Life.

. Y The Latin has it Pyramis, and the French Tranflator has rendered it Pyramide; but Sca-
l:geé' to gcd fure means a Cone, which is by Mathemaicians often defined to be a Pyramid of
Infinize Sides, '
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COROLLARY IL

Of feveral Sorts of Pyrotechnic Petards or Crackers prepared
Sfor varsons Military Ulfes.

7) YROTECHNICIANS have feveral other Sorts of Crackers, be-

- fides what we defcribed in treating of Fire-Balls. But as inunder-
taking this Work, I only propofed to dwell upon the chief Pyrotechni-
cal Inventions, and fuch as are the moft frequently ufed ; therefore re-
je&ting thofe which are the moft inconfiderable, and leaft ufeful, I fhall
refer our Pyrotechnician to thofe Figures which he fees under Number
151, diftinguifhed by the Letters A, B, C, D, E, F, G, H, I, K, L.
The firft of them (viz.) A, is in no refpet different from that we gave
you under Fig. 137: This will not only ferve for Fire-Balls, but alfo
for Garlands, Crowns, Bags, Fire-Hoops, Lances and Darts; as may al-
fo the two following diftinguithed by B and C, notwith{tanding that
they differ a little from the Firft. ‘'The Proportions of Crackers thall
be determined by the Size of the Body whofe Ui you intend them for :
But if you would have one fix’d determinate Proporiion, you may allow
their Orifices the Diameter of a Leaden Bullet of one Ounce, or two at
the moft ; and their Length or Height fhall be 5 Diameters, without
reckoning the Point.  This is the moft juft and proper Proportion that
can be afcertained for them. As for the Loading of them, pleafe to
look back on what we have already faid, to fave us the Trouble of a tire-
fome Repetition.

The other Crackers which you fee, are much larger than the above-
mentioned, and ferve commonly for Wooden Balls, &c. the Conftru-
&ion of which we fhall give you in the following Chapters : The Firft
of thefe (viz.) D, is perfe@ly like the Recreative Cracker which we
gave you in Figure 107 under the Letter A. The Conftruction of this
is very eafy, and the Figure of ‘it is very intelligible. It is ufually
charged with Corn Powder to § of its Height, and the Remainder of
it is loaded with Leaden Bullets, then ftopped up with a Wadd of Pa-
per or Tow.

That which you fee in Letter E is a Triple one, that is, it contains
two others lefs than itfelf; though fimply of itfelf it is perfeily like
that which we juft now defcribed, (viz.) D. This is pierced with five
fmall Holes, for fear it fhould mifs Fire; four of which are in the Sides,
and Diametrically oppofite to each other, and the Fifth in the Middle
of the Bottom of it. As for thofe diftinguithed by F and G, they are
almoft like thofe which we formerly reprefented under Fig, 106. Thefe

‘ three
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three then fhall be ordered, that the Second may go into the Firft, and
the Third into the Second. The greateft of them (viz.) E, is generally
filled with Corn Powder to half its Height; upon which you fhall flip
down the Middling one, into which you muft put the Leaft, filled with
Corn Powder, and fome Leaden Bullets, after having filled the Second
with Corn Powder in the fame manner you did the Firft; I mean that
Vacancy of it which exceeds the Height of the Leaft. Moreover, the
Middling one as well as the Leaft have Chambers filled with one of the
Slow Compofitions I have already given.

The Third Cracker which you have in H, reprefents a lictle Copper
or Iron Tube without Bottoms. When you would load this, you muft
divide the whole Height of it into 3 equal Parts, whereof that in the
Middle fhall be filled up with Cora Powder, and the other two with
Leaden Balls. You are to feparate them from the Powder with Paper
Wadds ; they fhall likewife be wadded at each End. You thall make
two Touch-holes, or more if you will, juft in the Middle of this
Cracker.

The Fourth of them, (v72.) I, needs no Explanation; for it is to be or-
dered exadly like thofe whofe Profils you have in F and G; though it
muit be confefled that it differs from them fo far as to be ufed fingly,
admitting no others into its Capacity, and muft not on the other hand
be lodged in any other when it is to be put in Execution.

In fhort, the Crackers K and L, one of which is in the Shape of a
Crofs, and the other of a Carpenter’s Square, are to be loaded like the
reft, with one or more Leaden Balls according to their Capacities. I
thall leave the reft of their Conftruction to the diligent and ingenious
Workman.

COROLLARY I

Of the feveral Sorts of Lacings, Mattings, and Ligatues of
Fire-Balls, and the Terms futable 2o each of them.

I Find nothing more difficult in the right treating of Ar¢s and Sciences,
than to exprefs myfelf in proper Terms, and to call thofe Things by
proper Appellations which we know nothing of but by continual hand-
ling of them ; for fcarce can our Eyes (which are Witneffes and Exami-
ners of Things) give 2 faithful Account of them to our Judgment.
In truth, Manual Pra&ice is of fuch great Importance, and bears fo
large a Share in all 4rss, that if you cannot execute with your Hand
what you have conceived in your Mind, you muft look upon yourfelf as
having a Soul without a Body. But as Defign and Drawing contribute
greatly
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greatly towards furnithing us with proper Conceptions of Things, I
have reprefented to you the feveral Sorts of Lacings or Mattings of
Balls, in the moft familiar manner the Nature of the Work would ad-
mit of.

Pyrotechnicians have given Names to the feveral Sorts of thefe, ac-
cording to the Fafhion they are wrought in: The firft and moft fimple
of which you have in Fig. 136 and 138, which the Germans call Rerb-
bont. 'The Second with its various Interweavings, which you have in
Fig. 137, they call Pallen-bundt. That in Fig. 142 differs in nothing
from this. In thort, the ftrongeft and moft artificial of them, which
you have in Fig. 140 and 144, the Firft being wrought in Fathion of 2
Rofe, and the other of a Snail, they call Rofen, and Schnecken-bunt. But
I refer you to skilful Pyrobolifts for an ample Information of what far-

ther relates to this matter; as for me, T am in hate to do other Bu-
finefs.

CHAP VI

Of @ Wooden Ball filled wirh Hand-Grenado’s, or a
+ Thundering Ball.

UST as in Pyrotechnics, Hand-Grenado's are varioufly applied, fo

their Ufes in Warlike Occurrences are very different.  You need on-

Iy have a skilful Artift to put them in Execution at proper Times and

Places. Now of all the Contrivances for thooting feveral Grenado’s at
one Projecion, I approve of the following the moft.

Fig. 152.  You fhall have an hollow #eoden Ball, whofe whole Height fhall be
to its Breadth (which muft be regulated by the Calibre of the Mortar)
in a Supertripartient Proportion; that is, as 7 is to 4, though a Sefgui-
alteral Proportion might do pretty well. 'The Bottom of it thall be half
a Diameter in Thicknefs, to be the better able to withftand the Shock
of the Flafb, and fhall be rounded without and flat within. The
Head or Cover of it muft be a Concave Hemifphere, and (hall be fitted
to the Body of the Ball by a very nice Joint.

The Vent of it fhall have a Fuze made either of Wood, Iron or Cop-
per, whofe Height thall be half of the whole Cavity of the Ba/, and
its whole Breadth fhall be of the fame Dimenfions with the Sides of the
Ball, which muft be ; of the whole Diameter of it. ‘This Fuze muft
be filled with one of the ordinary Compofitions for Fuzes.

1 1th'nk this may as well be called a Thundering Ball, 3s a Barrel full of Grenads's is called
a Lhindern; Fagrel,

The
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The whole Body of it fhall be filled with Hand-Grenads's, and the In-
terftices between them fhall be filled up with Corn Powder. Above all
things you muft take Care; that all the little Fuzes of the Grenads's be
turned towards the Bottom of the gredt one in the Middle of them all;
that they may not fail of taking Fire. :

The whole being thus ordered, and the Head of the B4/ firmly glued
on, it fhall be dawbed over with Tar, and coated with a Cloth dipped
in the fame: The Figure will give you a clear Idea of every thing re-
lating to this:

CHAP VIL
Of a Globe or Ball compofed by feveral others.

HIS Ball which I reprefent to you in Fig. 153, is nearly both in Fig. 153,
Form and Effe& like the Fire-Ball I gave you in Fig. 141: There-

fore I fhall refer you to what I faid of that, in regulating the Propor-

tions of the Leffer Bal//s contained in the Greater : But you muft at the

fame time obferve the following Particulars.

1. You may take Balls of what Sizes you pleafe; but the Thicknefs
of their Shells thall (accordig t6 our Figare) be ¢ of their Diameters,
but it may be more or lefs if you pleafe.

2. The Balls fhall be perfe&ly round, as well on Account of the Ca-
pacity of that Figure, as for feveral other Reafons already given.

3. The Hemifpheres of the thiee Balls B, C, D, fhall exadly fic
each other; but the Fourth, {v72.) A, thall be only an Iron Grenado,
whofe Convexity is armed with Leaden Bullets ; though by the way,
the other three may be made of Iron if you think proper. But let us
fappofe them to be of Wood (which will not be very defpicable:) You
fhall fill them with Corn Powder, and fome of thofe Iron or Copper
Crackers, which we defcribed above in Number 151, under the Letters
D, E, H, 1, K, L; and then glew the Joints of their Hemifpheres
carefully together : The Figure will teach you how to fix them in one
another : But I muft warn you to let the Grenado in the leaft of the
three be fixed and immovable, and to let the Head of its Fuze be
placed exactly under the Bottom of the Fuze of the Ba// it is contained
in. Each of your Wooden Balls fhall be afterwards re-inforced with
pliable Iron Plates of two or three Fingers Breadth, and then well
coated round with a Tarred Cloth : Or they may be laced with a Cord
like the Fire-Balls. If they are all made of Iron, you need only folder
the Joints of the Hemifpheres ; though I am afraid the Soldering would
break bv the violent Shock of the Fall: Therefore in fuch a Cafe it

Aaaa would
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would be proper to coat them with a Rofe Mazting, which is the frong-
eft of all.

4. The Fuzes for thefe muft be in Proportion to the Sizes of the
Balls, and in the fame manner as we have direGed elfewhere, and filled
with one of the ordinary Compofitsons we have already given for the
Fuzes of Grenads's.

It were needlefs to amplify upon the wonderful Effects of this com-
pounded Ball : Bur I will venture to fay, if it be thrown in this Condi-
tion into the midft of the Enemy, fo as to take them unprepared, it
will kill as many Men, and do as much Execution, as the Fire of an
hundred Mufqueteers could do upon a whole Battalion.

Obferve here in the firf? Place, that I have reprefented buc three
Balls inclofed in a Greater : But you may have more if you pleafe, pro-
vided they are in due Proportions to that which is to contain them all,
whofe Size muft be always regulated by the Ca/iére of the Mortar they
are to be projected from.

Obferve here in the fecond Place, That if you fhould not have Mortars,
thefe Balls may be conveniently fhot from a Ba/iffz ; if you think proper
to revive the Ufe of that Mackine : But I apprehend that this Proje&
will excite the Laughter of fome poor Hearts, who cannot fee beyond
the Tip of the Nofe ; however, let them laugh or rail on, fince it is an
unalterable Decree that Fools fhould always rife up againft Tru¢b, and
fince Ignorance fo weakens the Faculties, as to render them incapable
of bearing the Light of Reafon, who is the Daughter of Truth, who
alfo is too bright and powerful for their weak Eyes, For my part, 1
have a dvue Regard fer the Judgment of thofe great Rerfons, who had a
perfe¢t Knowledge both of the Ancient and Modern Arts of War,
without undertaking to perfuade thofe Spirits of Contradiction, who ap-
prove of nothing but what is done by themfelves,

Obferve in the zbird Place, that thefe Balls may be projeGed by
one or two Fires, jult like Grenado’s or Fire-Balls ; but they fhall (if
they be made of Woad) be re-inforced with fuch Iron Bafons as we

formerly mentioned, ta enable them the better to withftand the Shock of
the Flafh,

CHAP VI
Of FIRERAIN.

?)1" ROBOLISTS, amongft many other Inventions, have contrived

a certain artificial Fire, which they throw at a Diftance into* be-
fieged Places, (and particularly when the Buildings are covered with
Shingle and Laths, or thatched with Straw or Reeds,) which they call

'y Eire-
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Fire-Rain, and which the Germans. 1Mo call Fewer Regen. 'The Pre-
paration or Confection of this is very common, and well known,

Melt 24 Ib of Sulpbur in a fhallow Earthen Pan, over 2 very cleas
Fire, free from Flame or Smoke ; and as it melts throw into it 16 Ib of
Sajtpeter and mix them well together with an Iren Spatula: As foom as
they are melted take them off the Fire, and add to them 8 b of Corn
Powder; mix them all well together, and being cooled pour owt this
Compofition-upon Polifhed Marble, or Plates of any Metal ; and then di~
vide it into Picces of the bignefsofa Walnut or Crab ; and wrapping them
yp in Quick Tow, and falting them over with Meal Powder, purt them

275

into 2 Wooden Ball, (fuch asyou fee in Fig. 154, which muft be ofFig. 154

the fame Dimenfitions with the Recreative Aerial Balls, under Fig. g6,
and ¢7.) and fill up the InterRices between with good Corn Powder,
and cover them clofely and firmly up, and coat the whole with a Tar-
red Cloth.

The Priming Chamber and Fuze fhall be filled with one of thofe
Compofitions which we ordered for the fame purpofe with regard to A~
erial Recreative Balls, or elfe with one of the common Fuze Compof-
tians for Grenado’s. In fhort, as for any thing elfe relating to this Balj,
I refer you to the Figures beforementioned.

I muft only warn you of one thing, which is; that the Mortar muft
be fixed-at fuch an Elevation that the Ba/ may break in. the Air; upan
which you will immediately fee a Rain of Fire, defcend, and fcat-
ter abroad: Thus falling and fpreading over faveral Buildings, it
willfet them on Fire with the fame Eafe and Certainty as if the whole
Ball had fallen upon one in particular.

Befides the above Compofition (which the Germans call Gefehmoltzen-
zeug) you may ufe one of the following, which muft be prepared in
the fame manner we juft now direGed.

Il

Take of Sulpbur 3 1b, of Saltpeter 1 16, of Corn Powder 1 16, of

Filings of Iron or Hammer-flaw 1b fs, and of Powder of Glafi 1b fs.
IL

Take of Sulpbur 1 1ty of Saltpeter 1 16, and of Corm Powder
1 1b.

Thefe two Compofitions 1 have borrowed from Fofeph Furtenbach,
as well as the following; which become very Slimy and Vifcous, when
diffolved by Fire, and that in fo remarkable a degree that what with
their Slownefs and Tenacity, it is impeffible to tear them off from any
Place after they have once ftuck to it: Thefe who are knowing in
this Arz affure us(with our Author) that thefe Compofitions will burn
through a pretty ftrong Iron Cuirafs; and having myfelf experimented
them upon a Copper Plate of about the Thicknefs of a Lize, I can
venture to recommend them to vou.

III. Take



276

Of the Great Art bj ArTILLERY. Book 1V,

III.

Take of Sulpbur %j, of Galbanum %iiij, of Saltpeter 3iiij, and of
Corn Powder 3iiij.

IV.

Take of Sulpbur 3v, of Saltpeter %ij, of Colophone Zj, of Corn
Powder 3ifs.

In 4 La Port's Natural Magic we find two Compofitions exaltly like
thefe, which he gives us in the following Terms. Warlike Machines
are fometimes charged with thefe Compofitions; from whence they fboot
certain Balls of Fire, which break ; (Here he agrees very well with us)
they are prepared as follows. This Powder is wrapped up in Tow, flecped
in the Mixture we bave already mentioned; (He jut before gives us a
woénderful Compofition which burns in Water) they load their Machines
with Balls flecped in this Mixture, and projeét them at the Enemy. Some-
times inflead of Oil, and to make them more Fiery, they fubflitute Swines
Fat, or Goofé Greafe, with Sulphur Vivum, or Quick Sulphur (which
the Greeks call amwvegr) Oil of Sulphur and Petrol; Saltpeter bighly re-

Jined 5 Rofin of Turpentine, of Tar, Oil of Eggs, and fometimes to
giveit a Confiflencethey add Rafpings of Lawrel or Bay: Thefe being fbut up
ina Glafs Ve q[el, muft be buried under a Dunghil or a Dung-beat for two
er three Montbs, renewing it every Ten Days, and fhaking the Compofiti-
on. After which if the Compofition be fired, it burns till it is totally
confumed, and s rather increafed than repreffed by the throwing of Wa-
ter upon it; but may be totally fuffocated by Dirt, Earth or Duff &e.
If it falls upon Armour, the Men look asif they were on fire, and muft
be either burnt alive, or elfe throw their Armour away.

We fhall give you ancther whofe Effects are fill more extraordinary,
Take of Turpentine, of Tar, of Varnith, of Pitch, of Frankincenfe,
and of Camphire each one Part; of Sulphur Vivum 12 Part, of Salt-
peter doubly clarified 2 Parts, of Brandy 3 Parts, with as much O;l of
Petrol or Naptha; to which you may add a little Duft of Willow Coal.
Mix thefe well together and make them up in Balls, or fill Little Pots
aith them, and they will burn with inextinguifhable Rage. Whoever has
the Leifure and Conveniency of trying thefe Compofitions will find
them to anfwer what is faid of them.

COROLLARY 1

The Compofitions 1 have now given you (excepting the two laft,
which I took from La Porte) muft neceflarily be melted, and well in-
corporated together, in doing of which it muft be owned that you will
run great danger of being burned; and I remember to have feen Py~
robolifis who have met with that Misfortune for want of due Care and

1 Jo. Bap. De fa Post. Lib. II, Cap. X,
Pre
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Precaution. Now to avoid all fuch fad Accidents, I thall fubjoin a
Compofition which ftands in no need of being melted at all, and is to
the full as effetual as the Former.

Take of Sulpbur 16 &, of Saltpeter 8 It, of Crude Antimony 2 1b,
and of Corn Powder 4 1b; beat, mix and incorporate thefe welltogether:
Then diflolve common Glze in Boiling Water, or (if you will) Gum A-
rabic, or that of the Plumtree ot Cherrytree in Cold or Lukewarm
Water, and pour it upon your €ompofition in a glazed Earthen Pan;
mix the whole well together either with your Hands or a Spatula, and
make it up in Balls of what Sizes you pleafe; or to expedite your Work,
pour out your Compofition upon an Iron Plate, and cut it out in Lumps,
and fet them to dry in the Sun, or in a Fire-pan, where they may dry
by flow degrees. In fhort, when you would ufe them you muft ob-
ferve the Rules already laid down for their ProjeGtion.

COROLLARY IL

Hiftory will bear witnefs, that this Fire-Rain which we have fo
amply dwelt upon, derives it Origin from the Grecian Fire of the An-
cients. Some (as I have already obferved Chap. 1. of Book I1.) attri-
bute the Invention of it to one Marcus Gracchus; but Fobarmm Zono-
ras aflures us it was invented before the Time of Conflantine Pogonatos
Emperor of Greece. Nicetas Choniates in Iaacio fpeaks thus of it
They threw amongf the poor Inbabitans of the Sea-Coafts a certain
kind of Grecian Fire which was beld in Pots, and which fuddenly broke
out like Thunder, and fet Fire to whatever it could reach.

Others have called this Grecian Fire zipvypes (which is as much as
to fay) Wet Fire, becaufe it was obferved to burn upon Water, and
powerfully to repel all Moifture. Now to keep my word with you,
I fhall give you the Conféition of it, juft as I took it from Scaliger :
+ Now for Fires and Fiery Compofitions, which you undertake to infiruct
us in; (he fpeaks to Cardan) but I wonder you have not yet difcovered
bow they are called. We bave many Writings extant which call them
Grecian Fires; one or two of which I fhall willingly fubjoin, as I took
them formerly from fome Arabic Books. Fire which deftroys Iron was invent-
ed by the Som of Amram, Take of Tar, (it is thus I interpret Zerf) of Gum
Juniper, which is alfo called Samag Agar, and corruptedly Sandarax, Oi]
of Turpentine, Oil of Bitumen, Oil gf Sulphur, Oil of Nitre, or Saltpeter;
Oil of Eggs; and of Oil of Lawrel or Bay, each Six Parts. Powder of
Dhmeft o dry Bays, and of Camphire macerated in Brandy ; of each ¥4
Parts. Of Saltpeter; to the whole Weight of them all. Put all thefe into
a Glafs Vellel with a narrow Neck well luted and flopped up, then bury
it in. Horfe-Dung for 6 Months. This Compofition fball be fhaken every
Jourth Day, and then Diftilled in I Seraphino. We bave a Defcription

1 Exercit, XII1L 11 take this Term to be of Hebrew Extraftion, and to fignifie no
more than diffilling it swer 4 Fire.
Bbbb o
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of another fort in the Catalan Tongue. The Refiduum of Turpentine af=
ter the Oil of it is drawn off, Oil of Turpentine; of Tar, of Rofin or
Pitch of Cedar, ¢f Camphire, of Bitumen, of Mummy, of New Wax,
of Duck’s Greafe, of Pigeon’s-Dung, Oil of Sulphur Vivum, Oils of
Juniper, of Lawrel, ¢f Linfeed, of Hempfeed, of Petrol, Oil of Tyles,
and of Oil of the Yolks of Eggs, each half a Pound. Of Saltpeter 10 1b;
of Sal Armoniac 7 Ounces. Let all thefe foak in Brandy in fuch manner
as to be covered by it ; then buried in Horfe Dung, and renew it every
third Day. Then draw off the Spirit a Seraphino, which you fhall thick-
en with Ox Dung reduced to a very fine Powder : It is this that Semimau-
rus calls Miraculous; esther becaufe it takes Fire by the Heat of the Sun,
or is not to be fuppre(fed by any means, but by Vinegar, Urine, or Dirt: It
burns obfiinately in Water. Thefe Fives are thrown in Pots at the Enemy,
which fort of Pots was called by the Greeks, dgiag @

It appears then that the Grecian Fires had the fame Effe&, and were
applied to the fame Ufes as our Fire-Rain (namely) to fet Fire to be-
fieged Places: But there is one Thing which I ftumble at; for to tell
you the plain Truth, I cannot well conceive how this Fire could be
hid and ftifled (as Nicezas Choniates fays above) fo as not to perform its
Effe fore it reached the Place at which it was thrown. Were the
Vefféls 1t was thrown in contrivedafterfome fuchmanneras thofe Grena-
do’s which we have called B/ind? Or were they made of Clay, and or-
dered like our Fire-Pots with lighted Match, &¢? Or (what I am moft
inclined to believe) did they fire the Matter in thefe Pots, before they
were projected towards the Places they were defigned for ?

For my part, I cannot perceive what fhould oblige them to break, if
they were not made of Clay or Wood ; for it would be impofiible for
this Igneous Stuff to break them by its own Strength, had they been
made of Iron or Copper; inafmuch as its Power extended to a certain
degree of Violence, and inafmuch as it was fufceptible of an inextin-
guithable Fire: For notwithftanding that it had a good Quantity of our
Gun-powder Ingredients in it, (which I doubt) it would not be ftrong
enough to burft Pots made of any hard Metallic Subftance, as is done
by our Powder, to whom alone that Power is granted, and denied to all
other Things whether Natural or Artificial. There have been thofe
who have related Wonders concerning the ftrange Effe&ts of Aurum Ful-
minans, by which it feems even to furpafs Gun-powder (to which I have
partly confented :) But as its Operations are directly oppofite to thofe of
Powder, and fince it is of no Ufe in our Fire-Works, we will not give it
a Place amongft thefe combuftible Things., But to return to our Gre-
cian Fire; we have a familiar Inftance of the natural Imbecility of it,
in our Pyrotechnic Compofitions which we call Slow, which (befides that
they are compounded of fome of the fame Ingredients as the faid Fire,)
are made up not only of Saltpeter but alfo of Meal Powder, and even a
Portion of the fame in Corns; yet if you fill a Fuze or a Shell with

X them,
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them, they will burn without doing the leaft Damage to the Veflels
which contain them, except they are very thin and flight, or are not
well re-inforced with a proper Coating, or except the Fire is too much
confined. Moreover, we make Shw Compoﬁtian of Meal Powder only,
which if it be put into Wooden or Paper Cafes, and fired, it will not
in the leaft hurt them : How little then would it be able to burft Veflels
made of Iron or Brafs, like our Grenado's, which are with difficuley af-
fe&ed even by our Corn Powder 2 For 1 muft remind you, that whenever
the Corns of our Powder are disfigured, they are divefted of their
Strength, and are fo far from being able to break Veffels made of Metal,
that they would not fplit them if made of Wood, provided they are of
moderate Thicknefs, well coated with tarred Cloth, and re-inforced
with ftrong Cord or Marline.

We will conclude then, that the Veflels which held the Grecian Fire
were made of fome Wood or Metal, and that they were open, and not
covered up like our Fire-Pots, which are at prefent in fuch great Requeft
with us, Say we farther; that the Matter contained in them was co-
vered by fome very Slw Compofition, to prevent the Fire from feizing
upon it, before it had arrived at its intended Length. Or elfe we muft
believe, that it was covered by fome fort of Spunge, or that it had
lighted Match in the Mouth of the Veflel, which perhaps was covered
with a Cloth, or fome loofe Wooden Lid; and thus the Matter being
accended, flew out impetuoufly, and confequently burned and deftroyed
every thing within its reach.

However I do not deny, but thofe who ufed this Compafition might be
ingenious enough, to contrive that thefe Pots of Earth or Wood fhould
break in the Air, from whence the Matter they contained, falling and
fcattering abroad unlighted; it would be impoffible to fee it fall, or to
diftinguifh it after it was fallen, and accordingly at firft it did no Da-
mage : But being foon afterwards kindled by the Heat of the Sun
(which is not impoffible, according to Scaliger) or accended by the
Wind, or Rain, or Dew (I fhall give you fome fuch Compofitions here-
after) it muft confequently take Fire, and burn whatever it fell upon,
Now perceiving that Compofitions of this Nature made into Lumps or
Cubes, and fhut up in a Wooden Ball, may be fcattered abroad in the
Air by Gunpowder, and fall down lighted or unlighted into befieged
Places; I thought it would not be amifs to infert the following Compofs-
tions, and to inftrué you in the Confe&ion of them, according to the
Dire¢tions left us by Authors; notwithftanding that what I have already
given you from Scaliger is none of the moft unfit for our Purpofe.

La Porte faith: 4 There is a Compofition which catches Fire by the
Heat of the Sun; particularly in thofe Regions where the Sun is very pow-
erful 5 awhich muft be compounded of wvery Igneous Ingredients ; for Ex-

1 Joh. Bap. de la Port, Lib. 1L, Cap, X,
ample :

2
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ample: Take of Camphire, of Sulphur Vivum, ¢f Turpentine, of Gum Ju-
niper,and Oil of the Yolksof Eggs; together withTar ; Powder of Colophone,
of Salepeter, and of Brandy to the double of them all, and a little Arfenic
with as much Tartar: All thefe being pounded and well mixed, put them
into a Glafs Veffel, and bury it _for two Months under a Horfe Dung-kil,
which muft be frequently renewed, and the Compofition as often fhaken :
Then draw off the Liguid Part of it in the fame Veffel it bad been buried
in, (as we fball fhew bereafter) which Liquid fhall be thickned with fome
of our Powder (he means a certain Powder which he had juft before
mentioned for #ater-Balls) or with Pigeon’s Dung finely pulverized, fo
as to give it a pretty denfe Confiftence. (‘This may be made up in lictle
Lumps.) With this dawb over all the Wooden Work or combuftible part of
a Houfe upon fome hot Summer’s Day. Al this is afcribed fo Marcus
Gracchus.  Pigeon’s Dung is of a very fiery Nature : (1 muft obferve
here that the Dung of Geefe, Ducks, Hens, &¢. being well dried, is
alfo very combuftible; but he goes on) Galen relates, that in Myfia,
which is a part of Afia, there was a Houfe burnt by the follrwing Accident.
A Parcel of Pigeon's Dung being thrown under a Woiden Window, which
bad been lately done over with Rofin, fo as to touch it : This Dung being
rotted, and much beated by the Sun upon a wery warm Day, and emitting
wery bot Vapours, the Window took Fire, which foon after got bold on the
Roof; and in a little time [pread all over the Houfe.

The fame Author faith in the fame Place : That if you would make a
Fire which fhall be extinguifbed by Oil, and accended by Water, you muft
confelt it of fuch Things as burn the moft readily in Water, or that burn
in it of their own Accord, fuch as Camphire and Quick Lime : From
whence it is that if you make a Compofition of Wax, Petrol, and Sul-
phur, it will be extinguifbed by Oil or Dirt 5 but if you throw Water upon
2t, 1t will revive and burn with renewed Vigour. Of this Compofition
they make Torches which burn in great Rains, or in croffing of Rivers.
Livy tells us, that certain old Women, at a time when they were celebrating
their Games, took Torches made of this, and fwam over the Tyber with
them, by way,of Miracle.

Cardan faith : + That Water accends violent Fires; becaufe the Moi-
Sure it exhales is rendered more Fat and Greafy, and is not wafted or de-
Siroyed by circumfufed Smoke, but is totally devoured by the Fire 5 from
whence being purified, and united by the Cold, it fprings up with the greater
Alacrity ;5 and therefore thofe Fires which are excited or accended by Wa-
ter, fball be compounded of Ship or Greek Pitch, of Sulphur, of the Lees
of Wine, commonly called Tartar, Sarcocolla, Saltpeter and Petrol : (all
this is attributed to Marcus Gracchus.)  To thefe muft be added a double

Portion of Quick Lime, and the Yolks of Eggs; thefe muft be mixed well
together, and buried in Horfe-Dung.

1 Card. subt,

The
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The fame Author in the fame Place: Take Oil of Petrol, Oil of Ju-
niper and Saltpeter, of each equal Parts ; of black Pitch, of the Greafe of
Geefe and Ducks, of Pigeon’s Dung, of Liquid Varnifh, the fame Parts
of each; of Afphaltites or Bitumen five Parts; put them all info Brandy,
and bury them in Horfe-Dung.

The fame Author in the fame Place again: Take of Liquid Varnith,
of Oil of Sulphur @nd Juniper, Oil of Linfeed and Petrol, and of Tur-
pentine, equal Parts of each; of Brandy 3 & Parts : Then of Saltpeter and
dry Lawrel Wood both well powdered, enough to thicken the Whole, and
give it the Confifence of a Lute. Put all thefe into a Glafs Veffel, and bu-
ry them three Montbs in Horfe-Dung. If the Balls made of this flick to
any Wood, they will be accended by Rain: However, they will not always
anfwer to this Effect; but being once enkindled, they never fail to burn in

Juch a manner, that it will be to no purpofe to endeavour at extinguifbing
them by Water.

Scaliger faith: I afterwards met with a little Book which teaches how
to make feveral Sorts of Salt, and Alum, and to confect a Fire which will
be accended by Spittle, and was frequently ufed by Thieves and Robbers :
(Pyrobolifts may ufe this in the honourable Robberies of War.) Zzke Oil
of Sulphur, of Turpentine, of Cedar, and Tar, of each 14 Ounces; of
Saltpeter 16 Owunces; Sal Armoniac, Vitriol, calcined Tartar, ofeach
8 Ounces; calcined Loadftone, Quick Lime of River Pebbles, of each
balf an Ounce; Tallow and Duck’s Greafe, of each 6 Ounces. Being all
covered with Brandy, bury them in Horfe-Dang for three Months, (in the
Margin it was written in the T Dung of a Mare with Foal) It muf be
fhaken every fourth Day; then beated over a Fire that the Liquid Part of
it may evaporate, and the Feces or hard Part remain bebind : Then break
the Veffel to get at it, and pulverize it. If the Powder of this be feat-
tered over Water it burns vebemently. This T have inferted to evince bow
great an Enemy I am to Juglers and Mountebanks; upon which Account
alfo I fball add a Fable framed by Ct. Cnidius: This worthy Gentleman
pretended that be knew how to extraét an Oil, from a certain River Worm
of India, with which the Kings of Perfia ufed to burn the Enemy's Towns,
by only dawbing or [prinkling them over it.

Alian. Lib. V. Hift. Arim. Cap. V. & Ammianus Lib. XXIIL relate ;
That the Kings of Perfiz ufed a certain O/ with which they fet Fire to
Towns, and burned down their Gates, and that it was impoffible to
fupprefs the Flame of it even with Water, it being naturally able to
withftand the Effe&s of that Liguid Element. This O/ was made of
Petrol or Naptha. But if what Cz. Cnidius fays of this Perfian Oil ap-
pears fabulous to Scaliger, what would he have faid of a certain Water
mentioned by Leonard Fronsberger, which has fuch an extraordinary

+ Seal. Ex, XIIL 1 The Original has it Cooperta omnia [epaliantur in equi ventre
Bor menfes ires, in margine [eriptum fuis, in equa fute ventre, N

Ccce Pro=
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Property, that if a Piece of Cannon be charged with it, it will project a
Bullet to the Diftance of 3000 Paces? He orders it to be compounded of
6 Parts of a Saltpetrous Lixivium, 2 Parts of Ol of Sulphur, 3 Parts of
Water of Sal Armoniac, and 2 Parts of Oleum or Balfamum Benediifum,
For my part, I can fay nothing of this till I have made the Experiment.
But upon the Whole, I do not apprehend that Scaliger had any great
reafon either to fay or believe, that what he fpeaks of above is a Forge-
1y and a Jugling Trick; for I am perfectly of Opinion, that it is not
impoffible to be true; and you may venture to think it a Fa&, fince I
myfelf have found by Experience, that it is an eafy matter to make Com-
pofitions, which will immediately catch Fire by fprinkling them over
with Water, and break foon afterwards into a Flame, without the leaft
Application of any Fire whatfoever to them. Now this Accenfion is
purely owing to Quick Lime, to which you add certain Portions of hot
and fiery Subftances: I fhall give you two of thefe Compofitions of my
own Invention, and which I have tried myfelf.
L

Take of Saltpeter 10 1b; of Sulphur Vivum 6 1L ; and of Quick Lime

20 Ib.
I

Take 6 1b of Saltpeter; 4 1b of Sulpbur; 1b & of Frankincenfe; 1 fs
of Linfeed Oil; % iiij of Oil of Petrol; 8 1b of Gun-powder; 12 1b of
Quick Lime ; and one 1b of the Fuice of Onions,

The two following are fiom Fronsberger,

Take equal Portions of Copperas-Water, Sulpbur, and Oil of the Yolks
of Eggs, and putting them into a glazed Earthen Pan, fry them over a
good Coal Fire, till they have acquired the Confiftence of a Conferve ;
then add to them a fourth Part of #ax, and incorporate them well to-
gether : Preferve this Compofition in an oiled Bladder, and ftop it up
clofely with Wax fo as no Air may have accef$ to it. Our Author af-
fures us, that this Mixture being expofed to the Wind in any open
Place, it will take Fire, and that being wetted by Rain, it flames out,
and that the Fire of it fpoils, deftroys and devours every thing within
its Reach,

IL

"Take Quick Lime of Venice,Gum Arabic, Sulpbur, and Linfeed Oi],equal
Parts of each; incorporate them well together ; and when you have a
Mind to make Tryal of the Effe@s of this Mixture, fprinkle it over
with a litle Water, and it will be lighted, and dart out Flames on all
Sid€S¢

To thefe two I fhail add a Third and Fourth, taken from erome
Ruffel an Italian: The firft of which is the Compofition of a Stone,
which being put into Water, or only moiftened with Spittle immediate-
ly takes Fire. Take then Quick Lime, Tutia unprepared, Saltpeter fe-

veral
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veral times clarified (according to the laft Method I gave you) and
Loadfione, of each 1 Part; Sulpbur Vivum and Camphire, of each 2
Parts : Puc them into a narrow Earthen Pot, and this Pot into a large
Crucible, and cover it with another of equal fize; tye them faft toge-
ther with Iron Wire, and lute the Junctures well up, that it may be
impoffible for any Air to infinuate itfelf; in fhort the Lute being
thoroughly dry, you fhall fet thefe Crucibles into a Lime or a Brick
Kiln, and as foon as the Lime or Brick is fufficiently burned, take
your Crucibles out and break them, and you will have an hard Body
like a Stone.

The other of this Author’s Invention is thus; Take of Oléumt Be-
neditum 1 16, of Linfeed Oil 3 1b, of Oil of Eggs 1 1b, of Quick
Lime 8 1b: Mix and incorporate all thefe together according to Art,
He affures that if any Thing whatfoever is fmeared over with this it
muft infallibly be burned, nor can the Fire of it be fuffocated by any
means, particularly if never fo litle Rain falls upon it.  There are
thofe who attribute the Invention of this to Alexander the Great.

Thofe who would be farther informed of this Matter, miay confult
thefe Authors, who will give them all the Satisfaction they can with. I
fhall only fay that thefe Compofitions, when well prepared and proved,
may be applied to feveral Ufes in Pjrotechnics; for befides the feveral
purpofes for which they were invented, they may ferve to burn any
thing in Water. Thus if you would burn a Wooden Bridge, you may
at Low Water, fend little Boats or Wooden Chefts down the Stream
towards it, well bound with Iron, and filled with Hand Grenado's,
the Interftices between which may be filled up with one of thefe Com-
pofitions; taking care that thefe little Veflels or Chefts be well thut up,
and payed with a good Coat of Pitch, leaving only a very little Hole,
through which the Water may infenfibly drop amongft the faid Mix-
ture; and taking care to order the whole of it fo that it be exattly of
the fame Specific Gravity with Water, for Reafons formetly given,
that it may with the more eafe be carried by the Stream to the Bridge you
have a Defign upon; which your Chefts may catch hold on by Hooks
or Graples artfully contrived for that Purpofe, till the Grenado's take
Fire by means of the Compofition by which they are encompafled round,
and by their ufual Effe@s ruin and demolith the Bridge they ftick at.

If your Curiofity inclines you to fee thefe little Veflels fwimming un-
der the Surface of Water, you may find them in Merfennus in his Co-
roll. I Prop. 49 of his Hydraulics, and in Book IL of his Art of Na-
vigation; as alfo in Harmon Prop. 6. Advert. V. From whence the
Ingenious Pyroboliff may furnifth himfelf with a great many fine Hints;
and put them in practice in his Artificial Fireworks. For my part, I
fhall content myfelf with having pointed out to you the Places where
you may find them, o '

CHAP
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CHAP IX
Of LIGHT BALLS.

IN the Firft Part of this Book, in Chap. I11. and Coroll. 1. we thewed
you how to prepare Recreative Light Balls: 1 am now going to give
you the Military Sorts of them, which are more dangerous and better
adapted to do Executionin the the Occurrences of War. They are thus.

SORT 1L

Take equal Quantities of Swlphur, Pitch, Rofin and Turpentine, and
meltthem in a glazed Earthen, or Brafs Pot: Then take a Ba// either
of Stone or Iron, whofe Diameter is fomewhat lefs than the Calibre of
the Mortar or the Cannon it is to be fhot from, and dip it all over in
this Melted Stuff; which done, take it out and rowl it gently in Corz
Powder. Then wrap it up in a Cotton Cloth, and immerge it again
into your Compofition, and taking it out again rowl it a fecond time in Corn
Powder, and wrap it up again ina Cotton Cloth; in fhort, repeat this O-
peration till your Ba// is of due Size: But you muft take care that the
Laft Cruft or Coat of your Ballbe of Corn Powder. Being thus ordered
fix it in your Mortar or Cannon naked as itis, without any farther Cove-

Fig. 155 ring, and projet it where you pleafe. See Fig. 155, diftinguithed by

Letters A and B,

SORT IL

Take of clarified Salspeter 1 Part, of Sulphur 1 Part, of Orpiment

1 Part, and of Pitch 1 Part, of Colophone 3 Part, of Varnifb in Grains or
Gum fumiper 1 Part, and of Frankincenfe 1Part. Reduce thefe In-
gredients to a fine Meal, and incorporate them well together. Then
take of Turpentine 1 Part, of Mutton Suet 1 Part, and of 0il of Pe-
trol § Part: Melt thefe in an Earthen or Copper Pan over a flow Fire,
and as foon as they are melted, throw the above pulverized Compofition
into them, and mix them all together. In fhort, throw in a good quan-~
tity of Flax, Hemp, or Cotton amongft them, to give the whole fuch
a Stiffnefs, as to bear making up in Balls; after which make it up in
Balls accordingly, of what Sizes you pleafe. Thefe may be thrown
amongft the Enemy when they are in the Ditch, or at the Foot of
a Rampart, or preparing for an Affault; they will alfo ferve to annoy
thofe who are at work upon the Galleries, or who approach you by
$ap to lodge themfelves in the Mizes: By their Brightefs they will
6 alfo
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alfo fhew you whatever is doing without your Walls; in fhort, thefe
No&urnal Lights will difcover to you all the Enemy’s Contrivances
and Stratagems, to compafs the Ruin of your Fellow-citizens and
yourfelf. They moreover will not only ferve to light you in the Night,
but burn moft outrageoufly and deftroy every Thing that is within the
Sphere of their Attion.

If the Exigence of Affairs requires you to form very large Balls of
the above Stuff, fo as to fit the Orifices of Mortars or Great Guns; you
may order them with the fame Eafe as we did thofe of the Firft Sort.
Thefe will be particularly ufeful, to throw into the Enemy’s Lines,
when they begin their Approaches afar off, or to any of their diftant
Works which are out of the reach of your Arm; that you may by
them difcover what is hid from you under the Veil of Night; and at
the fame time by illuminating all the circumadjacent Country, prevent
the Befiegers Defigns, or give you timely Notice of them. But I muft
caution you to reinforce thefe great Bal/ls with ftrong Marline, or with
a Network of Iron or Latten Wyre, for fear they fhould be difperfed
in their Projection, or fly to pieces in the Air, inftead of remaining
whole and entire as they ought.

If thefe Compofitions are too dear for you, you may ufe the following,
which are cheaper, and to the full as effectual.

Take of Sulphur 10 16, of common Pitch 4 1b, of Colophone 1 15,
of Saltpeter 2 i, and of Suef or Tallow 2 1b. Melr all thefe, and add
to them 1 1b of Coa/, and mix the whole very well together over a
Fire ; then take it off, and throw 3 b of Meal/ Powder into it; but not
all at once, but at feveral Repetitions, continually ftirring and mixing
it with the other Ingredients: To this you fhall add Tow as before,
and make it up in Balls.

Or clfe take of Colophone 1 It, of Sulpbur 3 1, of Saltpeter 1 16, of
Coal 1 It, and a litde Crude Antimony. Proceed with this as before :
This was invented by Fronfperger, from whom Brechtelius borrowed it.

SORTS I and IV.

Thefe Light Balls may be fo contrived as to be of a Mortal Nature,
and by that means ferve in a double Capacity, of difperfing Darknefs,
and deftroying the Enemy. This was formerly put in Execution by
the Dutch (as we are told by Diegus Ufanus, in Treat. 111 of his Artil-
lery, Chap. XX.) at the Famous and Memorable Siege of Offend, from
whence they threw Light Balls (prepared as we thall thew you) which
did prodigious Mifchief to the Befiegers. 'There is nothing difficult in
the Preparation of them. You need only take an Hand Grenado
armed on the Outfide with Mufquet Balls, or larger if you will;; (fo thac
the whole be nicely adjufted to the Calibre of the Mortar or Gun,)
Having ftopped up the Vent of your Grenado with 2 Wooden Stopple,

Dddd you
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you fhall coatit over with Tow fteeped in onc of the aforefaid Compofitions
to the Thicknefs of two Fingers, and then pulling out the Szopple fill
itwith Corn Pewder ; and coat the Vent of it over as you did the reft of
its Circumference, and rowl it in Meal Powder; in fhort, you fhall
fecure the Coaring upon it with Marline or Wyre, as we faid before.

Thefe Balli may be likewife prepared after this Manner: Take a
certain quantity of Iron Crackers loaded with Corn Powder and Leaden
Bullets; and with a Wyre, Cord, or Cat-gut, bind them together in
fuch form that their Orifices being alternately difpofed, they may ap-
pear like a Rediant Sphere or an Hedge-Hog: the Interftices between
thefe Crackers fhall be filled up with Meal Powder fteeped and kneaded
in Brandy, in which has been previoufly diffolved fome common Glue,
or any fort of Gum, In doing this you muft take care to make it into
a perfect Sphere. Then giving it a Coat of Cotton Cloth, dry it in the
Sun, or in a Fire-Pan; and proceed with it according to the Method
we have already l2id down. See more concerning thefe Balls; in Di-
egus Ufanus Treat. 111 of his Artill. Chap. XX and XXI, and in Han-
zelet's Artill. Page 187 and 211, In Brechtelius Part 1L of his Aril.
Chap. I and IV; and Fronsberger's Artil. Part. 11. Page 194 and 196.
The laft of thefe Authors, in the Place I have now quoted, will in-
firu& you in the Preparation of a Ba// which not only burns ina fright
ful manper, hut alfo ferves inftead of Crow-Feet. 'This is the order he
obferves. 'Take a #ooden Ball and arm it all round with tharp Iron
Spikes, taking care that the Points of them which are driven into
the Wood tend all ta the Center of the faid Ba//, and that their out-
ward Points be about one or two Inches from one another, juft
after the manner of a fleeping Hedge-Hog. Being thus ordered, the Inter-
ftices between the Spikes, fhall be filled up with Tow fteeped in one
of our Liquid Compofitions, but not fo as to cover the Points of
them, which muft rife out to the Height of half a Finger’s Breadth
above the Tow. For any thing elfe rclating to this you may confule
the Author himfelf. Befides the Pyrobo/ic WritersI juft now mentioned,
you may upon this Subje@ turn over ferome Catanenus's Examination
of Artil. Page 37. Yerome Ruffels Precepts of the modern Arts of
War, Page 11, 32 and 33. And Eygenmius Gentilinus's InftruGtions in
Artillery, Chap. LX. and feveral others.

CHAP
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CHAP X

Of Smoke Balls, which the Germans call Dampf and Blend
Kugelen,

WE have oftentimes recourfe to Darknefs in the Occurrences of
War, as well as in the Perpetration of feveral other Matters; 1
do not here mean the Gloominefs and Natural Darknefs of Nights but
fuch as is Artificial, and which, according to fome Rudes of our Art, is
caufed to remain for fome time in narrow Places; whether it be that
the Befieged would blind the Enemy in the midft of an Attack; ot
whether the Befiegers, to favour or facilitate their Affaults, would over=
whelm the Befieged with a thick offenfive Smoke, and by that meahs
take them like Fifh in troubled Waters. To this Purpofe we have 2
Way of preparing Balls which during their Combuftion caft forth 2
Noifome Smoke, and that in fuch Abundance, that it is impofible to
bear it.  You are to proceed thus: Take of common Stone Pitch 4 1b;
of Tar 2 1b, of Colophone 6 b, of Sulpbur 8 1b, and of Saltpeter 36 1b:
Mele all thefe Ingredients together over a Fire; and then add to them
10 1b of Coal; 6 .5 of the Sawduft of Pine or Fir, and 2 1b of Crude
Antimony; incorporate all thefe together; which done, throw amongft
them a fufficient Quantity of Flax or Hemp : Your Tow being fteeped a
due time, and having imbibed enough of this Liguified Compofition,
make it up in Balls either to be thrown by Hand, or fhot from ahy Ma-
chine. As to any thing elfe relating to this Matter, you are to obferve
the Rules we have already laid down in the Preparation of Light-Balls.
This is the right Method of introducing Night ar Mid-day, of inter-
cepting the Sun-Beams, and depriving the Adverfary of the Benefit of
Eye-Sight: And the Practice of this is the more lawful, inafmuch as it
is an Imitation of Narure, and may with Honour be executed in a righ-
teous #ar, But I banith all unlawful Practices from the Chriftian Arts
of War; and eftcem thofe A4r¢s as infamous, which are founded upon
¢ Charms, Sorcery, and the Invocation of unclean Spirits, together
with feveral other abominable Superftitions which muft be hateful to
God, odious to Men, and undeferving the T7tle of Art. It is with Hor-
rour that I refle& upon the Falcinations of the Mofovites, Tartars, and
even of our Cofflacks. But not to dwell on the damnable Abomingsions,
and horrid Impieties, perpetrated by thefe Wictches with the Affiftance
of Infernal Powers ; I fhall only curforily fay that they are moft deeply

T Here we muik allow for the Prejudice and Superftition of ous Author’s Religion,

verfed
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verfed in Sorcery, and all the Arts of Hell, and can raife Fogs, Storms,
and darken the Light of the Day by means of thick Mifts to fuch a
degree, as to prevent you from feeing fuch Things as are neareft to you:
In thort, one would think that they had been perpetual Students under
Zoroafter the Baélrian; or that they had been bred up in the very Re-
cefles of Pluto himfelf : But as thefe Monfters are forfaken of God, and
alienated from his Grace, when they refort to this Diabolical Science for
a fuccefsful Iffue to their #ars, they ceafe to be under his Divine Pro-
teion, and meet with Events futable to their Wickednefs. I could
produce many Examples recorded in our Hiftories to corroborate the
Truth of what I have here faid ; but fhall content myfelf with giving
a fucciné Narration of a prodigious and miraculous Vitory which God
was pleafed to give us, over { 800,000 Crim and Precopian Tartars,
near a fmall Town in Podolia called Ochmatow, in the Year 1644.
"Thefe Barbarians then by their Diabolical Incantations, fuddenly raifed
fo thick and frightful 2 Fog, that we really thought Nafure had inverted
the common Order of Things, and had turned the Day into Night. By
this means our 4rmy (which was {fmall in Number but great in Heart,
under the Condu@ of that Thunder-bolt of War, Staniflaus Konieco
polski, formerly the King of Poland’s General,) was wrapped in Mift,
and wandered up and down the Country, and marched feveral Miles,
before we could overtake, or fall in with thofe Mifcreants, to give them
the Chaftifement due to their Demerits, and to take Vengeance on them
for the Evils they had created us. But we found that the Confidence
we had repofed in Heaven did not prove ineffeGtual ; for no fooner did
we get Sight of the Villains, than the Sun entirely difperfed the Fog,
(under the Covert of which they had committed the moft horrid Bar-
barities;) fo that enjoying compleat Day-light again, we foon expe-
rienced that Heaven had not abandoned us in our Extremities: In fhort,
to fay that in few Words, which many have related with Prolixicy: I
was prefent, I was an Eye-witnefs of the Fa&, and our God difcom-
fited them.

CHAP XIL
Of POISONED BALLS,

OF the many laudable Military Laws and Regulations, which were
eftablithed amongft the ancient Germans ; and which they obliged
their Pyrotechnicians to bind themfelves by an Oath to obferve ; the fol-

1 In-the ook it is $0,000, Which is more likely, but the Table of Errata will have it 806,000,
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lowing were none of the laft nor moft inconfiderable (fee Brechtelius
Part 11 and Chap. 1) namely ; That they fhould never prepare any
Fire-Works that fhould be any ways hurtful to any Perfons or Things:
That they fhould not fire any Cannon in the Night-time: That they
fhould not clandeftinely hide Fires in fecret Places : But above all, That
they fhould not prepare any Poifened Balls, nor ufe any fort of Venom
in their Compofitions, or upon any other Account whatfoever that might
affect the Life of Man ; for the firft Profeffors of our 4r# looked upon
all fuch Ations to be as heinous in themfelves, as they were unworthy
of a brave Man and a true Soldier; and fcorned to deftroy their Ene-
mies, by fuch ungencrous and unmanly Stratagems, fince they mighe
annoy them a thoufand Ways in honourable open Combat : Therefore
fince all Laws, Divine and Human, do in the ftri®eft manner forbid us
in our Civil Capacity to have recourfe to fuch inhuman Artifices ; and
fince they have ordained corporal Punifhments to be infli¢ted on thofe,
who to gratify their Lufts, make any hurtful Ufe of Poifon, Charms,
Incantations, &¢c. how much more ought thefe Laws to be obferved,
and how much more are fuch Practices to be fhunned in our Military
Capacity ! Which is not a State of unbridled Licence, or infamous un-
ruly Diflolutenefs; but on the contrary, a State of the fricteft Honour,
the moft unfthaken Fortitude, the moft conftant Magnanimity, the moft
fincere Probity ; in thort, the State of #ar ought to be as it were a
Theatre of all Sorts of Virtue. As for private Arms, which are no
other than the mere Producions of 4r#, I do not in the leaft difapprove
of them, nor will I rank them among fuch Things as are unlawful; for
we have the Authority of very great Captains who have put them in
pradtice, and greatly commended them, upon which Account I fhall
venture to thew you fomething farther of them in this little Work : But
I will by no means admit Poifoned Balls into the Clafs of Warlike In-
wentions, nor allow the Ufe of them to a So/dier, who as he is 2 Man of
Generofity, and much more as he is a Chriftian, ought to abhor the
very Thoughts of murthering his Neighbour with an invenomed Wea-
pon. Sure, the fertile Malice, and the continual Experience and Exer-
cife of Mankind in fucceflive Bloody Wars, ever fince the Halcyor Days
of the Golden Age, have furnithed us with Arms fufficient either to
offend our Adverfaries, or defend ourfelves againft them ! Let us not
therefore in fhedding the Blood of our Brethren indanger our own
Souls.

But after all it muft be allowed by what we can gather from the Hi-
ftorical Records of the Wars in the earlieft Ages of the World, that
thefe Posfoned Balls need not appear fo heinous to us; and we find that
the moft {crupulous Confciences did not boggle at the Ufe of invenomed
Weapons in former Days; nor need the firiGeft Chriftian refufe or re-
ject them now, provided that he does not ufe them in a2 War againft
thofe of his own Faith, but referves them for Tartars, Turks, and

Ecee other
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other Infidels, who are fworn Enemies both to the Chriftian Name and
Religion ; for thofe we may fafely exclude from the Number of our
Neighbours. Now thefe Balls, are fuch as in their burfting or burning,
taint the Air to a degree of Mortality ; for we are taught by Expe-
rience, and affured by the Learned, that the Poifonous Suffumigations or
Ejffiwvia of fuch Things as you muft ufe for thefe Balls, deftroy the
Health of Man, ftrike at the very Principles of Life, and confequently
extinguifh the Animal Spirits which keep the Soul confined to the Body.
But by the way, you muft believe, that fuch Peftilential Vapours can-
not be very effetual, except in fome clofe covered Place; for I doubt
of the Service of this Contrivance in any open Place, fuch as 2 Town
or Fort which lies expofed to the Wind and Flux of the Air : Upon the
whole, I can fay nothing certain upon this Head; and can only guefs at
what might be the Effeéts of it, from what little Knowledge I have in
Natural Philofophy; but a few Experiments will inform you of every
thing you can defire to know concerning it.

One Evil generally draws a Thoufand after it: Thus Mankind did
not think the bare Invention of Bows and Arrows {ufficient; (which the
Ancients held to be of divine Contrivance, and accordingly Diodorus
Sie. afcribes them to Apollo, and Pliny to Scytbes the Son of Fupiter;) 1
{fzy they did not think their Arrows fimply of themfelves, to be fuffi-
cieaily dangerous and hurtful, but they muft likewife be fteeped in Poi-
fon a; well as their other Arms, to render the Wounds of them the
mcre certainly mortal.  We have the Teftimony of feveral Authors to
prove the Antiquity and Ufe of this Contrivance; and amongft the Reft
in Pliny Lib. X11. Cap. LIII, where he treats of the Scythians ; in Pau-
ins Agin. Lib. V1. Cap. LXXXVIII, where he fpeaks of the Dacians
and Dalmatians ; Theophraftus, Lib. Plant. IX. Cap. XV, where he dif-
courfes of the Athispian and Barbarian Wars in general ; Digfeorides
Lib. VI. Cap. XX. In (hort, Pirgil in his Zneid Lib. IX. {peaks thus:

Ungere tela manu, Jerrumque armare veneno.
In Englifh :

In Darts invenom’d, and in Poifon skill’d. Dryden,
Andin Lib. X.

Vulnera dirigere & calamos armare veneno.
In Englifb -

Dire&ting Ointed Arrows from afar ;
And Death with Poifon arm’d. Dryden.

And
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And in L4, XIL

Non fecus ac nervo per nubem impulfa fagitta,
Armatam jevi Parthus quam felle venen:,
Partbus five Cyden telum immedicabile torfit.

In Enghifh :

— — by far more flow

Springs the fwift Arrow from the Partbian Bow,

Or Cydon Eugh when traverfing the Skies,

And drench’d in pois'nous Juice the fure Deftruction flies. Dryden.

Owid de Trif: Lib. 1L
And Srlus alfo Lib. 1.
Homer {peaks thus in his Odijffy. L.

Gotpuaror dvdespiver Slaufu@e spes o1 €m
Tes yereday

In Latin:

Pharmacum, mortiferum quarens, ut ei effet unde fagittas oblineret.
In Enghifh :

Seeking a deadly Drug wherewith t’ infe&t his Darts.

"Thus by the Hint we have taken from the Pradice of former Ages,
Men dye a Triple Death ; for the Bal/ pierces the Bedy, the Poifen co-
agulates our Blood, and the Fire burns us up.

Certain it is, that the firft Inventor of our Gas-powder is highly
blameable, for having introduced an Invention of fhooting Bullets by
the means of Fire; but thofe are ftill worfe who added Poifox to thofe
Balls, as if fimply of themfelves they were not fufficiently mortal.
From hence are derived our Posfoned Balls in Ufe amongft Pyrabolifis,
and hence the Venomous Bullets in Vogue amongft the Modern Soldiery.
But before we enter in earneft upon this Subje®, I muft beg your At-
tention to what Yofeph Quercetan {aith, who was a very famous Phyfi-
cian, {viz.)

+ That we may not anfwer this Quefion abfurdly, I fhall iungenucufly
vonfefs, that Lead fimply confidered as tv its own Nature, bas no iufectious
Effect upon Wounds, nor mever bas, except it be vutwerdly infelled by any
poifonous Tinblure, and that it con be infedled no-body will dewy: For 1

¥ Jol. Quercet. in Libello Sclopstario.
believe
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believe every one will allow, (what is generally received amongft Philofo-
phers;) that though Lead is very heavy and grofs with refpett to other
Metals, yet its Contexture is very porous and [pungy, which is owing
to its being compounded of impure and combufiible Sulphur; and of much
Jeculent and droffy Mercury, upon which account it is fo foft and eafly
melted, and copioufly imbibes any Liquid : If this laff Quality be atiri-
buted to Iron, whichis barder and not [o porous; fure no one can doubt
that Lead will much more readily admit any Infeltion; and that this
is true we have the Teflimony of many great Authors to evince.

And a litdle lower. Nor do thofe argue to the purpofe; who deny that
Lead, becaufe divefted of its Crudity and Grofnefs by being purified, cannot
admit any firange Body into it: Indeed Nature informs us, and Experi-
ence fhews, that all Metals purified by Fire, are difincumbered of their
Drofi; and are much refined after an Igneous Operation 5 for by this
Method are Copper, Tin, and even Iron refined; which by being melted
by Fire is difunited jfrom all its Drofly Particles, and the pure Subflance
of it, which we call Steel, remains collecied together, as may be proved

from 4 Meteor. Cap. 6. of Ariftotle. Now though it be the Nature of
thefe Metals, to be refined by Fire; (as we bave faid above) and by
Fufion to difcharge all their Drofsy yet that does not prevent them from
imbibing any foreign Subfiance. And who can difpute but that Steel,
which we may rank amongft the moft folid Metals, may be mixed and tem-
pered with a Subflance quite foreign to itfelf2 Who will affirm that a
Mixture of Vinegar, Soof, Water of Moufe-ear, and of Eartb-worms,
mixed with the fuice of Radifbes, is in any refpeit of an Ironifl Sub-
flance? Yet if Irom be frequently dipped and quenched in that Liquor,
it will acquire fuch a Hardnefs as is not to be believed but by thofe who
bave made the Experiment. On the other Hand, if it be often quenched
in the Fuice of Marfh-Mallows, Soap, or Hemlock, it will be mollified. It
-alfo bappens to Tin and Lead, that being melted and often cooled in the
Fuice of the Squilla or Sea Onion they are affeiiedin fuch a manner, that the
JSirft lofes its noify or ringing Quality, and the latter its Blacknefs and Soft-
nefs, awhich could not be except they retained fomething of the Spirit and
Property of the Liquor in which they are tempered, It is therefore plain,
that bow greatly foever Metals may be purified, and purged of their Drof,

they are capable of imbibing a Subfiance of a different Nature from their
own. But it would be folly to fay that the Mixture of Metalic Spirits which
are of the fame Genus or Kind, cannot be more eafily effeted than this:

For we fee that Copper is tinged and turned Yellow by the Spirit of Ca-

lamine and of Tutia: and on the other kand it is whitened by the Spirit
of Arfenic, of Orpiment, &c. From whence we may fafely conclude, That

if Metals (of which Bullets are commonly made, and particularly Lead,)

Should be infected by amy Spirituous Subflance inclining to their own Na-

ture (which may be prepared of fo many forts of Mercurial, Fetid and

Deadly Waters, to which are ufually added the Juice of Aconitum or
Wolf-
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Wolf-bane, of Napellus, of the Squilla or Sea-Onion, of Eugh, of Smal-
lage or Crow-foot, and fuch like Simples, and venomous Beafts, which are
of moxious Effeét upon our Nature) I fay, being tainted by fuch like
Compofitions, #be Wounds they make will be fo complicated by means of
the Venom, that except immediate Remedies be applied they muft be Mortal,
For we bave at this Day among f# us many Mixtures which are o Veno-
mous and Peftiferous, that if the Point of an Arrow be but flecped a
little in them, and it wounds any Body flightly, or only paffes through any
particular Member with a fudden Celerity, and makes no flay in the
wounded Part, the Poifon is fo fubtile that it at once diffufesitfelf over
the whole Mafs of Blood, infeéts the moff Noble Parts, and-inflantly kills
the Perfon.

Speaking farther on this Subje®.  From hence we will conclude
that Balls may be infected with Venom, not by pouring any into an Hole
made to receive it, as fome would bave it; but by immerging the Bullets
and repeatedly quenching them in fome of thefe Mercurial Waters or Dead-
ly Juices; by which means they may be corrupted and infecled, and (fuck
is the Subtility of thefe Drugs!) invenom the Wounds they make, though
they fbould with the greateff Velocity pierce through the Body. This bas
kas been experienced upon Animalsy, which I fball account for in my Book
of Antidotes I juff now mentioned.  But by the way I muft obferve, that
if a Ball paffes very fwiftly through a Body, it cannot fo well or effectu-
ally communicate its Venoms but it moff frequently bappens that Bullets
lodge in the Wounds, and remain there fome time before the Surgeon can
take them out, which oftentimes is not to be done at all.

Who then can doubt, but that the Ball will work its Deadly Effelts du-
ring the time it thus remains in the Body? (The more Spirituous and
Subtile they are, as I fhewed above, the more fudden are their Effets:)
And its Malignant Efluvia being conveyed through the Veins, Arteries,
and Nerves, they infelt the Natural, Vital, and Animal Spirits, and by
being blended with them, and by the natural Contcft which arifes between
them, in which the former always get the better, the Life of the Perfon
is extinguifbed, which purely confified in the lively proper Aétion of the
Spirits.  That Poifons are the moff pernicious when they are the mofi
fubtile may be gathered from the Bites of Vipers and other wvenomous
Creatures.

This is all that our Author fays of the Method of poifoning Mezal-
lic Bullets, and their manner of affeCting the Human Body.

Thofe then who would prepare Poifoned Balls may obferve the Rules
laid down by former Pyrobolifs, or thefe of our Invention, Take of
Wolf-bane, or Wolf-wort, which the Italians call Luparia, and the Ger-
mans Wulffourts; of Napellus, whofe Root is in form of a Net; (This is
a moft dangerous Poifon;) prefs out the Juice of it, but take care not
to touch it with your Naked Hand: The Juice of it being exprefled,

put it into a capacious Earthen Pan, and expofe it to the Sua in the
Ffff Month
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Month of Fuly, for the fpace of 2 whole Day; shatis, asloagas the
Sun has any powerful Influence wpon it; chis done, put it W fome
warm clofe Place, which muft have no-Onions or Garlic aear it, or aay
other &rong-{cented Thing,for it may be theweby deprived of much of its
Strength and Virtye: On the Motrow expofe it again to the Sun as you
did before, and fo condinue o do for the fpacecof a whole Month:
And yoy will haye a thick, fomd, venomaus Spbftance like an Oint-
ment, But you muf} be careful to Air the Place where you lock up
your Pan in the Night, for fear the malignant Efuvia of this Poifon
thould be conveyed through the Nofkrils into the Head, and he aztended
with Confequences prejudicial to your Health.

Take moreover 3 or 4 of the rankeft fort of Toads, of fuch particu-
larly as are bred in the moft thady and cold Places; for there they ac-
quire the moft virulent Venom. Thefe thali be pur into a Brafs Veflel
like an Alembic, where they may have Room to {prawl abour ; which
Veffel {hall have a Head that nicely fits ir, with a Handle at Top of it
1o lift it on or off ; upon one Side of your Veflel you fhall have a little
round Trough, with a Slit over it, which fhall be filled with Oi/ of
Scorpions. Cover the whole up clofely, and let the Pipe or Spout of
your Alembic be received in 3 Glafs Phial, which muft be fet in a Bafon
of cold Water. This done, light a gentle Fire all roynd it, at the di~
ftance of one or two Palms, that it may heat by {low degrees; and the
Toads, as foon as they are affeted by the Warmth, will immediately
fpew up all thejr Venom. Thus by Vomiting and Sweating they muft
of courfe become thirfty, and will accordingly drink of the Qil con-
tained in the little Trough to quench their Thirft, and will foon after
bring it up again, and it will in the end be diftilled into the Glafs Phial
aforefaid. The Fire fhall be kept up in an uniform Heat for four
Hours; then leave your Operation unfinifhed till next Day, and wait
for a Breeze of Wind before you take off the Head of your Alembic;
and keeping to the Windward of it, at the diftance of a few Paces lift
off the Head with a long Pole, by running it into the Handle above-
mentioned ; and leave your Veflel open for 4 or 5 Hours: In thort, the
noxiovs Efffyvie being by that time difperfed you may fafely approach
it, to take away your Phial. So much for the Preparation of this Poifon,
now for the Ufe of it, Sprinkle over the Compofition of your Fire-Balls
with this Deadly Extraction, together with the Juices of the Herbs I
am going to. mention, and charge your Ball according to the ufual Way.

You may then add to this: The Fuices of duemony, of Torch-weed,
of Hemlock, of Heunbane, of Mandrake Apples, of Mandrake, of Napellus
White and Blug, Monks-bood, Pafi-flower, Butter-flower, Pojfonous Night-
fhade, Sea-Onjon, and feveral other Simples of this Nature.

The following Things pulverized may do very well, (vz.) Mercury
Sublimate, White Arfenic, Orpiment, Cynnabar, Minium, Litharge, to
which may be added the Menffrug of Barren Women, the Brains of Rats,

Cats,
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Cats, Bears; the Foam of Mad-Dogs, the Blood of Bats, Oil in which
has been previoufly drowned a gaod quantity of Howfe-Spiders, of Quick-
Sfilver, Diagrede, Cologquintida, Euphorbium, one and the other Helle-
bore, of Thymelea, Garden-Spurge, Nux Vomica, and fveral other fuch
Things as are of noxious Efficacy:

You may allo prepare a Guw~powder, which will infett the Arir, and
fuddenly kill thofe who draw in the Smoke of it; afeer this masner:
Take a Toad and fmother it in Saltpeter, and bury it under an Horfe
Dung-hill for a Fortnight; then take it out; and proportion it with Su/-
phur and Coal as we formerly ordered. '

Or you may melt Saltpeter over a Fire, and throw a good parcel of
Houfe-Spiders into it alive, fo that being fuffocated they may difcharge
all cheir Venom into it; you may alfo powder your Saltpeter over with
a lictle Arfenic 5 after having incorporated a good quantity of that Drug
with it: Then make your Gur-powder with it after the ufual manner.

OBSERVATION L

I believe it will be beft, if to the Compofitions we have given
for Smoke Balls, you add the Juices of the Herbs abovementioned,
with their Leaves and Roots about balf withered; together with the
feveral other Poifonous Things we juft now enumerated ; and make
them into Balls as before: You might alfo add the outward Bark of
Birch; for all fuch Ingredients produce a thick fuffocating Smoke, and
particularly the damp Leaves and Roots of the above Herbs; add to
which, that the Smoke they emit being moift and heavy, it flags near
the Surface of the Ground, and does not fpring up to any great Height
into the Air; but fmothers and creeps along beneath, and fpreads
through every where, where it can have Admitcance: And upon this
Account, the beft Opportunity you can have for putting thefe Ba/s in
Execution, is when the Hedvens are clouded over, and mifly; during
a thick Fog, or in great Rains, or when it fnows, and in gloomy heavy
Nights; for the Air is at thofe times impregnated with grofs Vapours,
which are § impenetrable by the Smoke, and copioufly interfperfed wich
Subftances heavier than itfelf, which fupprefs the Fumes of your Bal;
which would tend upwards in {erene elear Weather.

OBSERVATION IL

You may arm thefe Balls with Crackers, to guard them from the At-
tempts of the Enemy.

t It is not owing to the Impenetrability of Vapours, bur the Lightmefs of the Air in foul
Weather that Smoke does not rife ; for at that Time the Smoke, as foon 23 it is‘ms’d or ex-
ﬂlodcd from the fmoaking Body into the Air, falls down again by reafon that it is fpecifically

cavier than Air; whereas in fair Weather when the Air is heavieft, and con qu:n% denfer
;i\cn.r the Ground, the Smoke belog than lighter than Air, sifes npright by thdikaws of Hydrs-

arics.

O B-
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OBSERVATION I

You muft be careful, that what you prepare for the Ruin of your
Enemies, does not turn to your own Deftruion ; and that inftead of
conveying Death into the Adverfary’s Quarters, you be not fuddenly in-
tercepted by it yourfelf, and overwhelmed before you know where you
are. To prevent thefe Self-dangerous Inconveniencies, you fhall cm{k
your Ball over with common Gun-powder uninfe@ed, and then coat it
over with Tow: Or elfe putting thefe poifonous Compofitions into Bags,
as is done in the Cafe of Fire-Balls, you fhall fill the Fuzes of them with
a common Slw Compofition.

The reft I fhall leave to the Difcretion and Diligence of the expert
Pyrobolift; and to fay the Truth, none of us ftand in need of Inftruttion
in Mifchief; for we naturally have a ftrong Propenfion to it, and are
commonly induftrious in the Perpetration of it. I fhall now clofe up
this Chaprer with conjuring you, never to apply thefe Balls after fuch a
manner as to nced Repentance after it, or in any refpect to wound your
own Confcience ; always keeping in Mind, that the Love of our Neigh-
bour is infeparable from the Love of God ; and that we have a righteous
Judge who wants no Witnefs to our A&ions, and who will moft cer~
tainly deal with us according to the Evil of our Ways.

CHAP XIL
Of STINK-BALLS.

FTHESE Stink-Balls feem to be pretty nearly related to the Balls we
have juft now treated of ; but the Ufe of them is much more law-

ful, and much lefs pernicious ; for thefe only moleft the Enemy by their
Fatid Vapours, wrap them up in artificial Mift; offend both the Nofe
and Head, by their extraordinary Naufeoufnefs ; and pain the Eyes by
the Sharpnefs of their Smoke, without any immediate Infection. They
are in the main prepared juft like other Artificial Balls, and therefore I
thall give you the Conftruction of them in few Words. Take 10 1b of
common Ship Pitch; 6 1b of Tar; 20 1b of Saltpeter; 8 1b of Sulpbur ;
4 1 of Colophone. Melt all thefe over a flow Fire in an Earthen Pot :
And being melted, throw into them 2 1 of Coal, 6 1b of the Rafpings
or Parings of Horfe's or Mule's Hoof; 3 1b of Affa Fetida ; one :o of
Sagapenum, which the Latins call Sacopenium Putidum; and 15 5 of
Spatula Fetida, or fiinking Gladwin: Incorporate all the above Ingre-
dients well together; and add to them as much Flax or Hemp as is fofhi-
4 cient
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cient to abforb them: Then whilft the Tow is warm, make it into Balls ;
in fine, you fhall dbferve the very fame Order with thefe, as we have
in general direGted for Light-Balls, Smoke-Balls, and Poifined Balls,

COROLLARY.

What Man is there who knows not that the Air we breathe may be
dangeroutly tainted ; and that contagious Diftempers are commonly ge-
nerated by the Corruption of that Element? Thus a befieged Place be-
ing no other than a Theatre of all the Evils Mankind can be afflicted
by; it is amongft other Inconveniences fubjet to peftilential Vapours,
arifing from the ftinking Effuvia of Carrion, the Putrefalion of rot-
ton Carkaffes, and other Filths which they cannot remove out of the
Town. I fhall not here undertake a Rehearfal of the many Examples
of Sieges, in which the Befieged have been more abundantly cut off by
Peftilence than by Steel or by Fire: But to come to the Point in hand,
I fay, that the corrupted Air of Befieged Places may not only proceed
from Natural Caufes, but may alfo be introduced by the Artifices of
the Befiegers. The putrid Stinks within are thofe of the unfavoury
rotten Breaths of the Famifbed and Over-fatigued, the corrupted Bodies
of the Slain; Dunghills, and many other Things from whence un-
wholefome Vapours are exhaled. Now the Befiegers may add to the
Natural Infection of the Town, or even originally caufe it by means
of feveral Sorts of Poifoned InfeGtious Balls; or by throwing with
the Ancient Machines (if you will admit them again into Service) the
Putrid Carkafles of Soldiers, or any fort of Carrion; together with
great Tubs full of the Emptyings of Privies, and the like, which may be
tofled into the Befieged Place. Hiftory will inform you of many fuch
like Practices amongft the Ancient Romans, and the other Warlike
Nations of their Time: But not to look {o far backwards, we have a
very modern Inftance of this in the Chronicles of the City of Liege,
where we met with this Remark (viz.) The Liegois. vigoroufly affaulted
the Caftle of Argenteal, throwing great Stones into it with Baliftz, zo-
gether with Earthen Veffels full of melted Metal, Red-hot Iron, and Ex-
crements in abundance.

From hence we may draw thefe Conclufions: Firff, that the Air of
2 Town may be terribly infeted; and corrupted to that degree as to
oblige the Befieged to a more {peedy Surrender, or at leaft urge them
to a Parly fooner than they defigned.

Secondly (which is well worth our Obfervation) That by the Help of
the Antique Machines, you may not only fling the Dead Carkafies of
Men and Horfes, together with large Veéflels full of Fiery, Flaming,
or Scalding Matter; but alfo ponderous round Stones, vaft Splinters of
Rocks, and other Bodies of immenfe Weight. Amongft the many
Teftimonies which might be brought to corroborate this Fa&, I fhall
give you only one, which I have taken from Paul. Emil. in his Hiftory

Ggegsg of
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of the Siege of 4 Prolemais in Palefline by Philip King of France and
Henry King of Englend (namely) they broke in the Roofs of the Houfes
with great Stones fhot from their T Tollenons, which were the Bane of
the Inbabitants.

Stlius alfo mentions them in Léb. 1.

Phocais effundit vaflos Balifta Molares,
Atque eadem ingentis mutato pondere tels
Ferratam excutiens ornum media agmina rupit.

In Englifh:

Then from contrated Strings,

Stones of waft Bulk the Phocean Engine flings,

Or changing Weight whole Trees with Iron bound,

EjeQs, that breaking through, the Ranks confound. Roff:

Judge now of their Weight by their ftrange and frightful Execution,
We moreover find in the Annals of Spain (according to Lipfius) a Sto-
ry of a Young Man called Pelagius, who wasa Perfon of greac- Mo-
defty, and being carneftly follicited by a Beaftly King to commit that
Crime with him which will not bear to be named, he accidentaily fitruck
him whilft the Brute was carefling him; upon which the Infamous
Monfter of a Prince ordered him to be put upon a Baliffa, and thrown
over the River Befys acrofs the Rocks. But I fhall fpeak more at
large of this in its proper Place; where (as I have faid before) I fhall
give you the Figures of the Ancient Machines with all the Accuracy
the Remarks I have made upon the Accounts given of them could
fuggeft to me; in which I have gone fo far as even to make Mo-
dels of them with my own Hands, to try their Effects, and to fee
whether Authors have had a due regard to Truth in what they have
telated of them. Ionly mention them here, to remind you that the Be-
fieged may expeditioufly and conveniently gall the Enemy, with putrified
Carkaffes and an infinite Number of Veflels of all Sorts of Figure filled
with Venomous or Smoky Compofitions, and all other Pyrobokical Pro-

jetiles, which we fhall touch upon in the following Book, and parti-

cularly fuch as are ordinarily ufed in the Defence of Places. Let
Men of Senfe and found Judgment confider a little upon thefe
Things; and if they can convince me that I am out of the Way, after
all I have faid and quoted upon this Head; T fhall readily fubmit to their
reafonable Demonftrations: But as I apprehend myfelf to be in no
danger of fuch Convilion, I fhall to the lateft Hour of my Breath
regret the Inactive State of fome of the Antiqgue Mackines.

{ This Town is now called 1. Jobn D'Acre,  + Thefe were the fame with Baliffe.
CHAP
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CHAP XIL
Of a Ball, which Fire-Workers call a Death’s Head,

TAke a perfectly round Ball, of Iron or any other Metal, of fuch Fig. 146.
Diameter as conveniently to fit the Calibre of the Piece of Ord-
nance you intend to ufe. The Body of it muft be hollowed out Cylin-
drically, which it may be to the Depth of ; and the Breath of ¢ of its Di=
ameter; The Sides of it fhall likewife be bored in feveral Places, all which
Borings fhall tend towards the Hollow Cylinder in the Middle, but fhall
not center in it quite, and fhall only correfpond with it by fine Holes or
Fuzes., Thefe little Fuzes thall be filled with fine Mea/ Powder ; and
the large Cavities fhall be filled with Corn Powder and Leaden Shot,
and Wadded well with Paper or Tow.

The great Hollow in the Middle thall be filled with Meal Powder,
to which fhall be added $ of Cos/, and {hall be fprinkled over with
Brandy or Oil of Petrol; or elfe it may be filled with one of the Com-
pofitions 1 have given for the Fuzes of Gremado's. In thort, the whole
fhall be coated with a Tarred Cloth, leaving only the Vent of it open.
When you Fire this Ba/l you fhall let the Orifice of it reft immediately
upon the Powder in the Piece, without the Interpefitien of any Wadd
between them: See Fig. 156.

Obferve here that thefe Bads may be made of Wood alfo; but in this
Cafe you muft thruft fuch Crackers as you fee ih D, Fig. 151, into ll Fig. 151.
the Cavities but that in the Middle; in a word, it fhall be reinforcéd
with an Iron Bandage, to prevent its breaking t6 pieces at the tithe of
its Projection, and fo prove of no Effect.

oy

C H A P XIV.

Of a Ball commonly called the Pyrobolift’s Valet or
Attendant,

HE Ball which you fe¢ reprefented tnder Fig. 157, has got the Fig, 157,
Name of the Fire-worker’s Servant, from its conftant readinefs to
do Service, in which it differs from all the reft. Now this gentle Ser-
vant is very fimple in Nature, and eafily governed and conftructed.
You need only take 2 Wooden Cylinder whofe Diameter is equal to the
Calibre of your Piece of Ordnance: Its whole Height fhall be 3 of its
Diameter, and one End of it fhall terminate in a Multilateral Pyra-
midj
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mid; which Pyramidical Part of it fhall be another Diameter.
The Sides of it then fhall be bored all round with Holes of the Dia-
meter of two Fingers Breadth, each of which fhall correfpond with
that in the Middle of it. Into thefé Holes you fhall thruft fuch Crack-
ers as we juft now mentioned (fuppofing it to be made of Wood.) The
Cavity in the Middle fhall be filled as we directed above for the Prece-
ding Ball. Its Point fhall be armed with Steel, that it may ftick faft
into any thing it falls upon or firikes againft. Farthermore, it fhall be
reinforced with three Iron Rings, (viz.) one round the Top of it, one
round the Middle, and a third round the Foot of its Fyramid; By this
means it will be able to withftand the Shock of the Flath: As to any
thing farther relating to this, it muft be ordered juft like the Preceding
Ball.

CHAP XV.
Of the Pyrotechnic Manipulus o Bundle.

IT often happens that you are fo fuddenly furprized and reduced to
fuch Extremities, that you have not time to prepare thefe Artificial
Balls in due Form: And in fuch Exigents this Manipulus may be recur-
red to, which is no other than a Bundle of Iron or Copper Crackers of
the fame you fee reprefented Numb. 151, under the Letters F, G, and
I; (no matter whether they be Triple, Double, or Single) they muft be
charged with Corn Powder and Leaden Balls, and bound firmly toge-
ther with Wyre or Cat-gut, fo that they may not be torn afunder by
the Violence of the Flath of the Gun; but remain colleéted in a Bedy,

and perform their Effects together. They fhall be primed with one

of the flow Compofitions we formerly gave. In fhort, thefe Bundles may
be of various Sizes, according to the Calibres of the Mortars or Guns
they are to be projected from: They fhall be put naked into the Piece,
and reft immediately upon the Powder in it.

CHAP
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CHAP XVL

Of certain Pyrotechnic Balls which may be privately hid,
and fo ordered as 1o perform their Effells at certain Pre-
Jixed Periods of Time.

WE have elfewhere acquainted you that the Old German Captains
detefted the Ufe of clandeftine Fires, and banifhed them from
their Artsof War, asunjuft and ungenerous Inventions, and according-
ly forbad their Pyrobolifts and Fire-Workers to prepare any of them : But
notwithftanding this laudable Injunétion, we find in Hiffory that thefe
Fires were put in Execution even when tbat and feveral others of the
fame Tendency were in their Prime, and full Force: In our Age indeed
it feems as if thefe and feveral other old Inventions muft make their
Exit, and give Place to new ones formerly unknown; and accordingly
thefe Balls are upon the Point of Expiration ; fo that were they not re-
corded in our Writings, the very Remembrance of them would be blot-
ted out in a very few Years more. Now fince our Forefathers found
them of Ufe in their Days, (however unfair they might deem them)
why fhould they not be of fome Service to us as well as to them? A
good Head and a litde Diligence, would turn them to fome Account at
proper Times and Places. I find feveral ways of conftructing them both
as to Form and Size, according to the Exigence or Nature of the Affairs
we would employ them in: For thofe which are to be hid in Houfes,
Clofets, Barns, &¢. muft be of one fort; thofe which are lodged in Pow-
der Magazines and Arfenals into which we have free Accefs muft be of
another kind; and thofe which are conveyed into Waggons, Trunks,
Casks, or any Baggage which is going into the Enemy’s Forts and Garri-
fons muft be of a Third Species. I {hall only give an Example of them
in three Balls of different Sorts; the Firft of which, diftinguithed by

30T

the Letter A, in Figure 159, bears an exa® Refemblance to a common Fig. 159.

Fire-Ball; and does not feem to differ from it in any particular except-
ing its Match, which is wound round it (provided it is upon any Plane)
in Spiral Folds. This Mazch muft be of that fort which neither fmokes
nor yields an offenfive Scent, the Preparation of which we taught you in
Book I1. Chap. XXVII.  One of the Ends of this March is ftuck into the
Vent of the Ball, and the other which is lighted is coiled round it, fo as
to have its Revolutions at a convenient Diftance from each other, that
it may burn gradually out from one End to the other, without catching
Fire in more Parts than one. The Length of it muft be proportioned
to the Time you defign it thould burn, or to the Period you prefix for

Hhhh the
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the Combutftion of your Ba//: There will be no Difficulty in doing this,
if you know exactly what Length of your Match will be confumed eve-
ry Quarter of an Hour: Thus if you propofe that your Ba// thould
perform its Effe¢t in two Hours aftér it is hid, and you are affured that
about half a Foot of March confumes every Quarter of an Hour, you
may readily conclude that in this Cafe you muft allow 4 Foot of Mazch.

The other Ball, diftinguithed by B, is commonly made of Wood
{though it may be made of Iron or Brafs like 2 common Grenado, but
then it muft be filled with Corz Powder only, for Reafons abeve given.}
It muft have a Serpentine or Spiral Fluting or Channel wrought in its
Convexity from the Bottom te the Top, in which Fluting or Hollow
you muft glue your Match from one End to the other of ir, as may be
feen in C. 'This Sert is much better contrived than the Firft, becauie
the March is as it were a conftituent Part of the Ba//, and does not take
up fo much room as the former.

In thort, the Third Ba// (D) of this Kind has nothing extraordinary
in its Conftru@ion. It has only a Stick in its Zent, round which is
wwifted a Snake of Match, which muft be of due Length (as T obferved
before) and firmly glued to the faid Stick, that it may not unfold itfelf in
burning.

"Thefe Balls thould be filled with very ftrong Compofitions, and fuch as
are very pregnant of Fire; as for Example, fuch as was anciently the
Grecian Fire, the Compofition of which I have given you from Scaliger
in our Chapter of Fire-Rain. Now this Mixtare will be fufficiently
vidlent, as well becaufe-of the Ignevus Ingredients it is compounded of,
as on the fcore of the particular Manner of its Preparation; for Expe-
tience evinces that a Dunig-heat has a wonderful Power of transforming,
and as it 'were vivifying whatever is buried under it; in which it imi-
tates Natural Heat: That Genial Mother who works fuch Wonders, and

‘has referved to herfelf a Power of ‘putrifying, which is altogether fur-

prizing ! Por we find that the Animals generated from Putrifattion, are
as various as the feveral Things that are putrified. ~Whoever re-
fles upon this, and confiders it artentively, may rurn it to very good
Advantage. Upon this Account, I'think that fuch a Compofition would
be preferable to all thofe which only have their Ingredients mixed up
together without any farther Preparation; though I muft here make an
Exception with regard to Gun-powder, which being beaten and pounded
for a confiderable time, becomes:éxtreamly vehement (as I have elfe-
where obferved) and is transformed into a pérfectly Light dand Volatite
Subltance.

Brechtelsus it Book 1E. and Chap. 11. of his Artillery, gives us the folg
lowing Compofition for the Ufe of thefe Balls. Take 3 Ib of Powder,
and one 1b of Séiphur ; reduce thém to a very fine impalpable Meal, and
incorporate them well together: Then add to them a little Colgphone,
and fome Drops of Turpentine ; and knead them-all up in a Dough or

Pafte
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Pafte with Linfeed Oz/ and Bmm{y : Thus the whole being perfe@ly in-
corporated, fill your Ba/l with it. However I think it will be better to
ufe fomething of the Nature of the Grecian Compofitions ; becaufe our
clandeftine Fire is nearly related in its Effe@ts and Operations to the
forefaid Fire ; as we are informed by feveral creditable Authors: As to
the Ingredients,. 1 do pot apprehend that they <an be wanting to you,
cither on the Score of their Scarcity or Price.. Remember that inftead of
Match, you may ufe fome of that Pyrotechnic Slow Tow, which Brech-
telius mentions in Part 1. Chap. 11. of his Artillery, and which we have
given you in owr Second Book.

CHAP XVII
Of RED-HOT BALLS.

“HE Pra&ice of thooting Red-bot Iron; is far from being of mo-
dern Date ; for long before the Invention of our Arzillery, it was

the Cuftom of ‘the _Anctents to defend themfelves with Red-bot Iron, as
is teftified by Diodorus Siculus, who faith: That the Tyrians threw great
Bodres of Red=hot Iron snto the Works of Alexander fbe Great. An un-
certain Author alfo fpeaks to this Effe@ in Suidas: They threw from
Eminencies whatever was Liguid or Fufible, fralding kot upon the Enemy.
snd amongf other Things Red-hot Pieces of Iron, wbich they kept rea-
dy for thofewho attempted to fidle their Walls. < Vitruvius alfo fpeak-
ing of the People .of the Town of Marfeilles, faith, That they threw
Bars of Red-hot Iran from Balifte 20 burn the Befiegers Works.  If you
would:be farther informed upon.this Head, you may confult thofe Au-
thors, whofe Teftimony we have all along recurred to. But to dwell
much upon the great Requeft Red-hot Balls have been in fince the In-
vention ‘of Gun-powder, or to recount the Havoc they have made, or
to relate their frightful Executions in the feveral Occurrences of War,
would be giving of myfelf a needlefs Trouble; fince none can be
Strangers to thismatter, but thofe who have never borne Arms, or never
dealt in Hiffory, which:does.furnith us with many Examples of this kind:
Amongft which I Emsnuel de Meteren in his Hiffory of the Low-Coun-
tries, rclates the following Inftance to have happened at Rbinburgh
when it was befieged by the Admiral of Arragon in the Year 1598, (viz.)
A Red-bot: Ball (it muft bave been Red-bot though he does not exprefly
fay {o) being fhot from the Befiegers Batteries againft a Tower wbhere
the Befieged kept their Gun-powder, it went through the Wall of it which
was but a Brick thick, and fell into a Barrel of Powder; which imme-

1 Vituy, Lib, X, Ca XEIL $ Em. de Met Lib, XX, .
diately
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diately taking Fire accended all the refl, which were to the Number of 1505
upon which enfued fuch a prodigious Clap, and fuch a general Conflagra-
tion, that it not only blew up the Tower it awas kept in, but fet Fire to the
moft lofty Houfes in the Town, and fbattered thofe in the Neighbourbood of
it in pieces; threw down & great Part of the Town-Wall, and what is il
worfe, the moft eonfiderable Part of the Soldiers and Inbabitants, together
with the Governor, were buried under Ruins; in fhort, there was bardly
any Body in the Town efcaped without being [o miferably difabled, as to be
unfit ever to bear Arms again, or incapasitated Yo work at their Trades.
Paulus Piafecius Bithop of Premiflaw, whe wrote our Annals, has the
following Narration. From thence marcking bis Troops (he fpeaks of the
Admiral of Arragon) towards the Rhine, be befieged Rhinburgh & Place
belonging to the Archbifbop of Cologne, which bad been formerly in Poffe/~
JSion of the Spaniards ;. but during the time that the Arch-Duke Albert was
in France, it was reduced by the Hollanders, who afterwards kept a firong
Garrifin in it. The Befieged at firft made a brave Refifance 5 but a Can-
non Ball being accidentally fhot into a Powder-Magazine there enfued o
general Conflagration and Ruin ; it made a great Breach in the Town
Wall, upon which the Befieged were obliged to Capitulate, who being al
lowed good Quarter, and permitted to mareh out with their Baggage, they
evacuated the Town. ~But + Diegus Ufanus gives us a Relation almoft
as Tragical as this, to which he adds an odd Accident that befel a Dutch
Ship which was going into Offend with a Lading of Gun-powder ; (name-
1y) that fhe was blown up by means of a Cannen Ball : jThis Author is
of Opinion, that thefe two Cafualties were not owing to what we ap-
prehend, but that the Ba/l accidentally ftruck againft fome Stone,
Piece of Iron, or fome other hard Subftance, and fent forth abundance
of Sparks, which were the Caufe of thefe melancholy Aceenfions. But
I am rather inclined to believe (in which Emanuel de Meteren {eems to
agree with me) that it was fome Red-bot Ball which was fhot with De-

fign to perform fuch an Effec; for it is not to be imagined that becaufe
a Ball has pierced through a fingle Brick Wall, or a Ship’s Plank, or
ftruck upon the Head of fome Nail, that it can ftrike fuch a Fire as to

be able to penetrate through 2 Powder Barrel: No; it is more probable

that fome Deferter going over to the Enemy, had informed them where

fuch and fuch Powder was lodged, or what the Ship was laden with,

and that thereupon they took the proper Meafures to blow up the Gun

powder which is moft ufually dene by Red-hot Balls ; for there is no

kind of Ball (though our Art has invented many) which is fo conve-

nient for conveying Fire and Deftruction as thefe; for they at once per-

form the Office of a Cannon-Ball and of a Fire-Ball; add to which,

that it cannot be perceived during the time of their Projection, whether
they be Red-hot or not.

t Di. Ufa. Treat, 11, of his Arsillgry, Dialogue XII,

2 Here
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Here we might repeat what we formerly quoted from Lipfus, con-
cerning the Fire-Balls which are commonly fhot from Cannon ; for I
am of his Mind when he thinks that Red-hor Balls might be as effectual-
ly ferviceable as Fire-Balls ; and I conceive that what fo grave and fa-
mous a Perfon faith oughe to have its due Weight with us. Now to
fhew that this Opinion of his is not ill-grounded, our Hiftorians who
have recorded the mighty Exploits of our glorious Kings have made no
Diftin&tion between them; but have promifcuoufly ufed the Words
Kule Ognifte, to fignify all thofe Balls which are contrived to burn Edi-
fices, Intrenchments, Palifades, and other Wooden Defences of War,
which anfwer to the Latin Expreflion Globus Igneus, vel Ignitus, or a
Fire-Ball; this (though improperly enough) is applied to Red-hot Balls :
Moreover, the Signification of the Latin Words Igneus, Ignitus, and Can-
dens, is Synonymous, and they are indifferently ufed to exprefs one and
the fame Thing.

I do not think it worth while to wafte more Time in perfuading you
that Red-hot Balls are very ufeful and ferviceable upon Warlike Occa-
fions, that being a Point which has been indifputably demonttrated by
many Authors before me ; I therefore have nothing more to do than to
tell you what is obferved in thooting them.

Firft you muft charge your Gun with the ufual Requifite of Powder,
and ram it down with a Wooden Tompion that exactly fits the Chafe of
the Piece, the Thicknefs of which fhall be equal to, or not much lefs
than the Diameter of the Bal/; and for the more Security, you fhall
add to it a Wadd of Hay, Straw, or Tow, or (what will be much bet-
ter) of the Sinews of Animals fpread out like Tow, and previoutly moi-
ftened. ‘This done, you muft carefully fpunge the Infide of the Picce
for fear any Grains of Powder fhould be accidentally fcattered in it;
and then, point or level your Gun at the Place you defign your Bal/
for, according to Art; and let it remain in that Pofition till you put in
the Ball, which fhall be perfeétly round, and run freely down the
Chafe : You may take hold of it with Iron Tongs or Pincers, from the
Forge, which muft not be far from the Battery : As foon as you think
that it is flipt down upon the Wad, fire off your Piece.

There are thofe who drive Boxes made of Iron or Copper Plates into
the Gun; and others who ufe Clay, and then ram the Bal/ as faft as
they can towards the Powder, with a Rammer armed at the End with a
Copper Plate ; but the Firft Way I have here mentioned. is by much the
fafeft, and leaft fubjet to Danger.

Tiii CHAP
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CHAP XVIL

Of Pyrotechnic Hail, by which are meant Cale Shot, or Car-
touch Shot, Partridge Shot and Grape Shot.

WHAT Pyrobolifts mean by Pyrotechnic Hail, is a Parcel of little
Hard Bodies,” which being projeGted perform an Effect after
the manner of Natural Hail; but it is fomewhat more Hard and Pe-
rilous ; our Artificial Hail being moftly of coarfe Gravel, River
Pebbles, or any Stones of the bignefs of a Pigeon’s Egg, and fome-
times of Leaden Balls or Slugs, or little Bits of Iron, and all fuch like
Things.
This Hagil is ufually fhot at the Enemy, with our Mortars or Hobbits,
and other Field Pieces.
"This Shoet is varioufly ordered ; for fometimes it is thut up in #ooden

Fig. 160.Cafes or Cartouches, as you fee in Fig. 160, under the Letters A and B;;

and fometimes in Copper or Iron Boxes, as you fee in D and E ; finally,
you muft run Picch into the Interftices of it, tokeep the Bullets, Stones,
or whatever elfe it is compofed of, together.

The Length of the Cafe or Cartouch fhall be 1 £ or 2 Diameters at
moft of the Chafe of the Guz or Piece it is to be projected from ; and
the Bottom of it fhall be half a Diameter in Thicknefs, the Lid or Co-
ver 4, and the Sides ¢ only. I here fpeak of Wooden Cafes; for thofe
which are made of Metal, muft be quite different from the abovemen-
tioned in every refpe& but their Length.

- There are thofe who do not take fo much Trouble with this kind of
Shot : They firft load the Piece with Powder as ufual, and ram it down
with a Wooden Tompion ; upon which they pour in Partridge (as this
Shket is fometimes called) to the Height of an Iron Bullet of the fame
Calibre with the Prece, and add a common Wadd upon it.

Others put it into ftrong Canvafs Bags. I have reprefented one Sort
to you in the Figures G and H, which is very pretty, and in the Form
of a Bunch of Grapes: The ordering of this is very eafy. In Letter
F you have a Wooden Tompion with a perpendicular Rod ftuck into
the Center of it. The Bottom of the Bag muft be fewed up precry
ftrongly, and then filled with Leaden Bullets of 2, 3, or 4 Ounces. You
mutft then faften your Bag at Top, and pafs Marline over all the Inter-
ftices of the Ba/ls; in fuch Form that the Circumvolutions of it crof-
fing one another, it may look like a Net. ‘This done; dip the whole

into Pitch.
Again;
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Again; there is a Way ( which is none of the moft defpicable) of
making it into Bels, as may be obferved in the Letter C, which is
dane thus.

Take of Pitch 4 Parts, of Colgpbone one Part, of #Wax one Part, of
Sulpbur two Parts, and a little Turpentine : Melt thefe over a flow Fire,
and being melted, throw into them 8 Parts of Quick-Lime; 4 Parts of
Powder of Tiles; and one Part of the Filings of Iron or Hammer-fcales.
Incorporate. all thefe Ingredients well together : Which done, add to
them as many Pebbles or Mufquet-Balls as are needful. Whilft this Com-
pofition is cooling, make it up in Balls, that may exaitly fit the Gux or
Mortar you intend to ufe.

There are thofe who make this Sho# into Balls with Plaffer, or Pow-
der of Alabafler : But I {hall refer you to Stone-cutters and Statuaries to
inform you, how you are to manage thefe Materials. Others again,
make it into Balls with Dirt or Clay, which they fet to dry in the Sun
and Wind.

This Shot or Hail (as we have called it) is particularly ufeful in Open
Pitched Battles; or when the Befiegers are refolved upon a Storm ; or
endeavour to poflefs themfelves of an opened Gate; or mount a Breach;
it is then that the Cannon and Mortars play this Shot in abundance, to
introduce Death and Confufion among the Affailants.

The Requifite of Powder for projecting thefe, muft be the fame as is
ordinarily allowed for a common Bullet.

CHAP XIX.
Of feveral Sorts of Chain and Bar-Shot, .

I Here prefent you with Figures of feveral Sorts of Chain and Bar-

Shot, and fome other dangerous Weapons of a like Nature ; which
are moft commonly ufed in Sea-Fights to difable the Enemy’s Ships, by
cutting their Rigging, Sails, Yards, Mafts, Rudders; and for deftroy-
ing feveral other Parts of a Ship, the Names of which are known to
Seamen only : And at the fame time they do Execution upon the Ship,
they may deftroy the Ship’s Company.

The feveral Kinds of this Shot may be eafily apprehended by the Fi-
gures 161, 162, 163, 164, 165, 166, 167, 168 and 169. Fig. 170 jg 161,
reprefents a Box or Cafe into which thc five Sorts of Chain-Shot (whxch 12, 163,
you fee) are put when they are projected. That Trundle-Shot, wlnch:(g’ :6;:
you fee in Figure 161, has its particular Box, which you fee reprefemed 168, 169,
beneath it, and diftinguithed by A ; the three others need no Addition '’

to them when they are fired away.
All
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All thefe will do terrible Execurtion in Skirmifhes, Affaults, and pow-
erful Incurfions of the Enemy, &¢. In fhort, the two laft, in Figures
168 and 169, will be ufeful in deftroying Palifado’s, Fraifes, Crow-
Feet, Chevaux de Frifes, Herfes, Portcullices, Fafcines, and all kinds of
Wooden Defences and Coverts. In fine, they will ferve to ruin, and
overfet Baskets, Gabions, Batteries, Chandeleers, &c.

I apprehend that it will be unneceflary for me to inftru@ you in the
particular Ufes of thefe Things, fince a little Practice and Study will in-
form you more to the Purpofe, than all the Rules and Directions I could
lay down.
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PART e FIRST.

BOOK V.

Which treats of feveral Watlike Machines, fix'd and move-
able, Bodies of Fire, and other Pyrotechnic Arms, as
well for War as Recreation.

¢ N this Book you will have a Collettion of the princi-
2% pal and moft artificial Inventions in all Pyrotechnics,
one Part of which fhall be under the Denominati-
on of Machines or Engines ; the other, of Badies of
Fire; fome of Miffiles or Projeltiles, and Artificial
Arms, not to mention the particular Denominations
of each of them. We might indeed range them all
under the general Title of Machines; the Signification of that Word
(according to the Definition of Afcomus ) being applicable to all fuch
Things wherein the conflituent Matter is not fo much confidered, as the Ar-
tifice of the Invention, or the Skill of the Inventor: And we may fafely
fay of the Produions of our Ar¢ in general, that they can boaft of the
Fertile and Judicious Conceptions of their Inventors : From hence it is
that the Latins called Architeéts and Engineers, Igeniarii or Ingeniof, in
which the French have imitated them, by calling all fuch Perfons Inge-
mieurs 5 (and the Englifb have not much deviated from them, in calling
them Engineers ;) but this is no Place for tracing up the Etymology of
this Word to its Source.

Kkkk Upon
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Up(m the whole, the Words Machine and Machination are of very
extenfive Import; for under them are couched all Frauds, under-hand
Prattices, Stratagems, Plots, Ambufcades &¢. from whence it is that
Cicero the Prince of Orators fays, + Iifdem Mackinis fperant me reflitutum
poffe labefaciari, quibus antea flantem perculerunt:  They expe& to fub-
¢ vert me by the help of the fame Machines, wherewith they threw me
¢ down before from my Profperity;’ here youare to underftand the Word
Machine to fignify deceitful or malicious Efforts. Brutusalfo faith: 1 Om-
nes adbibeo Machinas ad tenendum Adolefcentem: * 1 leave no Machine un-
¢ worked to prevail upon that Young Man: * Meaning thereby, that he left
no Means unpractifed to reftrain his turbulent unruly Spirit. Now I ap-
prehend that I thould have much more Reafon to apply this Word to fig-
nify all our Pieces of Ordnance, whether Ancient or Modern, fuch as Can-
non, Culverins, Chambered Peices, and other fuch like: Under this Deno-
mination we might alfo range Mufquets, Arquebuffes, or (as they were for-
merly called) Murthering Pieces, and all other portable Fire-arms; as alfo
Mortars and Petards, which bear a near affinity in Effe® to the Ma-
chines of the Ancients, fuch as their Rams, * Onagri, Baliffz, Cata-
pulte and Scorpiones, with which they beat down Walls, deftroyed the
Enceines of Towns, and from whence they projected offenfive Weapons,
But Lipfius (and feveral other Authors) has not honoured them with the
Title of Machines, and only calls them by the general Word Tormen-
tum, which is now ufed to fignify our Cannon and Pieces of Ordnance ;
referving Mechine for Bavering Towers, || Plutei, § Mufeuli, running or
rowling Towers, 4 Sambucee, Tollenones, and all fores of Scaling Enginesor
Afcents, and all thofe Things, under which were fixed the Tormen-
ta beforementioned, and under which they covered their Soldiers
when they attacked -a Fortrefs or fcaled a Wall. In truth, he was in the
right o make fuch a Diftintion between them, fince their Funions and
Offices were fo different: Juft as here we ufe this Word Mackine to
fignify only, certain Artificial Inventions or complicated Heaps of Ar-
tificial Fireworks, fuch as Palaces, Triumphal Arches, and other E-
difices adorned according to the Rules of Civil Architecture, Cafiles,
Towers, Columns, Pyramids, Obelisks, Colgffufes, Medaliions, feveral
forts of Human Statues, and the Reprefentations of feveral .Animals,
together with Fountains, Terrefirial and Aquatick Fire-Wheels, with
feveral other Things of this kind, which we thall treat of in their pro-
per Places; all which we have called Mackines, not fo much on the
{core of their Forms (which are vaftly various) as on account of their
Effects, with regard to which they not only walk hand in hand with
the Machines abovementioned, but likewife exceed them very confidera-
bly. We might indeed have taken in all manner of Pieces of Ord-

t Tull. Cicero proDom. 17. t Brut, Epift. XVIII, * Thefe were Engines-for

‘fhooting of ‘Stanes, Il Thefeswere a kind of ‘moveable -Pent-houfes.or Galleries,

$ Thele were much the {ame with our Gallegies, 4 Thele were for fcaling.of Walls.
nance
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nance under the general Title of Cqnmon; but hecaufe they vary fo
much from each other in Form, Effet, and Property, as well as in
bandling ; and fince the particular Conftruction and Ufe of each of them
require a fele¢t Treatife apart, in order to inculcate 2 proper Idea of
them into the Reader; they fhall each have a particular Chapter to
themfelves in the Second Part of our Artillery. Now to illuftrate
that the Word Machine would be no improper Term for our Ufe,
I thall firft recur to the Teftimony of Mofes, where he faith, 4 Only
the trees which thou knowef} that they be not trees for meat, thou fbalt de-
Siroy and cut them down, and thou fbalt build Machines againff the City
that maketh War with Thee until it be fubdued. And in the fecond Book of
Chronicles, where mention is made of King Uzziab: t And be made in
Jerufalem Machines invented by cunning Men to be on the Towers and on
the Bulwarks, to fhoot Arrows and great Stomes withal.  Again ; that
Hlluftrious Prince of Architeéts and great Engineer Vitruvius, ftill farther
confirms me in what I have been faying, by placing Balifiz (from
whence our modern Cenmon are derived) in the Rank of Machines, gi-
ving us their Order and DiftinGion to this effe®: * .4 Machine /s
the Affemblage or Conjunition of feveral Members, and calculated for re-
moving vaft and ponderous Bodies ; The Motion of which is artificially con-
trived by the Help of Wheels and other Circular Movements. The
Scanforium or Scaling Mactine is of one Sort, the Spiritale or Pneu-
matical Machine of another, and the Tra&oriom or Draught Machine
of a Third Sort. The Scaling Sort is adapted for Perfonsto climb up, by
means of Crofs Pieces of Wood or Steps, without any danger, and to belp
in the overlooking of a Place. ~The Pneumatical Sort, by the Inflation of
Wind or Air, expreffes Organnic Sounds, &c. And the Draught Sort is for
carrying, removing or raifing up great Weights or Burthens. The Scaling
Machines do not fo much glory in their artful Contrivance, asin the Bold-
nefs of the Attempt, and are compofed of Chainings, Tranfums, Bindings,
Foints, Buttreffes and Props.  The Wind Machines are capable of very
notable Effets. But the Machinz Tra&ori@ or Draught Mackines, are
the moft Noble of all, as they are more Magnificent,and with a fhare of Pru-
dence applicable to mighty Ufes: The Aétion or Motion of fome of thefe is
Mechanical, and of others Organnical. Between Machines and Organs
there feems to be this Difference (namely) the Firft of them require
the belp of many Hands or additional Strength to afif} them in the per-
Jormance of their Effects: Such as the Balift® and the feveral forts of
Prefles.  And the latter on the other band operate by the flight artful
Touch of a fingle Perfin, as may be obferved in the Projetions of the
Scorpiones and || Anifocycle; therefore are they both ufeful in different

1 Deuter. XX. In thefe two Scriptural Paflages our Englifh Verfion ufes the Word Engine.
¥ Chr. Book 11. Chap. XXVI ver. xv. * Vitruv. Lib. X. Cap, I,
| This was an Engine compofed of a great Number of Wheels or Movements,

Refpetts
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Refpeéls and Occurrences, and without them we fhould be oftentimes em-
barraffed in the carrying on of Works.

From hence there may be thofe who will object againft me, and
fay, that our Cannmons, Mortars, Petards, &c. might be more pro-
perly called Organs than Machines, and that they particularly ought to
be called fo (according to the Definition above from Vitruvius) becaufe
the greateft Part of them may be managed and governed by one Per-
fon. But w this I reply; that the Word Organ cannot for that
Reafon obtain with regard to the Greater Pieces, fuch as fome of
the larger Cannon and Mortars, which cannot be loaded and play-
ed by one Gunner, or laid to pafs by one Pyrodoliff; but require the
Work of many Hands ; add to this, that they not only require to be
tended by a Number of Men; but it is alfo neceffary to have
Horfes to move and tranfport them from Place to Place: But I muft
confefs that Mufquets, Piftols, and other Portable Arms might not
improperly be called Organs, as well as the Scorpiones, Bows, and
Crofs-Bows of the Ancients: However, if this will not fatisfy you,
e’en call them Machines, as we have called our Cannon, and as the ce-
lebrated Ericius Puteanus has called them in his litde Book of the
Treble-Barrelled Gun invented by Mic. Flor. Langrenus, where he
faith: At length, though late, the Firelock, that Machine of Ma-
chines, was invented, and was firft ufed by the Danes. (And a litdle low-
er) Now fince this Machine is contrived to carry three Bullets, very
conveniently and in very little Room, &c. And a liule lower he does
not even fcruple to call Piftols Machines. This anfwers very much to
our Purpofe ; but let us refume our Subject. Comprehending then all the
Warlike Infiruments above recited under the geheral Denomination
of Machines, we will under the Title of Bodies of Fire take in the
feveral Pyrotechnic Tubes or Cafes as well Recreative as Warlike,
Cylinders, Stocks, Barrels, Sacks, Baskets, to which we will add
Crowns, Garlands, FireeHoops, Staves, Cups, and all other Arti-
ficial Fire-Works of that Kind. Under the Tide of Mifiles (by
which are meant Projeffiles) we will range Fire-Darts, Arrows and
Javelins, Fire-Pots and Flasks: Under this Head we might alfo
difpofe of our Recreative and Military Globes, all which we have
amply treated of in the Preceding Books; but each of them be-
ing already diftinguithed by particular Appellations, they feem to be
excluded from this Lift : And indeed they bear little or no Refem-
blance to thefe in Point of Form, though they may with.as much
Propriety as thefe be ftyled Projectiles, from their being either thrown
or fhot. In fine, under the Tide of Artificial Pyrotechnic Arms
we comprehend Targets, Shields, Swords, Poles, Clubs, and Lances,

And upon the whole, as thefe Things are partly Recreative and part-
ly Warlike, we will divide this Book into two Parts; the Firft of which
fhall treat of the Former, and the Second fhall inftruct you in the Latter.

PART
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PART L o ths BO O K

Which TrReEATs of

RECREATIVE MACHINES,

Maffes or Bodies Fix’d and Projettile; and
Arms Aprtificial and Pyrotechnical.

CHAP 1
Of Artificial Shiclds a#4 Bucklers.

SORT L

WEXE: may be 3 Foot in Diameter, but that is left to the Difcretion
of the Workman. Upon ¢ach of thefe Round Boards trace out a Spiral
Line, beginning from the Center of each of them, and continue it
within an Inch of the exterior Circumference of them : The Revolu-
tions of thefe Spirals muft be Parallel or Aquidiftant from each other,
and their Diftance may be 3 or 4 Inches or Fingers. Along thefe Lines,
you muft cut out a Groove of equal Breadth and Depth throughout;
with an hollow Chiffel (I thewed you fome fuch in BooZ IIL) or fome
fuch Tool, fo that thefe Grooves may either bear the Form of a Con-
cave Semi-Cylinder, or of a Parallelopiped. The hollow Channels or
Grooves when they are narroweft {hall be always 6 Lines, and when
broadeft one Inch. Thefe Spiral Cavities muft be wrought upon each
Board with fuch Exa&nefs and Nicety, that when you come to join
them together the outward Extremities of each may exadly meet and
correfpond with one another, in fuch manner that from their Meeting or

L1l Ter<
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Termination they may mutually involve together, and form a Spiral
Hollow Cylinder; and therefore if you would have them anfwer cu-
rioufly in this particular, you muft {o order it that the Spiral Lines
you firfk draw upon the aforementioned Boards, may be exaétly in the
middle of the Channels or Grooves which you cut out, or fink into
them: This done, you fhall fill the abovefaid hollow Spiral Cylinder
with Quiéck Match loofely twifted, or with a _flow Compefition {prinkled
over with a Gum Water, that it may ftick together and adhere the bet-
ter; to the end that when you come to join your Boards, the Compofi-
tion may not fall out of your Spiral Cavities, and by that means wafte
your Time and fruftrate your Labour. This done, nail them together,
and to fecure them ftill the better, you may alfo glue them. After this,
you fhall trace out a Spiral Line upon the outward Surface of ecither of
your Boards, (fo as exactly to correfpond with the interior Spiral) which
muft be bored with fmall Holes, into which you muft thruft the Fuzes
of fuch Crackers as I gave you in Fig. 108 under the Lettes B, which
Crackers muft be at the Diftance of two good Inches from one another,
for fear when any one of them in particular goes off and burfts, it thould
fome how or other incommode thofe next to it: And therefore muft
their Fuzes be firmly glued in the Holes they run into, and themfelves
be well glued to the Board, and re-inforced with thin Iron Plates on the
Outfide, or with good Marline or Packthread to prevent them from fly-
ing abroad. To the Inner Side of this Shie/d (by which is meant that
Side of it which is next to the Body) you fhall faften two Straps or
Loops of Leather, or fomething of that Nature, that you may conve-
niently handle your Buckler. In fhort, you muft pafte or glue a fingle
Paper over all thefe Crackers, which muft be done fo artfully as to fwell
out in a round Knob or Bofs, or elfe proje& in a Spike or Point towards
the Middle, and by means of the Bofs or Spike bear the exa® Refem-
blance of a real Warlike Shield : And in order to difguife the whole the
more effectually, you fhall paint it over of an Iron or Copper Colour,
There now remains nothing farther to do in this Cafe, thaa to bore an
Hole whereby to fire it, if fo it be that your Inward Cavity does not
come out to the Edge of the Shie/d. When you would have the Plea-
fure of {eeing the Effe@s of this, fet fire to the inclofed Matter without
apprehending any Danger, and let the Perfon that holds it ftand firm
at the Explofion of each of the Crackers, and not offer to throw away

his Arms till the whole Procefs of its Operation is compleated. Sce
Fig. 171,

SORT IL

Fig- 173 What we have ordered for the preceding Sort as to the Proportions

of the Boards, the Form, Size, Spiral Lines and Cavities, the filling of
them with Quick Match, the Faftening and Conglutination of the two
4 Boards,



Book V.. Of the Great Art of ARTILLERY. 315

Boards, the Straps or Handles, and the Manner of covering the whole,
muift be likewife obferved in the Conftrucion of this: There is only
this one Article that conftitutes a difference between them, (namely)
That inftead of Paper Crackers parallel to the Plane of the Surface of
the Shbield, you mufk ftick in Running Rockets or Iron Crackers perpendi-
cularly to the faid Plane: The Holes for receiving them fhall be bored
clofe home to the included March or Compafition, and fhall be of fuch
Breadth as is required by the Size of your Rockets, &c. Obferve here,
that your Inner Cavity that holds your Match, may be made a litcle nar-
rower than in the preceding Shie/d; becaufe the Fire purfuing its
Courfe in that Spiral Direction, and fucceflively preying upon the in-
cluded Matter, its breathing Holes or Vents are larger, and in greater
Number, by its driving out thefe Rockets and Iron Crackers than before.
Letter A points out the Place where you are to prime, and fet fire to the
whole. Sce Fig. 172.

SORT IL

The Figure which you fee in 173, reprefents the Form of an ancient Fig. 173.
Efcutcheon.  'This alfo is conftruted much after the fame manner wich
the above Shields, it being compofed of two light Boards: But there is
this Difference fubfifting between them, that the Interior Cavity of this
is not formed in a Serpentine or Spiral Direion, but is only a Complex
Line according to the Breadth of the Eftuscheon; I mean, that you
muft draw Parallel and Vertical Lines (at the Diftance of at moft a Fin-
ger from the Edges of the Boards) which laft muft alternately be pro-
duced from the Extremity of one Parallel Line to another; fo that by
their mutual Terminations in each other, they may all together form as
it were one continued Line, and confequently that the Cavities hollowed
out in that Direction may be one continued Cavity compofed of feveral
Branches (fomething like the Meanders of a River) defcending from the
Top of the Efcutcheon to the Bottom. The Parallel Lines or Cavities
fhall be 2 or 3 Fingers from each other, as we faid above. The Holes
which you bere for your Ruunning Rockets or Crackers muft be in fuch
order as not to be dire&tly under each other, but in fuch a Pofition as to
be Triangular-wife, or in fuch Manner that four of them may include
or form a Rbombus, compofed of two fimilar and equilateral Triangles,
by means of which the Rockets, &c. will be at a convenient Diftance
from each other. As for any thing farther relating to the Efutcheon,
it is the fame with what we have above dire@ed. You may contrive to
give it an artificial Belly or Swelling in the Middle according to the Big-
nefs of it, that it may have the better Appearance, and that rifing out
towards the Middle it may have the Shape of a Pan-tile, or fomething
of that kind.

SORT
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SORT 1Iv.

I here prefent you with another Eftutcheon which is of an Oval or
Fig. 174. Elliptic Form, as you may fee in Fig. 174 : The Conftrucion of this is
fomething like that of the preceding; but inftead of fingle Rockets or
Crackers, you muft have little Wooden Boxes, or Paper Cafes, or Cartouches
as A, filled with Running Rockets, which fhall be alternately difpofed
as in the laft Sort, (viz.) Triangularly or Rhombufidical. Your Cavi-
ties aforementioned muft be in Proportion to the Length and Breadth
of the Efcutcheon, and the Parallels may be joined as in the laft Sort by
Vertical or Tranfverfal Lines or Cavities, which thall turn to and exa&-
ly humour the Sweep or Form of the Efcutcheon, as in the foregoing
Sort.  Upon the whole, you may (if you pleafe) make your Inner Ca-
vity in a Spiral Dire&ion, exatly anfwering to the Form of the Efu¢-
cheon, and then difpofe of your Boxes or Cafes juft as you did with the
Rockets and Crackers in the firft and fecond Sort: However, you muft
take care that the Revolutions of your Spiral Cavities (and the fame
thing muft be obferved, if your Cavity is wrought in a Regtilinear Di-
rection) are at a much greater Diftance from each other than in the for-
mer Figure, and that, in Proportion to the Size of your Cafes, which
upon the fcore of their Largenefs ought to be at a greater Diftance
from each other than the fingle Rockezs and Crackers that do not pro-
duce fo great a Fire. If the abovefaid Cafes are made of Wood, they
thall have their Bottoms bored with a {mall Hole, into which you muft
thruft one End of a liule Fuze (made of Copper or Iron) filled with
Meal Powder, which muft be driven very hard in it; the other End of
each of thefe Fuzes fhall go into the Board which forms one Side of
your Efcutcheon, and muft bear upon the Combuftible Matter contained
within it through fmall Holes made to receive them; and by them the
Fire will be conveyed to your Cafes of Rockets, and caufe them to de-
part. If your Cafes are made of Paper, you may leave them open at
Bottom, and let them into the Outward Surface of your Efcutcheon to
the Depth of two or three Lines, and fecure them faft with Glue, hav-
ing firft bored little Holes through the Board aforefaid, (which muft be
filled with Mea/ Powder) which muft be exa&tly under the Middle of
the Cafes. 'T'his done, you fthall head up all your Cafes with Cornets
or Paper Cones, if fo it be that the outward Surface of your Efcutcheon
15 to be flat and bare, but if it is to be fomewhat raifed or {welled in the
Middle (which may be eafily done by a Covering of Paper or Cloth)
their Heads fhall be flac. Any thing farther relating to this, may be
gathered from what has been faid of the preceeding Sorts of thefe

Shields,

SORT
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SORT V.

The laft Sort of Buckler, which you fee in Fig. 175, cannot be per-Fig. 175
formed till you have a previous Knowledge of the Conftruction of Fire-
Wheels : T fhall therefore referve what I have to fay of it till I have
treated of Wheels: 1 {hall only here inform you, that this Efcutcheon
may be of what Form or Figure you pleafe, and that it muft be made
but of one fingle folid Board, and.that the Surface of it may be flat, or
fwelled out in a Bofs in the Middle of it; and finally, that the Fire-
Wheel muft be fixed exaltly in the Middle of thé Efcutcheon or Buckler,
upon 2 {mall Axle or a round Pin firmly driven into the Wood, that it
may turn round the more freely. Every thing farther concerning this
Machine will be taught by the Sequel.

CHAP IL
Of FIRE-CUTLASSES

MAKE a Cutlafs of two Pieces of fmooth dry Wood, after the Fa-
thion of a Polifb Sabre or Turkifb Scymitar, with a crooked Back

and only one Edge, as may be feen in Fig. 176 : Put the Edges of your Fig. 178.
two Boards together, and keep the Back open to the Breadth of two or
three Fingers, fo that between them there may be a Hollow, whofe
Profil or tranfverfal Section anfwers to an Iffceles Triangle. Divide
the whole Length of this Cavity by little Triangular Partitions of
Wood, exatly fitting the Form of the faid Cavity, and glue them well
to the Innerfides of your Cut/afs, and to faften them ftill the better drive
little Wooden Pegs into them from the Outfide, or elfe little Brads:
You fhall then add a Gripe or Handle to it, that it may be conveniently
handled and managed. But before you faften in your little Partitions, it
will be proper for you to make a little Groove or Channel within-fide,
right over the Conjuncion of the two Edges of your Boards, into which
you mutt put Slw Compofition to the Height of half a Finger, or elfe
you may lay Quick Match in it, and cover it with a thin Sheet of Lead,
or with a thin Slip of Board, over which you muft glue or pafte a Piece
of Paper, to keep it down upon your Priming. You muft not forget to
bore little Holes through which your Compofition or Match may corre-
fpond with each of your Partitions, and accordingly fire the Running
Rockets (or Squibs) Stars, Sparks, Light-Balls, or other fuch like Things
wherewith thofe Partitions are ufually filled up. In fhort, after having
pafted a ftrong Paper over the Back of your Cutlafs, you thall coat it all
Mmmm round
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tound with a Cloth, and paint the Blade of it in Imitation of Iron. If
you would have any additional Pleafure from this Mackine, you may on
each Side of the Blade ftick Crackers in Saltier ; that is, in Form of
St. Andrew'’s Crofs, as may be obferved in the Figare. The Touch-hole
where you are to fire your Compgfition or March, muit be near the Point
of your Cutlafs.

CHAP I
Of an Artificial  Hanger or Dagger.

Fig. 197, TH E Form of the Hanger which you have in Fig. 177, is not very
different from that of the Cu¢/afi 1 juft now defcribed : This like
the former is made of light dry Boards. The Edge of it is hellowed in
the Form of a Concave Semi-Cylinder ; in which you are to fix Rockets
of 8 or 10 Ounces, more or lefs in Proportion to your Hanger, and in
Proportion to the hollow Edge of it: You fhall fill them with one of
the Slow Compofitions 1 have already given; but for want of them, the
following Compofition will do very well. Take of Powder 5 Parts; of
Saltpeter 3 Parts; of Cval 2 Parts, and of Sulpbur one Part; beat, mix,
and incorporate them well together, and fill up your Rockess with it to
the Brim, without capping them or adding any Report to them as is
commonly done for Rockets; in fhort, without heading up or boring
them at all, lay them open ene upon another in the hollow Edge of your
Hanger, and gluing them well on, cover them over with Paper. Far-
thermore; you tay on each Side and on the Back of the Blade ftick
Paper Crackers, in fuch a manner as not to be thaken or torn off: To
conclude, each of your Crackers fhall correfpond with the Rackets by
livde Fuzes filled with Mea/ Powder, through which the Fire may be
conveyed to them from the Rockets.

P

CHAP IV.
Of ARTIFICIAL SWORDS.
T is wafting of Time to beftow more of it upon the Performance of

any Thing than the Nature of it requires; a due Regard to which
Maxim thall be had in this Chapter ; for in truth, the Figure of the

¥ The Fresch calls this Demy-Efpadon, ]
Fire-
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Fire-Saérd which veu have in Number 178, nceds not the leaft Expla-Fig. 178.
nation; for it differs int pothing but in Form from the Artificial Hanger

abové defcribed : Therefore to avoid an impertinent Repetition of what

has already been faid, and the Trouble of inventing new Terms; I

fhall tll you in few and plain Words, that the Conftruétion of the
Fire-Sword does not vary a Nail's-breath from the Conftru&tion of the
Hanger above.

CHAP V.,
Of FIRE-POLES or RODS,

YOUR Fire-Poles fhall be of the Length of 10 or 12 Foot; and ofFig 179.
the Thicknefs of 2 Inches at moft. You muft hollow one of the

Ends of it with 3 or 4 Flutes to the Length of 2 or 3 Foot. Into one of

thefe Flutes you muft fix Rockets or Squibs prepared after the manner

we ordered above; but in the others, you muft fix Paper Crackers on-

ly; after having bored Holes through the Body of the Pole through

which the Rockets may have Communication with the Crackers »~ Wrap

them then neatly in Paper, the more effectually to déceive the Spectas

tors.  See Fig. 179. :

CHAP VL
Of FIRE-WHEELS.

SORT I

THE moft common and fimple Sort of Fite-Wheels is that which
you fee reprefented upon our Shield or Efcutcheon in Fig. 175, ItFig. 175
is made of light Fir or Lime-Tree Boards well jointed together, and
wrought in an O&angular Form. In the Center of it is a little Nave
into which the Spokes of the Wheel are fixed, which fupport the Fells.
The Eight Sides of this are fluted or hollowed juft as.we have ordered
for the Hangers and Poles; into which Flutes or Grooves you glue
large Rockets (namely) one, two, or more, according to the Dimenfions
of your Wheel. Butit is in this Cafe neceffary that your Rackets fhould
be bored juft like Sky-Rockets, and filled with the ufual Rockes Compofi-
tion ; they fhall likewife be choaked at Top, faving only a mtoderate
Hole in the Head of each, by which the Fire when it has confumed

oneg
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one of them may pafs to the next to it, and fo on till they are all bur-
ned out fucceflively one after another; but the Head of the laft muft
be carefully ftopped or clofed up, and you muft fome how or other
contrive that it be not in danger of being accended nor incommoded by
the redundant Fire iffuing from the firk. To conclude, you may to
this laft Rocket add a Report of Corn Powder.

SORT IL

Fig. 180. This Wheel is a little more Artificially contrived than the foregoing.

Fig. 181,

As to the Form of it, it is perfe@tly round, and has a Flute or Groove
all round the Convexity of it, into which are fixed fuch Rockets as we
ordered above : On each fide of the Fells (as they are commonly called)
you muft firmly fix Paper Crackers, which fhall correfpond with the
Rockets by little Fuzes filled with Meal Powder. Fig. 180 will give you
a compleat Idea of every thing elfe relating to it

SORTS I and IV,

The Conftruction of the #keel 1 am now going to give you is much
the fame with that of the Firft Sort, and in point of Form is exactly like
it. But this exceeds the foregoing two, inafmuch as it has two Rows or
Revolutions of Rockets, in confequence of which it has two contrary
Rotations (namely) to the Right and the Left, or Forwards and Back-
wards. But you may imagine that thefe Rotations are not performed at
the fame tige; but whirling round in one particular Direion till the
lower Range of Rockets is fpent, it turns back again by a Retrograde
Rotation when the upper Rockets are fired, by means of a private Fuze,
Caft your Eye upon Fig. 181, where you will fee how all this muft be
ordered.

“Obferve here that all the Rockets (or Wheels) we have here mention’d
muft be either in a Horizontal or a Vertical Pofition; thatis, whilft
they are burning, they muft turn upon an Iron Axle (fuch as you fee in

Fig. 182. Fig. 182) either parallel to the Plane of the Horizon, or perpendicular
Fig- 204-15 it. Under Fig. 204, I have reprefented an Horizontal Wheel di-

ftinguithed by the Letter E, and clofe by it a #ertical one in the Letter
G. Remember here that this Horizontal Wheel holds the Fourth
Place of Fire-Wheels; becaufe it is in fome fort different from the reft;
its fuperior Plane being all ftuck full of Rumning Rockets (or they may
be Sky Rackets if your Wheel is big enough;) add to which, that the
Conftru&ion of it approaches pretty near to that of the Skie/d or
Buckler of the Second Sort, with regard to the Rockets that are ftuck
into it: As to any thing farther concerning this #beel, you may ga-
ther it from what has been faid of the preceding Sorts.

Befides
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Befides this; 1here give you a round #heel, of which is formed a
Bafon of a Fire Fountain. This you have in Fig. 202, diftinguifhed Fig. zo02.
by the Letter B. The Plane of it is pointed out by E, but the true
Orthography of ir, and the manner how it is to be contrived {o as to
turn round upon a Tube or Cafe of Compofition may be feen in F. Bue
let us go on, for we fhall have occafion to fpeak more particularly of
this in the Sequel.

SORT V.

In order to conftruct this Fifth Sort of #heel, you muft firft have aFig. 183.
pretty large Wooden Bowl or Dith, with a broad flat Brim, fuch as you
fee in Fig. 183, under the Letter B. Then you muft have alighe, dry,
fquare Board, of 2 or 3 Foot in Breadth each way. Saw .off the Cor-
ners of this Board and convert it into an O¢tangular Table, and cut out
a round Groove (or as the Original has it Semi-cylindric) all round the
Thicknefs of it.  This done; cut out a large round Hole in the mid-
dle of this O&angular Board, in which you muft fix 2 Water-Globe, or
fomething of that kind, or fuch as thofe we gave you in the Third Sort
of Running or Leaping Globes; but be the Bal/ what it will, you muft
fo order it that one of its Hemifpheres may be hid and received in your
Wooden Bowl, and the other rife up above your O&angular Board:
Nail down this Board upon the broad Brim of your Bowl or Dith, and
fix your Globe in the middle of it, as we faid above, and tye it down faft
with Wyre, or fecure it by any other Contrivance fo as to prevent its
efcaping out of the Bowl. Thisdone; glue fuch Rockets as we faid a-
bove in the Groove that runs round the Thicknefs of your Board, lay-
ing them clofe after ene another, fo that fucceffively taking Fire from
one another, they may keep (as long as they lait) whirling the #bee/ with
one uniform Rotation. If you will you may add on each fide of the #heel
three or four fuch Boxes or Cafes as we mentioned above, which muft be
ere¢ted perpendicularly to the Plane of your O&angular Board: To con-
clude, you may upon the fame Board or Plane range 2 Number of Crac-
kers lengthways following one another; of thefe you may not only have
one Tire or Range, but two or three Tires one within another, juft as you
fancy, and as the Extent of your #heel (as we have called it) will permit.

Your private Trains or Fuzes fhall obferve the following Order ; firft
conduct one to the Rocket which is to take Fire the firft from the Globe
fixed in the middle, whofe Side muft be pierced clofe home to the Com-
pofition it contains; let this Train be of Meal/ Powder and clofely cove-
red up. You muft then have Trains or Fuzes of Communication from
the Rockets to each Box or Cafe, and from them to cach Cracker, and
from the outward Ranges or Tires of Crackers to the Inner, if fo it be
that you have more than one,  All thefe Trains muft be of Mea/ Pow-
der.

Nonn The
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The Boxes or Cafes muft be ordered and fixed, as we dire@ted: in our
Fourth Sort of Shields. Finally, the whole as compounded of all its
Parts thall be univerfally coated with Pitch, fo that your #Whee/ being
committed to the Warer, that Elemene may not have the lea@t Admit-
tance into your Trains, Rockets, €afes and Crackers, ner imto your
Bowl or Dith; for except it be very fubftantially coated over, your La-
bour will vanith in Smoke, or (to fpeak more proper in the prefent cafe)
turn into Water, and balk you of the Diverfion you expected. In
doing this then, the Pyrobolif will have an Opportunity of difplaying
his Induftry and Skill.
Obferve here this Firework muft be enkindled in the Middle of it,
and as foon as your Compofition is thoroughly fired you muft eafe it gent-
Fig. 183. 1y down into the Water. Caft your Eye upon the Fig. where you will
fee a Curious Reprefentation of every thing we have here defcribed,
diftinguifhed by the Letter A.

CHAP VIL
Of Artificial Clubs or Maces.

SORTS IandIL

Shall not here take up your Time with a particular detail of the fe-

veral Sorts of Clubs which Pyrobolifis have been pleafed to invent and
defcribe ; for (as I have already faid) I do not propofe to dwell upon any
thing that is trivial, nor to fweep out our Pyrotechnic Granary to the
minuteft Straw, but only by an affiduous Labour and Induftry to pick

out the choiceft Grains of our Pyrotechnic Stores for you: And there-

fore I fhall only prefent you with the three following Sorts. The two

Fig. 184 firft of which Fig. (184 and 185) are perfeitly like the #Water Globes of
and 185" 11 Seventh and Ninth Sort, and therefore I fhall refer you to them for
the Coiiftruction of thefe. You need only add handfome turned
Handles to them, fuch as you fee reprefented in the Figures themfelves,

or any other that our Pyrobo/zft thall like better.  To this I fhall fubjoin

a Compofirion that I take to be more proper and convenient for thefe
than what is ufually made for Water Globes. Takeof Pitch11b; of
Sulpbur 3iiij; and of Coal%ij; beat, mix and incorporate them well to-
gether, and {prinkle them over with any fat, oily Subftance or with
Brandy, and charge your Balls with this Mixwre: Or if you pleafe to
make ufe of the Compofition we ordered above for the Cat/gfs it will

do very well and is very fit for this purpofe.

SORT
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SORT IIL

Get a Club turned with its Handle and a Spheroidical Head, and let Fig. 186.
it have a Spheroidical Cavity withinfide ; but this Cavity muft be fo con-
trived that the Solid Subftance of the Wood or Shell be throughout of
the Thicknefs of five Inches at leaft: Or elfe it may be bored with a
round Hole from the Top to the Middle of it, of the Breadth of 3 or 4
Inches. Farthermore, you muft bore the Sides of it all round with
Holes of the Diameter of 3 or 4 Inches, and to a Depth anfwering to
the Length of a Running Rocket, alt which Borings muft tend to the
Cavity in the Middle.

You mutt then bore fine Holes branching from the Bottoms of thefe
great Cavities, to that in the Middle, in which they mutft all terminate;
and thefe fhall be filled with Meal Powder. 'This done, make Paper
Cafes upon a Rowler, which muft be a little lefs in Diameter than the
Cavities abovementioned; thefe Cafes fhall be neatly pafted together, fo
as to {lip eafily into the Cavities they are to be fixed in; and if you will,
you may make Paper Bottoms to them, provided that thofe Bottoms are
pierced in the Middle to give the Fire Conveyance to the Rockets which
are confined within them: Having fixed them in the Holes of the Head
of your Club, you muft cover each of them up with a Paper Cone, af-
ter having capped all your Cafes with a round piece of Paper, to
keep them from falling out of their Holes: You may fill the middle-
moft Cavity of your Club with the Compofition we juft now gave for the
two foregoing Sorts; or you may ufe the following, which is much of
the fame Nature. 'Take of Saltpeter one 1b; of Sulphur 1t fs; of Pow-
der % iiij; of Coal 3 ij. Finally, dip the whole Body of your C/x4, armed
as it is with its pointed or conic Heads, into a good Quantity of melted
Pitch, or coat it over with Glue; in a Word, paint it over of what Co-
lour you pleafe. See Fig. 186.

CHAP VI
Of the FIRESTAFF or STICK.

HE Fire-Staff may fometimes fupply the want of an ArtificialFig. 183,
Wheel, inafmuch as it is contrived to turn and whirl round upon
an Iron Nail or Axle, which is an A&tion common to Fire-Wheels: As
to the Conftruction of it, it is neither very coftly nor troublefome : You
are to fill two Sky-Rockets of what Size you will with a futable Compofi-
#som up 10 the Brim; and bore them to § of their Height with a proper
Borer
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Borer or Taper-bit. Then get a folid Wooden Ball turned with two
Arms or little Axles Diametrically oppofite to each other, and exaétly
fitted to the Orifices of the Rockets into which they are to be ftuck. Bore
then an Hole through the Body of your Ball, interfecting the Imaginary
Line which pafles through the Center of the Arms or Axles of your
Ball at right Angles: To the Outfide of thefe two Rockets you may fix
Crackers all on the fame Side; but their little Fuzes muft be 2 of 3 Fin-
gers from the Orifices or Heads of the faid Rockets. On the Side oppo-
fite to thefe Crackers there muft run a long Tube or Fuze, through
which the Fire may be conveyed from the firft Rocket that burns out to
the Choak of the other; which fhall be covered with a little Paper Cap,
as we ordered formerly with regard to Rockets that run upon Lines. In
the Profil (Fig. 187.) you fee the Wooden Ball with its two Axles diftin-
guifhed by the Letter A, as fluck into the Orifices of the Rockets; B
and C are the two Rockets as filled with Compofition, and bored as they
ought to be. E and F are the Paper Crackers. D the Tube or Fuze;
the reft may be learned from the Figure itfelf.

CHAP IX
Of the FIR E-C U P.

Fig. 158. ORDER a Cup or Goblet to be made of Wood or Metal, after the
# Fafhion of any Drinking-Cup that you like beft; as for me, I
find none better adapted to this Purpofe, than that which you fee repre-
fented in Fig. 188: The Lower Part or Leg of it muft be bored from
the Foot up to its Concavity, into which Boring you fhall thruft a
Wooden or Metal Fuze filled with the following Compofition, which
will yield a very black obfcure Fire. Take of Pitch % iiij; of Sulphur
31ij; of Ceal 4j; of Crude Antimony % ij; and of common Salt % j.

Fill the Capacity of your Cup with Running Rockets (or Squibs) af-
ter having falted the Bottom of it over with a Mixture of Mea/
and Corn Powder to make them fly out. Shut them in, and cover them
with a round Board of the Thicknefs of 3 or 4 Lines, and that, to fuch
a Nicety that the lower Surface of it may bear upon the Heads of the
Rockets, and its Circumference exatly correfpond with the Concavity
of the Cup. Then pitch the remaining Cavity of your Cup up to the
Brim, and cover the round Board upon the Rockess with a tarred Cloth,
to keep it tight, and to prevent any of the Pitch from running in among
the Rockets.

The ingenious Pyrobolif may apply this Cup to a thoufand artful
Ufes; particularly in drinking to the Health of fome Perfon of Diftin-

4 &ion,
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&ion. He need anlp firft fire the Fuze or Cafo that runs down to- the
Center of the Foot of this Goblet, and whilft that is burning, tofs off
at ancewhat Liquaris in it, and immediately lifting it above his Head,
Leep. it in, that Situation till the. Rockets are fired and flown out of the
Cap: But I muft here tell you, it is proper that you fhould have
no more Wine.in. it than may be drank off at one or two Gulps; or elfe
it may be neceflary for the Drinker to have a Throat formed after the
German Fafhion (1 ask Pardon) I mean the Grecian; to fwallow it
down at once, if there be a good Quantity of it; for-in this Cafe you not
anly run the Hazard of burning your Nofe, byt alfo of fpoiling your
whole Face. Now befides the Cxp I have here given you, you may
confult Fig. 200 and 201, where you will find others.

CHAP X
Of Artificial Cafes or Tubes.

OF all the Pyrotechnical Inventions that have been brought to lighs,
there are none fo important or neceflary in the Conftru@ion of Ar-
- tificial Pyrotechnical Machines (which we fhall treat of in the fubfequent
Chapter) as thefe Cafes or Tubes; for 1 believe it is impoffible to think
of any Contrivance, that would be more proper to fill up, fupport, and
bear a whole Machine, or to throw aut fuch a Diverfity and Redundan~
cy of Fires, in what Order and Succeffion the Pyrobo/zft thinks fit to pre-
fcribe, than thefe Cafes, which are ufed in Pyrofechnics : And there-
fore I thall here prefent you with fome of thofe Sorts which are in the
. greateft Requeft among Fire-Engineers; and that, in the moft regular
and confpicuous Order I am able. To begin, "

SORT L

325

In Fig. 189 you have the Conftruction of a Cafe compofed of feveral Fig. 189

Pieces or Boxes, whofe Height is arbitrary, and may be as you pleafe.
Now all thefe Boxes have hollow Bottoms adapted to receive and caver
the Boxes which are immediately under them. If thefe Pieces are
made of Wood they muft fo exa@tly fit, and receive cach other, that it
may be difficult 1o diftinguith the whole from one continved Piece: If
on the other band they are made of Paper (which I like beft both on
the fcore of their Strength and Lightnefs) you muft, in Confideration
that they are all of one Size, pafte on a Foot or Bottom of about 2
Palm in Height o each of them, the Interior Cireumference or Con-
cavity of which Bortoms muft exa@ly fit and correfpond with the Con-

Oooo vexity
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Fig. 190
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vexity of the Boxes or Cartouches themfelves: In fhort, they-muft be fo
contrived as to {lip into and fit ‘each other.

I know of nothing more convenient for the Conftruétion of thefe
Boxes than the Engine diftinguifhed by the Letter A, and the two Cy-
lidrical Formers by B and C, upon:which (having previoufly greafed
them over with Soap) you fafthion your Boxes jult as you think proper,
by pafting one Revolution of Paper upon another, turning round your
Former which has an Axis at each End, fufpended upon two Crutches;
and having an Handle at one End to turn them round with, Be-
ing thus formed, put them to dry by a moderate Heat; for if you
dry them fuddenly by a brisk Fire, they will thrivel up : And therefore
as foon as they are taken off from the Former, you immediately clap
round Wooden Boards into them to ferve for Bottoms, which are fub-
ftantially glewed into them, and afterwards nailed in from the Outfide
to fix them in ftill the more firmly. The Wooden Fuze belonging to
the Bottom of each Box muft be ordered and filled juft after the fame
manner as we dire@ted above for the fourth Sort of Water-Globes ; and
the Rockets fhall be fixed after the fame Fathion. Now, if you are de-
firous of feeing how all thefe Cafes are adjufted and fixed in Pyrotechni-
cal Machines, caft your Eye upon the Stazue of Fortune which we have
reprefented in Fig. 202, where you will fee one of thefe diﬁinguifhe"c‘l
at large by the Letter A.

SORT IL

In the preceding Sort, I'have given you a Cafe compofed of feveral
Pieces, which are deftroyed and blown up by Degrees, as faft as the
Rockets contained in one of them can force away the empty Box fuper-
incumbent upon them, which has already difcharged its Load; but I
here prefent you with fome that are folid, and which always ftand pof-
fes’d of their full Height; and only bear Artsficial Fire~works. on their
Outfides, which being ranged in a continued regular Order from the
Top to the Bottom, burn and fly up into the Air to the Aftonith-
ment of the Beholders: Or they contain Artificial Recreative Globes,
and feveral fuch like Things which mount upwards to perform their
Effe@s, and leave the Cafe empty: All thefe I fhall entertain you with
in the moft perfpicuous and concife Metkod I am able : Firft chen.

The Cafe or Tube which you fee in Fig. 190, muft be made of folid,
hard, dry Wood, of what Height and Thicknefs you fhall think proper.
You muft bore it with a large Augre to the Breadth of a Third or at
leaft § of the Solidity of the Wood. You muft then divide the whole
Height of it into certain equal Parts, which fhall exaétly correfpond
with the Height of the S&y-Rockets you intend to fix upon it, or
they may be a little fhorter. All thefe Parts fhall be cut floping in
downwards, excepting only the uppermoft which muft be a Cylinder,

but



Boox V. Of the Great Art of ARTILLERY.

but all the reft fhall be Portions of a Cone reverfed, fo that the whole
may be divided as it were into Joints like a Cane, and each Joint have a
pretty broad Shoulder. Thefe Shoulderings muft be flat, and have a
Groove cut into them, and running all round them, which muft be of a
 Finger’s Breadth; and of the Depth of 6 Lines, or thereabouts. From
thefe Grooves you muft bore fmall Holes, by which the Fire may be
conveyed to the Trains in them from the Body of the Café, to light the
Rockets which ftand upon them in Paper Cartouches, which muft be
fecurely fixed to the Wood to prevent them from flying away with the
Rockets.  As to the Conftruction in general of this, I thall refer you to
our Chapter of Water-Globes, where you will find fomething of this
nature in Fig. 101: But the Figure I have given of this, will fufficient~
ly inform you of every thing relating to it, where A and B denote the
Joints of this Cafe or Tube with their Rockets; C the great and fmall
Cavities for your Trains ; and D the Orifice of the Cavity in the Body
of it. Your Trains in general muft be of fine Mea/ Powder. But the
great Boring which runs down the.Middle of the whole (as well as of
the reft which we fhall defcribe hereafter) fhall be filled with one of the
Compofitions we gave for Water-Globes or Fire-Balls : But 1 muft cau-
tion you to put in about half a Pound of Corn Powder after every 5 or
6 1b of Compofition, in order to clear and fcower the Infide of the Cafe
from the Soot, &¢. which will ftick to it, and fupprefs the Flame, and
impede-its lively Afcent. The Bottom of this Tube fhall be folid and
fubftantial ; that is, you muft not bore it quite through, but leave 3 or
4 Inches of folid Bottom to it

SORT 1L
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The Form of this Csfe in Figure 191, {feems to differ pretty muchFig. 1g1.

from the preceding ; becaufe this appears to be a perfe@ly round
and uniform Cylinder ; though in the main it is hollowed, and cut
out in the fame manmer as that above. You are to trace out a
Spiral Line from one End to the ether of its Convexity; upon
which Line you (at'a convenient and equal Diftance) are to cut out
Mortefles or Holes to the Depth of two or three Inches, whofe Bafes
and Perpendiculars fall obliquely upon the Axis and its Parallels : (See
Letters B and C upon the fame Figure;) Into thefe Mortefles you muft
contrive to fix Paper Cafes with Wooden Bottems, into whicl you may
put any Sert of Rockets you pleafe, as you fee in A and E. But you muft
take care to have Fuzes or little Holes branching out from the Body of
your great Tube to the Corn Powder beneath your Rackets.

SORT
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SORT v

Fig. 192, I can hardly add any thing farther of this to what I have already faidt

Fig. 193.

above ; for this Caft is Coufii-German t6 the preceding one. How-
over, there is this Difference between them; that the firft is-armed with
Rockets which fly out of cerrain Paper Cafes; and on the contrary, this
is furrounded with a Number of Boxes or €artouches difpofed in a Ser«
pentine Order, like the firft : Add to which, that they are fecured as faft
and firmly as poffible by béing glewed, nailed, &e. upon the Convexi~
ty of the great Tube or Café, and vomit forth a great Number of Rum-
ning Rockets (or Squibs); and in a Word, their Pofition is Right and
Parallel to the Axis and Sides of the Tube they belong to.  As to any
thing farther; this can boaft of nothing that it has not in commeon with
the other.

SORT V.

Divide the Periphery or Circumference of a Cylinder at each End
into a certain Number of equal Parts, and then produce Subtenfes or
Chords fucceflively terminating in your Points of Divifion. By this means
you will have two Multi-Angular Figures (viz.) one at each End, whofe

* Angles and Sidesare murudlly Sitnilar and Equal. Thustaking the Sides

of thef¢ Polygons for your Gides and Dire&ors, cut away the Convexie
ty of your Cylinder and convert it into a Polybedronic Prifm: If youw
have not a clear Idea of this, caft your Eye upon Fig. 193.

This done, bore it through the Middle with a large Augre, as we di-
reed for the reft; and bore each Hedron or Side of it with a Number
of Holes all falling obliquely, of at aoute Angles, upon the Axis of the

"Prifin, and the Plaié of it8 Sides; all which muft penetrate to the

great Boring in the Middle. Into thefe Holes you muft thruft Zron
Crackers, or Running or Sky Rockets, if your Tube is in Proportion to
them or can bear them.

The Tower which you fee in the Middle of our Citadel fortified
with 5 Baftions is built upon a Tube of this Kind, as may be perceived
in Fig. 204. But the Ingenicus Pjrofofjff may apply this to feveral o-
ther Ufes, whether Recreative or Warlike : For my Part, I thall fpeak no
farther of it, but proceed to give you an Account of others which I
tike Foll as well.

SORT VL

If you pleafe to recolle@t ; you may remember that I difcourfed pret~
ty largely upon a Tube of this Kind in Book III, when I defcribed to
you the Third Sort of Sky Rockets, and alfo in Book IV, when I treat-

ed
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ed of the Twelfth Sort of Water Globes: So that notwithftanding I
promifed you then to amplify upon this in another Place, I find the
Difference between thofe which I formerly defcribed, and that which I
have now taken in Hand, to be {o very inconfiderable, that I can hardly
diftinguith one from the other, except it be with regard to Size, and
therefore I {hall refer you to what I formerly faid to inform yourfelf in
the Conftruction of this: However I muft obferve to you by the way;
That all Sorts of Cafes or Tubes (excepting that which we defcribed
Firft) may be filled after the fame manner as what you fee in Fig. 194.
Where A points out Pyrotechnic Stars and Sparks interfperfed with Corn
Powder. Ba Recreative Globe filled wich Paper or Iren Crackers. C
a Light Ball, ot Water Globe, which of them you pleafe. Finally, D
fhews you another Recreative Ball filled with Running Rockets. The
Hollows and Interftices between thefe Fires are filled with a Slw Com-
pofition or Corn Powder to blow out the Glodes &c. one after another.

SORT VIL
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Truly,I find nothing more troublefome, nor would there be any thing Fig. 195.

more unprofitable than to coin new Words to defcribe each of thefe
Tubes, fince by the Conftrution of any one of them you may with a lit-
tle Thought get the Knowledge of all the reft: Add to which, that the
‘Figures I have here given you of them, illuftrate them fo evidently and
plainly, that it is impoffible for you to commit any Miftakes if you du-
ly confider them. And therefore I thall add but two or three Words in
favour of this Sort. Namely, that you are to fix all your Crackers up-
on the Convexity of it in a Spiral Line, whofe Revolutions are pretty
clofe to one another, and that they muft be difpofed in fuch Sort, that
they may anfwer to the Form of a Rbombus compofed of two Equila-
teral Triangles; or elfe Saltier-wife, or in Form of St. Andrew’s Crofs.
Confider a little on what has elfewhere been faid, and caft your Eye up-

on Fig. 195.

SORT VI

Take 2 Wooden Cylinder fmoothly turned, or let it at leaft be cut Fig. 196.

out in a roundith Form, and let its two Bafes or Ends be equal. Its
Diameter or Thicknefs muft be left to your own Fancy, but its Height
or Length fhall be always fix times or ten times its Breadth or Thick-
nefs. This done; flute it as you fee in Fig. 196. Now left you might
not know how this is to be done, I fhall difplay it to you in few Words.
Divide the Periphery of the Bafe into 6 equal Parts, which you may
do by taking the Semi-diameter of the Cylinder : Subdivide then each
Sixth into 7 other equal Parts, and take one of thefe laft Parts for the
Lift or Interfpace between the Flutes or Channels, and the 6 others
Pppp thall
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thall be left for the Channels betwixt the Lifts. They are formed
thus.

Take the half Breadth of each Hollow or Flute for a Semi-Dia-~
meter or Radius, and defcribe a Semi-Circle from a Point in the Pe-
riphery of your Bafe. . Then skipping over 7 for an Interfpace or
Lit, defcribe another Semi-Circle. from the Periphery in the fame
manner, and fo proceed till you have defcribed 6 Arches. The
fame thing muft be done at the other End or Bafe. In fhort, having
produccd Right Lines from one End to the other of your Cylinder ter-
minating the Breadths of your Interfpaces or Liits, and your Flutes or
Channels; hollow them in Proportion, and by the Direction of your
Semi-Circles at each End, and the Lines upon the Curve Surface of
your Cylinder. Then bore the Body of it from one End to the other,
in fuch Proportion that the Diameter of the Boring may be $ or § of the
Breadth of one of the Hollows or Flutes wrought into your Cylinder.

Then prepare little Mortars after this manner. Get fome Wooden
Cylinders fo as to fit each Channel or Flute; hollow them out, and add
Chambers to them (as may be feen in B) which Chambers fhall be $ or 2
of your Flutes in Depth, and the Breadth of { only. Thefe Chambers
are defigned to hold Corn Powder.

Reinforce thefe Mortars ftrongly with Paper Cafes on the Outfide,
and nail them fatt in the abovementioned hollow Channels; whofe

* Concavity they are exattly to fit; but as to the Length of them it thall

be double of their Breadth. Thefe little Mortars muft each contain a
Recreative Globe made of Paper, but with Wooden Bottoms prepared
after the manner we formerly directed, and their Chambers muft be
charged with Corn Powder. 'Then having traced out a Spiral Line from
one End to the other of your Cafe or Tube, fix thefe Morzars upon it
(that is) in a Spiral Direction with refpeét to each other, and fecure them
faft in your Flutes, by litde Iron Staples driven into the Bottoms of
them, and into the Sides of the Lifts or Interfpaces, and bind the Mid~
dle of them with an Iron Plate faftened at each End upon the Face of
the Interfpaces: And if after having done all this, you apprehend they
are not fufficiently fecured, you may fix beneath them a Wooden or
Iron Bracket. But before you thus fix on your Mortars, you muft ne-
ceffarily pierce little Holes into the Body of your Cafe, which muft be
filled with Meal Powder, exa&ly upon which you muft place the Touch~
holes of your Mortars. Eve.ry thing relating to this may be eafily ga-
thered from the Figure ; in which A and B point out the Mortars, and
C diftinguifhes the Recreative Globe. But here I muft farther acquaint
you, that there muft be but one Mortar in each Channel or Flute, I
fhall not here repeat how you are to fill the Boring in the Middle of it,
having mentioned it {0 often already.

COROL-~



Book V. Of the Great Art of ARTILLERY.

COROLLARY L

All thefe Tubes or Cafes may be contrived fo as to be portable aftér
the manner of Clubs. And to that purpofe you need only add an Han-
dle or Gripe to them, that you may manage them without any danger
to yourfelf, and at the fame time deftroy your Enemies: And upon
this Account they may not only be ranked amongft Recreative Fire-
Works; but may alfo be allowed a Place amongft the moft Serious and
Military, by ﬁllmg them with fomething of a pernicious Nature and
Effe@, and arming them on the Outfide with fuch Things as are proper
to do Execution. 'This Hint I thought proper to make here; but I
fhall in the Sequel have a proper Opportunity of fpeaking more fully on
this Subject.

COROLLARY I

Though thefe 7 laft great Tubes might very properly be filled with
thofe Compofitions we formerly gave for Water-Globes and Fire-Balls; 1
fhall neverthelefs fubjoin the following Compofitions for their Ufe, which
will be particularly adapted to them,

L

Take of Powder 12 1b; of Saltpeter 8 165 of Coal 4 b, and of the
Filings of Iron or Hammer-flaw 2 1b.

1L

Take of Powder 24 1b; of Saltpeter 10 b5 of Sulpbur 6 16 ; of Coul
4 1b; of Colophone 2 1b; and of the Rafpings or Saw-Duft of Wed
8 b,

COROLLARY IL

In defribing the above Figures we often made mention of an Heli:
cal or Splral Line to be traced round the Body of a Cylinder ; I thére-
fore think it neceffary to touch a little upon the manner of doing it;
to the end that you may be enabled to fucceed not only in the Conftriic-
tion of our Tubes and Cafes; but alfo to perform feveral Things in
Engineering, whether Mechanical or Hydraulical. Now having met
with a Paffage in Vitruvius which anfwers exa@ly to my purpofe;
whereby he inftru&ts us how to make the Helical Screw, or Spiral Ma-
chine for raifing Water, which is faid to have been inverited by Ar«
chimedes long enough before Pitruvius was born; 1 fhall here infert it.
Attend then to what he faith.

1 There is a kind of Screw which raifes Water with great Power, bt
not to Jo great an Height as the Wheel.  The Cofﬁruz"hof: and Propora

% Vitriwy. Lib, X, Cap.IL .
faons
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tions of it muft be thus ordered. Take a picce of Timber, whofe Thicknefs
or Breadth muft be brought to confifft of as many Inches as its Length does
of Feet, and let st be made round.  Divide the Periphery of it at each
End into 4 Quadrants, or info 8 Semi Quadrants, 4y Radiior Lines
branching out from the Centers, and terminating in the aforfeaid Periphe-
ries; and let thefe Lines o agree and correfpond with each other that the
Timber being fixed upright, the Lines of each Bafe or End may be exaltly
perpendicular over each other: From the exterior Extremities of thefe
Lines (viz.) at each End, produce right Lines which may join them toge-
ther, fo that between thefe Lines thus produced there may be included 3 of
the Curve Surface of the Timber or Cylinder from one Endto the other. Thus
thefe Eight Spaces will be equal both in Length and Rotundity(or Breadth.)
Being thus adjufted mark out oblique Lines or Diagonals between them, with
Points upon each Line, continually following each other in an uniform Di-
reflion. The whole being thus ordered, take a thin Switch or Ruler of
Willow, and anointing it ever with Tar, or daubing it with any thing of
that Nature, fix it in the Points of the Firft Diagonal, and from thence
apply it to the Obliquities and Circuits of the other fubfequent Diagonals.
And thus proceeding onin anaturaluniform Succeffion uniting and connelting
the Points of your Diagonals together you will bave your Helical or Spi-
ral Line formed. And bere you muft obferve that the more oblique your
Diagonals are, the lefs frequent, and farther off will your Spiral Revo-
Jutions be. from one anather. Your Line being thus formed by an uniform
Progreffion of Diagonals interfeSting the Lines or Dz'vzﬁom of the Curve
Surface of your Cylinder obliquely; bollow out a Channel in that Direct-
on juft. after the manner of a Screw.

Thus far Vitruvius concerning Archimedes's Hydraulic Screw ; but if
it can be poﬂiblc that the above Quotation is not plain enough to in-
ftru@ you in the Operation, you may confule the Commentaries of Phbi-
lander and Daniel Barbarus upon the fame Subje&, who have handled
it with greater Prolixity.

Farthermore Mar. Bettinus in his  Zrario Philofophie Mathematice,
or his Treafury of Mathematical Philofophy, has a particular Way of
generating a Spiral Line, which is by fome fuppofed to be invented by
Albert Durer. 'The fame Bettinus gives us another method of doing i,
which he took from 1 Pappus; where he explains the Meaning of Vi
truvius in the Paffage above-quoted: I have here then taken from that
Author the moft compcndmus Method I could poffibly find to inftruc
you in the Subje& in hand, after having retrenched fome little Super-
fluidies that could no ways anfwer our Purpofe. Thus.

Let a Right Line be given equal to the Perimeter of a Cylinder, and
upon one of its Extremities let fall or raife a Perpendicular ; - (which
muft be fhorter or longer juff as you propofe to have the Revolutions of

4 Mar. Bewt. Tom, 1, Pag. 43, and 49, 1 Pap. Lib. XI11, Coll. Mat, Prop. 24.
your
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your Spiral more or lefs frequent) then from the Upper Extremity or Ver-
tex of the fasd Perpendicular, produce an Oblique Lire or Hypotbenufe
terminating in the other Extremity of the Bafe or given Right Line :
This done, cut out this Triangle in Paper ; and by circumvolving or wrap-
ping the Bafe of it round the Perimeter of the Cylinder, the Hypothenufé
by its oblique Embrace will circumfiribe a certain Limit upon the Con-
vexity of the Cylinder which will be your firft Spiral; baving then de-
/é'ribed it with @ Pencil ; apply your Triaﬂgle a fecond time for a fecond
Spiral.

PTIM Right-angled Triangle by its Bafe fbews the Circular Prigrefion of
the lower Extremity of the Perpendicular : And the Perpendicular Side
of it gives you by its Length the Progreffion of the other Point of the
Perpendicular upwards during the Time it was furrounding the Periphery
or Perimeter. _

I fhall to this only add that we -might by this laft method very
conveniently and readily defcribe an Helical or Spiral Line, round the
laft great Fire Tube I gave you; (namely) by means of a Right-An-
gled Triangle whofe Bafe is equal to the Perimeter of the Convexity
of the Body, and its Perpendicular equal to the Height of it. Thus
by applying fuch a Triangle upon a Tube or Cafe of the aforementi-
oned Sort, the Hypothenufe will make a perfect Spiral upon the Con-
vexity of it, upon which Spiral you muft range your Mortars in the
Flutes or Channels wrought into the Surface of your Tube, and then
fecure them as we before direGted.

From the fame Author you may alfo learn a Method of defcribing a
Spiral upon a Plane, which will be neceflary for you to know, that you
may be able to make the Serpentine Grooves in your Artificial Shields
and Efcutcheons as we faid above.

CHAP XL

Of feveral Recreative Pyrotechnical Machines and Engines,
compofed of Rockets, Crackers, Globes, Wheels, Buck-
lers, Clubs, Symetars, Swords, Poles, Staves, Tubes or
Cafes, and all fuch like Artificial Fires.

LL that we have hitherto faid of Artificial Recreative Fire-Works,
tends to this Chapter as to its Center: And all that we have hi-
therto taught in our Difcourfes on the Method, Order and Fathion of
conftrucing all the foregoing Fire-Mackines, has been no other than the
Rudiments or Apparatus, to qualify or enable you to carry on and
compleat the noble Machines exhibited on Popular Occafions ; in thore,

Qqgq9q9q I have

3
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I have hitherto been only infinuating into you a Knowledge of the fe-
veral Effentials, and furnithing you proper Materials to build with. In
this Chapter 1 fhall teach you the Aflemblage of them, which is defined
tobe, an ordering and difpofing of the feveral Parts [o that they may mot
kinder and embarrafs one another ; and the giving a Thing that Form and
elegant Appearance which firikes the Eye of the Speciator in a pleafing
manner. Now this general Definition may be divided into feveral par-
ticular Branches, of which I fhall here make Chaice of two without fpe-
cifying the reft which the Architec? ought to be perfect Mafter of, and
which the Pyrobolif# ought not to be wholly ignorant in. The firft then
thall be the Thematifm (from the Greek Word Yepatiou®.) which figni-
fies the Decorum and Gracefulnefs of any Pile; and is defined to be #be
making the whole Afpect of a Fabric fo corredt, that nothing fhall appear
but what is approved and warranted by fome Authority. Now this laft
Quality of any Thing, is the Refult of the profound Meditation, and af-
fiduous Study and Diligence of the Engineer, in colleGing all fuch In-
ventions and Contrivances as may be futable to the Time and Place,
where and when he exhibits his Work to the Public; and in accommo-
dating them to the Rank of the Perfon by whom he is employed; in
ftrictly keeping up to all fuch Things as feem to be in the moft general
Efteem amongft Mankind ; in clofely obferving the Nature of Things;
and in never attempting any Chimerical Impofiibility, or ought elfe that
might in any Degree fhock and difcompofe the Rules of our Ar+.

The Second is Oeconomy, (from the Greek Word oixovoiz:) This
confifts in @étual Praélice, and in a perfect and mutual Connexion of
Members or Parts; requiring the Exercife of the fudgment, and a Know-
ledge of why, and bow it comes to pafs that any particular Thing ought to
be placed here and not there; why This fbauld be in one Pofition, and That
in another, It likewife confiders Times, Seafons and Expences. And a-
bove all Things requires us to provide as much as we can towards our Safe-
ty and the Prefervation of Life; and that, not with regard to ourfelves on-
ly, but alfo with re[peét to thofe who might incur great Dangers through
our Mifeonduét and Imprudence. ‘Thefe are the two Pyrotechnical To-
pics which I propofe to enlarge upon, and entertain you with in the Se-
quel.

Of the Thematifm, Decorum, or Gracefulnefs which is to
be obferved in the Ordering of our Recreative Pyrotechni-
cal Machines.

Both Ancients and Moderns have allotted four general Times or Occa-
fions for exhibiting of Artificial Fire-Works. ‘'The Firft: At the Con-
fecrations, Inaugurations, or Coronationsof Popes, Emperers, and Kings;
at the Receptions of great Princes and Generals ; and at the Elections of
City Magiftrates.

Secondly :
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Secondly: Upon any Vicory obtained by Land or by Sea; upon the
Acquifition of apy Province or City by Conqueft ; upon the Raifing of
Sieges, and all the happy Events of #gr. Again, upon the Conclufion
of a Peace between two mighty States, and upon the Triumphant En~
tries of Emperors, Kings, and great Caprains.

To this Clafs may be added Feftivals, Anniverfaries, and Canoniza-
tiops of the Blefled ; for I think it but reafonable that we fhould devote
Days of Joy and Benediction, in Commemoration of thofe who have
got the Vi@ory over the World, by their Piety, San&ity, Continence,
Chriftian Magnanimity, and all thofe Virtues which render the Soul
beautiful in the Sight of God.

Thirdly, Fire-Works may be very properly exhibited at Entertain-
ments and the Celebration of Marriages.

And Fourtbly ; upon the Merry-makings of Friends.

As to the Firft of thefe : It will be proper to prepare Fire-Crowss ; to
reprefent the Armorial Enfigns of Princes, Provinces, Cities, and Peo-
ple; to ere@ fome Majeftic Statue or Colgffus, with a Number of fmal-
ler Figures about it, to perfonate the Subjecs of the Prince, all drefled
after the Fafhion of their Country, and paying their Duty and Homage
to their Sovereign by all the Poftures of Submiffion. - At the Inaugura-
tions or Elections of Popes you may have recourfe tothe Myffical Dream
of Jofeph, (as we find it recorded in Holy Writ) wherein he faw Eleven
Sheaves of Corn, which fubmitted to a Twelfth greater than They, and
placed in the midft of them. For Emperars, you may reprefent the an-
cient Ceremony amongft the Romans, when they created their Empe-
rors ; which Nicephorus Gregoras mentions to this Effe. 4 Theodo-
rus upen the Deceafe of kis Fatber was lifted up upon a Shield and acknow-
ledged as Emperor ; and Michael Paleologus was admitted to the Empire
with the fame Ceremony. Julius Capitolinus faith : || During this, Cxfar
Gordanus was lifted up by the Soldiers, and faluted as Emperor. Am-
mianus Marcellinus alfo in mentioning the Emperor fulian, who was
raifed to the Sovereign Dignity by the Gallic Troops; faith: That being
Jeét upon the Shicld of a Foot Soldier, and lifted up, he was in the midf of
the filent Multitude preclaimed Emperor, and bonoured with the Diadem.
We find alfo in Ad of Vieuna, that this Cuftom was likewife obferved
amongft the Gauls at the Creation of their Kings; for he fpeaks to this
Effect: Sigisbert was put uypon @ Buckler after the manner of the Coun-
try, and proclaimed King in Prejudice of bis Brotber Chilperic. And
we find in Aureliys Caffiodorus, that this fame Ceremony was in Vogue
amongft the Gorbs; for fpeaking of it he faith: 3 That the ancient Goths,
their Fathers, bad created their Kings according to the Cuftom of their An-
ceflors, by lifting them up upon a Shield in the midft of drawn Swords.

§ Nic. Greg, Hift. Rom, Lib. III, Page a5. and Lib. IV.
Il Jul. Cspit. in Max. & Balb. "% Aur..Caff, Lib. X. Var. Epift, XXX

This
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This Ceremony, I fay, may be properly applied to the Coronations of
Crowned Heads: Reprefenting the King or Emperor by a Statue made
up of drtificial Fires, and elevated upon a Shie/d; which may ferve as
an Hieroglyphic to denote the Warlike Genius of the Sovereign, and his
Invincible Prowefs which had raifed him to that fublime Pitch of Glo-
ry; or at leaft it may ferve to admonifh and excite him to an Ac-
quifition of that Heroic Virtue which. is fo neceflfary for the Defence
and Prefervation of his Dominions. Or inftead of this, He may be
fupported by the Armorials of particular Provinces and Cities, which
will be the painted Voice, or perfect Reprefentatives of the Will or
Choice of the People; but in the ordering of this Article, our Pyrobo-
I muft exert his good Senfe and Judgment, by doing nothing that may
thock or give Offence to the Conftitution of the Kingdom. -Or you
might upon the fame Occafion ere&t a Column, furmounted by an Im-
perial Crown or Royal Diadem with this Infcription.Caurrents, or to the
Foremgff. This Device alludes to an ancient Cuftom eftablithed amongft
the Poles,” after the Death of Premiflaus or Lefius the Firft of that
Name; for great Feuds arifing amongft the Grandees of the Kingdom
who contended for the Crown, and none being able to think of any
Way of deciding their Pretenfions, each of them perfifting obftinately
in his Claim; the whole Affair was thrown up to the Difpofal of For-
tune; and to that Purpofe it was ordered that they fhould all appear
mounted upon Horfes, and ride a Race for the Crown of Poland, which
thould be conferred on him who firft reached the Goals Now to tell
you by what Stratagem one of thefe Competitors, called Lefcus, won the
Prize ; or to give you a particular Relation how he got Iron Bars laid
under the Sand, to throw down the Horfes of his Colleagues of the
Race, referving only a clear Path for himfelf, which he knew very well;
1 fay, to dwell particularly upon this, is none of my Bufinefs; and thofe
who would be farther informed upon this Head, may turn over Martin
Cromer’s Hiftory (Lib. I1.) of the Wars of Poland. 'To this I fhall only
add, that fuch an Emblem may be applied to fignify the Good Fortune
of the Perfon raifed to the Scepter or Crown; or-to any particular
Power over the People ; but more efpecially if the King is proclaimed
by the unanimous Confent and general Voice of the Nation, and as it
were Elected preferably to 2 Number of Competitors who ftood Candi-
dates for the Sovereign Sway. * This the pruderit Pyroboliff will know
how to accommodate or adapt to the State of Affairs.

Princes likewife may be very feafonably reminded at fuch Times of
the Viciffitude of all fublunary Things, and the Incertitude of Profpe~
rity, by a Sight of the #Wheel of Fortune, which may be made after’ the
manner of one of the #heels we have given you above. This Emblem
was exhibited lately at Copenbagen, at the Coronation of Frederic the
prefent King of Denmark; and I think it very proper on fuch Occa-
fions ; for (as Pythagoras {aid) Life is no other than a Wheel or Circle of

Good
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Good and Evil. 'The Wiheel then is a proper Emblem of Fortune ; by
which is meant Divine Providence ; as we are taught by Z£fp, who
being interrogated by a Perfon, who asked him what Gop did? He
replied (very much to the Purpofe) He abafes the Lofty, and raifes up
the Humble. 'To which we may add the following Words of the Sacred
Text: He bath put down the Mighty from their Seat; and hath exalted
the Humble and Meek. Again; remember the celebrated Sentence, which
fays, That Human Things are a Circle. And that other: The Mutability
or Viciffitude of Things is very pleafant to Man.

You have for the fame Occafions another Reprefentation of Fortune,
ftanding upon a Ball, and fpreading out a Sail fwelled by the Wind, and
with her Hair flying about in Fig. 203. Thereby to fignify to thofe
Perfons who are raifed to the Honour of Governing, and bearing Rule
over Nations ; that their Happinefs and Grandeur depend abfolutely
upon the Divine Will; and that they are changable and unftable like
the Wind, very doubtful and of fhort Duration; and to warn great
Men not to fuffer themfelves to be mif-led by the falfe Appearances of a
flattering Fortune, but on the contrary, to preferve an Equanimity
throughout their whole Condu&.

The Figure which we have given you in the Frontifpiece of our
Work, is a juft Emblem of the Vanity of all Worldly Honours and
Pomp ; for what is a2 Man with all his Majefty, his Dignity and Power,
but a Bubble formed and fwelled out by the Breath of a Child, from a
little Soap and Water ? I fay, he is even lefs to be confidered than fuch
a Bubble. You may then apply this to the Purpofes above mentioned ;
and I cannot help thinking, that this Emblem drew its Origin from the
Dream of Conffantine the Emperor, juft before the Turn or Change of
his Fortune ; wherein he thought, he faw a licle Child taking very
fmall Brittle Balls out of his Father’s Breaft; from whence he drew
very melancholy Interpretations and Conjetures concerning the Mis-
fortunes which foon after overwhelmed him.

When great Captains and Generals take the Field, with a newly-de-
legated Command over the Armies of the State, the ingenious Pyrobo-
Iiff may apply to them the Ceremony of the Roman Chiefs of Old up-
on the like Occafions; which, according to Servius Grammaticus, was
thus: 4 As foon as the Commiffion was delivered to them, they en-
tered into the Temple of Mars, and firft fhaking the  Ancilia, and then
the Lance of the Statue, they cried out, Mars vigilia; Mars, watch.

As to the public Entries of Triumphant Emperors and Chiefs re-
turned from War, you may reprefent 2 thoufand magnificent Fire-
Works proper to fuch Occafions. But were I to expatiate upon the fe-
veral Particulars, I {hould {pin this Chapter out to a very immoderate

¥ Ser. Gram. Lib. V111, En,
3 Ancilia, were a Sort ot Hely Shields kept in the Temple of Mars.

Rrrr Length :
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Length: And therefore, though I have a very rich Field before me, I
fhall only gather fome of the moft remarkable and principal Flowers for
ou.

! The Pyrobolift may 1 then, upon fuch Occafions, reprefent every thing
neccﬁ'ary or requifite in a Trmmph Such as Triumphal Arches, Py-
ramids, Obelisks, Trophies, Statues, Spoils of the Enemy, Colours and
Standards of the Vanquithed, the Captive Chiefs, with their Hands
chained behind their Backs; togcthcr with the Inferior Prifoners all
Dirty, Deje@ed, Squallid, and as it were half ftarved ;. and alfo the live-
ly Reprefentations of the Towns which are taken.

Again; you may prepare all the feveral Soris of Crowns, fuch as (were
formerly), the Golden Triumphal Crown, the Civic Crown of Oak, the
Mural Crofwn Winged, the szllarme and the Obfdional ; and in fhort,
the Naval or Roﬁral Crowns compofed of the Beaks and Prows of Ships.
But that our ingenioas Pyrobolift may got wholly be a Stranger to the
Pomp and Magnificence of the ancient Roman Triumphs, and that he
may have proper Hints and Direions to work by, when Occafion of-
fers, I have here tranfcribed what. Yobannes Rofinus and Thomas Demp-
“terus have colle@ed of this Matter from feveral Auchars concerning the
Roman Antiquities; Firft then ROﬁma faith: + As to whar zmmedzate{y
related to the Pomp of the Triumph it was much after this manner. The
Emperor (according to  Zonaras) being dreffed in a Triumphal Habit,
adorned with Bracelets, crowned wit) Leurel, anJ Lolam'r a: Branch of
the fame in bis Rngt Hand s be convenad the People and nﬂ:r paving ap-
plauded bis Army in general, and extolled private Merit in partic: Jlar be
divided the Money and Spoils ; to fome be gave Bracelets, tootbers Spear-
Staves, fome were prefentea’ with Golden Crowns, and otbers with Crowns
of Silver, on all which were zzycrtbed the Names of the Pe(/'om, and the
jéveral Prefents beffowed on them bore an immediate Relation to.the gene-
rous and brave Altions they bad perjformed For be that bad firf foaled
a Wall, bid a Mural Crown given.to bim 5 if be bad ﬁarmed Jome- Caftle,
bis Crown was futed to the Deed ; if be had got the better in a Sea-Fight,
‘be bad a Naval Crown'; and if be bad bebaved bravely in an Engage—
‘ment of Hwﬁ, be was diftinguifhed accardmg{y But be that bad faved
a Cztzzen n Fzglzt or in a Szege or rgﬁ'ued bim from any confiderable
Daﬂger, was 7t extol]ed in the moji gratefyl Manner, and was after-
wards crowne 'wztb an Oaken Wreatb or Garland, the Honour of which
was reckoned vaﬂ{y 10 exceed that of al]Crowns whether of Gold or of Silver.,

Nir was Virtue rewarded in particylar Perfons only, but whole Coborts
a;zd Legzom were bonoured 'wn‘b Prefents and Marks of Difincson. Thus
a great Part of the Spoils was divided among J¥ the Soldiery : There have
been tbo/? who have made Prgﬁmts 2o the whole Body of the Pegple, and en-
tertained them with Games at their. oun Charge ; and if they had any

a

+ Rof, Lib. X. Cap. XXIX, % Zon. Lib. 1L
thing
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thing left afterwcards, they /zzzd it out in erefling of Portzcaes, Temples
and other Public Works.  Having difpatched this Bd nefs, and ofered up
& Sacrifice, the Triumpler zjcended bis Car, baving thus prayed:

O ye Gods, by whofe Nod and Command the Roman
Empire has'its Being and Increafe, continue your favourable

Protection of it, and preferve irt.

Then be was draun through the Triumphal Gate; being preceded in the
Jfirft Place by Trumpets blowing Martial Sounds : After them came the
Oxen defigned for the Sacrifices, crowned with Wreaths and Garlands, and
fométimes with gilded Horns : Then Sfollowed a magnificent Show of Spoils
and Arms, which being piled with wonderful Art were partly. drawn:in
Chariots, and partly carried by Youths richly dreﬁed Then fucceeded
the Titles of the Cangzzerea’ Nations, and the Images of the Towns they
bad taken 5 and fometimes the Spoils were interfperfed with flrange Ani-
mals and Plants brought from the Conguered Country, and which bad never
éefore been feen at Rome: After thefe followed the Prifoners taken in
War, the Captains and Chiefs of them being bound in Chains : And after
them, immediately preceding the Emperor's Chariot or Car, weére carried
the Crowns of Gold, with which he bad been complimented by Embaffies
Jfrom the Cities and Provinces, as was the uﬁml Cuftom. Then caine the
Emperor bimfelf in a fumptuous Car, magnificently babited, and fbining
ina Trzumpbal Robe, crowned with Lawrel, and holding forth a Branch
of the fame in bis Hand. " The Triumphal Robe was Purple wrought with
Gold, of which Pliny Lib.IX. Cap. XXXVI, and Lib. V1IL. Cap. XLVITL
It was unlawful for any one to wear fuch 4 Robe as this any longer than the
Ceremonies of the Trzumpb lafted, as we find by the Hiftory of Marius, of
whom we read thus in Plutarch, (viz.) The Triumph being over Marius con-
duted the Senate inth the Capitol, and whether be did it inadvertently, or
awhether ke was elated by his Succefi and good Fortune, be bad the Infolence
to appear in the midft of them with bis Triumphal Robe; but foon perceiv-
ing that the Senate took Offence at it, ke rofe up and lazd it afide, with-
out inaking the leaft Dijpute about it. Dionyfius Halicarn, ﬁ)eakmg of
the Embroidered Purple Robe ufually worn by Kings, tells us, that itwas
unlawful even for Confuls to affume it gny more than the Royal Diadem ;
Jor (fays he) thofe Regalia or Enfigns of Royalty, were difallowed. to. the
Conful: 3 becaufe they were apt to raife Envy, and were (eemingly inconfi-
Jflent with Liberty : Indeed, upon Account of fignal-Services, fuch as the
obtaining a Victory, the Senate confented that the General fboujd be adorned
with Gold, and clad in Purple. As for tbe Crown of Laurel, you may.
confult Plin. Lib. XV. Cap. L.  Tke Triumphal Car was in Imitation of
& round Tower, and drawn moft commonly by Horfes, fbur in a Yoke or a
Breaft ; but when Camillus in bis Triuniph affumed White Horfes, be gave
great Offence to the People, becaufe they were particularly Sacred to. the
King and Fatber of the Gods.  Some chofe to be drawn by Stags, and others
by Lions. Underneath the Emperor they bung the Idol Fafcinus ]h (o}f

whic
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which Plin. Lib. XXVIIL Cap. IV. fpeaks thus:) T4e God Fafcinus was
not only the Protedtor of Infants but of Emperors alfo; and by banging un-
der the Car defends it, and proteéls the Triumpher from Envy, and
commands Refpect to bis Perfon s or it was applied to admonifb bim to look
back upon bimfelf; and confider that be was but a Man, though exalted to
that bigh Pitch of Honour. Zonoras alfp faith, that a public Officer was
drawn with bim, who flood bebind bim holding over bim a Crown richly
adorned with Gems and precious Stones, and continually reminding bim to
dook back upon bimfRlf, and confider what be was; and iake Care of bim-
JEIf for the Remainder of bis Life, and not be puffed up with Vain-Glory
and Pride. To the Car they alfo bung a kittle Bell, and Rods or Scourges,
by which was fignified, that be might fall under the fame Calamity, and
wmight be torn with Rods, and condemned to Death. For be faith, that
thofe who were condemned to any Capital Punifbment for a notorious
Crime, ufed to ring a little Bell, left any one by touching them inadver-
tently fbould defile bimfelf, and become a Sharer in their Guilt. Pliny
farther faith Lib. XXXIII. Cap. VIL. That it was the Cuftom for the Per-
Jon who Triumphed, to paint his Face with Vermilion, as was done by
Camillus, but this Cuflom was afterwards laid afide : And to bave
bis little Sons in his Car, an Example of which be gives us in f[peak-
ing of the Triumph of Bmilius. He likewife admitted bis Kinfmen, if be
bad any, and bis young Daughters into bis Chariot. And thofe that were
Jull grown, were fet upon the Horfes. Or if there was a confiderable
Number of them, they were drawn after bim by fingle Horfes. Clofe after
the Emperor’s Car followed the Army both Horfe and Feot according to
their Rank; and as many of them as bad received Prefents from bim as the
Reward of their Bravery and Courage, carried their Gifts in their Hands;
the reft of them were crowned with Laurel, fhouting with Triumphal Cla-
mour, or chaunting Poetry upon the Occafion, or breaking Fefts upon one
another, or the Spectators. The numerous Croud of People which flocked
from all Parts of the Town and Country to bebold this mighty Proceffion
were all decently babited, and moftly in White, joyfully congratulating each
other, and applauding their Heroic Countrymen: And in Honour to the
Gods, all the Temples were filled with Garlands and Crowns, and fet open
as the Pomp paffed by. In this Order the Emperor being conduited in Sight
of the Capitol, be at once guided bis Car towards it, and at the fame time
ordered the Captives to be carried to Prifin: Being come into the Capitol,
be prayed to this Ejfelt :

I return thee my moft fincere and hearty Thanks, O
thou beft and greatelt Fupirer, and to thee O Funo his
Queen, and to the reft of the Deities the Proteétors and
Inhabitants of this Faze, in that it has pleafed you at this
Day and Hour by my Hands and A&ions to preferve the
Roman Stase ; Perfevere in your Benevolence towards it as

you
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you have hitherto done, cherith and profper it, I humbly
befeech you.

And then they offered up Sacrifices in the moft folemn Manner 5 and con-
fecrated Golden Crowns and rich Pieces of Armour to Jupiter, which they
bung up in the Capitol. And in the fame Place a Feaft was given at the
Public Expence, and Money diftributed to the common People, Man by
Man; and what was left, was laid up in the Public Treafury. And a lit-
tle afterwards: They alfo erected Triumphal Columns, Statues, Arches,
and Trophies, and other Monuments, as may be learned from Plin. Lib.
XXXV. Cap.IL.  Of Triumphal Columns and Statues the fame Author
will inform you Lib. XXXIV. Cap. V. VI and VII. and Valerius Maximus
Lib. IL. Cap. V.  Georgius Fabricius jpeaks thus of the Triumphal Arches
(in Roma fua Cap. XV.)  Arches were formerly ereted in Honour of thofe
who bad conquered Foreign Nations, or gained great Viflories for their
Country : At firft, they were rude fimple Piles, when the Rewards of Vir-
tue did not flir up an unwarrantable Ambition. In fubfequent and more
impersous Ages they were embellifbed with the Ornaments of Sculpture.
They were either of Brick, like that of Romulus ; or of rough Square Stone,
like that of Camillus; or.of Marble, like that of Cafar in the Forum; of
Drufus with Trophies in the Appian Way ; of Trajan, &c. The Arch
was firft Semi-circular, and afterwards Square as it went downwards, fo
that there was a vaulted Pajfage through it, and on either Side were ad-
ded leffer Paffages or Poflerns.  To the Vault of the middle Arch they bung
Victory winged. Above this Vault there were Compartments or Pannels
richly carved in Relief with Triumphal Reprefentations.  This Magnifi-
cence took Birth in the Reign of Augultus, or a little before.

Trophies were Trunks of Bodies, adorned with Military Ornaments and
Arms, and fometimes with winged Vicories, and a young Captive lying or
fitting down before them with bis Hands tied bebind bis Back.

Sometimes the Triumphing Chief was drawn to the Capizol by four
white Horfes, as was done in the Triumph of the Great Scipio; fome-
times by Lions, as Marc Antony: Pompey the Great and Caius Czfar by
Elephants; Heliogabalus by Tygers, in Allufion to Bacchus; and by Lions,
alluding to Mars; or by great Dogs by an unparalleled and not-to-be-
imitated Example: Add to thefe the Triumph of Aurelianus Auguftus,
who to fignify the Cowardlinefs of the Enemy was drawn by Stags;
that of Nero, who was drawn by Hermophradite Steeds; and the Info-
lent Triumph of Sufacus King of Zgypt, who was drawn by Captive
Kings, as you may read in jfofepbus Book VIIL of his Fewifb Antiqui-
ties Chap. X. Here you have Matter enough to employ your Genius
and Art; on one Side, you may imitate the Sacrifices, on the other Side,
all the magnificent Apparel of a Triumph, (viz.) Triumphal Arches,
Pyramids, portable Statues, Trophies, Spoils of the Enemy, &c. All
which you may difpofe in graceful Order.

Sff{f If
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If thefe two Authors I have been now quoting have not faid enough
to fatisfy your Curiofity; hear what Appianus Alexandrinus faith of the
Triumph of the great Scipio : Being all crowned with Garlands, and
preceded by Trumpets, they condutled the Chariots or Waggons laden with
Spoils; they likewife carried Wooden Towers, Images, and Writings or
Infcriptions exprefing their fair Aétions 5 after which came the Gold and
Silver partly in rude Lumps and Maffes, and partly wrought or coined;
thefe were fucceeded by the Crowns wbich bad been fent by way of Homage
or Acknowledgment ; then White Oxen and Elephants ; and after them the
Numidian and Carthaginian Chiefs that bad been taken in the War, who
aere fucceeded by the Emperor’s Licors or Heralds richly clad in fine Pur-
ples and after them a Croud of Minfirels and Singers after the Tufcan
Masnner, all crowned with Gold, playing and finging in regular Order; in
the midft of théfe was a Buffoon adorned with Bracelets, and dreffed in a
long Gown trimmed with Golden Fringe down to the Ankles, who by bis
Geftures, Grimaces, and Ribaldry infulted the Prifoners, and excited
the Laughter of the Spectators. Then came the Emperor bimfelf fur-
rounded by a Cloud of Incenfe and Oderiferous Perfumes; and drawn
by White Horfes, baving Crowns on their Heads richly fet off with
Gems and precious Stones, and with Harneffes plated and fludded with
Gold ; the Emperor bimfelf fat exalted in a Gilded Car, babited in a Pur-
ple Robe after the Fafbion of the Country, finely embroidered over with
Golden Stars, bolding in one Hand an Ivory Scepter, and in the other a
Branch of Laurel; and accompanied by bis young Relations, who were
partly drawn with bim in the Chariot, or laid bold on the Reins of bis
Horfes; the whole Proceffion was clofed up by the Body of the Army crowned
with Wreaths of Laurel, fome of them bearing Marks of Diftinition as the
Reward of their Bravery, and others fligmatized by way of Punifbment
Jor their Unworthing(s ; for as they knew bow to applaud and diflinguifb the
Brave, they alfo knew bow to brand the Timorous and Unmanly with Infa-
my : In Allufion to which Juvenal has this Satirical Fling.

Hllinc cornicines, binc pracedentia longi
Agminis oficia, & niveos ad freena Quirstes,
Defoffa in boculis quos fportula fecit amicos.

In Eugl{/b :

Trumpets Before, and on the Left and Right

A Cavalcade of Nobles all in White : ;

In their own Natures, falfe and flatt’ring Tribes;
But-made his Friends by Places and by Bribes.

The Triumphal Robe was cither embroidered, or powdered over
with Golden Stars, or clfe ftained or wrought with Palm-leaves; from

whence
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whence it was called Pa/mated. Lucan fpeaking of thefe in Book IX,

Ver/. 177, fings thus:

e Pictafque togas velamina fummo
Ter confpecta Fovi.

Martial alfo mentions it Lzb. VIIL and Epig. L.

Befides what we have here related, the Ancients ufed to carry the
Names of Towns, Mountains, and Rivers in their Triumphs, together
with folid Figures of Caftles, Cities, and Towers, which were com~
monly of Mafly Gold or Silver, and fometimes of Iron; but moft com-
monly of Ivory, as we may learn from Owvid in Lib, de Ponto Eleg. IV,

Oppida turritis cinguntur eburnea muris.
In Englifb :
The Ivory Towns begirt with Towered Walls.
Aud Claudian Lib. Q1. de Laudibus Stilich.

Oftentarent fuos prifco fi more labores,

Et gentes cuperent vulgo monfirare fuballas.
Certarent utroque pares a cardine laurus,
Hec alemannorum fpoliis, auftralibusilla
Ditior exuviis, illic flavente Sicambri
Cefarie, nigris binc Mauri crinibus irent :
Ipfe albis veberetur equis, currumgque fecutus
Laurigerum fefto fremuiffet carmine miles :
Hi famuli traberent reges, bi falta metallo
Oppida, vel montes captivaque flumina ferent.
Hinc Libyci fraétis lugerent corntbus amnes,
Inde catenato gemeret Germania Rbeno.

In Englif:

If ftill the Cuftom was in Pomp to {how

The Victor’s Glory, and the conquer’d Foe ;

The North and South wou’d equally combine,

To make his Valour and his Condué thine.

Here, fhou’d the Warlike German Spoils be fhown,

And there, the richer Trophxes of a warmer Zone,

Here, the Sicambri with their Golden Hair,

There fwarthy Moors with jetty Locks appear.

He by white Steeds be drawn in Godlike State,

Whilit laurell’d Troops his Praifes celebrate ;
Here,

343



344

Of the Great Art of ARTILLERY. Book V.

Here, vanquifh’ d Kings be led with doleful Pace,
There, Towns in Metal wrought the Triumph grace;
'The captive Rivers and each captive Hill,

In Model thewn, confefs the Artift’s Skill :

Here, Libyan Streams fhouwd grieve with broken Urn,
There Germany in her chain’d Rbine fhou'd mourn.

By this you may perceive that they ufed. to carry the Images or Re-
prefentations of Rivers laden with Chains, to fignify their Servitude.
Owid fpeaks of this in Lib. IV, de Ponto.

Squallidus imittat fratta fub arundine Crines, &c.

The ingenious Pyrobol /# may reprefent Rivers and Mountains alfo un-
der Human Shapes in_the moft fuppliant Poftures faluting the Conque-
ror, and proftrating themfelves at his Feet: The Rivers may be exhi-
bited as prefenting him with feveral Sorts of Fifh by way of Homage;
and the Mountains may offer him their feveral Sorts of Ores in little
Cars; but I need not fuggeft any thing farther to a fertile Invention ; for
fuch will need my Affiftance no farther than barely giving a few Hints
of this Nature.

The Captives who were led in Triumph were chain’d by the Neck,
the Arms, the Wrifts, and Legs: That it was the Cuftom to chain them
by the Neck, may be learnt from Ovid’s Art of Love, Book L

Thunt ante duces onerati colla catenis,
In Enghfb :
The Chiefs fhall march before, their Necks opprefs’d with Chains.

As for the Handcuffs with which they ufed to fecure their Prifoners;
we are informed, that they ufed to faften the Left Hand of a Soldier to
the Right Hand of a Prifoner ; that if the former made any Atcempt to
efcape, the latter might have his Right Hand at Liberty to draw and
ufe his Sword in cafe of need. Statius Lib, XIL. Theb, ver. 470, fpeaks
thus:

Me Pictas me duxit amor depofcere feva
Supplicia, & dextras juvat infertare catenas.

In Englifb:

Thro’ Love and;Piety I met my Pain,
And gladly gave my Right Hand to the Chain.

Tertul-
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Tertullian mentions the Fetters for the Prifoners Legs, in Lisb. ad
Mart. where he fays, Thac the Leg feels no Pain when the Soul is in
Heaven.

And Sid. Apoll. Carm. 2. verf. 179.
Defpiciens vafias tenuato in crure Catenas.
In Englifs :
Defpifing pond’rous Chains which gall'd his meager Leg,

But what appears te me to be the moft Shameful and Ungenerous of
all, was their thaving the Captive Chiefs, as a Mark or Token .of their
Captivity; as Propertius obferves in Lsb. IV. Eleg. 12.

Tefor majorum cineres tibi Roma colendos,
Sub quorum titulis Africa tonfa jacet.

In Englifh :

Witnefs our Fathers Duft which we revere,
T’ whom Afréc yielded up her captive Hair.

Owid alfo fays fomething of itin Lib. I Amer. Eleg. 14

Nunc tibi captivos mittet Germania crines,
Culta triumphate munere gentis eris,

In Englifb :

Now with new Arts, thou fhalt thy Pride amuie,
And Curls, of German Captives borrow’d, ufe.

They likewife frequently drew their Warlike Machines in their Tris
tumphal Proceffions ; Witnefs 77#. ‘Liv. Lib. IX. Decad. I11. fpeaking of
the Triumph of Metellus; and in Lsb. VI. Decad. IV, defcribing that of
Fulvius.

The ranfomed Citizens, Neighbours, Relations, and Kindred, &.
followed promifcuoufly after the Triumphal Car with the Town{men.
Valerius fays fomething to this Purpofe, Lib. V. Cap. IL (viz.) That
2000 Captives which bad been fold by Hannibal, foilowed Titus Flaminius,
&e. Thefe, according to the Teftimony of iz, Lsv. (Lib.IV. Decad.1V.)
were all thaved.

This is what I have thought proper to colle& concerning the ancient
Roman Triumphs, for the Ufe of our Pyrotecknician. 1 thall now touch
upon Mars, Bellona, Vittory, Nemefis and Pallas ; all which may be

Teee very
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very properly introduced upon Popular Rejoicings on the Score of War-
like Atchievments, by adding to, curtailing from, or altering the feve-
ral Circumftances belonging to them, according as Time, Place, Op-
portunity and Expence will allow..

The Ancients reprefented the God Mars as all Fire and Flame ; {fome-
times drawn in a Triumphal Car, and at other Times advantageoufly
mounted upon a Warlike Steed; here he bore a Lance in his Hand, and
there, a Scourge. He was commonly attended by a Cock; thereby to
fignify, that Captains and Warriors ought to be perpctually upon their
Guard, Vigilant in their Condud, and D}hgem: in their Enterprizes.
His Favorites and thofe who fhared the moft in his Efteem, were Ter-
ror, Fear, Difeord, &e. as we find in Homer, Hiad. XIV. and Virgil's
Hineid. VIIL

Triflefque ex Aithere dire
Et fe1ffla gaudens vadit difcordsa palla,
Quam cum fanguineo fequitur Bellona flagells.

In Englifb thus :

The Dire fowfe from Heav’n with quick Defcent,

And Diféord dy'd in Blood with Garments rent,

Divides the Prefs: Her Stéps Bellona treads,

And fhakes her Iron Rods above their Heads. Dryden,

And Zneid. X11

Circumque atre Formidinis ora,
Ireque Infidieque, Dei comitatus aguntur.

In Englifl thus :

Dire Faces, and deform’d, furround the Car,

Wrath, Terror, Treafon, ‘Tumule, and Defpair,
Friends of the God; and Fallowers of the War. Dryden,

Statius enlarges his-Train in Book IIE. of his Theb, ver. 425,

e comunt Fawar, Iraguecrifias,

Frona minfivat squis Pavor aliger, ac wigil omeé
 Fawma fono, varios reram fuscinda tumultus,

Axts wlat currum,

In Englifh thus

Fury and Wrath his Crefk adjufk,
And nimble Fear direfts the fiery Steeds ;
Whillt Fame flics on beforg tofpread abroad his Deeds,

Some
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Some have feigned that Fear drove the Chariot of this Warrior God.
Claudsan in Bosk 1, in Ruffin.

Fer galeam Bellona mibi, nexnfque rotarum,
Tende Pavor, franet seleres Formidy jagales.

In Englifb thus :

My Helmet let Beflona bring ; Terror my TFraces fit,
And pannic Fear, do thou, the rapid Driver fit.

The fame Author de Laud:bus Stikiconis.

w— currum patris Beloma eruentum,

Ditibus exuviis tendentem ad fidera quercum
Pracedit, litlorqus Metus; cum fratre Pavere;
Barbara ferratss, inneibunt colla catenis
Formido ingentem vibrat fuccinéta fecurim.

In Englifp thus:

Bellona {wift precedes the cruel Car;

Lifting on high an"Oak confpicuous from afar.
His Liftors Fear and Dread with trembling Pace
Surprize and chain the rude Barbarian Race.
With haggard Looks, and Robes fuccint Affright,
Wields an huge Pole-ax formidably bright.

Laden with Spoils, the Plunder of the War, %

Some Writers tell us that Belma was the Sifter of Mars, and others,
that fhe was his Wife; and a third Clafs of them, affure us, that fhe was
both his Sifter and Wife. She was reprefented with her Hair ditheveled,
and fpred over her Shoulders, with 2 Terch in her Hand, as appears by
Stlius Balicus, Book V, Pun,

Ipfa facem quations, ae flavem [anguine multo
Sparfs comam, medsas acies Bellona pererrat.

In Englifl ths ¢
Her Torch Bellina waving through the Air,

Sprinkles with-clotted Gore her flaming Hair ;
And through both Armies up and.down does fly.

Some reprefented her with a Scythe in onc Hand, and a Shield in the
other, Vittory
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_ Victery was piGtured under the Form of a winged Virgin; in act of
fpringing up into the Air; bearing in one of her Hands a Branch of
Palm, and on her Head a Crown. By the Wings of this charming God-
defs, the Ancients gave us to underftand, that the Events of War are
doubtful and ambiguous; or that the Purfuit of the Ambitious, who
are for puthing their Fortune to the utmoft Pitch, is not fo properly a
Race, as a real and reftlefs Flight: Or elfe they gave her Wings, to
fignify with what a fudden Swiftnefs the roams from Place to Place,
from one Country -to another to win the Ears and Hearts of Men. In
‘Temples her Statue was ufually fupported by two others, who lifted and
bore her up with their Hands.

Her Robe was either White, or dyed with Purple; for as this, is-the
Symbol of Majefty ; that, is the true Emblem of Peace, and Hierogly-
phic of the Joy fhe inttils into the Hearts of thofe whom fhe pleafes to
favour.

Formerly likewife the was reprefented without Wings, and fitting
upon a Ball. Some feign that by an extraordinary Prodigy the Wings
of the Statue of Vicfory were burned by Lightning, which gave a Poet
Occafion to fay :

Dic mibi Roma, alis cur flat Victoria lapfis
Urbem ne valet deferuiffe fuam.

And indeed, I think Rome was in the right to deprive Viétory of her
Wings, fince it was 2 Means to prevent her from going elfewhere.

You may then make a Statue ftanding ere&, and holding #7&ory in
its Hands : By which upright Pofture, will be fignified ; That the Con-
queror was not an heavy indolent Perfon, or ene who would fuffer any
Opportunity to {lip by him, when he had a View of Conqueft, or of
fnatching Palms and Laurels from his Enemies.

Nemefis was the Goddefs of Vengeance, the Rewardrefs of Virtue, the
Qugen of Caufes, the Soveraign Arbitrefs of Difputes and Difagree-
ments; and was held by the ancient Theologians to be the Daughter of
Fuftice. Her Statue alfo was winged, and trod upon a Wheel ; becaufe
of the wonderful Swiftnefs of her Ation. Sometimes the had a Bridle
in one Hand, and the Meafure of ‘an Ell"in the other. This may be
very futably applied, when any Prince or great Captain has obtained a
fignal Victory over Rebellious Subjects, the Violators of Peace, and Di-
fturbers of the Public Tranquility ; to the end that fuch Evil-difpofed
Perfons may learn by this Emblem, That God is the fure and juft
Avenger of Crimes, and- that he leaves no Perfidy unpunithed ; and be
warned another Time, how they attempt to exceed the Bounds pre-
fcribed to them by Eternal Providence,

Minerva or Pallas is ftiled by + Cicero, the Inventrefs of Wars.

1. Cic. Lib. V. de Natur. Deor. Cap, XV,
She
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She was pictured with a Pomegranate in her Right Hand, and an
Helmer in her Left, according to the Teftimony of Celius: For there
are two Things which preferve a Republic (namely) Yhe Union of Hearts
and Minds, which is figured by the Grains in a Pomegranate : And, Rea-
dinefs to defend it upon all Occafions, which is exprefled by the Helmet.
An Helmet born in the Hand, and not upon the Head, fignifies; That
abrave and generous Prince covers his Country, and not his Head ; that
is, That he protes his Subjects, and maintains the Public Intereft joint-
ly with his own, at the Hazard of his Life: And therefore it is, that in
Phyfic Gardens you fee a Scipio with a World at his Feet, covered by
his Head-piece.

As much may be faid of Peace ; a Goddefs to whom the Ancients con~
fecrated the Olive-Tree: It was from hence that Ovid framed a plea-
fant Fiftion in Book VI. of his Metamorph. Fab. 1. Where he fays,
« That a Contention arifing between Minerva and Neptune, about giv-
“ ing a Name to the City of Athens; which put the Aflembly of the
“ Gods to a Stand, not knowing on which of the Two to confer the
¢ difputed Honor: Neptune, to win them over to his Intereft, ftruck
¢ the Earth with his Trident, and caufed a Horfe to rife up from ic:
“ Minerva, on the other hand, having the fame View with Neptune,
¢ caufed an Olive-Tree to {pring forth : Thefe fupernatural Produéti-
“ ons being the Emblems of Peace and War, the Synod of Deities gave
« their Voices for Minerva, and fo decided the Controver{y.” By this
Poctical Story we are given to underftand, That Peace is infinitely more
defirable than War; and that the Laws of the former are more plea-
fant and light, than the Yoke of the latter, which renders Life bur-
thenfome and fad. You may have Recourfe to this Emblematical Fi-
&ion, when any Prince has put an End to Wars, whether Foreign
or Domeftic, which had harraffed his Country, and oppreffed his Sub-
je@s.

The Dove with an Olive-Branch in her Bill is a true Symbol of
Peace; and indeed it is what the Soveraign Head of the Roman Church
(Innocent X.) has chofen for his Armorial Enfign; from whence fome
Men conjeture that God will be pleafed to re-unite the Chriftian Prin-
ces, under the Pontificate of this Spiritual Chief, and reftore Peace to
his People who have for fo many Years paft groaned beneath a Load
of Mifery ; and who with for no Favour with fo much Ardency, as the
Bleflings of an univerfal Pacification.

Now with regard to the Olive, the Romans were wont to reprefent
Peace with a Branch of it in her Hand; or elfe with Ears of Corn ;
and crowned her with Laurel. Sometimes Painters and Statuaries
placed a Rofe, and at other times a Caduceus or Wand in her Hand.

The greateft Attendant, and moft intimate Aflociate of Peace, was
Felicity or Happinef/s; who was pictured as a Woman feated upon a
Royal Throne, holding in her Right Hand a Caducexs, and in her Left
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a Horn of Plenty 4. For it is moft certain, That the true Happinefs
or Welfare of any State confifts in a perfect Union between the Prince
and People, and in the Fertility of Soil, which can never be fo well
cultivared as in Times of Peace.

Thele Statues may particularly ferve by way of Decoration, to Trie
umphal Arches, and other Artificial Structures the Engineer may erect;

Fig 205.0r they may be placed upon Pedeftals, as you fee in Frg. 205.

When any great Admiral thall have obtained a Signal Victory by
Sea, you may reprefent a Triumphant Neptane upon the Water, drawn
by Sea-Horfes; crowned with a Naval Diadem ; darting a Trident
with his Left Hand; and in his Right holding a Ship, with her Sails fex
to the Wind; upon whofe Prow, Honsur may appear, under the Form
of a Youth; decenty clad; crowned with a Wreath of Laurel; and
bearing a Scepter in his Right-Hand, and a Pike in his Left: Piriue al-
fo may be feated at the Helm, under the modeft Garb of a Matron;
tho’ the was anciently reprefented by a young Man. Neptane may be
on all Sides furrounded by 2 Number of Nymphs, Nereids, and Sea-
Monfters, blowing in Conchs and other Sea-Shells, and in a& of pre-
fenting Crowns to the Brave who thirft after Glory. In fhort, our En-
gineer will have a fertile Field before him, when the Celebration of
fuch Occurrences requires him to bend his Invention this Way.

We are informed by Hiftory, That Duslius was the Firft of the Ro-
mans who tiumphed for a Sea-Vittory, Palerius Maximus tells us ;
« 1 That whenever Duskus went to any Entertainment, he had a Torch,
« or fome other Light, carried before him ; and that, Supper ended, he
% rerurned Home with the fame Equipage, and preceded by Trumpets
* and Minftrels; by which No&urnal Ceremony he chofe to exprefs a

¢ remarkable Succefs in War.”

Upon the whole, you muft know that Neptune obrained the Watry
Empire, for his having been the firft Inventor of Navigation, for his
having built the firft Ships, and fitted out the firft Fleet, of which (fay
they) he was appointed Commander in Chief by Sazurn.

But before I clofe up thefe Triumphant Reprefentations, I cannot for-
bear entertaining you with a Defeription of that artificial and wonder-
ful Piece of-Machinery exhibited at Parss, upon the Victorious Return
of His Moft Chriftian Majefty Louis XIII. from the Sicge of Rockelle in
the Year 1628; and which was contrived by Henry Clarmer of Norim-
berg, one of the moft celebrated Fire-Engineers of our Age, and whom
we have taken ‘an Opportunity of ‘mentioning in the foregoing Part of
this Work. Paul Grodicki, ome of the ‘bek Engineers in Poland, fpeaks
of it to this Effe@. < The Artiffhad raifed an ‘Arcificial Rock in the
“ middle of ‘the Sein; 'whith appeared inacceffible, for the Dangers
® which feemed to furround it; and frigheful, becaufe of its Prccxpxces

1 PBlin. Lib. XXXV. ‘t Va\. Max. Lib. I, Cap. VL.
) “ To



Boox V. Of the Great Art of ARTILLERY.

™ To this Rock he chained a Naked Virgin, about whom were feen
“ Nymphs running up and down in a confufed Manner with lighted
““ Torches in their Hands, and bewailing the rigid Fate of the Captive
“ Maid. At length, there appeared a dreadful Sea-Monfter, of enor-
“ mous Gate, vomiting Fire and Flame in fuch abundance, and in fuch
® yarious Redundancy, that he was equally the Dread and Admiration
“ of the Speftators: This prodigious Creature was carried by the
* Stream towards the Rock, with feeming Intention to devour the Vi-
“ &im defigned for him ; but at the Inftant he had reached the Rock,
and was eagerly moving on towards his Prey, a yéung Heroe appeared
in the Air, advantageoufly mounted upon a winged Steed ; who cow-
« ring down with the Reins upon his Neck, and fowfing direGtly
upon the Monfter, the Heroe ran him through and through with
his Spear ; and from the Wound there ruthed out a prodigious Quan-
“« tity of Artificial Fires. Inthort, the Rock, the Monfter, the Heroe,
« and the Maid, &c. werc made up of Artificial Fire-Works, which
« plaid inceffantly for feveral Hours, -Amongft other Thmgs, he re-
« prefented the Arms and Name of thé fubjugated Town in Fiery Cha-
“ raters; together with the Royal Name of the King, and whole Sen-
* tences of Triumph and Glorious Import 5 all which were feen fcat-
« tered up and down in the Airy Expanfe.”

"This fine Piece of Machinery was derived from the Story of Andro-
meda, the Daughter of Cepheus and Caffiope, ng and Queen of FErbio-
pia, who for her Mother’s Pride and Vanity in boafting that the fur-
pafled the Nereids in Beauty and Comlinefs, was by them taken, and
bound t0 a Rock to be devoured by a Sea-Montfter ; but Perfeus happily
paifing that Way in his Return to his own Coum:ry, delivered her, car-
ried her away with him, and married her. Propertius mentions this in
Book 11

2

Andromeda monfiris, fuerat dedicata marinis,
Hec eadem Perfei nobikis uxor erit.

In Englifh to this effet :

T’ a direful Monfter of the Ocean Sueam,
Andromeda expos'd; a helplefs Prey !

Perfeus the deftin’d Virgin did redeem ;
And bore the fuccour’d Maid his future Bride away.

It muft be allowed, that the Thought of the-Engineer, throughout
this whole Piece, was extremely juft and pawral, and moft pertmcndy
adapted to his Subject; for the King was reprelented by Perfeus; the
winged Steed, or Pegafis, gave us to underftand the marcial and active
Genius of that gréat Prince; Andromeda was the trug Type of the Ca-
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tholic. Religion, at that Time opprefled 'by the Proteflants of Rochelle ;
the Rock bore allufion to the Town of Rockelle itfelf, and futed very
well with the Etymologyof it. In a word; the Monfter deftroyed, and
Maid delivered by Per/feus, figured to us, the Refforation of the Catbo-
lic Church, which had been doomed to Deftruction by the Proteflants,
and the Suppreffion of their Herefy, and their Reducion to Servitude
and Obedience.

‘This Fable may be very naturally applied, when any great Captain
fhall have compelled an Enemy to raife a Siege, and obliged them to
quit any Place or Fortrefs, which they had obftinately attacked; and
reftored Peace to thofe who thought themfelves upon the Brink of
Ruin.

'The conquered Cities may be reprefented by young Damfels, or ve-
nerable Matrons (provided the Female Sex agrees with the Name of
the Place;) who may be placed in fome great Gate-way, as it were

faluting fome Hero drawing near, and thewing him, how all the Gates
are opened to receive him; that the whole Town is devoted to his In-

tereft, and that he has nothing to do but to take peaceable Pofleffion-of
it. 'This (as we are informed) was lately done at the Surrender of Grave-
linnes, one of the prettieft Maritime Towns in all Flanders, which was
befieged and taken by the Duke of Orleans.

But who is he that can give fufficient Inftru@ions in any 4r7, to fa-
tisfie the entire Bulk of his Readers? Do we not fee every Day New
Additions and Improvements tacked to old Inventions? And what was
unknown to our Fore-fathers is now fo common amongft us, that one
is almoft athamed to dwell §pon it. In.our Days nothing is acceptable
but what is New, difregarding every Thing which has been formerly
feen or performed. And therefore I thall have done with the Subject
we have been here handling, " and fhall leave what elfe might be faid of
it, and whatever can be drawn from what I have here inferted, to the
Fancy and Difcretion of the Perfons whoare led by their Gensus or Pro-
feffion to cultivate our Art. Proceed we now to the ¥7gils or Fefti-
wals; and let us take in Hand the Fire-works which may be properly
applied to the Celebration of thofe Solemn Occafions.

But I muft here obferve, that I believe our Recreative Fire-works and
Bonfires derive their Origin from a certain Ceremony amongft the
Ancient Romans, upon thofe Feftivals which they held in Honour of
their Falfe Gods. I fhall therefore here produce the Teftimony of
feveral Authors, for your Information in thefe Ancient Rites, and to
illuftrate the Pomp of their Artificial Fires; but before I enter upon
this, I muft premife a few Words.

The moft famous of all the Games in vogue amongft the Ancients,
were thofe which they called Secular: If you would know the Origin
of them, you may confult Valerius Maximus Lib. 11. Cap. 4. and other
Authors. They were called Secular Games; becaufe they were cele-

brated



Boox V.  Of the Great Art of ARTILLERY.

brated once every Hundred Years, which they commonly computed to
be a Seculum or Age. Valerius Publicola, who was the firft Conful after
the Abolition of the Kingly Government, was alfo the firft that infticu-
ted and celebrated them. But the laft that held them was Septimius Se-
verus with his four Sons, all of them exalted to the Confular Dignity;
for Zofimus aflures us, they were never revived afterwards ; becaufe the
End of the fucceeding Age was ruled by Conflantine Chriftianus and Li-
cinsus. But Orofius Lib. VI. Eutropius Lib. 1X. Zonoras Lib. II. and
Eufebius Lib. V1. affirm that the two Philips (the Father and Son, who
are thought to have been the two firft Chriftian Emperors) held them at
Rome with a great Concourfe of Fews above a thoufand Years after
the Foundation of the City. Pope Boniface was the Firft who in Imi-
tation of the old Romans, inftituted the Chriftian Secular Year, (which
we now call the Great Fubilee ;) This he did in the Year 1300, under
the Reign of the Emperor Albert. (Sec Fobn Vall. Lib. VIIL) After
him Pope Clement the VI, at the earneft Sollicitation of the Romans,
ordered the Myfterious Ceremonies of the Fubilee to return every Fif-
tieth Year, and accordingly began with the Celebration of it at that
Term in the Year 1350, under the Reign of the Emperor Charles the
1V, Inthort, Pope Xyffus the II inftituted the Obfervance of it eve-
ry 25 Years; which he confirmed by his own Example in the Year
1475, under the Reign of Frederic the IIl. To conclude, the Roman
Catholics celebrate it this prefent prefent Year 1650 under the Pontifi-
cate of Innocent the X, at this Day the Head of the Roman Church,
and under the Reign of the Emperor Ferdinand the IIl. Thofe who
would know the Ceremonies ufually practifed in the Solemnization of
this Myfterious Feftival, may confult our famous Annalift Paulug
Piafecius Bithop of Premiflaw, who was at Rome in the Pontificate of
Urban the VIII, where he carefully obferved whatever he faw worthy
of Notice; but if you would have the frefheft Accounts relating to this
Matter, you may be informed by thofe who return this Year from
Rome; for the Ceremoninal varies confiderably every Time. But let
us now return to the Secular Games obferved by the Ancient Ro-
mans; from whence to gather fome Hints relating to the Decoration
of our Artificial Fire-works. Firft then Rofinus fpeaks thus. + The
Time for celebrating the Games drawing near, Me ﬂengers were difpatch-
ed to all Parts of Italy to convene the People, and invite them to be
prefent at thofe Games, which bad never been feen before, and perbaps
never would be feen again. Being then affembled, and the Feftival near
at Hand; fifteen grave Perfons were prefented to the Public, whofe bufi-
nefs it was to offer up Sacrifices in the Capitol and the Palatine Temple;

and who being feated upon an Eminence, diftributed the Offerings to the
Pegple; wbhich were no other than Torches of Pine-Tree, Sulphur, ¢nd

1 Rof. Lib, v. Cap. xx1. .
Xxxx Bitu-
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Bitumen ; dut Servants and Slaves were excluded from thefe Prefents,

and it was unlawful for them to accept of any.  Befides the Places al-
ready mentioned 5 the People affembled in the Temple of Diana upon the
Aventine Hill, where it was tke Cuftom to gz've them Wheat, Beans, and
Barley.  Then they began to watch as ufual in the Sacrifices and Rites of
Ceres. The Day being come, they repaired to the Banks of the Tiber,

where they remained three Days, and three Nights, wholly intent upon the
Sacred Ceremonies. After thefe Preparatzam they offered up Sacrifices to
Jupiter, Juno, Apollo, Latona, Diana, the Fates, Ceres, Pluto, and
Proferpine &c. To this purpofe the Prince upon the Second Hour of the
Firft Night caufed three Altars to be erecled, upon awhich be offered up
as many Lambs, and with bim the Fifteen Venerable Men, and having
Jprinkled the Altars with Blood, they burned the Vittims together. This
done; they raifed a kind of Theatre, and lighted up @ great Number of
Fires, Torches, and Lamps; and fang Hymm adapted to the Solemnity,
and began to celebrate their Speclacles in good Earneft; diffributing
Wheat, Beans, and Barley, to thofe who afled the Principal Parts; as
bad before been done to the whole Multitude in general.  On the Morrow
they repaired to the Capitol, there to perform the ufual Sacrifices; and
then affembled in the Theatre, to fee the Games in Heonour of Apollo and
Diana. Upon the following Day the Noble Matrons went up to the Capi-
wol, there (at the Hour appointed by the Oracle) to pray, to frequent the
Banguets, and to fing Hymm according to Cuftom.  In fhort; upon the
Third Day tbey convened in the Temple of Apollo, on the Palatine Hill,
where Twenty-feven Boys in ceremonial Habits, and-as many young Girls
baving both Father and Mother living, declaimed in Greek and Latin,
and ﬁzng Paans #0.the Immortal Gods, recommending to them the Safe-
guard and Proteétion of their Empire and People.

As for the Decennia, which were Games inftituted by the Emperor
Gallienus 1o be kept every Ten Years; Trebellius Pallio {peaks of them
to this Purpofe.  After a presty confiderable Slaughter of Soldiers near
Byzantmm Gallienus, asif be bad done fome mighty Feat, returned
with the utmoft Precipitation tqa Rome, and baving convened the Senators:
be celebrated the Decennia with new Sorts of Games, with a new kind of
Pomp,  and with the moff exquifite Voluptuoufnefs. He firft went to the
Capitol, attendzd by all the Senators, Knights, and Soldiery, in white
Habits; thefé were preceded by an innumerable Multitude of Men, Women,
Servants, and Slaves, with Wax Flambeaus, and lighted Lamps: Oz
each Hand were led in fine Order, an Hundred White Oxen with gilded
Horns,and adorned with rich Silk Hoz{ﬁng:and Trappings of various Colours.
Oneither Wing alfo 200 white Lambs and 10 Elephants (which were then in
Rome) a7d 1205 Gladiators magnificently babited under the Difguife of
Matrons, all fhining with Gold, together. with 200 Beafis of Prey of fe-
veral Sorts, finely adorned; Waggons full of Mimics and all kinds of
Aétors; Boxers, Sighting fbam Battles; Fellows counterﬁztmg the Cy-

clops:
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clops: In fbort, it waswonderful to fée them, andnotk. ing was to be Leard up-

on the Way but Shouts and Clamour. The Emperor, in the midfl ¢f all this,
appeared with the embroidered Rebe, and paimated Tunic, attended (as e

bave faid) by the Senators, Priefts, Sacrificers, &c. in their ceremonial
Habits. With this Equipage he moved on towards the Capitol, having on
each Hand goo gilded Spears or Halberds for bis Body Guard; together
with 100 Enfigns, and the Banners, Gonfalons, and Streamers, of, the
Colleges, Halls, Temples, and thofe of all the Legions. To thefe Succeeded
a vaft Croud of People, dijguifed like Goths, Sarmatz and Perfians, who
marched at leafft 200 in a Troop.

Thefe it muft be owned were mighty fine Diverfions, and highly de-
ferving the Attention of fuch great Men: But let them go on after
their own Fancy without Contradi&tion ; and let us leave it to the Py-
robolif, to pick and choofe what can anfwer to his purpofe from thefe
Whims; - whilft we take another Subject in Hand.

As for the Feafts or Revels of Bacchus, which were commonly pra-
&ifed in the nght—tlme, we find great Variety of them amongft Au-
thors; but particularly in + St. duguflin, who tells us in his City of
God, That not only the Romans (who held thefe mad Frolics in great
Veneration) but that alfo the Grecians obferved them with the moft hor-
rid Excefles and Infolencies imaginable ; running up and down the
Streets and public Places of the City, like Madmen, bearing Torches
and Pitchers of Wine which they drank of without Meafure; but for
the other infamous Cuftoms committed at that Tlme, I will not fully
my Page with any Rehearfal of them. However, in procefs of Time
the Romans grew weary of them, abolithed them, and banifhed them
from their Republic, and ena@ed fevere Laws againft them, and or-
dained heavy Punithments to be infliGted upon thofe, who fhould ever
attempt to revive them in any Part of their Empire. Alexander of A-
lexandria tells us fomething of the fame Nature, with Relation to the
Games called Floralia ; or which were celebrated in Honour of Flora.

Diana had alfo her Feaft-Days, which commonly fell out upon the
Ides of Auguft : The Days dedicated to her, were obferved with Torch-
es, Flambeaus and other Lights; as we find in Propertius, Book 1I.

Eleg. 32.

—— fed tibi me credere turba vetat,
Cum wvidet accenfis devotam currere tedis
In nemus, & Trivie lumina ferre Dea.

Ovid alfo de Faft.

Seape potens voci frontem redimita coronis
Feamina lucentes portat ab urbe faces.

t St. Auguft, de Civit, Dei, Lib. X, Cap. X1k
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In Engli/b thus:

Oft-times with Tcmplcs crown’d, and clam’rous Cry,
The Woman bears the flaming Torch on High
From out the City Gates.

The Ancients alfo did fet Days apart in Honour of Ceres, whofc Fe-
ftival was folemnized with burning Torches; becaufe fhe firft under-
took the Search of her Daughter Proferpine, who had been carried off
by Pluto the King of Hell. Laéan. Firm. {peaks of it to this Effect :
+ Tbe Feaft of Ceres was celebrated with burning Torches; becaufe fbe
is faid to bave lighted Torches on the Top of Mount Eitna, when fbe went
in queft of ber Daughter, who bad been ravifbed by the gloomy God of
the Infernal Regions. 'Thofe who aéted a Part in this Feftival, ran a-
bout like mad People with Creflet-Lights of Sulphur and Dirt, as may
be gathered from Fuvenal Sat. 11. and Verf. g1,

Talia, fecreta coluerunt Orgia teda
Cecropian foliti Bapte laffare Cotytto,

Lucius Ann. Senec. alfo :

Uibi votivam matres Graje
Lampada jaitant,

In Englifh :
'To thee the Grecian Matrons throw the votive Lamp.

Thofe who would be particularly informed upon this Subje&, may
confult Statius, Book VIL of his Theb. Verf. 412, and the fame Author
Book XI1. Verf. 132. Claudian, Books I1. and III. Mart, Book 11. de Nupt,
Ovid’s Epiftle I1. from Phillis to Demophoon, &c.

To thefe three Feftivals the Athenians added Lamps, which they
vowed to Panathenzea, Vulcan and Prometheus. They held Pulcan to
have been the firft Inventor of Fire, and to have taught it the Firft to
Men, as we are told by Iffer in Suidas by the Word AauradG..

They not only ufed Torches and Flambeaus upon their Feftivals ; but
alfo at the Initiations of all their Priefts and Sacrificers ; witnefs Hefiod
Lib. IX. and [fuvenal Sat. XV.

quis enim bonus aut face dignus;
Arcana qualem Cereris vult effe facerdos.

t &a&. Figm. Lib, 1, Cap. XXI.,
And
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And Statius Book 11, of his Thebais; towards the End of it.

Tugue Aflza Ceres curfu cus femper anbels,
Votivam jaciti quaffamus lampada myfie,

I will not here dwell upon the Feftivals and Days dedicated to Sa-
turn, which were alfo celebrated with Lights, as we are told by Macro-
bius + : But to all thefe we might add- the Sacred Fires made of Straw,
and lighted up by the Sevages or Barbarians, over which they jumped
three Times: Ovid fings thus with regard to this Matter.

Tum licet appofita veluti cratere camella,
Lac niveum potes purpureamque fapam
Moxque per ardentes flipule crepitantis acervos
Trajicias celeri firenua membra pede.

This Cuftom has defcended even down to our Days; for throughout
all Poland, Lithuania and Ruffia, and in all their circumadjacent Pro-
vinces, this Cuftom is religioufly obferved ; and even in France, the Po-
pulace both Men and Women, Young and Old, aflemble together upon
the Eve of the Nativity of St. Fobn the Baptift, and after having light-
ed up Fires in all the*Crofs-Roads, they dance about them, and. jump
over them in Token of Joy. 1 The great Olaus aflures us, that the
fame Cuftom was obferved in his Time in Sweden.

But we have faid enough of the Fires wherewith the Ancients ufed
to celebrate their Vigils and Feftivals. I might indeed enlarge confi-
derably farther upon this Head, in Confideration, that we infinitly fur-
pafs the Ancients, not only in Artificial Inventions, but alfo in Piery
and Religion; however, left you fhould think I rather defign here to
write a2 Book than a Chapter, I fhall take the fhorteft Way of handling
it, by faying nothing farther of it. Upon the whole, I deem it high
time to touch upon the Artificial Fire-Works which are ufually pra-
@ifed at the Celebration of Nuptials, at Feafts, and public Affemblies,
and Merry-makings of Friends, which are in the greateft Requett at pre-
fent : For to fay the real Truth of the Matter, the People of our Age
are fo Clofe-hearted, and fo Backward in paying the Veneration due to
the great Author of all our Good, that we can hardly perfuade our-
felves to be at any Expence in the Celebration of Holydays and Sed-
fons fet apart for his Worthip, in the Commemoration of his Saints;
(God forbid it fhould ever be mixed with Superftition, feigned Devotion,
or Pharifaic Vanity;) but on the other hand, we are fo liberal in our
Feafts, fo profufe in our Superfluities, and fo prodigal in all our De-
baucheries, that nothing is too Good, nothing too Dear, for us to be-

T Macr. Sar. Cap, VIL t Ol Lib. XV. Cap. IV. Hift, Gen, Sept.
Yyyy flow
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ftow on the Gratification of our unruly Appetites. But if you are de-
firous of being furnithed with Hints towards the Preparation of Fire-
Works for the Celebration of Sacred Seafons and Occafions, you may
confult the Holy Writers, in whom you will find an inexhauftible Fund
of Myftical Treafures: And therefore, if you fhould ever have an Op-
portunity of exhibiting Sacred Fire-Works, you may have recourfe to
the Infpired Text, or confult thofe who alone have the Power of inter~
preting it, and of explaining the Myfterious Secrets, which the Divine
Majefty has been pleafed to couch under it. For my part, I fhall pur-
fue my Intention of treating on Human Vanities, by inftruting you in
the Conftrucion of fuch Fire-Works, as are ufually applied to Weddings,
and the Caroufals of Friends, &c.

We have the Teftimony of many confiderable Authors to inform us,
That it was cuftomary with the Greeks and Romans to folemnize their
Marriages, and public Entertainments with Fires. We find their Poe-
tical Works almoft every-where interfperfed with thefe Terms, (viz.)
Tzde or Faces Fugales, Faces Legitime, Tade Geniales & Fefle; that
is, Nuptial Torches, Legitimate Torches, &¢c. Claudian fings thus,
Book 11. in Ruffin.

— diledla bic pignora certé
Hic domus, boc proprium tedis gensalibus ofen.

The fame Author again,
Cum tibi prodiderit feflas nox pronuba tedas.
And in an Eprthalamsum of Honorius and Maria.

T feftas Hymenew faces ut Gratia flores
Ekge.
Seraa the Tragicomeedian.

Et tu qui facibus legitimis ades
Noitem difeutiens aufpice dextrd,

Owid alfo Faffor.11. and elfewhere.

Conde tuas Hymeneze faces, & ab igmbus atris
Aufer, babent alias mafia fepulchra faces.

In Englips :

Go Hymen, ftop the long-expe@ing Dames,

And hide thy Torches from the difmal Flames,
Thy



Book V. Of the Great Art of ARTILLERY.

"Thy Prefence would be fatal while we mourn;
And at fad Tombs muft ather Tapers burn.

New in order to acquaint you, what the ancient Poets underftood
by thefe Fires and Torches; we will give you the Expofition of 4 F¢-
ﬂm congerning it, (viz.) Torches were carried before the Nuptial Pair
in Honour of Ceres, and the Bride was wafbed with Water, that fbe might
appear the more pure and chafle to the Bridegroam; or they thereby figni-
Jfed, that fhe was obliged to go through Fire and Water (as we have it in
Englifb) with ber Husband.

Laétantius Firm. gives ys other Reafons for it, (viz.) § Thefe two
admirable Principles (meaning Fire gnd Water) bave two Diametrically-
different Properties and Effects, (viz.) Heat and Moifture, by means of
which God produces and Jupports all created Beings. And a little lower:
One of thefe Elements is as it were the Male, and the other, the Female ;
the one is AQtive, and the other Paflive: And therefore it way that the
Ancients introduced the Ufe (or Sacraments as the Original has it) of Fire
and Water to ratifie and confirm Marriages ; and the rather, becaufe eve-
ry Thing that bas Life is compounded of Heat and Moifture; and thus as
every Animal is made up of a Spirit and a Body, the Body confifis in Hy-
midity, and the Spirit or Soul in Heat.

The Wood of the Pine was the moft frequently ufed for thefe Torches,
witnefs Ovid Book 11, Fafar.

Exqptat puros pinea teda Deos,
In Englift thus:
H’ implores the Sacred Gods with Torches of the Pine,

Plutarch tells us they were ordinarily carried by five Youths amongft
the Romans; but with the Greeks, the Bride’s Mother bore them her-
felf, as we are told by Dempflerus : Buc I fhall dwell no longer upon
this, and fhall haften to the Pyrotechnic Works, which may be properly
applied to the Salemnization of Nuptials.

I need not tell you that Marriages are Seafons entirely devoted to Joy
by the Friends of the contratted Parties, and celebrated by their Rela-
tions and Parents, &¢. with certain murual Liberties, and a thoufand
innocent Paftimes, Games, and Diverfions, which are fo peculiarly
adapted to fuch Occafions, that it would be highly improper to practife
them at any other Time. And therefore fince all decent Liberties are
allowed in this Cafc, the Pyrobolff will have a notable Foundation to
build upon, But here, if he would follow the moft gencral Rules thac

t Feft. Lib, VI, & L&, T, L. 11 Cap. X,
have
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have hitherto been laid down with regard to this Matter : He muft
give the firft Place to Statues and Antics curioufly: wrought, with
which he may adorn Fabrics, fuch as imitative Palaces, Triumphal
Arches, Caftles and Fountains, &c. Amongft other Decorations, he
may reprefent a funo, a Venus, a Diana, a Cupid, and all thofc lovely
Deities, as well Male as Female, whom the blind Heathens held to pre-
fide over Marriages, &c. and whofe .Effigies you will find, or at leaft
Defcriptions of them, in the poetical Works of both Ancients and Mo-
derns. Now that I may lend a helping Hand to thofe who have not
the Convenience or Opportunity of reading fuch Books (which are not
always to be had cafily) and that our Pyrofechnical Novice may not be
at a Lofs, or be put to the trouble of unraveling the Intricacies of thefe
poetical Fiétions; 1 thall here undertake to lay before him whatever re-
lates to this Matter in the cleareft Light, and to illuftrate it to him in
the moft lively and familiar Manner.

funo, the Sifter and Wife of Fove, amongft many other Appellations
and Attributes beftowed on her, by her Votaries was called Lucina; be-
caufe they imagined, the opened the Eyes of Infants, and adminiftred
Light to them as foon as born; from whence alfo the was called Lucelia.
Or elfe the was called Funo Lucina, & Fuvando & Luce, (that is) from
giving or helping to Light ; wherefore it was, that Women called out
upon her in the Pangs of their Labour. She was alfo ftyled Funo Fu-
galis; either, becaufe the wedded Couple were under one and the fame
Yoke, from whence the Latins called the Husband and Wife Conjuges
or Yoke-Fellows; or becaufe of the Yoke which was ufed at the Cere-
mony of their Nuptials.

Rofinus 4 deferibes her Statue thus : She was reprefented by a Woman
Seated upon a Throne 5 holding a Scepter in ber Right-Hand, and having «
Diadem upon her Head, which was weiled in the Clouds; fbe was encom-
paffed all round by Iris or the Rainbow, which was called Juno's Meffenger,
wherefore it was, that they figured the Iris, as « Maid-fervant, ready to
execute the Commands of her Miftrefs. She had Peacocks at her Feet,
on each Side of ker, which were particularly called the Birds of Juno.

Diana, the Sifter of Apollo and Daughter of Fove, was alfo called
Luna and Lucina by the Ancients, who honoured her with many fine
Auributes. They, amongft other Things, held her to prefide over
Births, and the Chafe. The Women, as foon as delivered, facrificed
to her, and made Veftments for her. The Hunters celebrated her Fe-
ftival in Augufl, after 2 moft pompous Manner with Flambeaus, and
Torches, adorned with Ears of Corn, as we find in Gratius’s Cynegetica.

Spicatafque faces, facrum ad nemorale Diane
Stfimus, & folito catuli velantur honore,

4 Rofin. Lib, II. Cap, VI,
Ip-
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Tpfaque per flores medio in difcrimine lucis
Stravere armd facris.

She was reprefented under the Form and Meen of a Woman, with
her Hair loofe upon her Shoulders; armed with Bow and Arrow, and
with her Forchead furmounted by a Crefcent. Sometimes fhe was
pi¢tured in a Hunting Habit, in full Chafe after a Stag.

Cleobulus tells us, That the having one Day defired her Mother to
weave her a Gown; her Mother (knowing her natural Imperfections)
replied ; How is it poffible for me to make a Garment to fit you, fince
your Form is fo prodigioufly given to Change ?- This may be very juftly
applyed to Whimfical and Capricious Men, who are as unftable and
various as the Moon ; for in truth, they know neither Rule nor Mea-
fure.

Venus always fhared greatly in the Veneration and Efteem of the
Ancients, as the was the Goddefs of Pleafure, Delight, and Generati-
on. The Poets would make us believe, fhe was begot by a Spark or
Seed of Fire which fell from Heaven into the Sea, 4nd animated fome
of the Froth of that Liquid Expanfe; thereby figuring (as Varro tells
us) the greac Power of Fire and Water when duly tempered together
and united.

She was fometimes pictured as a young and tender Virgin, rifing out
of the Sea upon a Scollop-fhell. At other Times fhe appeared asa
perfe&, mature Woman, holding a Conch-fhell in her Hand, and having
her Temples crowned with a Garland of Rofes and other Flowers. The
Graces attended behind her, and Cupid and Anteros were on each fide
of her. Here you faw her exalted in a Triumphal Car, drawn by
Doves, in allufion to their Chaftity; and there, by Swans to fignific
that Love is contracted by Blandithment, Candor, and Sincerity ; or
that the Votaries of that Divinity are always outwardly Neat, Polite,
and Genteel, but that they are like Swans, Black within; or elfe, That
forgetting they muft die they fing like thofe Birds when on the very
brink of Eternity.

Again; fhe was naked; to fhew that an unbridled Voluptuoufnefs
divefts us of our beft Drefs, and fends us away Empty-handed.

Ihidias of Elis, that excellent Statuary, carved Venus with a Tor-
toife under her Feet (as we are told by Plutarch in Precept. Connub.) to
adimonith Women by the Sloth of that Animal, to confine themfelves
1o their Houfes; and by the Silence of it, to learn Taciturnity.

The Lot which fell upon Venus at Play was formerly reckoned the
moft Lucky that could have happened (viz.) to have the Dies fall all
upon one Side. This Statue then may be very proper in the public
Congratulation of any Prince, who has enlarged his Dominions by a
Happy Marriage, or by an Advantageous Alliance; not by the Affift-
ance or Interpofition of Mars, but of Venus.

Zzz3 Cupid
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Cupid was the God of Love, of Luxury, and all forts of Lafcivi-
oufnefs. Servius defcribes his Statue thus, according to Rofnus. « He
“ was reprefented as a Child; becaufe he is no other than an intempe-
« rate Defire of Things unclean and immodeft; and, becaufe Lovers
¢ do nothing but fool away their Time like Children.

They gave him Wings; becaufe there is nothing lighter than the Mind
of a Lover, nothing more uncertain than his Vows; nor any thing
more changeable than his Refolutions. ‘They gave him feathered Darts
in his Hand, to fignific That the Sting of Repentance and Remorfe of
Confcience follow clofe at the Heels of the Pleafures of Love; Or elfe
to thew the Doubtfulnefs of its Events, the Suddennefs of its Courfe,
and Shortnefs of its Duration. This obliged Boéfius to fing thus, in
his Confolation of Philofophy,

Omnis babet beec Voluptas,
Stimulis agit fruentes,
Apiumque par volantum,
Ubi grata mella fudit,
Fugit & nimis tenaci
Figit 16la corda morfu.

In Englift to this Effe&.

Love, whofe Empire knows no Bounds,
Pleafes firft, and then he wounds:

Like the Bee, this Infant-King,

Has both Honey and a Sting,

Philofiratus has ravithingly well exprefled the Power of this amorous
Paffion. Plutarch calls him a Diffator, which was once the moft
Eminent Office in the Roman State; and others call him a Sof? Ty—
rant.

He was formerly mounted upon a Lion, to fignifie that he tamed all
Things.

Philippus feigned, That he had torn the Thunderbolts out of the
Hands of Fupiter, that he had firipped Apollo; taken Mercury’'s Wings
and Caduceus from him; difarmed Hercules of his Club, Mars of his
Sword, Bacchus of his Thyrfus, and Neptune of his Trident; meaning
thereby, That none is able to withftand the powerful Impreffions of
Love. In truth, all thefe beautiful Fictions may be very naturally and
gracefully intreduced, in your Pyrobolic Edifices, if you have Judg-
ment fufficient to guide you in the proper Application of them to
Times, Places, and Perfons; but more particularly, upon the Mar-
riage of fome Brave and Generous Warrior, who till then thirfted af-
ter nothing but the Glorious Fruits of War; but is at length fmitten

by
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by fome lovely Beauty, and difarmed by the Hands of an agreeable Wo-
man, who fhall enflave him under the Influence of Sacred and Legiti-
mate Marriage. To thefe may be added the fabulous Story of Hercules,
which tells us, he was fo paffionately fond of the charming Queen Om-
phale, that forgetting himfelf to be the mighty Hercules, he changed
his Lion’s Skin for the Effeminate Drefs of 2 Woman; and employed
himfelf in fuch Works as can only become the Fair-Sex; fuffered his
Miftrefs to put on his Martial Habit and Accoutrements ; and what was
farther extraordinary, was fo complaifant as to take Blows from her.

Love was alfo painted as.a Child, Barcheaded, and clad in a green
Mantle, upon the Hems of which were feen thefe Words, Mors & Vita,
or Death and Life, which are the ufual Boundaries of this Paffion,
which for the generality runs into Extremes. Upon his Forehead he
had this Device Z/ffas & Hyems, or Summer and Winter, fignifying that
Friendthip and Love ought to be always the fame, and equal in Adver-
fity as well as in Profperity. His Side was laid open over-againft his
Heart, where his Motto was exprefled, Longe & Propé, or Far and
Near; meaning thereby, that the Diftance of Place from the Obje be-
loved, is unable to difunite the Hearts of true Lovers.

The Graces, which the Greeks called Charites, tho’ they had no im-
mediate Power at Weddings; yet as they were the conftant Companions
of the Goddefs Venus, I thall fay two or three Words coneerning them.
They were reprefented by three beautiful young Womnen, holding each
other by the Hand in fuch a Manner, that you faw only the back Part
of the Firft, a Profil of the Second, and the Third turned her full
Face towards you. Seneca explains this various Pofition of the Graces
after a very Rational Manner in his Book of Benefits. Why (fays he) are
the three Graces faid to be three Sifters, and why are they Hand in
Hand ? Some will have it, That the Firft is fhe who confers Benefits;
the Second, fhe who receives them ; and the Third, fhe who returns
them; for it is certain that one good Adion begets another; one Fa-
vour, draws Thanks after it, and a grateful Return of another Favour;
and thus between Beneficence and Gratitude, you have a perpetual Cir-
cle of good Offices and Favours, reciproeally beftowed and returned,
They have always gay fmiling Countenances, to teach us, That he
who either gives or merits a Benefit, ought to be always in good Hu-
mour, and diftinguithed by a ferene Afpe&, and particolarly the Perfon
who receives the Favour; becaufe it is he alone that reaps the agreeable
Fruit of Gratitude and Acknowledgment. They Were young ; becaufe
the Remembrance of good Offices ought never to wax old, or decay;
and becaufe they are always entire, difinterefted, free from the fordid
Views of Gain, or ExpeQtation of a Return. They were piGtured nak-
ed, to thew their Liberality and Sincerity ; and were fomtetimes drefled
in fhining or tranfparent Robes, to remind us, That Favours and Bene-
fres can never be concealed ; butcome to light fooner or later, to the great
Honour of the Benefa&tor. Amongft
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Amongft thefe Divinities you may likewife allow a Place to Bacchus,
who alone of all the Gods was admitted into Feafts and Weddings,
where he moft commonly prefided, as may be gathered from thefe Ver-
fes in Virgil /En. 1. but we fhall fpeak more at large of him in his proper
Rank,

Hunc letum Tyriifque diem Trojague profectis
Effe welts, noftrofque bujus meminiffe minores.
Adfit letitie Bacchus dator, & bona Funo.

In Englifp:

So may the Trgjan and the Tyrian Line,

In lafting Concord from this Day combine ;

Thou, Bacchus, God of Joys and Friendly Cheer,

And gracious Funo, both be prefent here. Dryden,

Here I might introduce Priapus and Flora as Deities, which former-
ly affifted at Nuptials amongft the Ancients; did not common Decency
reftrain my Pen, and prevent me from putting my Reader to the Un-
cafinefs of a Bluth. And therefore, thofe who would know any Thing
particularly relating to them, may confult others, who will inform them
in what Pofture and Fafhion the Ancients reprefented them. However,
that I may not conceal any thing from you, that Modefty will fuffer
me to communicate : They pictured Flora as a Nymph crowned with
Flowers, of a comely, genteel Meen, and of a pleafant wanton Coun-
tenance. Thofe who would know any farther, may have recourfe to
Pier. Valerianus his Hieroglyphics; to And. Alciat’s Emblems, and to
the Genial Days of Alexander Alexandrinus, where they may be fur-
nithed with a vaft Number of fine Hints for all Sorts of Fire-Works. 1
think it is now Time for me, to touch upon Fire-Fountains, which may
be exhibited upon all Occafions, if the Pyrobolift thinks fit.

Whatever Engineers reprefent in Water-Works by Jets, varioufly dif-
pofed and contrived, may be exaltly imitated in Fire-Works, as we fhall
hereafter evince.  All thofe Artificial Fountains, whofe Name and In-
vention we borrow from the Izalians, may be very eafily contrived to
hold a Quantity of Ar¢ificial Fires; which may be play’d off in fuch
Variety and Redundance, as to excite the Admiration of the Spetators.
Thefe will be the more furprizing and pleafing to the Eye, the more
they are difguifed, and the nearer they approach to a Refemblance of
real Fountains for playing of Water ; and by a little Induftry and Art
you may fo order Matters, as to render it impoffible for any one to guefs
by their outward Appearance, whether they be defigned for Fire or
Water : Therefore to carry on the Fraud the more fpecioufly, you may
fill fome of the Bafons of your Fountain or Fountains with frefh Water,

which
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which may be thrown up by condenfed Air, if your Fountain be finall,
or by a convenient neighbouring Fall of Water, if it be large; this may
be done the more effeCtually to deceive the People, and to make them
believe, that what they fee is a real Fountain for Water.

Now in this Article, the Pyroboliff will have an Opportunity of dif-
playing his Judgment, by adapting his Statues and Figures to the Nature
of thefe Hydraulic Imitations. As for Example, he may reprefent a
Neptune drawn by Sea-Horfes; a naked Arethufa recumbent; Nymphs
and Nereids fwimming and floating upon the Surface of the Water, and
playing with Sea-Monfters. Amongft other Things, Helle may appear
upon a Ram, a Sirez upon a Dolphin, and Exrgpa upon a Bull; a naked
Ndiad, and the Story of Aé#eon, who {urprized Diana and her Nymphs
when they were bathing themfelves; or that of Fonas, who was thrown
upon the Sea-fhore by a Whale; and feveral other delightful Decora-
tions which may be borrowed from ancient Story, whether Sacred or
Prophane. I {hall hereafter fpecify in the moft particular Manner, Liw
all this is to be conftructed. But tho’ it might be neceffary, that I {iculd
here (at leaft curforily) touch upon the feveral Articles relating to Nup-
tial and Genethlian Fires, 1 fhall defift, as apprehending that thofe,
whofe Gensus is never {o little Inventive, may form a thoufand fine Pie-
ces from the Hints I have above-given, which may equally furprize the
Ear, and aftonith the Eye. Let us now confider the fourth and laft Sort
of Occafions, to which Fire-#orks may be properly applied.

And this is, when Friends meet together to enjoy themfelves over
their Cups, and in Scenes of Jollity and Mirth. I fancy, I need not in-
form you that Bacchus ordinarily prefides over all fuch Occurrences, and
that it is he, that bears the Bell away from all the other Divinities that
might be introduced.

Therefore muft we in fuch Cafes ere@ Srtatues to this Fovial God,
and all his revelling Train ; whom we fhall here delineate to you from
the fame Authorities we have all along reforted to, for the Generation
and Defcription of the other Deities here mentioned. I thall begin with
this toping God himfelf, and colle¢t the beft Account I can of him, for
the Inftruétion of our Pyrobolif?.

Bacchus, according to the Teftimony of Diodorus 4, was the Son of
Fupiter and Semele, and was bred up by Nymphs in the Grozfo of Ny/a,
between the Nile and Phanicia, from whence he was ftyled Dionyfius.
He was called Bacchus, from a certain Crown or Garland which he
wore on his Head, and which was compofed of Berries; or elfe (per-
haps) from the Word Bacchari, which fignified the Shouts and Cla-
mour made by thofé who celebrated his Feafts. He was fometimes
ftyled the Liber Pater ; becaufe he gives the free and unlimited Ufe of
the Tongue ; or becaufe he frees from Trouble, and blots out the Re-

T Diod. Lib, V. Antiq. Cap, V.
Aaaaa membrance
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membrance of Misfortunes and Miferies in thofe who are his hearty De-
votees. Hear Ovid,

Cura fugit, multo diluiturque mero,
Tync veniunt rifus, tunc pauper cornua fumit,
Tunc dolor & cure rugaque frontis abit.

In Englifh :

Full Bowls difpel all Care, and Joy afford;
Then enters Mirth ; the Beggar grows a Lord ;
Then far away are banifh’d Griefs and Fears ;
No thoughtful Wrinkle in the Face appears.

But Aufonius has in a more particular Manner traced up his Genealo-
gy, his Appellations and Attributes, in Epigr. XXVL

Ogygia me Bacchum wocat.
Ofyrim Egyptus putat.
Myfiz Phanacen nominant.
Dionyfon Ind; exiftimant.
Romana facra Liberum.
Arabica gens Adonevm.
Lucaniacus, Pantheum.

1n Englifb to this Purpofe :

B’ Ogygia Bacchus 1 am deem’d.

By Agypt Ofiris efteem’d.

The Myftz call me Phanaces.

The Indians fay I'm Dionys’.

Th’ Adonis of Arabia.

The Pantb'us of Lucania.

Me Rome, her Liber Pater claims.

To each a God, tho’ call'd by diff ‘rent Names,

Here is a fine parcel of Names of very different Signification ; and-
you may make him appear under the feveral CharaGers above-exprefled

in your Artificial Works.
It is the univerfal Opinion, that he was the Inventor of Wine, and

that he was the firft who cultivated the Grape; whence Tsbudlus fays,
Book 11. Eleg. IIL

At tu Bacche tener jucunde confitor uve.

In
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In Englifb:
But thou O gentle Bacchus, Planter of the Grape.

Macrobius defcribes the Itnage of Bacchus to this Effe@t: 4 The Liber
Pater was reprefented as of an Age between Puerility and Virility; and
[fometimes with a Beard as an old Man. On kis Head be wore o Wreath
or Garland of Vine-Leaves, Fig-Leaves or vy : Vine-Leaves and Fig-
Leaves in Commemoration of the Nymphs Staphila and Syca, and vy in
Remembrance of the Boy Ciflus, who was turned into that Plant. He was
fometimes drawn in a Car full of Vine-Branches, by Pantbers, Tygers, or
Linces. On one Side of him, you faw the good old Man Silenus mounted
upon an Af5, attended by a great Number of Satyrs armed with Thyrfi, and
the reft o ¢ Bacchantes proceeding in a diforderly March before and be-
bind bim.

He was fome:ime: pictured with the Breafts of a Woman, and with
Horns and 2 Wreath of Vine upon his Head; mounted upon a Tyger;
and bearing in his Right-hand a Bunch of Grapes, and in his Left, a
great Pitcher to drink outof. Witnels Albric. de Imaginibus Deorum.

He was Naked, to exprefs the Nature of Wine which can keep no-
thing a Secret.

And they mounted him upon a Tyger, to fignify, That every Thing
may be fubdued by the Power of Wine.

Some fay, he put Lycurgus to Death; meaning thereby, That Laws
become ineffeGtual in fuch Republics, as are immoderately addicted to
drinking.

Dempflerus tells us, That Bacchus was alfo a Soldier, and that he
made great Conquefts in Izdia. He writes thus: The Thyrfus of Bac-
chus was a Spear twined round with Ivy, which bis Army bore, when be
led them to War againft the unpolifbed Indians.

His Feafts or Revels were always celebrated in the Night-Time with
lighted Torches, as we have obferved above.

The Companions of Bacchus, and thofe who made up the greateft’
part of his Train, were the Silenz, the Satyrs, the Bacche, the Baffari-
des, the Lene, the Thyades, the Mimallones, the Naiads, the Tityri,
the Nymphs and Faunes.

Silenus, the Fofter-Father of Bacchus, was pictured as an old Man
with 2 bald Head, and mounted upon an Afs: Giving us to underftand
by the doleful Equipage of this Man, That Drunkennefs transforms the
wifeft Perfon into a Brute, and renders the fineft Genis, and mott com-
prehenfive Wit, as ftupid as the Beaft on which he rode. Take the fol-
lowing Defcription of him from Virgil. Ecl. VL

t Macrob. Lib. L Saturn,
e~ Chro-

~

d
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—— Chromis & Mnafylus in antro,

Silenum pueri fomno videre jacentem;
Inflatum befterno venas, ut femper, Iaccho.
Serta procul tantum capiti delapfa jacebant :
Et gravis attrita pendebat Cantbarus anfa.

In Englifh :

Young Chromis and Mnafylus chanc’d to ftray,

Where (fleeping in a Cave) Si/enus lay,

Whofe conftant Cups fly fuming to his Brain,

And always boil in each extended Vein,

His trufty Flaggon full of potent Juice

Was hanging by, worn thin with Age and Ufe.

Dropp’d from his Head, 2 Wreath lay on the Ground. Rofeom.

It is of him that Owid thus fings, Met. B.1V.

Quique fenex ferula titubantes ebrius artus
Suftinet, & pando non fortiter heeret afello.

In Englifh :

His Staff, does hardly keep him on his Legs,
When mounted on his Afs; fee how he fwags

The fame Author, de Art. Am. Lib. 1.

Ebrius ecce fenex, pando delapfiss afello
Clamerunt Satyri, furge, age, furge pater.

In Englifp :

Th’ old Soker’s drunk, from’s Afs h’as got a Fall :
Roufe Daddy, roufe, again the Satyrs bawl.

In the Roman Games, the Si/eni wore long Robes or Mantles wrought
with feveral Sorts of Flowers.
The Satyrs were cloathed in Goat-Skins, and had hideous Masks on.
Faunus by the Latins, by the Greeks, Pan, was the God of Fields
and Shepherds, and the Son of Mercury. He was piGtured of 2 ruddy
tanned Complexion; having Horns on his Forehead, and his Breaft
adorned with Rays. From the Navel downwards, he was all hairy and
fhaggy : He had Goat’s Feet, and one of them was crooked. Macrobius
mentions him L:b. 1, Saturn. Cap. XXIIL
But
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But to what Purpofe fhould I perplex myfelf any farther, with giving
an Account of Bacchus and his mad Attendants ? Is jt not enough, that
I have pointed out to you the Places where you may have your Curiofi-
ty upon this Head fully fated? Let thofe therefore, who have the Lei-
fure, turn over the Authors I have here quoted: As for me, I fhall
only give you fome particular Inftru&ions, concerning the Decorum and
graceful Conne&tion of our Fire-Machines; which done, I fhall pro-
ceed to the Oeconomy and Diftribution of them.

ADVERTISEMENT L

It will be no fmall Ornament to our Pyrotechnical Machines, if the
Engineer has Art and Skill enough to introduce the Orders of Archi-
tecture; whether he would build a Palace, erect Triumphal Arches,
Pyramids, Obelisks, Towers, Columns, &c. or only Parts of them:
Or if he would prepare Fountains, or any other Pile, which muft be
regulated by the Rules of Crvil Architecture. 1 am therefore of Opi-
nion, that we fhould raife thefe Adifices after the Ionic, Corinthian, or
Compofite Order. It muft indeed be allowed, that the Doric Order is
the moft Mafculine of all; and that it feems in itfelf to be the moft
proper for Triumphal Arches, Obelisks, Pyramids, and all fuch Pieces
as are erected in Honour of vitorious Chiefs ; but the public Tranfport
and Joy being boundlefs upon fuch Occafions, it has for the moft
part been thought, that nothing can be too pompous for the happy Vi-
¢or : Wherefore thefe Triumphal Works require to be very elaborate;
to be decked with all the richeft Ornaments of Sculpture; and to have
their Afpeét perfectly magnificent. Things being thus, the Compofite
Order will anfwer your Purpofe the beft in all fuch Cafes; for it carries
with it a fedate Gravity, and an Air of Royalty, together with an in-
comparable Gracefulnefs; from whence it was, that the Romans had fo
often Recourfe to it in Triumphal Adifices; as may be collected from
the Arches of Conflantine and L. Septimius Severus, not to mention
thofe of Trajan and other Roman Emperors, which Onup. Panvinius has
rcmarkecl, g0 the Number of Fourteen ; and which are for the moft part
entire at Rome to this Day.

The Corinthian and Ionic Orders will ferve extremely well for Wed-
dings and Birthdays; for they are perfettly delicate, and (if I may ufe
the Expreffion) Effeminate ; the Firft of them being compared to a fine
young Lady richly attired, and the Second to a {ober, referved Matron
in a modeft Garb. Thefe Orders alfo may ferve for Holydays, and in
the Celebration of Seafons fet apart for Devotion. But by the way, it
will be proper that all thefe Works thould be expofed to public View in
the Day-time ; for otherwife to what Purpofe would it be, to beftow fo
much Time, Labour and Coft, upon a Thing which is not to burn a-
bove a few Minutes, and that at a good Diftance from the Spectators,
and amidft the Darknefs of Night?

Bbbbb Feafts
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Feafts and Banquets alfo require the Corimthian Order; for upon
fuch Occafions every one betrays his Luxury, Vanity and Prodigality,
by all the Superfluities that can be devifed.

The lowe}, and moft fimple Orders, will always be beft for
Pountains, &¢. fuch as the Tufean and Doric intermixed with the Ru-
Stic; for it is proper, that they fhould have 2 rude and grofs Afpe&;
but upon Occafions which require fomething more than Common, you
may beftow what Embellithments you pleafe on them; always keep-
ing a ftri® Eye upon the Rules of Architeiiyre. Or atleaft (if they
fhould chance to be naked and plain) you may adorn them either with real
or imitative Rock-work, according as cither of them futes beft with
your Convenience.

ADVERTISEMENT I

All your additional Ornaments muft be judicioufly chofen, whether
they be in Relief or in Paz'nti'ng ; fo that there may be no Incon-
gruity or Diffonance fubfifting, between the Nature of the Thing cele-
brated, and the univerfal Conftrution of your Machinery. Thus, up-
on the Inaugurations and Coronations of Kings, you may reprefent fa-
cred Emblems and Stories: For Triumphs, Thingsof Vi&orious Im-
port: For Weddings and Birth-days, you may introduce Scenes of Mirth
and Gayety, fuch as Dances, &c. AcBanquets and Caroufals, you may
reprefent Fictions, expreffing the mutual Joy and Carefles between
Friends. At Coronations, you may adorn your Work with Royal
Crowns and Scepters: At the Confecrations and Inftallments of Bifhops,
with Mitres according to cheir Rank; with the Armorials of particu-
lar Provinces and Cities; and with every Thing elfe, that bears Relati-
on to the Quality of Perfons preferred to any eminent Station in the
Church.

As to the Ornaments neceflary for Triumphal Works, you may be
fufficiendy inftruéted by Trajar’s Pillar; which the Roman Senate
caufed to be ereted in token of their Acknowledgement, and live-
ly Senfe of the great Merit and Virtue of that Emperor. Geor. Fabri-
ciys defcribes it thus:  The Column stfelf is crufied over with Parian
Marble, on wbhich are expreffed the great Aé¥ions of Trajan, and perti-
cularly the Dacic War, There you may fee Reprg/'entﬂﬁom of For-
treffes, Bulwarks, Bridges, and Ships; together with the Employments of
the Army ; fame fawing of Wood; Jome putting the Pieces qf a B,uz'ia’ing togé—
thers fore drawing out the Lines for fortifying the Camp; Pioneers at work
upon the Trenches; fome leading their Horfes to Waters others carrying Tro-
phits, and marching as it were in Triumph; as alfo Corflets, Helmets, Shields,
and Buckitrs, Belts, Clarions, Daggers, Favelins, Swords, Qujvers of

1 Geo. Fab. Rom, Cap. vii,
Ar-
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Arrows, 8c.  On that Side, where the Iry:cription 1s wrought, there are
avinged ViQtories accompanied by two Eagles.

Prudentius fpeaking of Simmachus, has very naturally deferibed the
Triumphal Arches, and the Ornaments with which they were enriched,
in thefe Verfes.

Fruftra igitur currus fummo miramur in arcu
Quadrijuges, flantefque Duces in curribus altis;
Fabricios, Curios, binc Drufés inde Camillos, &c.

By which he gives us to underftand, that the Triumphal Arches were
adorned with pompous Cars; in which were beheld the Statues of migh-
ty Chiefs, fuch as the Fabricii, Curii, Drufi and Camilli ; at whefe
Feet were Captives feen on bended Knees, and bound with rigid Chains.

To all this, we might add the feveral Sorts of Military Garlands, or
the Crowns which we mentioned above; but the feveral Sorts of them
muft be moft pertinently adapted to the Subje@s celebrated ; for Exam-
ple;; after a compleat Victory obtained in the open Field, you may ufe
Crowns of Laurel; after the carrying of any Place by Storm, Mural
Crowns winged: After a fuccefsful Combat by Sea, Naval Crowns :
Wreaths of Oak, for thofe who have preferved their Fellow-Citi-
zens : For a Siege raifed, Garlands or Crowns made of the Flowers
of the Field; and of Olive, for thofe who have reftored Peace to their
Country. To thefe may be added Feffoons (fo called from the Latin
Word Feftivitas, which fignifies Mirth and Pleafantaefs) in token of Joy.
Now, Feftoons are certain Ornaments compofed of an agrecable Affem-
blage of Leaves, Flowers, Blofloms and Fruits. But you muft take No-
tice, that in Triumphal Works the Feffoons fhould be adorned with ve-
ry few Flowers or Blofloms; but muft be enriched principally with
Fruits, intermixed with Leaves and Branches of Laurel and Ivy: You
may alfo amongft your other Embellithments have fingle Branches, and
Foliages of Leurel and Ivy, Olive and Vine, as it were negligendy dif-
pofed of;; but not at random, and in Places improper for them.

Upon SBacred Occafions you may exhibit Cherubims, Palms, Pome-
granates, Crofles, Stars, and Divine Emblems, reprefenting Holy My-
fteries ; thereby to touch the Hearts of the Spettators, and beget in
them Emotions of Piety.

The Ornaments and Embellithments proper for Machines erected for
Weddings and Birth-days, &¢. are Garlands of Rofes, Lillies, Violets,
and other Flowers ; together with feveral Sorts of Fruits; fuch as Ap-
ples, Pears, Grapes of all Kinds, Plumbs, Olives, Medlars, Dates, Cj-
trons, Lemons, Oranges, Pomegranates, Quinces, Melons, Cucum-
bers, anid a thoufand other Fruits; all which may be bound together
in Fefloons, interfperfed with Leaves or Branches of Olive and Vine,
Thefe will have a moft beautiful Effet in your Pyrotechnical Works.

You
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You may have alfo little Birds curioufly wrought, and perching upon
Branches of Palm, or Bunches of Grapes; together with Horns of
Plenty, Ears of Corn, Sheaves of Wheat and Rye, &c. Again; at
Feafts and Caroufals, you may either paint or carve in Relief, Cups,
Goblets, Flasks, Bottles, Flagons, Barrels, Tuns, Difhes of Meat, Baf-
kets and Voiders full of Sweetmeats, Plates, Knives, and all the necef-
fary Furniture of a Table; as alfo Mufical Inftruments, (viz,) Cit-
terns, Guittars, Violins, Bafs-Viols, Flutes, Cornets, Hautboies, &'.
Upon the Celebration of Marriages, you may particularly introduce the
Arms of the Bride and Bridegroom, which may be fixed upon the
Frieze, (if your Piece be compofed of Pillars) or upon the Shafts of

the Pillars themfelves, fet off all round with Flowers, Foliages and
Ribbons. As for the Art of making the Names of the married Couple

appear in Fiery Chara&ers in the Air, you may turn back to what I

faid in the fi7/? Part of Book IV. upon this Subje.

Your Fountains fhall be adorned with all Sorts of Shells, and Stones
of variety of Colours, little pieces of Rock-Work, glittering or tranfpa-
rent Stones.and Pebbles, one and the other Coral, Splinters of Marble,
and a thoufand Things of that Nature, whether Natural or Artificial.
To thefe you may add Reptiles and Infe&s of all Sorts, (viz,) Toads,
Frogs, Serpents, Snakes, Lizards, Vipers, Grafs-hoppers, Begtles, Flies,
Ants, Crickets, Bees, Spiders, Snails, Horfe-leeches, Cray-fith, and an
infinite Number of other Creatures, which naturally haunt the Water,
amongft which may be interfperfed the feveral Sorts of Aquatic Herbs;
together with the open Jaws of Lions and Bears. You may alfo repre-
fent feveral Animals, fuch as Hedge-hogs, Weafels, Rats, Rabbits,
Hares, &c. together with Birds of amphibious Nature, fuch as Geefe,
Ducks, Teal, Storks, Swans, Swallows, &,

ADVERTISEMENT IIL

The Garb or Drefs of your Human Statues fhall be chofen from the
oldeft Fathions that can be taken from the Monuments of Antiquity ;
for it muft be allewed, that nothing pleafes the Eye more, than the fe-
veral Habits which were the Mode amongft the ancient Romans, &c.
(viz,) the Toga, Sagum, Pretexta, Trabea, Paludamentum, &c. all
which are ftill vifible in what Reliques we have of the ancient Magnifi-
cence, whether Buildings or Medals. 'The particular Fathionsand Ufes
of the abovementioned Habits may be found in Nonius Marcellus, Fu-

Jtus Lipfius, Rofinus, Dempflerus, and in others.

You may alfo cloath your Statues in the Skins of the Lion, Tyger,
Leopard, Linx, Panther, Wolf, Bear, or fuch like Beafts of Prey; in-
Imitation of the Heroes of Antiquity, who ¢lad themfelves in the Spoils
of thofe ravenous Creatures.

To
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To all this, we might add-the feveral Sorts of Military Infiruments,
which will be the more agreeable, the more they are conceived in the
Guife, and bear the Appearance of rude Antiquity.

And therefore, T think it would be. an ornamental Addition to our
Works; if we painted or wrought in Relief, the Funde or Slings, the
Fuftibuli, Bows, Crofs-Bows, Javelins, Lances, Spears, Partuifans, Pikes,
Half-pikes, Axes, Pole-axes, Clubs, Swords; add to thefe, Shields;
Bucklers, Targets, Corflets, Breaft-plates, Cuirafles, Crefts, Gantlets,
Knee-pieces, and all the Pieces of Armour and Arms, which were' in
Ufe amongft the ancient Romans: You may alfo introduce the old-
fathioned Fire-Locks, Bows, Arrows, and Quivers ufed by our Forefa-
thers: All thefe will be very natural Embellithments, to Statues; Tro-
phies, Triumphal Arches, &c. In fum, to exprefs much in few Words;
you muft make it your utmoft Endeavour to cultivate a Variety in all
your grand Pieces, that you may never cloy your Spe@ators with an in-
fipid Repetition : But on the contrary, let your Invention be perpetual-
ly on the Wing, that you may always have it in your power, to fur-
prize them with fomething altogether new, perfeétly natural, and judi-
cioufly underftood : And thus by anticipating, or rather exceeding their
Expetations, you may expect the public Applaufe in Reward for your
Elegance and Induftry; for tho’ (as we are told by a confiderable Au-
thor) Things done in the common Road may often adminifter Pleafure,
they feldom or never excite the Admiration.

Of the Oeconomy, or Diffribution of Artificial Works, iz
Recreative Pyrotechnical Machines; and of feveral other
Things relating to the [ame Subjelt.

THE Explication of the Thematifin or Decorum, neceflary to be ob-
+  ferved in our Pyrotechnical Machinery, has been confiderably more
prolix than I at firft forefaw : But I hope to handle the Subjett now en-
tered upon, after a more compendious Method ; and that; by means of
certain fuccin¢t Rules, which I fhall here lay down for your Inftrution
in the Oeconomy and Manual Practice of this Branch of our Art. ‘They
are thus:
L

As foon as the Engineer has conceived a fine Thought for his Pyro-
technic Works, it will be abfolutely neceffary that he be able to exprefs
it in Drawing; the three Branches of which are Ichnography, Orthogra-
phy, and Scemography. 1 fay, it will be proper that he be a tolerable
Mafter of Defign; or at leaft, that he be able to sketch or crayon a lit-
tle (as Pitruvius has it) that he may give the Perfon who employs him,
a View of his intended Work upon Paper.

Ccccc II. It
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It will not be enough, that he barely know how to sketch out his De-
fign upon Paper ; but it will be proper alfo that he be dextrous enough
to make Protorypes and Models of it in Wood, Wax, Plafter, Paper,
or Pafteboard, &¢. fo that by this means any Deformities or Irregulari-
ties may appear obvious, and undergo a futable Corretion, before he
begins the Picce itfelf.

IIL.

As foon as your Defign is brought to-fuch a Point as to meet with Ap-
probation ; you are in the firft Place to confider the Charge and Ex-
pence allowed for compleating it; that you may be able to fquare your
Work to your Purfe. You are then to treat with Workmen, whofe Af-
fiftance you may ftand in need of, and contra@ with them for their La-
bour, and the Materials they are to furnifh you wich. It is here that
our Engincer will have an Opportunity of difplaying his Honefty, by
thewing how faithful and juft a Manager he can be of the Wealdch of
others: And it will be no difficulty for him to acquit himfelf with Ho-
nour in this Cafe, if he does not infift upon fuch Things as are hard to
be procured, and confequently very chargeable; or if he has not his own
Intereft, and fordid Lucre at Heart; or if with a View of future Pre-
fents from the Workmen, he does not fquander away what he is entruft-
ed with, and what he will be obliged to render 2 ftriGt Account of, if
not in this Life, in the next,

Iv.

Being entered in good earncft upon the Work, the Engineer is to
take particular Care that the Workmen do their Duty to a tittle, and
that they pun@ually obferve all the Rules of our #r#, in the Conftructi-
on of Rockets, Crackers, &c. to the end that the Whole may redound to
his Credit, and have an Effe& worthy of the Expence.

V.

The Carpenters fhall firft make the Carkafs or Frame of the whole
Machine, with Timbers, anfwering to the Proportions of the Model
which fhall be given to them: I here fpeak of large Adifices, fuch as
Palaces, Triumphal Arches, Towers and Caftles, &c. for as to Co-
lumns, Pedeftals, ‘Fountains, Obelisks, Pyramids, Human Statues, and
Figures of Beafts; they all require to be conftru&ted after a particular
Manner. Tho’ the Order we are hére {peaking of, may be obferved in
the Conftru®ion of fotne of thefe laft, as rhay be remmarked in the Re-

rig. 197, prefentation of a Dragon'in Fig. 197 and 198. In the firft of which you
ad 198.-have a Sight of ‘the Bottom-Piece or Foundation of the whole Figure,

and the other gives you the Form of it, and fhews you the Order and
Difpofition of all the Pyrotechnical Works withinfide. But asfor grand
and confiderable Machines, you may perceive the-Orthograpby and Sce-

Vig. 204.mography of them, in the Rampart of a Caftle diftmguithed by A, "in Fig,

204. It will be very cafy to erect Towers, whether round or many-
fided,
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fided, Columns, and Obelisks (provided they are not very large ) upon
the Trunks or Stumps of Trees, or upon great round, or many-fided
Blocks of Timber: Thefe may be ordered much after the fame manner
with the Cafes or Tubes which we touched upon in the foregoing Chap-
ter : (Confider the Figure of the Tower Number 204; the Form of
which does not vary much from the Cafe defcribed and reprefented in

375

Fig. 193.) Now the larger Sorts of thefe muft be built with firong Fig. 193

Beams, Rafters, and Planking, which muft contain within them a
good quantity of Cafes of Compofition, and other Artificial Works:
Add to thefe the ufual Embellithments, (viz.) Piafters Paraflate,
Architraves, Capitals, Pedeftals, Columns and Pyramids, all which
may be made of Boards, or at Jeaft formed of four, -or more Spars, per-
pendicularly erected upen the Angles of the Bafe, or terminating in a
Point at Top; (which is matural to a Pyramid ;) after this manner you
'may make che Frames and Carcafles of Parallelopipeds, Polyhedronic
Prifims or Pyramids, and ‘then claath them with waxed or pieched Cloths,
ior ‘coat them over with Paftcboard : Thefe may be filled with one or
feveral Sorts of Cafes, Sky-Rockets ready fticked, and neatly difpofed
in the Interftices between the Cafes, and againft the Sides of the Pile or
Machine itfelf.
o i

Human Statues, and Figures of Beafts may be ordered-two Ways.

Firft, The Statuary or Carver snuft :cut out the Bodies in Wood with
«all their Lineaments-and Mufales acoarding to ithe Proportions given to
him, and accerding ashe isdireGed, he muft make them either naked
woricloathed. Then taking them and -#nointing 'them over with Seap or
Wax, they muft be:coated ower with Pulp or Pafte of Paper, kneaded
-or mixed up with Glue Wazer ; which Coating fhall be 2-or 3 Lines in
Subftance. It muft then be dried bya gemtle Fire, and.as foon as the
Skin or Coat is thoroughly dried, it fhall be divided into twoParts, that
is, it :muft be cut with 2 Knife clofe home to the Wood, -on -each Side
from the Crown of the Head to the Seal of the Foor; and thus taking
-off this Pafteboard Skin you will have :the shollow Image of a Man or
Beaft. In-the feveral:Cavities of it, fhall be fixed one-or mere Cafes of
‘Compofition, which muft be previoufly thaped according to the-Curva-
xures or Flexions of the Body, and well re-inforced ‘or woulded toife-
cure them ‘from flying abread, or fplitting by the Violence of -the.Fire,
before they have performet] their due Effeéts ; and .ic will be proper to
fix themupon fome firm Support, that they may be immoveable ; which
done, they'muft be hid in thebefore-fpoken<of Paper Skin; taking Care
to pafte the Joints and Crevifes very fubftantially together.

There are thofe who enly inclofe one:Cafe within:the Body: or'Skin,

as:may be obferved inxhe 8tatue of Forfume.in Frg.202. But there areFig, 101,

others, who dextroufly fill -che:Arms, Legs, Thighs, Hands and Feet
‘with Rayming Rockets, or “Craskers, or Cafes nf Compefition carioully
difpofed
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Fig. 200,

Fig. 180.

Fig. 202,
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difpofed of, and having Communication with each other by little Trains
or Fuzes, fo-that they fucceflively confume one after another. The
Contrivance of this may be clearly obferved in the Statue of Bacchus in
Fig. 200 : But I muft here remind you that the whole muft be fixed
upon a folid Foundation, fo as to be immoveable, and not be in a tot-
tering Situation : Wherefore it will be farther neceffary, that the Neck,
Arms, Reins, Thighs, and Legs thould be re-inforced with Iron Plates,
or Rods, bent and turned, fo as to humour and fit the feveral Angles
and Flexions of the Body, according as the whole Frame of it leans
more or lefs, and according as the Limbs are more or lefs contraéted.or
ftretched out. In fhort, the whole Infide of the Body muift be firength-
ned with Iron Plates or Rods, if it happens to lean either Forwards or
Backwards, to the Right or the Left. Now as to the Method of find-
ing the Openings of the feveral Angles formed by the various Flexions
and Curvatures of the Body, you may eafily have them by the Affift-
ance of a folding Rule, fuch as Carpenters and other Workmen ufe;
which Rule is in its general Conftru&tion very much like a Seéfor, which
alfo may ferve you for the fame Purpofe.

The fecond Way of forming Statues is thus : According to the Size
or Form of the intended Body, they with a Number of fuch Cartouches
or Boxes I gave in Fig. 189, make the one half of the Statue; that is,
that Part which comprehends the Breaft, the Back, the Belly, and others
of the Inferior Members. . Then with Boxes or Cafes of {maller Sizes,
they form the Neck, the Head, the Arms, the Thighs, the Hands, the
Feet, and all the Extremities of the Body; bending and fafhioning
them at pleafure upon Wooden Balls filled with a flow Compofition, and
piercing them.in two Places, juft as the Fold or Curvature of the Limb
requires : Into thefe little Borings they ftick little Fuzes to give Admif-
fion to the Fire as faft as the Balls conceive it. All thefe Articles and
Circumftances being duly obferved, and cultivated, the Statue is co-
vered over with fome Cloathing of Cloth, or Canvafs, or Silk, or (if you
will) Paper, cut out, fewed together, coloured, and diverfified, juft as
the Engineer {hall think proper. To the Head of it, is added a Pafte-.
board Mask, and Shooes, and Gloves of the fame, are put upon its Hands
and Feer; in fhort, they endeavour as much as poffible, that none of
the Infide may appear in Sight. The Head of the Figure is commonly
a Ball filled with flow Compofition; which Ball is fometimes bored in fe-
veral Places, and efpecially when they would have a fmall Fire Rain, or
long Rays to dart forth as from Running Balls. 'This I have reprefented
to you in the Ball upon which the Statue of Fortune is fixed in Fig.
202.

But I muit here ftrictly caution our Pyrobolif? to take the utmoft Care
in joining and aflembling the feveral Members of the Body, that they
may be in no danger of being difperfed by the Violence of the Fire, and
that the firft that are enkindled may not tear away thofe which have

not
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not yet been confumed ; for otherwife your Work will have a far other
Effect than you cxpe&cd
VIL

Whatever Animals you would reprefent, thall be cloathed in theit
own natural Skins, that approaching thereby the nearer to Nature,
they may the better and more effeually deceive the Spectators. How-
ever; it will be in the firft Place neceflary, that you fhould cut thefe
Skins to pieces, and few them flightly together again with wide Stitches;
to the end, that when the Artificial Fires inclofed in them would fly
out, they may meet with no Obftacle of fufficient Force to retard, di-
vert their Courfe, or repel them; but that with an A&ion free as Air,
they may purfue their Effects, and burn and depart without the leaft Re-
ftraint or Oppofition. The fame Thing is to be underftood of the
Cloathings of Human Figures, be they made of what they will, whe-
ther Silk or Cloth, &¢. particularly if your Fires are fo difpofed with-
infide as not only to rife up or burn out perpendicularly, but alfo ob-
liquely to the Right and Left.

‘ VIIL

Water-Globes muft in like manner be covered over with Scales of Fifh,

and the Plumage of Water-Fowl.
IX.

The Coverings of Palaces, Triumphal Arches, Towers, &c. if they
confift of Planks or Boards (aftér having been garnifhed withinfide with
feveral Sorts of Cafes of Compafition, and other Pyrotechnical Works) muft
be armed on the Outfide with Iron, or Paper Crackers; for which rea-
fon you thall make little Grooves or Channels in the Interior Surface of
your Planks, &e. in which you may lay Trains of Quick-Match, or of
fome Compofition, and fix Crackers upon them after the manner I taught
you above, when I treated of Shields and Bucklers, and in the fame Or-
der, asmay be obferved in Figures 200, 202 and 204, by the Letters B, Fig. 205,
C and F 202, 204.

X.

To give you a general Rule for your Inftruction in the Beauty and
manual Pratice of this 4r¢, I can only tell yous That every Part either
within or without your Machine, or that is in any wife dependent up-
on it, muft be compofed of fome Kind of Fire-Work: Wherefore all
the Beams, Rafters, Tranfums, Planks and Boards; Capitals of Co-
lumns (if there be any) the Paraflate, the Lifts, the Flutes, Cornices,
Friezes, Architraves, Modillions, Dentils, Trygliphs, Drops, Metops;
in fhort, the Plinths, Pedeftals, Apophyges, Bafes, and all the Enrich-
ments and Decorations, fuch as Wreaths or Garlands, Foliages, Fe-
ftoons, Fruitages, Leaves, Flowers, Antics, Coat-Armours, Shields, &,
mutt all confift either of Crackers, Stars, Sparks, Rockets of all Sorts, or
of little Hobbits charged with the various Kinds of Fire-Balls, As for
the Manner of conftruGting Bafons with their Pedeftals, and the Me-
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thed of ordering the Steps of Fountains, and garnithing them with
Rockets or Crackers; it may be eafily learned from the Figures diftin-
guithed by C and D.
XL

You mutt fix fome of your Iron Crackers obliquely, and others per-
pendicularly to the Horizon, but their Vents or Fuzes {huft be turned
fome Upwards, and others Downwards ; fome ro the Right, and others
to the Left: Thus will they be alternately and diverfly difpofed. You
muft take particular Care, that your double and triple Crackers be all
fixed perpendicularly to the Horizon.

XIL

Now as no particular Sett of Things meets with Approbation from ali
Sorts of People; and fince what pleafes one difguils another; and in
Confideration that our Works are not defigned to adminifter Pleafure to
a few Perfons only ; but are to undergo the rigorous Scrutiny and Exa-
mination of a Multitude, whofe Taftes it will be neceffary for our Py-
rotechnician 1o confult (provided that the Bulk of his Speators are of
fufficient Capacity, to judge aright of his Work; for otherwife it would
be better to pleafe a few Perfons of found Senfe and Knowledge than
thoufands of the Ignorant and Vulgar.,) I fay, thefe Things confidered ;
it will be very proper to intermix your Crackers with Rockets of feveral
Sorts, and other Pyrotechnical Inventions, which from time to time, and
at futable Intervals, may depart, fly up, and perform the Effe&s natural
to them, thereby to increafe the Diverfion, and avoid Scandal. Far-
thermore, if the Engineer thinks proper, or if it be the Will of the
Perfon or Perfons he is employed by, to have feveral Fires break out at
once, and to have the Difcharge of Crackers more frequent than is cu-
ftomary ; there fhall be a good Number of Vents made in feveral Parts

of the Machine, through which the Fire may be introduced whenever

you pleafe into the Works contained in the Body of the Fabric : For
there are thofe who ufually make but one Vent, and that, upon the
Top of the whole Pile; by which means the whole Body of it is con-
fumed fucceflively, and by Degrees : But this muft be left to the Engi-
neer. 'This way of giving Fire to our Machines, muft be owned to be
very Artificial ; buc the other is more certain and lefs dangerous.
XIIL

Fires of various Colaurs are held in great Efteem with regard to
thefe Works ; as if, for Example, you would reprefent a2 Rainbow, an
Infernal or Gloomy Fire, Water, Stars, and fuch like: But having han-
dled this when we fpoke of Sky-Rackets, our Pyrotechnician may turn
back to that Part of our #ork, where he will meet with fufficient In-
ftrution upon this Head. Again; you muft contrive to have imitative
Lightning, or fome extraordinary Flathes or Glares, which will vanifh
as foon as feen. This may be eafily done with a litte yellow Amber or
Colophone, Gum Funiper or Ship Pitch well pulverized or mealed.

XIv, If
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XIV.

If the Engineer by his Artificial Fountains would reprefent a Crofs,
a Star, a fmall Rain, a Rainbow, or any Thing elfe of that Nature,
he muft get Clay Pipes made; (for our Compofitions, however fow they
may be, will melt any fort of Metal by means of the Suipbur, Salt-
peter, and other hot and violent Ingredients they are compounded of ;)
thefe Pipes may be made after the fame Form and Fathion, as when
applied by Water-Engineers to perform the like Effets. They fhall be
made with a wide hollow Foot at Bottom, that they may conveniently
ftop up or cover the Orifices of Cafes or Globes: The Compofitions thefe
are filled with muft be very fla, and mixed with certain Portions of
Things which produce Fires of various Colours, and Sparks in abun-
dance. Again, all the Pipes fathioned after the Manner we have here
fpecified, muft be alfo filled with as much of the fame Compofitions as
they can contain.

XvV. ‘

The utmoft Diligence muft be applied in conduting the Trains, in
fixing and adjufting the Rockets and Crackers, and in the difpofing of
all the other Works; in which confifts the whole Beauty of the Fabric,
and in the Execution of thefe Articles the Engineer will have an Op-
portunity of difplaying his Skill; in fhort, itis upon his prudent Ma-
nagement of thefe Circumftances that his Welfare and Life depend;
and not only his own, burt thofe alfo of his Workmen and Speétators *
For to fay the plain truth of the matter, I have feen many Fire-works;
but Few, that fucceeded fo well as might be withed ; becaufe the great-
eft Part of them catching univerfally and inftantly in a Blaze; have
fometimes been the Death of feveral, and fpoiled many unfortunate
Perfons, who (far from expecting fuch calamitous Accidents) came to
be diverted. Now the induftrious Pyrobo/iff will avoid the Danger of
thefe fo-much-to-be-dreaded Difafters, if he be particularly cautious to
fill all his little Pipes, Fuzes, or Trains of Communication, with a
Compofition whofe Sloth he has been affured of, by repeated Experi-
ments. I approve perfetly well of Quick-Match, that has been through-
ly dried and duly wrought; and this I advance from my own Experi-
ence, having often ufed it myfelf with Succefs: But whether you pre-
fer Quick Match, or whether you think that Slw Compefition will an-
fwer your Purpofe the beft; I fay, which foever of them you
choofe, it fhall be laid in Channels or Pipes of Copper: For if they
be made of Wood they are prefently burnt, or elfe they fplit; if they
be made or lined with Lead, they melt with the leaft Hear; if made of
Iron they inftantly grow Red-hot, and fet fire to the wooden Work,
Cloth, Paper, &e¢. and thereby ruin your whole Undertaking; but Cop-
per Tubes or Pipes are exempt from all the abovementioned Accidents,
from the natural Hardnefs, or Solidity of their Metal. Thefe Pipes or
Tubes fhall be well reinforeed with the Sinews of Bealts fteeped in

Glue,
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Glue, in which has been previoufly diffolved a little Allum Plume,
All thefe Pipes muft be laid in Grooves wrought in the Wooden-work
of the Machine, or they may be fixed naked from one Fire to ano-
ther.

The Jun&ures or Joints of them muft be well luted with Clay, or
elfe faftned together with Sinews well fteeped in Glue, {o that the Fire may
have no Excurfion through them. Again; you muft make feveral
Vents or breathing Holes through which the Fire may correfpond with
the outward Air; for if it be kept clofe it will either be fuffocated, or
burt the Pipe which confines it. All thefe Vents fhall be made with
fuch Care and Exaénefs, that theymay not only let out the Fire clear of
the other Works, but alfo (if they are hid in the Planking, or if they
are fixed on. the Outfide) fet fire to the Rockets and Crackers, in confide-
ration that feveral other Parts of the Machine will be confumed whilft
the Rockets and Crackers are difmiffed and difcharged: But however as
thefe Vents will not be fufficient to let out the Filth generated from the
Smoke and impure Particles of your Compofition or your Quick-match,
which will clog up the Train-Pipes (if we may {o call them) you may
at convenient Diftances make Spouts, Gutters, or pretty large Aper-
tures, through which all the Feces may be difcharged, and at the fame
time give Admiffion to the Air: here alfo you muft take care that
the Fiery Filth thus expelled, does not interfere with any of your o-
ther Fireworks, but that it may be carried clear off by pretty long
Spotuts.

Above 211 Things you muft be cautious not to fuffer any Match or
Fire near your Machine, that you may not be liable to fuch Difafters
as might arife from their Proximity Upon the whole I apprehend, that
I need not trouble myfelf with givicg you particular Inftru¢tions for con-
duéting your Trains or Fuzes; and indeed no particular Rule can be
daid down to guide you in it ; becaufe of the Variety of Poftures, Si-
auations, and Contrivances of our Pieces of Machinery. It is to be
‘hoped that whofoever attempts any Performances in this Ticklith Are,
will by a due attention to the Rules with which we have furnithed
him in this Work, be able to avoid all Blunders and Miftakes; add to
which, that our Pyrotechnic Novice may gather fufficient Dire@ion in
this Matter from the Ortbographic and Scenographic Figures which we
have with fo much Care and Induftry traced out.

XVL

'The laft Thing I would recommend to you is, {o to contrive, as to

have none bur fober, confiderate, and virtuous Men concerned in
carrying on the Work under you; and never to admit any vile, prophane
Men into your Service: For fince we muft not hope for Succefs in
our moft trivial and minute Undertakings without the Concurrence of
Heaven; you may readily imagine, That you will ftand in the great-
eft need of the.Celeffial Protection, when encompafled on all Sides

with
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Book V. Of the Great Art of ARTILLERY.

with extraordinary Dangers, asall thofe are, who make Profeflion of
our Art: And therefore ought you to have a continual Eye upon
Heaven, and to depend upon God for your Safeguard and Protection;
and endeavour to render yourfelf a deferving Obje&t of his Mercy and
Paternal Care : For the accidental Shock of two Stones, the hafty At-
trition of two Strings, nay the very impetuous Rubbing together of
two Straws, may be the Death of you, when bufied in fuch perilous
Occupations.

What 1 have farther to fay here, is addréfled to the Smiths, Car-
penters, Brafiers, Joiners, Turners, Mafons, Carvers, Plafterers, Pain-
ters, and the whole Tribe of Workmen, whofe Affiftance is required
in compleating our Pyrotechnic Fabrics. 'To thefe I muft recommend ;
as they all a@ inSubordination to the Fire-Engincer, That they endea-
vour to pleafe himand do him Juftice, by obferving to execute all his
Orders and Dire@ions. In fhort, the Engineer ought to be a perfect
Judge of the Capacity of his Workmen, and the Value of their Work
when done, and confequently know how to accept the Good, and re-
ject the Bad; for whatever Misfortunes happen, they will all be imputed
to him, and not to the Workmen he employed; and on the other Hand,
all the Applaufe refulting from the Succefsful Conftruction of the whole
Fabric will fall to his Share. Thus muft he exped to fuffer all the
Blame if his Work demerits it, or to bear away all the Praife if it de-
ferves Approbarion.

And now having fet the laft Hand to our Recreative Fireworks, after a
pretty Long Diflertation on them, (perhaps more fo than fome could
have withed) I fhall proceed to the Second Part of this Beok, in which
I thall entertain you with Artificial Military Fires.

Eeece PART
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PART IL of ths BO OK

Which TreATs of

Serious or Military FIREWORKS,

Whether Fixed, or Projeltile.

CHAP L

Qf Fire Ollx or Pors of all Sorts, Powder Flasks, Bottles,
Chefls, ¢be.

BERS@a F all che Pyrotechnic Defenfive Works, with which I propofe
\¢ to entertain you, in the Second Part of t<his Fifth Book; 1
£ fhall firft prefent you with the feveral Sorts of Fire-Pots,
3% Flasks, Bottles, and Chefts, &c. Thefe I fhall begin with;
becaufe they are more fimple in their Conftrution, than the other
Things which are to follow them; and I fhall reduce them within the
Bounds of this Chaptet, becaufe they are in general prepared after one
Way, faving fome Particulars which are peculiar to each of them a-
part, which Diverfity becomes natural or neceffary to them from the
Variety of their Figures and Sizes. Ithall then inftruét you in the
feveral Methods of filling and charging three certain {mall Veffels.

METHOD L

In the Firft Place; Pour Quick-Lime finely mealed into fome Veflel,
till one Third of it be filled ; which done, fill it up to the Brim with
good Corn Powder, and cover it with ftrong Paper, or a wooden Lid;
and over that with a pitched Cloth. You are to tye on Ends of Match
to the Neck and Ears or Handles of your Po#, if it be made of Clay,

Fig. 206,35 you may obferve in Fig. 206. Your Veflel being thus ordered, and

having
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having lighted the Match at both Ends, it fhall be thrown amongft the
Enemy from fome Eminence; as for Example, from the Top of a Ram-
part, or a Wall; or from the Baflions of any Fortrefs into the Fofié or
Moar, or to any of the neareft Places if it be delivered by Hand: But
it muft be projected from proper Muchines, if you would fend it to Di-
ftances, fuch as the Lines or Works of the Enemy. On the other fide,
thefe Vefiels may be thrown by the Befiegers into the Place befieged;
and they may likewife ferve in Sea Fights, with great Difadvantage to
the Enemy and their Ships; for as {foon as thefe fall upon a Ship’s Deck,
or meet with any hard Subftance, they will never fail to break and fly
in Pieces ; upon which the Powder will be fpilt, and fcattered abroad,
and the Match falling amongft it, it cannot avoid Aecenfion;
and will accordingly break out with fo terrible a Flath, as muft {poil
and deftroy many of the Enemy, 2nd perhaps burn the Ship itfelf:
Not only that ; but the Powder thus taking Fire it will at the fame time
blow up the mealed Quick-Lime, which rifing like a Cloud of Dutt,
will be infupportable to thofe who are wrapp’d up in it. Sometimes in-
ftead of Quick-Lime you may ufe the Athes of Oak or Elm, provi-
ded they are well fearced and reduced to an impalpable Meal.

METHOD IL

Sometimes they prepare Veflels either of Glafs or Earth with long
Necks, (the Hollow of which is about an Inch in Diameter,) and bear-
ing a near Refemblance to the Matraffes, Retorts, and fuch like Veflels in
ufe with Chymifis: The Body or Belly of thefe is filled with Corn Pow-
der, to which are added certain Portions of Mercury Sublimate, and
Bole-Armoniac: Sometimes alfo it is interfperfed with Scraps of Iron.
The long Neck is to be filled with a Slw Compofizion : which being
fired you may throw thefe Veflels where you pleafe.

METHOD IIL

If it happens that the Veflel is pretty large, and has a wide Mouth ;
for example, of 3 or4 Inchesin Breadth, or thereabouts; your Corn Pow-
der {hall be interfperfed with Crackers, either fingle, double, or far-
ther multiplied as you fhall think proper: Or inftead of them, Hand
Grenado's without Fuzes, and only filled quite up to the Vent with

383

Corn Powder. 'The Veflels No. 206 thew you both the one and the o- Fig. 206.

ther of thefe; whereof the Firft diftinguithed by A has Hand-Gre-
#ado’s, the Second by B, has Iron Crackers.

METHOD
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METHOD 1V.

There are thofe who fill thefe Veflels with very violent Compofitions,
and fuch as are fo obftinately OULrageous as not to be fuffocated by any
Means. We have already given you fome Compofitions of this Nature,
Thofe which we grdered for Fire Rain may ferve this Purpofe very well;
but particularly fuch as we communicated for making the Grecian Fire;
for that was inclofed in fuch Veflels as thefe, as we have elfewhere
thewn. However, notwithftanding the feveral violent Fires I formerly
gave you, I fhall here prefent you with fome others which are particu-
larly calculated for this Service, and which are in Efteem with the Py-
rotechnicians of our Days. TheFirft, according to Fioravantus: Take
of the Varnifb ufed in gilding of Leather 10 1b; of Sulpbur Vivum 6 1b;
of Oi/ of Refin 2 1b; of Saltpeter 1b {s; of Olibanum one 1b; of Cam-
phire 6 55 and of the beft Brandy 14 %: Put them all into a Veflel, and
mix them well together over a flow Fire; and being melted, add fome
Tow to them, and let it fteep.  This being put into Pots, will produce
a Fire that will be inextinguifhable, wherefoever it be thrown.

Ufanus in the third Treatife of his Artillery, Chap. XX, gives us the
following: Take of Gun-powder, Sulpbur, Saltpeter, and Sal Armoniac,
of each b fs; of Camphire 2 §; meal them all finely, and pafs them
through a Searce ; which done, 2dd to them a Pinch of common Sa/%.
Put all thefe into a Brafs or glazed Earthen Veflel, and pour Oi/ of
Olives upon them, or Oz of Petrol, or of Linfeed, or of Walnuts; or
elfe melted Lard ; enough to give the Whole the Confiftence of a Pafte,
or pretty thick Conferve. Being all incorporated well together, take
fome of it out, and try how it burns, and fee whether it can be eafily
fupprefled by the In_]eéhon of Water; for if you find it too weak, you
muft add Gun-powder to it. Having brought it to the Pitch you would
have it; fill Pots, Pitchers and fuch like Earthen Veffels with it.

In the fame Veflels you may add Lumps of that Liquified Stuff,
which we mentioned in fpeaking of the Preparation of Fire-Rain,
wrapping them up in loofe Quick Match: Or you may ufe Balls of the
Bignefs of a large Walnut made of the following Compofition ; taking
care to fill up the Interftices between thefe Balls with a Mixture of Corn
and Meal Powder. 'This Compofition is thus: Take Saltpeter and Gun-
powder, of each 2 1b; of Sulpbur 1b fs; of Colophone 3 iiij; of Camphire
21); of Sal-Armoniac % j. Incorporate them well together, and knead
them with O:/ of Linfeed or Olives ; and in fhort, make this Compofition
into Balls of the bignefs of a large Walnut. 'Thefe Balls being once in-
flamed burn moft outragioufly ; infomuch that if they chance to fall
upon a Ship’s Deck, they will burn through and through it in the
twinkling of an Eye; will fet whatever they ftick to in a Blaze, and ac-
cend and inflame thofe Subftances which are the leaft fufcipient of Fire:

But
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But what I take to be their moft extraordinary Property, is the Impofii-
bility of fuffocating or ftifling them by any means; and it is particular-
ly in vain to endeavour at a Suppreflion of their Fire by Water; for far
from fuffering any Diminution of its Violence by the means of Water ;
it gathers new Strength, and rages the more obftinately the more it is
plied with that Liquid Adverfary.

All thefe Veflels muft be ftopped up or covered clofe with waxed or
pitched Cloths, as we {pecified above. To the Ears or Handles of them
(it is perfe&ly neceflary, that thefe Veflels fhould have Handles) you
muft tye Ends of Match, and fecure them faft, that they may not drop
off. If it happens that your Pots have no Handles, nor any Thing of
that Kind, nor even a Neck of fufficient Length to tye your Match on
by; you muft give them a Coating of our Pyrotechnic Cement, or of
ought elfe that is of a very tenacious Nature, and ftick your March in it
all round.

ADVERTISEMENT.

That thefe Ollz or Pots of Fire, and feveral other Veffels filled with Com-
buftible Compofitions, were ufed by the Ancients, to fet Fire to Buildings,
&ec. is not to be difputed ; if we rightly confider the Teftimony of fo
many Authors whom we quoted when we fpoke of Hand-Grenads's and
Fire-Rain. But it muft be allowed, that all the Fire-Veffels of the
Ancients were but Trifles and Children’s Play-Things, when compared
with Ours; or at moft, that they were but the Shadows of our Modern
Fire-Pots; becaufe they wanted our Thunder-imitating Gun-powder by
the Affiftance of which we are enabled to caufe fuch frightful Fla-
grations; to burn and deftroy the greateft Part of our Adverfaries; and
particularly, if to thefe Pors you add Hand-Grenado's or Crackers.

CHAP 1L

Of Fire-Crowns and Garlands, which the Germans call Pech,
and Sturm Krantzen.

H E that would render himfelf Worthy of a Mural or Naval Crown,
and who is ambitious of being honoured with one from the Hands
of his King or Prince; Ifay, whofoever is defirous of being diftinguith-
ed by thofe proud Marks and Badges, which are beftowed on Merit and
Virtue, muft, the better to qualify himfelf, know how to manage our
Pyrotechnic Crowns; he muft prove them and put them in Execution,
if he expe@s to fee his Temples adorned with a Wreath of Laurel,
Fffff Our
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Our Dizdems and Garlands, ¥ rroft own, will burn, and oftentimes prick
thofé who handle them; but who Knows not that Rofes are gathered
amongft Thorns? And that all our moft perfé& Happinefs, and moft
tranquile Contentment in this World, take Birth, in the midft of the
nioft pungent Sorrows, and a thoufand affficting Difficulties, which pér~
petually oppofe us in our Purfuits of what we would enjoy. No 6né
ever yét obtained Glory, but by ftruggling, nd comibating with Mif-
fortunies and Labour : Tt is no finalt E#¢emius dpon a Soldier to fay of
him, That be is both dble and wilking fo endiire Hardfbips. "Fhis Acknow-
ledgment is the natural Right of 4 true Soldier, and what he may lay
joft Claim to, whatever elfe he may ftand in need of. Thus though the
Man who is étowned with our Fire=Garlands will be grievoufly Iaden,
yet at the farme time ke will be pompoufly adérned ; if his Acions are
levelled at nothing but pure Glory; if he contémns Difficulties, and
bears with Heroic Conftancy all thofe Hardfhips which oppofé his Ac~
quifition of the Prize he thirfts after, Now in this Chapter I mean to
inform you of what Flowers ahd Ornaments otir Growns and Garlands
are compofed. ;

Get a long Bdg made ¢ither of Flaxen or Hempen Cloth, of the
Breadth of 4 or 6 Inches, and of the Lerigth of 3 or 4 Poor; and fiff i
with osi¢ of the Compofitions we gave for Fire:Balls. The following
Compofitsonis are purely fot thefe Garlands, &o.

1

"Faké of Saltpetar § o; of Sumir one 1; of Powder 3 ; and of

Powder of Glafs b £,
I
Take of Saitpeter 4 165 of Sulpbur one Io; of Charceal 165 ts; of
Povider of Glaff 3 i,
I

Take of Powder 2 1b; of Saltpeter 3 1 ; of Colophone 16 f5; meal
thern fitiely, afid miix thém Well : Having filled your Bag with one of
thefe Compofitions, bend it round into a Circle ; fo that the two Ends
may meet, which muft be fewéd together: And for fear the Stitches
fhould give way, or be burned during the Combuftion of your Garland,
you fhall clap an Iros Heop within it; whofe exterior Citcumference is
equal to the interior Circuit of the Bag. Upon this Hoop then muft
your rounded Bag be fecurely faced, and faftened with Interweavings
and Knots at proper Diftances from each other, in Imitation of what
we ofdéred of the fime Kind fot Fire-Balli. Being thus adjuffed, you
muft chruft Tron Crdckers int6 it ; which Crackers {hall be well eharged
with Potsdér and Ball; and pointed it Bottom, that they may the more
éafily penetidte the Compofition : Or you may difpofe of them, as may

Fig. 207,be temarked ini Fig. 207 and 208. _ _
F’;'g‘. :89 * Thé third Soft of our Crowns you have in Fig. 209 : This is only
arimed with bearded Iron Spikes ;. with intent that if it fhould chance
to
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to fall upon the Head of any Perfon, he may not be able to take hold on
i, to throw it from him; but be obliged to burn alive, and from ehis
fort of Torment, which may be faid to be its naturat Effe&, it may jufbly
enough be called the Martyrizing Crown.

Sometismes alfo thefe Crowns are adorned, or rather armed, wich Hand
Grenads's; of the bignefs of an Iron Bullet of on¢ or z Pornds Weighe ;
but they muft have Fuzes of the Length of 3 or 4 Fingers fcrewed into
their Orifices to keép them tight and firmy upon the faid €rowns or Gar-
lemds, and for the fame Purpofe alfo muft they be laced onr withy Fron
Wire. You have the Reprefentation of this in Fig. 210.

Thefe €rowns and Garlands are applied to the very fame Ufes as che
Fire-Pots and other Veffels which we defcribed to yow in the foregoing
Chapter : 1 {hall only add to what I have faid, That you muft take €are
to make two or three Holes, through which: to' fire the inchaded Compe-
ition 5 and being lighted and inflamed on all Sides; you may throw them
where=ever you fhall think proper.

CHAP L
Of Fire-Hoops or Artificial Spheres.

IF yotr have a right Idea of the munrier of preparing thie Fire-Crowns
we jeft aow fpoke of ; you will meet with no Difficulty in efdering
Artificial Spheres, which aré only compofed of feverat Hoops or Rifigs
within one aniochier, and placed Crofs-wife. Prepare thett chree or four
Honps ot €rotens (accordifig to the Diretions we gave you in the fore-
going Chapter,) of fuch Size and Proportion to eich other, thar they
fiay go ii6, or be received inito otre atiother, from the greatétt of them
£ the leaft 5 (that isy That the Interior Circumference of the Firft, be
exallly the Extérior Citcamférence of the Second, and the Interior
Circutriference of the Second, be exactly the Exterior Circumfererice
of che Third, and fo on. Being thus ordered, put them together, (vis.)
the two Firft, at Right-Angles to each other; and the two Smaflet, at
Right-Angles between themfelves, but at an Angle of 45 Degrees with
refpect to the two Greater ; or if you have more than four Hoops, they
thall be all {o ordered as mutually to interfet each other at Acute An-
gles in the two Points which are Diametrically oppofite. To thefe you
may add others which may embrace cthem round, or be in a right Di-
retion to the Firft; but they fhall be bdund on with Copper or Iron
Wire ; for if you only faften them with Marline, it will be prefently
burnt; by which means your Work will fall to pieces, and yourfelf be

baulked in your Expeations,
. But
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But by the way I muft tell you, that it will be proper to have large
Hoops for thefe Spberes ; I mean, that they muft be of feveral Foot in
Circumference. ‘The largeft of them (for Example) fhall be 15 Foot in
its outward Circumference, and the reft proportioned to it, as we faid
above. It is alfo neceffary to dip them all in Tar, and to pierce them
with feveral Holes or Vents; that the whole Body of them may be fired
at once, or in feveral Places, and confequently, that it may be impoffi-
ble for the Enemy to fuffocate them, or difengage themfelves from the
frightful Diforders thefe Spheres will introduce amongft them. I have
not given you any Figure of thefe; becaufe the Conftruction of them
may be eafily gathered from what we have been faying, and by the Fi-
gures of our Artificial Crowns, As for that whofe Reprefentation you

Fig. 210 have in Fig. 211, it differs from thofe we have above-defcribed : Han-
zelet will have it conftruted thus.

Take a Wooden Hoop, or ( what will be better) an Iron one, juft
fuch as Coopers ufe for binding their Cask: Daub it over. with Tar
mixed with Gun-powder, and take a Band or Slip of Cloth, whofe
Length muft be equal the Circumference of the Hoop, and of the
Breadth of three Inches : Wrap this Band round the Hoop, and fill it
with a Compofition made of one 1b of Powder, one % of Sulpbur, and 3
b of Saltpeter, fprinkled over with a littde Os/ of Petrol or Linfeed, and
interfperfed with Scraps of Sulphur. This done; few up your Cloth,
and re-inforce it throughout with a Woulding of Marline, and pierce it
in feveral Places with an Iron Point, filling all the Holes you pierce,
with Quick Match. - In fhort, the whole exterior Surface of the Hoop
fhall be garnithed with Su/pbur, which muft be wrapped round with
Tow, excepting the Vents or Primings of Quick Match which muft be
left free and open. ‘This is but half your Work ; for you muft pre-
pare another Hoop after the very fame manner (or feveral if you pleafe)
and having fix'd them in one another, you fhall faften them together
with Wire, to prevent them from falling afunder when thrown from
any Eminence amongft the Enemy. Being thus prepared and adjufted,
you mutt fire the Quick Match before-mentioned, and upon finding that
your Compofition is thoroughly accended, you may throw this Spbere

where you pleafe,

CHAP.
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CHAP 1IV.
Of ARTIFICIAL CYLINDERS.

I Mutt here fay once more what I have very often advanced already,
namely, That we owe our Ingenuity in Pyrotechnics to Hints taken
from former Inventions. I know that we improve a great many Things
in our .Ar¢, which we pretend were unknown to the Ancients; many
of which I am far from thinking they were wholly ignorant of ; and it
is not impoffible, that former Ages might have had a more diftinc
and perfe& Knowledge of fome Things which we attribute to our
Invention, than we have ourfelves, ( faving what relates to Gun-pow-
der) but which by a long Succeffion of Time have been infenfibly
annihilated, and were never handed down to us. Now the Men of
our Age are of fuch a Turn, That having never fo fuperficially con-
fidered any of the Pieces of Antiquity, they dive prefently to the Bot~
tom of them, and unravel them at once; and thereupon their Hearts
being diftended with Vanity, they fancy themfelves to be the very
Inventors of Them. Whence it is, that they give them out, not on-
Iy as their own, boaft of them, and praife them up; but alfo arro-
gantly defpife the Worthy and Ingenious of the Times paft, ‘who were
in all probability at as much Trouble in the Cultivation of thofe
Things as we have been. For my part, I acknowledge that the ear-
lier Ages of the World were productive of very great Men, and fuch
as were infpired with an Inventive Spirit; but it muft be at the fame
time allowed, that we may juftly claim fome fhare of Applaufe and Ap-
probatlon in Conjunction with them; inafmuch as we have been able
to make great Additions to their ingenious Pradtice; and inafmuch as
we know how to choofe what is profitable to us from amongft their In-
ventions, and feparate it from what is unufeful to us, and after having
cleaned it, and fcowered off the Ruft it had contra&ted by a Length of
Years, have been at the Pains to reftore it to its Original Luftre. But
I thall always ftand firm in the Opinion which I have fo often commu-
nicated in this #or#, notwithftanding any Arguments I can forefee to
convince of the contrary, (namely) that the Works of the Ancients
were Lame and Imperfe& through their Want of our Gun-powder ; and
that they conceived only the Shadows, and not the perfet and true
Idea’s of the admirable Machines of War. I formerly gave you fome of
their Engines, and after having compared them with ours, I made it
evident to you, how much our Modern Machines furpafs them in Dig-
nity and Contrivance. I thall here again prefent you with feveral others:
But before I do that, I fhall make it appear by the Teftimony of an-
Gggsgg cient
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cient Authors, that the Pyrotechnic Cylinder is a very antique Inventi-
on; which done, I fhall fhew you what Improvements the Moderns
have tacked to it.

Let us firft confult Vegetsus upon this Subject, and give Ear to what
he fays of thefe Cylinders. He fpeaks thus of them in Lzb. IV. Cap.
viii. where he teaches us to conftru&t feveral Machines for the Defence
of Walls. They made prodigious Wheels of Green Wood, or Cylinders of
the Bodies of vaft Trees; (which they called Rollers) thefe they rounded
very exactly that they might be the more rollable, and being trundled down
Declivities, they ran over the Enemy and frighten'd their Horfes. Let
us now hear what Ammianus Marcellinus has to fay of this Matter:
The greateft part of thofe who were concerned in the Affault, or made any
Attempts to fiale the Walls, were overwbelmed and buried under great
Stones, vaft pieces of Colummns, and by Cylinders which were rolled down
the Declivities and Taluds of the Walls.

It appears then by thefe two Authors (not to quote any Thing from
others) that the Ancients converted or applied the Cylinder to Warlike
Ufes. But thefe could hurt none but the moft Bold and Daring of
the Befiegers, who attempted to fcale the Walls of the Befieged ; and
only lamed them, broke their Ladders, and crufthed the Machines or
Perfons they happened to fall upon; leaving the Soldiers and Works,
which were but a little diftant from them, out of Danger. But our Cy-
linders are much more Artificial, and vaftly more efficacious; for they
not only by their Weight break and deftroy whatever they fall upon,
but alfo kill fuch Perfons as are far diftant from them, and throw down
and demolith their Machines tho’ pretty remote : For being hollowed, and
then charged with Stones, Pebbles, Iron Bolts, and fuch like; together with
a good Quantity of Gun-powder ; they are capable of doing incredible
Mifchief.  But before they are put in Execution they muft be bound
or reinforced with ftrong Iron Rings, one at each Extremity of the
Cylinder, and one at each End of the Charge of Powder. This is the

Fig. 212. firft Sort of our Cylinders, which I have reprefented in Fig. 212. where
the Letter A diftinguifhes a Wooden Stopple or Tompion for heading
up the Orifices of it.

Fig. 213.  Youhave the fecond Sortin Fig. 213. It is armed all over with bearded
Spikes ; that it may not only be capable of Deftru&ion by its Weight,
by its Mortal Bowels, by its Flame and Fire; (all which it has in com-
mon with the Firft) but alfo tear and wound thofe with its Spikes,
who are hardy enough to be Foremoft in an Attack, or in mounting a
Breach. This alfo muft be reinforced ar each End with a Subftantial
Iron Ring.

Fig- 214.  The third Sort of Cykinder, which you have in Fig. 214, is yet more
Artificial, and more: cruelly adapted for Execution, than either of
the Former; for the whole Capacity of it is filled with Hand Grenads's
and Crackers, of feveral Sarts (ordered as ufual) the Interftices of which

arc
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are filled up with Gun-powder. Now this Cylinder is commonly com-
pofed of two Semi-Cylinders, as may be conceived by the Profil A.
The two Pieces of this Cy/inder muft be forelocked or wedged together,
and that fo clofely, that no Air may have Admiffion into the Body of
it, whereby it will be confequently obliged to burft with the Greater Vi-
olence. This Cylinder muft have a fmall Wooden Fuze to correfpond
with the Powder, which Fuze muft be filled wicth one of the Com-
pofitions we formerly gave you for the Fuzes of all Sorts of Gre-
nado’s.

To conclude, I here give you a fourth Cylinder ; of which the An-
cients had fome Knowledge, if we may believe Salluff; for I find that
he writes to this Effe& in his Remains. They rolled down the Declivities
vaft Pieces of Rocks and Beams meunted upon Axles, and armed with
Spikes, or feort Darts, like the Military Ericii, or Chevaux de Frife.
But, good God! to what a horrid Point of deftructive Power have we
brought this Cylinder, by means of our Gun-powder ¥ For that fpoken
of by Salluff, was no more to ours, thap a Shadow is to a Subftance.
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You have the Reprefentation of this in Fig. 215, and by the Conftru-Fig. 215.

éion of it, I fhall evince that I have not exceeded the Bounds of Truth
in the Aflertion I have here advanced, and fhall fhew you hew far we
have improved upon the antique Cy/inder of this Kind : The following
Defcription of it is taken from Hanzelet.  Geta Cylinder hollowed
“ or bored throughout the Middle to the Breadth of 2 or 3 Inches, like
“ our Recreative Cafes. 'The whole exterior Surface of it (excepting
“ its Bafes or Ends) fhall be ftuck or armed with long Iron Spikes, be-
« tween which you mutt fix Grenado’s of a moderate Size: The Fuzes
« of thefe Grenado's muft be of Iron, and net only fcrewed into the
“ Vents of the Grenads's, but alfo into the Cylinder, (fee Fig. A) by
“ which means they will be immoveably fixed : Again; thefe Fuzes
“ muft be of fuch Length, as to reach clofe home to the Compofition
% contained in the Body of the Cylinder. 'The whole being thus or-
“ dered, fhall be mounted upon two common Wheels, fuch as thofe of
« a Chariot with their Axle-Trees, which muft exa&ly fit the Orifi-
« ces of the Cylinder, and be fecurely ftuck into them: Thefe Axles
¢ fhall be alfo bored throughout to the Breadth of an Inch or there-
« abouts, which Borings muft be filled with the ufual Compofitions for
« Fuzes. In fine, this furious Body (which for its admirable Conftru-
“ &ion and wonderful EffeGts might juftly be ftyled a Machine) fhall be
« pitched all over, and being mounted upon the Axles, and fired at
each End, may be rolled down amongft the Enemy ; there to per-
« form fuch Havoc, as could not be effeGted by a Thoufand of the
« antique Sort.” To tell you now, how that is poffible, would be en-
tirely fuperfluous and needlefs, fince any Perfon who has but the leaft
glimmering Infight into our Arf, will readily conceive it. And
therefore not thinking it worth while, to dwell upon a Matter which

is
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is fo felf-evident, I fhall proceed to the thort Remainder of this Tres-

tife.

CHAP V.
Of FIRESACKS.

THES E Artificial Sacks are applied to the fame Ufes in the Defence

of Places, when attacked, or attempted to be ftormed or fcaladed,
as the Cylinders above-mentioned. They are ordered thus: Take a pret-
ty thick. Wooden Bar of feveral Feet in Length, and fquare it, or con-
vert it into a Parallelopiped, and let the two Ends of it be cut fharp, or
in the Form of a Pyramid. Towards the Ends of it, you fhall bore
two Holes, nearly interfecting each other at Right Angles; into which
you muft thruft two Wooden Tree-Nails, fhod or armed at each End

Fig. 216. with Iron, as may be feen in Fig.216, by the Letter A. Upon this Bar

you muft tye a firong Canvafs Sack, which muft be pretty wide ; that
it may contain a good Quantity of one of the Compofitions we ordered
for Fire-Balls. Having tied it faft to the Bar by one of its Ends, fill it
at the other with a proper Compofition, and ram it and fhake it down
’till ic be as hard as what we dire¢ted when we {poke of the Filling of
Fire-Balls. In fhort, tar the whole Body of it over, and coat it with

Fig. 217.Tow. You have this in Fig. 217.

Fig. 218,

The other Sack, which you fee in Fig. 218, differs from the foregoing,
in that its Bulk is uniform and equal from one End to the other ; with-
out fwelling or bellying out, more in the Middle than at the Extremi-
ties; as may be perceived by the Figure: Add to which, that it has no
Bar or Axle running through the Body of it, like the foregoing; but has
only two fmall Wooden Fuzes, fixed in each Mouth of the Sack, which
are filled with a flow Compofition. What we have here faid of the
foregoing, together with the Figures we have referred to, will give
you a perfect Idea of whatever relates to this. Thefe Sacks muft be
armed on the Outfide with Iron Crackers.

CHAP.
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CHAP VL
Of ARTIFICIAL TUNS and BARRELS.

HAT Tuns and Barrels, as well as Cylinders, were ufed by the an-
cient Greeks and Romans, and feveral other Nations that flourithed
with them, in the Defence of Places befieged, may be gathered from
what we are now going to communicate. Firft then, 4 Dio Caffius
fpeaking of Tiberius, who had befieged a Place fituated upon 2 Rock in
Denmartk, {peaks to this Effe@. The + Dalmatz galled them with Stones
thrown from Slings, or rolled down by Hand ; they likewife trundled down
Wheels, and Cars full of Stones, together with Chefts and Tuns, or Barrels
made round after the Fafhion of the Country, all full of Pebbles. Hiero
alfo relates fomething of this Nature, They contrived to roll down Co-
lumns, Wheels, Chariots or Cars beavily laden, Veffels full of Pebbles or
wet Earth, like thoje compojed of Staves in which Oil, Wine, and fuch like
Liquors are kept. Ammianus writes much to the fame Purpofe, || Hav-
ang boldly paffed the Foflé or Ditch over Hurdles, and gained the Foot of
the Wall; they were immediately overwhelmed with vaft Pieces of Stone,
and Fragments of Columns, together with Tuns. Now we can gather no-
thing from the Teftimony of thefe Authors, and they prove nothing far-
ther; than, that by fuch like Contrivances, they crufhed the Enemy to
Pieces, and tore down their Machines. ‘The Art of doing this is not fo
difficult, nor the Practice of it fo obfcure; but that we might eafily act
it over again, if we thought it in any wife proper or neceflary for the
Defence of Places : But our Gun-powder has fuggefted far other Ways
of defending ourfelves againft thofe, who would make any hurtful At-
tempt upon our Lives and Fortunes. 'We now prepare great Tuns, in
the Center of which we fix a lefler Veflel or Cask full of Powder, or
elfe a large Bomb; which we furround with Stones, Pebbles, Iron Bolts,
&e. the Interftices between which we fill with Quick Lime. The Veflel
being crammed after this Manner with as much as it can hold, is headed
up, and well bound with Iron Hoops. 1In fthort, having fix'd a Fuze in
it to coerrefpond with the Powder, it is thrown down from the Ram-
parts amongft the Enemy, where it does more Mifchief in an Inftant,
than all the Machines of the Ancients could do in ten Days.
Now the Havoc made by thefe Contrivances is fo prodigious and
frightful, that it is impoffible for me to inculcate an Idea of it into you,
and much lefs can 1 make you believe it, except you have ever hap-

§ Dio. Ciff. Lib. LVI, t Now called Sclavonians, || Amm, Lib. XX.

Hhhhh pened
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pened to be in fome forc an Eye-Witnefs of it upon Warlike Occa-
fions, I for my part believe it is impoffible for Human Wit to in-
vent any Thing more efficacious than thefe, to cut off the Enemy when
refolved to carry you by Storm, to afluage the Violence of Attacks, and
to caft 2 Damp upon the moft Refolute and Courageous. We have a
difmal Example of the horrible Effe@s of thefe Marthering Machines in
the Siege of Sz, Andrews in Scotland, which was invefted in the Year of
our Redemption 1524 ; at which Time one of thefe Tuns, filled with
Powder, Stones, and Iron Bolts, being rolled down amongft the Enemy, it
wounded 600 of them at once, of which Number 321 remained Dead
upon the Spot. 'We are informed of this by Hierom Ruffel, an Itakian,
in his Precepts of the Modern Arts of War.

The Befiegers might on the other hand throw fuch Veffels as thefe in-
to the Places befieged, (as alfo Cyknders and Sacks) if they had Ma-
chines proper for that Service, and particularly, if it was thought worth
while to revive the Ba/iffa of Antiquity; which we fhall not here en-
large upon, having fpoken of it fufficiently already.

Sometimes alfo thefe Artificial Barrels might be buried under Ground
in any narrow Paffage, or at the Entrance of any Place, or before the
Gate of a Town ; artfully fixing in them a Gun-lock with a good Flint,
and having a long Line or Thread made faft to the Trigger, to fire your
Gun-powder or (if we may fo exprefs ourfelves) fpring your Mine, when-
ever you think proper; but the abovementioned Line muft run under
Ground, that it may not appear. If this Contrivance does not pleafe
you, you may (to be furer) put a Piece of lighted common Match into
them, or fome of our Quick Match twifted, and ordered fo.as to burn
till the Time you expe& the Enemy to come upon that Place, in order
to carry on their Attack : But you muft {o contrive, that the Masch may
breath the Air by a little Tunnel or Pipe, which muft reach quite up
to the Surface of the Ground; for fear the Coal of the Match fhould be
ftifled by its own Afhes, and confequently baulk your Expe@ation. But
1 need not trouble myfelf with giving you any farther Advice upon this
Subje&: The skilful Engineer cannot be at a Lofs in managing this Mat-
ter with Succefs.

We find that Neceflity formerly fuggefted feveral Methods to the Be-
fieged, of not only breaking down and overfetting the Machines of the
Affailants by the Weight of Stones, and other Ponderous Bodies, which
they threw at them; but alfo of burning, and reducing them to Athes.
And therefore amongft- other Inventions, they filled Barrels and Tuns
with Combuftible Things, and fent them amongft the Enemy’s Works:
Witnefs Cefar in Lié. I1. of the Civil Wars; who {peaking of the Siege
of Marjeilles, fays, “ That finding the Befieged very obftinate in defend-
« ing themfelves, a Mufculus or Gallery was ordered to be built of 60
¢ Foot in Length, which had a floping Roof, covered with Tiles and
« Dirt to preferve it from the Fires which might be thrown from the

«“ Walls;
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Walls ; which Tiles and Dirc were covered with Hides to prevent
them from being torn away by Water which might be plaid upon
« them; and the Hides were again covered with Cloths fteeped
“ in Vinegar; in fhort, the Body of this Gallery being made of vaft
“ Timber fecurely bound and clamp’d together with Iron, and the
whole of it compleated and fortified, it was moved upon Rollers clofe
“ home to the Walls of the Befieged. The Garrifon being aftonithed
“ at this unexpected Machine, tore up the largeft Stones that could be
“ raifed with Crows, and threw them from their Walls upon the Gal-
“ lery ; but it was fo fubftantially buile, that it received no Damage
from the Shocks of them, and what fell upon the Roof of it prefently
rolled off. He then fays, That the Befieged finding it was to no Pur-
pofe to make any farther Efforts to deftroy the Gallery by Dint of
Weight, they bethought themfelves of another Stratagem; which
“ was, to fill Burts, Tuns, and fuch like Veflels with Pitch, and the
“ Heart of the Pine Tree, which they threw down all in a Flame up-
on the Gallery, but they immediately rolled off, and were eafily re-
moved out of the way of doing Harm, by long Prongs or Pitch-forks.
In the mean time the Soldiers that were under the Covert of the Gal-
lery, loofened and pulled out the lowermoft Stones of the Enemy’s
Tower; and having taken out a good Parcel of them, and under-
mined it, a Part of it fell down with a fudden Ruin.”

The Thought of the Befieged, in this Cafe, pleafes me much ; but I
can by no means approve of the Effe& of their Artificial Tuns and Bar-
rels : They would have feen far other Execution performed by thofe
Veffels, if they (unfortunate People!) had had any Knowledge of our
Gun-powder ; and from thence have hit upon a Preparation of their Tuns
after our Modern Way. There is no Gallery how impenetrable foever it
may appear, nor no Covert fo ftrong; no Hides, Planks, Blinds, nor
Chandeleers fo thick; no armed Men, tho’ cafed in Steel to the very
Teeth, that could bear the Shock of large Pebbles, Iron Bolts, or of
the Shells which we ufually inclofe in thefe cruel Machines. Happy the
Man who can avoid the Fury of them, or provide for his Safety by
Flight, before the Powder in them catches Fire! Inftead of amufing him-
felf with removing or thrufting our Tuns and Barrels away from the
Works with Prongs
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I have given you the Reprefentations of our Arttficial Barrels in Fig.Fig. 21,
219, 220 and 221. But the laft of them thews you two Barrels mount- 229, 221

ed upon one and the fame Iron Axle: Thefe are not filled with Stones,
but with Grenado's, Crackers, and Corn Pewder, and are well bound
with Iron Hoops, and ftruck round with Steel Spikes. The Reafon of
their being armed after this Manner, is to defend them from the At-
tempts of certain Fool-hardy Perfons; who might venture to cut them
in pieces with Axes, before the Fire can have penetrated to the Powder
contained in the-Barrels ; for the fame Reafon it is, that they are mount-

ed
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ed upon Iron Axles, and that the Wheels have Iron Straiks-and Spoaks
of the fame Metal.

If thefe Artificial Barrels are not very.large and heavy, they might
ferve in Sea-Fights, and be thrown into. the Enemy’s Ships, as well as
Fire-Pots. '

You muft take great Care in fixing the Fuzes, for that is the main
Point; and without being parzicularly cautious in ordering this Article,
you run the Hazard of fecing your Work prove abortive.

In the two firft of thefe Figures, the Letter A thews you 2 {fmall Bar-
rel, and a Grenado or Bomb which are fixed in the Center of their re-
fpective Barrels. The reft will be eafily conceived by the: Figures.

CHAP VIL
Of Pyrotechnic Flambeaus or Torches.

BY Torches we underftand nothing more than certain Brands of Arti-
ficial Fire, which are thrown at Diftances to- fire the Enemy’s
Works : But to fay the Truth, they are not much in Requeft with us,
and in fhort, are grown quite out of Ufe. ' The Ancients practifed
them formerly with very good Succefs, as we are told by. Pitruvius. The
Divine Cafar baving his Army about the Alps, commanded the adjacent
Towns to fubmit themfelves, and yield him free Paffage, 8&c. but there
was a Caftle near, “which depending upon its natural Strength refufed Obe-
dience to the Summons : Upon which the Emperor commanded bis Troops to
advance towards it. This Caftle was called Larignum, and before the
Gate of it there was a Tower built of the beforementioned Wood, and
compofed of great Beams lying atbwart each other (alternately) like a Fu-
neral Pile, wbich being pretty bigh, they might from thence repel the Af-
Jailants with + Spears and Stones. Cefar being informed that they had no
other Weapons of Defence but Spears, which were too beavy to be thrown
Jar from the Walls ; be ordered little Fafcines or Fagots to be made, and
thrown at the faid Tower, together with Brands or Torches, iz order to et
it on Fire. This was accordingly done, and whilft the Heaps of Fafcines
were in a Blaze, it feemed to every Body as if the Tower was really burned
down to the Ground. But the Fire going out, and the Tower appearing
whole and untoucked, Cefar was aftonifbed at it, and ordered bis Army to
advance up to it, and infult it ; upon which the Beficged being frruck with
Dread, they furrendered; and being asked what Wood it was that bad
thus been able to withfland the Rage of Fire; they pointed at fome of the
Trees, which are in great Plenty in thefe Parts. This Wood is called
Larigna, from whence the Cafle itfelf is called Larignum.

1 The Zasin Word is Swdes, which were properly a kind of Sraves,

Sthius
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Stlius mentions thefe ZTorches in Pugn. Canen.

Ullum nec defit teli genus, bi Sude pugnant,
Hi Pinu flagrante cient ; bi pondere Pili.

In Englifh :

They deal all miflive Arms, fatal to Life;
Thefe with the flaming Zorch provoke the Strife,
Thofe with the Javelin’s Weight, &c.——

Lucan alfo in his Pharfalia,

——inde Sagitte
Inde Faces, & Saxa volant.

In Englifb :
Thence Stones, thence Brands and Arrows fly.

Virgil alfo faith fomewhere.
Famgue faces & faxa volant, furor arma miniftrat.
In Englifh :

And Brands and Stenes in ratling Vollies fly ;
And all the Ruftic Arms thac Fury can fupply. Dryden.

Lipfius alfo in Lib. V. of his Poliorceticun, tells us how the Ancients
were ufed to prepare thefe Torches, in thefe Terms: The common Torches
were thofe which were made of Pine, Larch, and Fir : The fmaller Sort of
thefe they bad for private Ufe in their Houfes; but with the larger Sort
they fought, and threw them by band at the Enemy’s Works to fet them on
Fire.

All this is Old : But our celebrated Annalift Paxlus Piafecius will
furnifh us with an Example of a frether Date; for {peaking of the Siege
of Wielkoluki (a Town in Mufcovy) when it was invefted and taken by
Stepben King of Poland, he tells us; « That the aforefaid Town being
¢ furrounded by an Enceint compofed of vaft Bodies of Timber, upon
« which Account, and for other Reafons, it was found to be Proof a-
¢ gainft all Battery; and the King perceiving there was no Likelihood
« of reducing the Place by any other Means than a Conflagration ; he
« had recourfe to Mines, which being {prung, blew up a Rampart, and
¢ fet fire to the neighbouring Parts, which was extinguithed by the Di-
« ligence of the Mofcovstes befieged ; but that fame Evening they con-
« veyed Brands or Torches made of Sulphur, to the other Side of the
« Town, which lying latent for feveral Hours, it was thought they
« were extinguithed by the Dampnefs of the Ground : But a high Wind
« anﬁng towards Midnight, they flamed out a-frefh, and in a very lit-
« tle time the Conflagration became general, and the whole Place was
¢ laid in Afhes; and above two Thirds of the Inkabitants were deftroyed.

Tiiit This
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This is what 1 had to fay of the Ufe and Effe@s of Artificial Tor-:
ches and Fire-brands. 1 have nothing now to do, but 1o inftruct you in
the Preparation of them by the Rules of eur Arz; in cafe the Exi-
gence of Affairs thould make it neceflary for you to put them in
Practice. Take then of Sulpbur 8 Parts ; of Cologhone 2 Parts; of
Saltpeter 4 Pares; of Black Pitch 1 Part; of Wax half a Part, and of
Turpentine 1 Part. Having mixed thefe Ingredients well togezher in a
glazed Earthen Pot, or in any Brafs Veflel, melt them over a Fire; and
being fufed, throw into them fome Old Linnen well wathed and dried,
or elfe Tow; but which foever of thefe you make choice of, you fhall
let it fteep in the above-faid Liguified Compofition ;. and taking it out
whilft it is warm, you muft wrap it about long Sticks and bind it upon
them with Iron or Lattin Wyre; but before you do this, you muft drive
Nails into your Sticks, that the Stuff may have the fafter Hold upon
them. Your Zorches being thus prepared you may light them, carry
them, and throw them, where you pleafe, 'and need not fear that
either Wind or Rain will extinguith them ; for on the contrary they
will burn either upon or in Water with wonderful Rage to their utter
Confumption, and never can be fupprefled by any other means than by
being buried either in Sand or Athes.

CHAP VIL
Of FIRE-ARROWS or DARTS.

WHAT we here mean by Fire-Arrows and Darts where formerly
called Malleoli, which fome Authors confound with the Fagots
and Torches, of which Number is Nonius Marcellus, who fays: The
Malleoli are little Bundles of Broom, which being daubed over, or dip-
ped in Pitch and fired, are thrown upon the Roofs of Buildings. Feftus is
to the full as much miftaken; fays he : Not only fmall Mallets are cal-
led Malleoli; but thofe alfo which are contrived to fet fire to Buil-
dings, and are made after the Fafbion of the Firfi. But Herodianus ex-
plains himfelf much better when he fpeaks of the Form of the Mal-
leoli ; the’ by the way he confounds them a little with the Torces.
for he fpeaks thus of them in L:é viii. where he gives an ‘Ac-
count of the Siege of Asx. Bur the Machines being advanced, htbey
threw Torches at them, which were coated over with Pitch and Ro-
Jin, with a [tarp Point at the Ends of thein; and which being lighted
and thrown, fluck in the Machines, and eafily burn'd them. But of all the
Authors I ever perufed, Inever imet with any, that gave a more perti-
nent and rational Defcription of them, than Ammianus, who writeg
to this Effett. + Tbe Malleolus, ¢ kind of Arrow, is formed thus: It
is an Arrow made of Cdne, which between the Cane or Reed, and the

1 Ammian, Lip, XXIII.
Head
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Head, or Point, is armed with an Iron feveral times doubled, and n'adé
Lke a Woman's Diftaff : The Belly of it is finely bollowed, and it is laid
open or pierced in feveral Places, and the bollow Trunk of it being filled
with Combufiible Matter, and fired, and fict eafily frem a large oo
(for if it be violently dimiffed, the Fire of it will be extinguiftied) it aill
burn whatever it flicks in; and if Water be thrown upon 1t, it only ferves
t0 make it burn the fiercer, nor is there any means of fuppreffing it, but by
the Superinjeétion of Duff. ‘The Parentbefis in this Quotation, in which
he gives us to underftand that a violent Agitation or a fwift Flight
would put out the Fire of the Malleolus, may give us an ldea, of how
much it ftood in need of our Saltpeter, and Gun-powder, whofe Fire
is Proof againft all Attempts of Wind or violent Motion, and is fo
far from being impaired by either of them, that they only ferve to ir-
ritate it the more. Again; Vegetius fpeaks of the Malleolus almoft o
the fame Purpofe, namely, * The Malleoli are like Arrows, and becaufe
they carry Fire with them, they burn whatever they fiick in. Ene: avery
Ancient Author calls them fimply Fire-Arrows or Darts, as may be
learned from Ifaac Cafaubon’s Tranflation of him into Latin, where he
renders them Sagitte igniferee 5 Igniferous or Fiery Darts.

This is what I had to fay of the Fire-Arrows or Darts of the An-
cients: It now ftands me upon to give you fome Aecount of Ours, and
to teach you the Conftruction and Preparation of them. You have
three Sorts of them in Figures 222, 223, and 224. The Conftruion .

~
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Fig. 221,

of the firft of them is thus. Make  little Bag or Purfe of the bignefs 1.3, 224,

of a Goofe’s or Swan’s Egg, (which may be either longith or perfe-
ly Round, as we formerly fpecified with Relation to Fire-Balls) and
fill ic with a Compofition made of 4 1b of purified Saltpeter; 1 1b of Sul-
phur; 1 1b of Meal Powder; bfs of Campbire ; and 1bfs of Colophone,
Or elfe: take 2 1b of Saltpeter ; 2 1b of Powder; 1 1b of Sulpbur; 1H6G
of Celophone.  Or this Third Compofition which is as good as either of
the Two former (viz.) 8 1b of Saltpeter; 6 1L of Powder and 4 1b of
Sulpbur. Having filled your Bag, bore an Hole thro’ the Body of it
through which you muft run a common Arrow or Dart, in fuch Mag-
ner that all the Head or Iron may projet out beyond it; then righe
under it drive a Wooden Peg athwart the Subitance of the Arrow, or
¢lfe ftop it with two or three Nails that it may be immoveable, and in
no danger of flipping down te the Feathers during the Flight of the
Arrow, or when the Head of the Arrow firikes againft any Refifting
Obje&.

This done; lace it as you fee in the Figure, and after the Manner
we formerly fpecified in {peaking of Fire-Balls; and eoat it over with
Pitch mixed with a little Meal Powder, and fire it by two fmall Vents,
near the Head of the Arrow, and fhoot it where-ever you pleafe with a
ceinmon Bow or a Crofs-Bow.

* Veget. 1V, Cap, xviil,
Of
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Of the two other Darts; that which you fee in Fig. 223 has a Con-
vave Spherical Head, which ufvally inclofes a Hand-Grenado or a Fire-
Ball.  In fhort, the Third has a certain Box or Cartouch at the End of
ir, which is to be filled with ‘one of thofe Compofitions we have given
vout in the preceding Part of this Chaprer.  The curious Pyrobolift will
find more of them in Brechtelius, Part 11. Chap. 111 In Ufanus, Trea-
2ife UL Chap. XX In Hanzelet, Page 162. In Ferome Ruffel, Page
48, and in feveral others who have amplified pretty prolixly upon this
Head.

The Sequel of this Chapter thall illuftrate the Ufe of Fire-Darts;
which indeed are not greatly in Efteem with us, and are, by fome fhal-
low-witted Perfons, held to be but aukward Contrivances for convey-
ing Fire into any Place; but perhaps thcy are difliked, becaufe there
has been no Opportunity of ufing them in our Modern Sicges. How-
ever this be, we are informed by Ufanus (in Treat. 111 of his Artillery,
Chap. XX1IL) that the Spaniards found very fuccefsful Service from
them at the Sieges of Ypres and Offend : But were I to trace up the Hi-
ftory of thefe Weapons a little more remotely, I might produce an in-
finite Number of Examples to convince you that their Utility is admira-
ble, and their Service by no means defpicable. But not to fwell out
this Chapter with the copious Evidence I could introduce ; I fhall con-
tent myfelf with what Martin Cromer relates; who fpeaking of the
mighty Exploits of the Poles before the Town of Chesnice, befieged by
King Cefimir in the Year 1466, N. S. writes thus : Not long after our
Penple (meaning the Poles) fbot Fire-Arrows into the Town under the Co-
vert of the Night, by which Means one Quarter of the Town was reduced
to Afbes, and all their Wheat defiroyed. You will find a thoufand Exam-
ples of this Kind in other Authors. But if ever they can be ufed w0
any very great Purpofe, it muft certainly be in Sea-Fights, to fet Fire
to the Enemy’s Sails and Rigging, and efpecially when they are headed
with a fharp Iron. In truth, I believe there can be no Weapon more
pernicious upon fuch Occafions than thefe ; for if they once ftick in the
Sails, &e. it will be very difficult to pull them out again; fo that they
muft burn on without Interruption ; and it would be impoffible to ex-
tinguith them without clewing up the Sails; during which I leave
you to judge, whether or no an Enemy might not eafily board, and
overpower a Ship’s Company, which is under the confufed Appre-
henfions of fecing their Ship either burnt, or difabled; for (pray)
what is any Veflel (which does not go with Oars) when ftripped of her
Sails, and in the midft of .an Engagement, but a Bird without Wings, a
Man without Hands or Feer, or a Body without a Soul ? In fine, ali
thefe Arrows may be fhot into befieged Places without being fired;
thereby to furprize the Inhabitants the more, when they thall fee fuch
fudden and unexpe&cd Ruin falling upon them: But to do this artfully,
you muft ftick litcle pieces of hghted Sponge (fuch as we taught you o
prepare in Book 1I. C/zap XXVIIL) into the Vents of your little Bags of

Com-
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Compofition, or into the Vents of the two others; the Ufe, and"Neceflity
of which will come to you by Experience.

CHAP IX
Of FIRE.LANCES or PIKES.

OU R Fire-Lances are not unlike a Sort of long Javelins, which were

anciently called Phalarice, and were ufually fhot at the Enemy by
Engines, or thrown by Hand. Hear what Vegetius fays, concerning the
firft Way of projecting them : Tbat if the Inbabitants dared not fiir out,
they the more outrageoufly defended themfelves with Malleoli and Phalarice,
awhich they fbot flaming from the Balifta. We fhall fpeak of the fecond
Way of difmiffing them a little lower. Let us firft fee what we can ga-
ther from Authors concerning the Form, Preparation and Effe@®s of
them. The above-quoted Author, after having defcribed the Malleslus,
writes to this Purpofe. ' T%e Phalarica is @ kind of Spear, armed
with a great Iron Head, between which and the Staff it is wrapp’'d round
with Rofin, Bitumen, and Tow fleeped in Osl which is called Fiery; and
being fhot from the Balifta, ficks in any Wooden Works, and frequently
fets Fire to the Machina Turrita, Titus Livy tells us, that the Phala-
rica was properly a Saguntine Weapon. § The Saguntine Phalarica was
a Projeétile Favelin with'a long Staff, being armed with Fire (Tow and
Pitch) and an Iron Head of three Foot in Length; that it might penetrate
through any Armour, and pierce the Body, and that if it only fluck in the
Shield, and did not burt the Body at all, it might create Fear. Lipfius
adds to this Paflage in Livy : This is a terrible Weapon, both in the Blow
it gives, and to look at ; however, what was 1t but the Lightning that pre-
ceded our Modern Thunder ? Silius alfo mentions the Saguntine Phala-
réica from Livy.

Armavit claufos, & portis arcuit hoftem,

Librari multa confueta Phalarica dextra,
Horrendum vifu robur, celfifque nivofee

Pyrenes trabs leéta jugis cui plurima Cufpis,

Vix muris toleranda lues, fed ceetera pingui,

Unéta pice, atque atro circumlita fulphure fumat.
Fulminis bac ritu_fummis é menibus arcis

Incita fulcatum tremula fecat aera flamma.

In Engliffs thus :

With a Phalarica, whirl'd by many Hands,
The brave Befieg'd repell'd the hoftile Bands,

{ Veger. Lib. IV. Cap. XVIIL $ Decad. 1L Lib. L
Kkkkk Back

401



402

Of the Great Art of ARTILLERY. Book V.

Back from their Gates. Ft-was a mighty Ouk,

Strange to behold ; which for Defence they took

From th’ Pyrenzan Hills, ‘This arm’d around,

With bearded Spikes of Steel, would fcarce have found
Obftru&tion from firm Walls, The reft befmear’d

With Sulphur, and with un@aous Pitch, appeard

Like a dire Thunder-bolt, and from the Walls

Of their ftrong Ramparts down it fwiftly falls,

Cutting with Quivering Flames the yielding Air. Refs.

Lucan alfo in his Pharfalia, Lib. V1. verf. 196, mentions the Phala-
rice after a very Poetical Manner.

The Majeftic Virgil fings as follows of this frightful Weapon, in Book
IX. of his Eneid.

Non jacule neque enim jaculo vitam ille dedi iffet,

Sed magnum firidens contorta Phalarica veniz,

Fulminis aéta modo, quam nec duo taurea terga,

Nec duplici fyuamma lorica fidelis & auro,

Suftinuit; collapfa ruunt immania membra:

Dat tellus gemitum, & clypeum fuperintonat ingens,
In Engli/h thus:

Not by the feeble Dart he fell opprefs’d,

A Dart were loft within that roomy Breatt.

But by a Phalaric’, large, heavy, ftrong;

Which roar’d like Thunder as it whirl'd along.

Not two Bull-hides th’ impetuous Force withhold;

Nor Coat of double Male with Scales of Gold.

Down funk the Monftei-Rulk and prefs’d the Ground,
His Arms, and clatt’ring Shield on the va@ Body found.  Dryden.

Servius commenting upon this Paflage in Virgs/, gives us a particular
Account of the Conftru&ion and Form of this Weapon. It is a large
Arrow turned in a Leath, with an Iron Head of a Cubit long, at the End
of which is a kind of Ball laden with Lead: It is faid to have Fire added
to it by means of Tow ﬁeeped in Pitch; and bemg inflamed, de ﬁroy: the
Enemy by the Wound it gives, or the Fire it carries along with it. This
Spear was thrown from Towers which were called Phale, from whence it
was termed a Phalarican Arrow or Javelin, zo diftinguifb it from the Mu-
ral Arrows which were fbot from Walls.

Tacitus in many Places calls them Hafle Ardentes, or Fire-Lances or
Pikes; which Appellation of them we retain, by the common Confent
of all Pyrotechnicians and Pyrobolifts : For the Italians call them Dardi
de Fuoco; the French, des Lances & Pzgues a Feu ; the Germans, Fewer
Picken ; the Flemmgq Pyer-Spiffen; and in thort, we (the Poles) call

them Ognifie Wlczaie ot Kopiie. ¢
2 I
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If you would fee the Fathion of our Fire-Lances, pleafe to caft your
Eye upon Fig. 229. As for the Conftruction of them, it is the fame 1Fig. 220
dite@ed for the Fire-Arrows and Darts of the firft Kind : There is on-
ly this Difference between them, (viz.) That thefe are armed with a
good Number of Iron Crackers prepared after the commen Method ;. in
which Refpect they far exceed the Phalarice of the Ancients: Or o
the contrary it is in Refpe@ of this, that the Phalarice exceeded our
Lances; for we fhould find it 2 moft difficult Matter to fhoot them when
prepared after our Way from our Artillery; as the Ancients were ufed
to do from their Balifie and Catapulte, as appears by the Teftimony
of the Authors above-quoted.

But on the other hand we have Fires that are more Artificial than the
Phalarice, and which we can proje& from our Cannon, Mortars, &c.
With thefe Lances we commonly arm our Men in Attacks and Storms,
and in boarding of Ships: And indeed it is a terrible Weapon, if we
rightly confider the horrid Execution it does; for only imagine that a
Soldier who carries one of them is armed with as many Piffols as his
Lance has Iron Crackers in it; and confequently when he is thus armed,
he muft do as much Mifchief as feveral Mufqueteers. Farthermore, it
muft be confidered that thefe Lances may not only annoy and gall the
Enemy with Powder and Ball, but alfo knock them down, and gore them
with the Staff and Head : Add to all which, that if the Effort be made,
or the Attack carried on in the Night, they will ferve to give a Light, by
which may be difcovered any lurking Ambufcades of the Adverfe Party.

CHAP X
Of MILITARY FIRE.CASES,

I Here give you only one Sort of the Military Fire-Cafe, which you
have in Fig.226; and which in point of Form is exaltly like theFig. 226,
Recreative Cafe in Fig. 195. And for my part, I cannot fee why we
thould not ‘apply our Recreative Cafes to Military Ufes; by ftripping
them of their innocent and diverting Nature, and in the Stead of tha,
fubftituting fomething of deftrudtive Effe®, (viz.) Hand-Grenadys,
Crackers, &c. as you may obferve in the Figure itlelf, where inftead of
Paper Crackers, 1 have firmly fix'd others of Iron. Thefe differ from
the Recreative Sort in another Refpect, (viz.)) That they are portable,
as well as the Fire-Lances above-defcribed.  Upon the whole, I fhall
only remind you, that all thefe Crackers are to be fix'd {o as to difcharge
themfelves dire@ly upon the Enemy.

CONCLUSION and APOLOGY.

Here (Candid Reader) you have the firtt Effay of my Artillery com-
pleated ; which. I have performed with all the Care and Accuracy the
Weak-
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Wesknefs of: our Nature would, }:‘crmlt ‘If you and other-worthy-Pera
fons can collé& any thing ufeful from it ; I fhall never repent me of the
Tronble and Expence I have been at, ‘nor of the great Portion of my
moft valuable Time which has been taken up in the Profecution of this
#Work: But very far to the contrary ;- if I could know, that my Labour
meets with a kind Acceptance from you, your Approbation would ex=
cite me to attempt fomething of a more exalted Nature, and more wor=
thy of you: All this is but the Prelude to what I meditate, if it be the
Will of Heaven to fecond my Defign. I indeed muft-own, that I have
omitted a great many Things in this licle Work, as well in the Recrea-
#ive as Serious Part of it; but it was through a Contempt of them, and
not ignorantly that I pafled them over; or fome of them I thought fit
to lay afide for another Opportunity, and for other Reafons; to which I
might add the Xmportunity of the Printer, who would never let me reft.
In fum, if I haveany where fallen into Error, or if I have not given all
the requifite Graces and Embellifhments to fome particular Subjects (in

which I know myfelf to have been often wanting) I ask your Pardon for
it. Iam neither afraid nor athamed of Reprehenfion, if it be given in a
Friendly Manner : But as for rancorous Critigues (the Spawn of Envy
and IlI-Nature) I laugh at them, inftead of railing. But whither am [
running to? Would it not have been more prudent in me to have re-
ftrained my Pen, and by my Silence to have preferved the good Qpinion
my Friends had conceived of me; than to give into fuch Flights, with
Relation to an Affair in which many Arts and Sciences are concernéd ; a-
midft the Multiplicity of which,. it is not impoffible but I may have
been bewildered, and at a Lofs ; and confequently have laid myfelf too
open to the ungenerous Attacks of the Malevolens? Yet all this gives
me no Trouble; for I hope, my real Friends will have it in their Power
to fupprefs the Calumny, and repel the unmanly Efforts of the Jgno-
rant and Enviouss; with whom it weic.ea no Purpofe to contend CX=
cept I put myfelf upon a Level with them, InaWord, no ovcrwcen-
ing Fondnefs of my own Producions can ever blind me o cﬁ'cétually a8
to prevent me from bemg convinced of their ImperfeGions: I know and
confefs that I am but a Man, and confequently fubje@ to err; and to
fay the Truth, all Human Performances are very copioufly interfperfed
with Folly, Raﬂmefs, Superftition, &c. and amongft them I am yery
well contented that mine thould be ranked ; To fpeak and conclude with
Scaliger ;

To the Beginning without Beginning; to the End without End; to the
Day without Night; to the Workman without Hire; to the Cregs.
tor without Expence 5 to Knowledge without "Difcipline; to
the Triumpber without War; to Perpetuity without
Moments ; be afcribed all- Prazﬁ Mngt Mp.
JefBy, and Dominson, both now and for
evermore,

FINTIS



