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gunnery, &c. : with a short account of the authors who have
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IS now added an appendix, containing the description and use
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OF SUCH
Mathematical Inftruments

As are ufualiy put into a
PORTABLE CAS'E,

Containing: their various Ufes in

ARITHMETIC, ” ARCHITECTURE,
GERoOMETRY, SURVEVING,
TriGONOMETRY, l l Guyniry, Fe.

With a fhort Account

Of the Avrnors who bave treated on the

PROPORTIONAL COMPASSES
And: S EC. T O.R:

To which s now added
e AERCR BN DT Xy

Containing, the Defcription and Ufe of the

GUNNERS CALLIPERS,

The fecond Edition, with many Additions.

By J. ROBERTSON, F.R.S.
Mafter of the RovarL-Acavemy at Portfmouth.
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Printed for T. Heatu and J. Noursz in the
Strand; J. Hopces on London-Bridge, and
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ERRAT A

Page xvi. read March §, 1757. p- 10 Line 16. for Plate iii
read Plate iv. p.12. L. 15, for KF r. KC. p.26. L. 26. for
into r. in. p. 40. L 19. for Scale r. Scales. p. 63. 1. 6. dele
K. 1.29. for B3r.Bs. p. 80. L g. r. As the divifor, is to
unity ; fois the dividend, to the quotient. And as the di-
vifor, isto the dividend ; fois unity, to the quotient. p. 81.
1. 1g. for 25 1. 35. P. 95 1. 23. for xvii r. xviii. p. g6.
1. 12. read Ex. 1. Pl vi. Fig. 26. p. 100. L 4. for N, r, x.
1. 20. for N. r. x. p. 101. L 34 for N r. x. L, 35. for M
r.z. 1.36. forNr.x p. 107. L 1. forxviii r. xix. p. 109.
1. 17, for on Bread on P. p. 110. In the computation for
the letter C read D. p. 125. L 24. for xix read xx.

: AL Ay ad Ac=——N
Pagc 128. p- 12. for Ac= P N read A.,_,l_!_l‘[\.

Line 16 for ?—rcad :T p. 145. L 1g.for % r. %, p.149.1.24.
for balks r. bulks. p. 155. L 1gfor 1, 8. r. 1. 0.



PETER D AVALL, Efg

SzcreTARY to the RovaL Sociery,

S IR,

T is no new thing for a lover of Science to
addrefs his produétions to a friend eminently
diftinguithed for his general knowledge, as
well as particular fkill in the parts whereon the
Author writes : On this account I heartily wifh,
that inftead of the fubjects contained in the fol-
lowing fheets, T had a work of a more elevated
kind wherewith to do greater honour to the name
of my friend ; however, fuch as they are, I hope
they will, with your ufual franknefs and good-
natare, be accepted. Indeed I muft obferve,
that the late Prefident of the Royal Society, MAR -
tin Forkes, Efq; honoured the firft Edition
of this book with his Patronage ; and alfo, our
much-efteemed and learned friend James Bur-
rRow, Efq; Vice-prefident of the Royal Society,
thought the book fo worthy his perufal, as to re-
mark all the typographical and other errors, and
to make fome uleful obfervations, a lift whereof
he favoured me with, and for which I truft you
will permit me to take this opportunity of pub-
lickly thanking him : Although I am confcious,
that




DEDICATTION.
that you have the higheft regard for the two re-
fpc&ablc names, which I here mention out of
gratitude ; yet I would not be underfiood that
you are to accept hereof in this public manner,
merely becaufe thofe confiderable perfonages have
already favoured the Work ; T offer this asa tri-
bute for your acquaintance and friendthip, and
fatter myfelf that you will find in this impreffion
fome things, which if they have not difficulty to
recomimend them, have at leaft, Tapprehend, fo
much utility accompanying them; as to render
the whole in fome degree interefting, and per-
haps not unworthy the notice of the moft {kilful
in the Mathematical Sciences. I am,

S IR,
Your moft obedient

Humble Servant,

J. ROBERTSON.
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XHCK T is needlels to enumerate the many pur-

I & pofes, to -Whi‘cii mathematical infiruments

¢ ‘%%%\ ferve 5 their ufe feems quite neceflary to per-

VR fons employed in moft of the active {tations
in life.

The Architef, whether civil, mulitary, or wnaval,
never offers to effeét any undertaking, before he has
firft made ufe of his 7ule and compaffes ; and fixed upon
a fcheme or drawing, which unavoidably requircs
thofe snflruments, and others equally neceffary.

‘The Engineer, cannot well attempt to put in execu-
tion any defign, whether for defence, offence, ornament,
pleafure, &c. without firft laying before his view, the
plan of the whole ; which is not to be conveniently
performed, but by rulers, compaffes, &c.

There are indeed, very few, if any good Artificers,
who have not in {fome meafure, occafion for the ufe
of one or more mathematical inflrymests; and when-
ever there is required, an accurate drawing of a thing
to be executed, or reprefented ; that colleétion of in-
ftruments, ufually putin pertable cafes, is then abfo-
lutely neceffary: And of thefe, the moft common ones,
or others applicable to like fervice, muft have been
in ufe, ever fince mankind have had occafion to pro-
vide for the neceffary conveniencies of life : But the
parallel ruler, the proportional compaffes, and the fedor,
are not of any great antiquity.

However, by means of the opportunity, which the
author had of confulting moft, 1f not all the principal
i pieces,

HENS




(iv)
pieces, that ha.\_rc been wrote on this fubje& +: he
thinks it will fufficiently appear from what follows,
who were the inventors of thefe latter inftruments 3
and when they were firft known and made ufe of.

I. Gafpar Mordente, in his book on the campaffes,
printed in folio at Antwerp, 15845 gives the confiruc-
tion and ufe of an inftrument, invented by his brother
Fabricius Mordente, in 15545 and by him prefented
to the emperor Maximilian 1. in 1592 : Fabricius pre-
fented it afterwards, with fome improvements, to Ro-
dolphus I1. the fon of Maximilian : In 1578, Gafpar
ftudied to apply the infirament to various ufes by the
command of the then governor of the Netherignds.
T'he inftrument confifls of two flat legs, moveable
round a joint like a common pair of compafies ; but
the ends or points are turned down at right angles to
the legs, fo as to meet in one point when the legs are
clofed. In each leg there is a groove, with a {lider
fitted to it, carrying a perpendicular point 3 fo that
thefe alfo appear like one point when the legs are
clofed, and the {liders are oppofite. This compafs is
jointly ufed with a rod, containing a fcale of equal parts;
whereof 30 are equal to the length of each leg. As
the operations with this compafs, depend on the pro-
perties of fimilar triangles, therefore its principles are
the fame with thofe of the fector : And moft, or all
the problems that are performed by the line of lines
only, can with almoft the fame eafe, be performed by
thefe; the tranfition from this inftrument to the feétor
is very natural and eafy.

The ufe of this inftrument, is exemplified in pro-
blems concerning lines, fuperficies, folids, and mea-
faring of inacceffible diftances.

The author, p. 22, fays, he invented an inftrument
there defcribed ; which is our parallel ruler with pa-
rallel bars : The paraliel ruler with crofs bars, is a
more modern contrivance.

+ In the colle®ion of the late #élliam Jones, Biq;
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(v)

II. Davniel Speckle, in the year 1589, publifhed in

folio, his military architeflure, at Strafburg ; where he
was architet. In his fecond chapter, he takes no-
tice of compafles then in ufe of a curious invention,
whele center could be moved farwards or backwards,
fo that by the figures and divifiens mark*d thereon,
aright line could be readily and correctly divided into
any number of equal parts, not exceeding 20. This
inftrument has been fince called the propoisional com-
Pafles.
In the {ame chapter he mentions another compafies,
with an immoveable center, and broad legs, whereon
were drawn lines proceeding from the center, and
divided into equal parts; whereby a right line could
be divided into equal parts not exceeding 20 ; becaufe
the divifions on the lines ftill kept the fame propor-
tion, to whatever diftance the legs were opened.
This inftrument was afterwards cali’d the feéfor.

III. Dr. Thomas Hood, printed at London, Anne
1598, a quarto book, intituled, The making ard ufe
of a Geometrical Inflrument called a Seffor, This in-
ftrament confifts of two flat Jegs, moveable abour a
joint; on thefe are fetoral lines, of equal parts, of
polygons, and of fuperficies; that is, lines fo dif-
pofed, as to make all the operations thar depend on
fimilar triangles quite eafy, and that without the Jay-
ing down of any figure. To the legs is fitted a cir-
cular arc, an index moveable on a joint, and fights,
whereby it is made fit to take angles.

IV. Chrifispher Clavius, in his pratiical geometry,
printed in quarto at.Raome, Ao 1004, in page 4,
thews the conftrution and ufe of an inftrument,
which he calls the fuffrument of parts; it conlifts of
two flat rulers moveable on a joint; on one fide of
thefe legs, are the fectoral lines of equal parts; on
the other fide, are thofc of the chords :  Atter thewing
fome of their ufes, he concludes with faying, he is
fenfible of many others to which it may be applied,

o but
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(vi)
but leaves them for the exercife of the reader to dif-
cover.

V. Levinus Hulfius, in his book of mechanical in-
firuments, printed in quarto at Frankfort, Amuo 16053
gives, in the third part, the defcription and ufe of an
inftrument, which Fufus Burgius call’d the proportional
Compafs. . Hulfius fays, the ufe of it had not been
publithed before, although the infirument had been
long known.

VI. Anne 1605, Philip Horfther, M. D. pub-
lithed at Adenzz, a quarto book, containing the ufe
and conftruction of cthe proportional compafles. This
author does not pretend to be the inventor ; but that
{eeing fuch an inftrument, he thought he could,
from Ewclid, thew its conftruction and the grounds
of its operations.

VIL. Amns 1606, Gualileus publithed in lialian, a
treatife of the ufe of an-inftrument which he calls,
The geometrical and military compafs. On this inftru-
meént are defcribed {ectoral lines of equal parts; fur-
faces, folids, metals, inferibed polygons, polygons of
given areas, and fegments of circles. In the preface
to an edition of this book, printed at Padua, Anno
1640, by Pacle Framiboiti, Galilens fays, that on
account of the opportunity he had of teaching ma-
thematics at Padua, he thought it proper to feek out
a method of fhortening thofe fludies. In another
part of the preface he fays, that he fhould not have
publifhed this traét, but in vindication of his own re-
putation ; for he was informed that a perfon had by
fome means or other, got one of his inftruments,
and pretended to be the inventor, although himfelf
had taught it ever fince the year 159/

VIll. Awno 1607, Baldeflar Capra, publifhed 2
treatife of the conftruction and ufe of the compafs of
propertion, (or feftor.) He claims the invention of
this inftrument; and hence arofe a difpute between
Galilens and Capra; fome particulars of which have

Been
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been mentioned by feveral, and particularly by Thomas
Salufbury, Efq; in his life of Galilens, publithed at
the end of the fecond volume of his marbematical col-
bections and tranflations, at London, in fol. Anmo 1664.
It appears from thefe accounts that one Simon Ma-
rins a German who was in Padua about the year 1607,
tranflated into latin, the book publifhed the year be-
fore by Galilens, and caufed his difciple Capra to prine
it as his own: Marius dreading a profecution, retired,
and left Capra in the lurch, who was proceeded a-
gainft. At that time Galilens publifhed an apology,
intitled, < The defence of Galileeus Galilzi, # Flo-
rentine gentleman, reader in the univerfity of Padoua,
againft the calummies and impoftures of Baldeffar Capra
a Milanefe, divalged againft bim as well in bis confide-
ratione aftronomica upon the new flar of 1604, as (and
more notoriofly) in lately publifbing for bis invention the
confiruition and ufes of the geometrical and military com=
pafs, under the title of Ufus & Fabrica circini cu-
Jufdam proportionis, €¢.”  Galileus begins with an
addrefs to the reader, wherein he concludes, that a per-
fon robbed of his inventions, fuffers the greateft lofs
that can be {uftained, becaufe it defpoileth him of
bonottr, fame and deferved glory:” He proceeds, and
fays, *“ into this witimate of miferies and unbappinefs of
condition, Baldeffar Capra, e Milanefe, with unbeard
of fraud, and unparallel’d impudence bath endeavoured to
reduce me, by lately publifbing, and commiiting to the
Prefs my geometrical and military compafs, as bis proper
invention, and as a produiion of bis own wit, (for fo
be calls it in the work itfelf) when it was 1 alone, that
ven years fince (viz. Anno 1597) thought of, found and
compleated the fame, fo as that no one elfe bath any fbare
inity and I alone from that time forward imparted, dif-
covered and prefented it anto many great princes, and other
noble lords 3 and in fine, only that I a year fince caufed
the cperations thereof 1o be printed, and confecrated to the
Zlorious name of the moft ferene prince of Tufcany, my
A ¢ lord.
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lord. Of which faid infirument the above-named Capra;
bath not only made bimfelf the author, but reports me
Sor its fbamelefs ufurper, (thefe are kis very words) and
confequently bouind to blufh within my [elf with extream
confufion, as unwerthy to appear in fight of learned and
ingenuous men.”  Galileus then proceeds, among other
things, to produce the atteftations of four confider-
able perfons, fhewing that ten years before that time,
he had taught the ufe of the inftrument, and that
Capra who had for four years paft feen them makin
at the workman’s houfe, had never challenged the
invention, as his own.

Galileus atter this, fays that he went to Penice, and
laid the affair before the lords reformers of the uni-
verfity of Padoua, on the 8th of April 1607, at the
fame time fhewing them his own book, publifhed
June the ‘1oth 1606; and that of Capra’s, publifhed
March the yth 1607. The lords thereupon cited
Capra to appear before them on the 18th of April
the next day the caufe was heard and the parties dif-
mifled : But on the 4th of May following, their lord-
fhips pronounced fentence, and fent it to Padoua to
be put in execution ; the amount of their fentence
was, that having fully confidered the affair, it ap-
peared to them that Galilens had been abufed, and
that all the remaining copies of Capra’s book fhould
be “ brougkt before their lordfbips to be fuppreffed in
Juch fafoion as they fhall think fity refervirg to themfelues
to procecd againfi the printer and bookfeller, for the
tranfpreflions they may bave committed againfi the laws
of pristing s ordering the fame to be made known ac-
coratngly.

The fame day all the copies of the faid book were [ent
to Venice unic the lords reformers s there being found
440 with the Lookjeller, and 13 with the author, be

baving difiributed 30 of them into fundry parts of Eue

rope, &ec”
' IX. Adrwpe




(ix)

IX. Anno 1610, Fobn Remmelin, M. D. publithed
at Frankfort, a quarto edition of two trats of Fobn
Faulbaber 5 one of thefe contains the ufe of the fesor,
on which are lines of equal parts, fuperficies, folids,
metals, chords, &fc. He fays, that G. Brendel, a
painter, ufed this inftrument in perfpetive painting.

X. D. Herrion, in his mathematical memoirs, Anno
1612, gave a fhort tra&t of the ufe of the compafs of
propartion (or feffor.) In 1616 he printed a book of
the ufe of the fector ; and a fifth edition, in the year
1637, the preface to which, feems to be wrote in
the year 1626, wherein he fays, that about the year
1608, he had feen in the hands of AL Aleaume, en-
gineer to the king of Framce, one of thefe feftors ;
whereupon he wrote fome ufes of ir, which he pub-
lithed in his memoirs, as above. He alfo declares,
that before his firft publication, he had not feen any
book on the ufe of a fector, and therefore calls what
he publifhes his own. He charges Mr. Gunter with
having ufed many of his propofitions. This author
printed at Paris 1626, an oftavo book of logarithms,
at the end of which is a tract cali’d logocanon, or the
proportional ruler ; which is a defcription and ufe of
an inftrument, he calls a lattice, (perhaps from the
chequer-work made by lines drawn thereon) which
operates the problems performed by the fremch fectors
very accurately.

X1. Ammo 1615, Stephen Mickael-Spackers, pub-
lithed in quarto at Ulm. a treatife of the proportional
rale and compafs of G. Galgemeyer, revifed by G.
Brendel, a painter at Laugingen. On thefe propor-
tional compafies, are lines of equal parts, of poly-
gons, faperficies, folids, ratio of the diameter to the
circumference ; reduétion of planes, and reduction of
folids. The ufe and conftruction of thefe lines, are
{hewn by a great variety of examples.

XIL. Bemjamin Bramer, in his book of the defirip-
sion of the propportional ruler and parallelogram, printed

1
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in quarto at Marpurg, Anno 16175 fays, his ruler
is applicable to the fame ufes as Fuflus Burgins's in-
ftrament. Bramer’s inftrument confifts of a ruler,
on which are lines of equal parts, of fuperficies, of
folids, of regular folids, of circles, of chords, and
of equal palygons; at the beginning of each fcale,
is a pin-hole, whereby he can apply the edge of ano-
ther ruler, and fo conftitute a feétor for each fcale.

X111, Anno 1623, Adriano Metic Alemariano, prin-
ted at Amflerdam a quarto book, fhewing the ufc of
an inftrument called the r#/e of proportion. . In ‘his
dedication, he fays, that whilft he was reviewing
fome things relating to practical geometry, he met
with Galilea’s book of the ufe of the fetor, which
gave him opportunity to imptove on it, and occa-
fioned the publithing of this book.

XIV. Mr. Edmund Gunier, profeflor of aftronomy
in Grefbam college, printed at Londen, Anno 1624, a
quarto book, called the defeription and ufe of the fec-
for; on which are fectoral lines, 1ft. of equal parts ;
2d. fuperficies; 3d. folids; 4th. fines and chords
sth. tangents; 6th. rhumbs ; 7th. fecants: Alfo la-
teral lines of, 8th. quadratures; gth. fegments ;
1oth, inferibed bodies; rich. equated bodies ; 12th.
metals : On the edges are a line of inches and a line
of tangents, )

Mr. Gunter does not fay any thing. concerning the
invention, and has no preface; but at the end ot the
traét, in a conclufion to the reader, he fays, that the
fe€tor was thus contrived, meft part ot the beok
written, and many copies difperfed, more than {ix-
teen years before, &7¢. this article being written May
1, 1623, brings the time hp fpeaks of to about the
year 1607, which was before the time Henrion fays
he firft faw the fector,

The feales of logarithm numbers, fines, and tan-
gents, were firft publifbed in 1624, in Ganter's de-
fcription of the crofs ftaff.

XV. Mutio Oddi of Urbine printed at Milan, An,

2 1612
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1633, a quarto book, called 25¢ confirution and ufe of

the compalfe polimetro, (or fetor.) The lines on this in-
rument, were fuch as were commeon at that time: He

fays in the dedication to his friend Peter Linder of Nu-

renberg, he firft taught the ufe of it

In the preface he fays, that about the year 1268,
Commandine, who then taught 4t Urdino, did con-
trive a pair of compaffes with a moveable centre,
to divide right lines into equal patts ; which was done
at the requeft of a gentleman named Bartholosew
Euftachio, who withed to avoid the trouble of the
common methods, or of being obliged to have many
compatles for fuch divifions of right lines,

He farther fays, that about that time, Guidibalds,
marquefs of AMonte, who lived at Urbino for the fake
of Commandine’s company, being frequently at the
houfe of Simoene Boraccio, who made Commandines
proportional compafies, did contrive, and caufe to be
made, an inftrument with flac legs, (like the fector)
which performed the operations of the compafs more
eafily. Oddi fays allo, that great numbers were made,
and in few years, had many ufeful and cuorious addi-
tions, with treatifes written on its ufe in diverfe lan-
guages, and called by different names, which oc-
cafioned the doubt of who was the true author, every
one having found means to fupport his caufe: But
Oddi fays, he not intending to decide the difpute,
leaves it to time to difcover; and feems contented
to have pointed out who was the firft inventor; his
chief intention being that of making the ufe public,
and the conftruction eafy to workmen.

The following authors have alfo wrote on the
feCtor, and fectoral lines.

AVI. Anmo 1634, P. Petit, printed in 8vo. at
Paris, a treatife on the fedor. He thinks Galilens
was the inventor.

XVIL. An. 1635, Matthias Berneggerns printed at
Strafburg a 4to. edition of Galileus’s book on the
fector, which conlifts of two parts : To this is added

a third




( xi)
a third part, thewing the conftru&ion of Galileuss
lines, and fome additional ufes and tables.

XVIIL. Ap. 1639, Nicholas For¢ff Duchefie printed
at Paris, in 12mo. a book of the fector, He feems
to be little more than a copier of Henrion.

XIX. An. 1645, Bettinus in his Apiaria univerfa,
&c. apiar. 3d. p. 95, and apiar. 12, p. 4. In his
Ararinm philo, math. 4%0. an. 1648, vol. I. p. 262.
In his Recreationum math. appiarie, &c. 12mo. an.
1658, p- 75, applies the fector to mulfic.

XX. Fobn Chatfield printed at Londsn, in 12mo.
his trigonal feftor, amno 1650,

XXI. 4n. 1656, Nicholas Goldman printed at Ley-
den, in folio, his treatife on the feftar. He fays that
Galileus was the firft who publithed the defcription
of the fector, an invention ufeful in all parts of the
mathematics, and other affairs of life.

XXII. Fobn Collins printed at London, in 4to. his
book of ke fector on a quadrant, an. 1659.

XXIIL. Pietro Ruggiero, in his military architeéiure,
in 4to. printed at AMilan, an. 1661, p. 230, applics
the fector to the practice of fortification.

XXIV. An 1662, Gafpar Schottus printed at
Strafburgh bis mathefis cxfarea, in 4to. in which he
gives a defcription and ufe of the fe¢ior : In the pre-
face he mentions Galileo as che inventor of the fector.

XXV. ¥ Templar printed in 12mo. at London,
an, 1667, a book called the femicircle ena fecior. He
fays, the applying of Mr. Ferfier’s line of verfed
fines to the fector, was firft publiﬂlecl an. 1660, by
“Yobn Brotwn, mathematical inftrument maker in
Lonon.

X XVI. Daniel Schwenter in his prafiical Zeometry,
revifed and augmented by George Anirew Bocklern,
printed in 4to. at Nuremberg, an, 1667, treats on
the defcription and ufe of the [ector.

XXVIL. Febn Caramuel printed at Campawia, an.
1670, his mathefis nova, in 2 vols. folio. In the 2d
vol.
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vol. p. 1158, he treats on the feftor, relates the con-
telt between Galilens and Capra, and thinks the {ame
might have been objected againft others, as well as
againft Capra: He alfo fays, that Clavius had fuch
an infirument before that of Galileus appeared ; and
Clavius having taught for a long time at Rome, had
many {cholars, fome of whom might have carried
his infiruments to feveral countries. Caramuel men-
tions a ftory of a Hollander thewing to Galileus an
inftrument of this fort, that he had brought from his
country, and of which Galileus taok a copy.

XXVIIL. Fobn Brown,in his book on the triangular
quadrant, printed in 8vo. at Londen, an. 1671.

XXIX. Fobn Chiifiopher Roblbans, in his math.
and optical curiofities, printed in 4to. at Leipfic, an.
1677, p. 216.

XXX, Ap. 1683, Staniflawoa Solfiiego printed at
Kracow, his geometria et architefiura Polfki, in folio.
p- 69, treats on fome fectoral lines.

XXXI. Henrick Fafper Nuis, printed at Tezwolle,
in 4to. his ReFangulum catholicum geometrico aftrono=
micum, an. 1686,

XXXII. De Chales, in his curfus mathem. printed
at Leyden, in 2 vols. fol. ag. 16g90. Vol. z2d. p. 58,
relates the conteft between Galilens and Capra, and
afcribes the invention of the proportional compafs to
Dr. Hoi feher, or Fujius Burgius.

XXXIL An 1691, an edition in 8vo. of Mr.
Ozanan’s treatife of the feftor, was printed at the
Hapue.

XXXIV. P. Hofte printed at Paris his courfe of
mathematics, in 3 vols. 8vo. an 1692. In vol. 2d.
p- 27. he gives a tra&t on the fector. \

XXXV, Thomas Allingbam in his feort treatife on
the feéior, in gto. London, 1698.

XXXVI. % Goed, in his treatife on the feflor, in

12mo. London, 1913 ‘
2 XXXVIL




XXXVIL. Chriftian Wolfius, in his math, lexicon,
8vo. printed at Leipfic, an. 1716, under the word
circinus proportionum, telates, that Levinus Hulfius,
in his treatife on the proportional compafles, printed
at Frankfort the 10th of May, 1603, fays, that he
firft faw the faid inftrament at Ratifbon, on the day
of the imperial dyet : That he had fold them far and
near before 16035 and that it had been inaccurately
copied in feveral places: Wolfius fays farther, that
Faftus Burgius was certainly the inventor, but ufed to
let his inventions lye unpublifhed.

He then relates the conteft between Galilens and
Capra, and ends with fhewing the difference between
the inftruments of Burgius and Galileus.

XXXVIIIL. M. Bion, in his conftruction of mathe-
matical inftruments, tranflated by Edimund Stone, fol.
London, 1723.

XXXIX, Mr. Belidor, in his new courfe of math.
in 4to. p. 364, Paris, 1725.

XL. Roger Rea, in his feffor and plane fcale com-
paréd, 8vo. London, 1727, 2d edition.

XLI. Vincent Tofco, in his compendium of the math.
in g vols. 8vo. Madrid, 1727, vol. L. p. 359.

XLII. Facob Leupold, in his theatrum avitbmetico-
geometricum, in fol. Leipfic, 1727. p. 86, gives a de-
tail of the inventors of the propertional compaffes
and fe¢tor, which goes on to p- 121, and then he
gives a lift of the authors who have wrote on propor-
tional inftruments, wiz. Bramer, 16373 Capra, 16073
Cuofuti, 16645 Conctte, 16265 Dechales, 16905 Dolz,

16183 Faulbaber, 16103 Galgemeyer, 16153 Bren-
dell, 1611 : Galileus, 16123 Goldman, 16563 Horf-
cher, 1605 5 Horen, 160535 Hulfius, 1604 5 Clavius,
16155 Lockmant, 16265 Metius, 10233 Patridse—;
de Saxamica, 16195 Schiffelts, 1697 5 Steymann, 16245
Uttenboffers, 1626.
XLIIL. Samuel Cunm, in his wew treatife on the
Jefiory 8vo. London, 1729.
XLIV.
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XLiIV. William Webfier, in his appendiz to a
tranflation of P. Hof’s mathematics, 8vo. 2 vols.
London, 1730.

There may be feveral other authors who have wrote
on the conftruétion and ufe of the feétor, or on fome
of the fectoral lines; but thofe above, are all that
have come to hand ; and indeed thefe are many more
than are wanted to determine this enquiry ; which
may be collected chicfly, from Mordente, Speckie, Hood,
Clavius, Hulfius, Galileus, Oddi, Sallufbury, Caramuel,
Dechales, Wolfius, and Leupold; the others ferving
only to inform the reader what works are extant on
this fubject. From the whole he may obferve, that
there are few countries in Europe, but have one or
more treatifes on the proportional compafles and
fector, in their own language ; and this is fufficient
to thew, that thefe inftruments have been 1o univerfal
efteem.

As the publication of Mordente’s book was in 1584,
it is not improbable, as Caramuel relates, that a Hel-
lander (or one from the neighbourhood of Antwerp)
might fhew one of Mordente’s inftruments to Gali-
leus : Neither is it improbable that Galileus had feen
both Mordenie’s and Speckle’s books, the former  ha-
ving been publithed thirteen years, and the latter
eight years, before Galileus, by his own accounts,
thought of his inftrument.

As Mutio Oddi, was a native of Urbing, and from
what he fays in his dedication, it is not improbable
but he was acquainted with one or more of the per-
fons he mentions in his preface, or at leaft with fome
of their acquaintance, from whom he might gather
the particulars he relates; to which, if any credit
may be given, Commandine was the inventor of the
proportional compafies, and Guidebalde of the fector:
And in the intercourfe between Italy and Germany,
fome of Simone Borackis’s work might get into the
hands of many ingenious Germans, and give Fuffus

Burgius,




; ( xvi )
Burgius, to whom the proportional compafs is ufually
aferibed, opportunity of getting an early copy; and
alfo put into Speckle’s way, the inftrument he men-
tions to have feen: His defcription pretty nearly agree-
ing with what Odd; fays was contrived by Guidsbalio.

But while we are fearching among; foreigners for the
inventor of the fector, what are we to think of our
countryman Dr. Hoed? who in 1598 publithed his
account of an inftrument which he really calls a fec-
tor : And though we thould allow that Hood as well
as Galileus might have feen Mordepte’s and Speckle’s
books 3 and both of them might have feen fome of
Borrachio’s work, yet it is not very probable that
Hood could have got the form of his inftrument from
Galileus the year after he thought of ity and as Hood
publithed eight years before Galileus, IHood certainly
has an equal right with Galileys, if not a greater, to
the honour of the invention of the fector.

After all, it may be faid, that it is not impoffible
for the fame thing to be difcovered by different per-
fons who have no connexion with one another; ex-
amples of a like coincidence of thoughts being knowa
on other fubjeéts.

To the prefent edition, there is added an appendix
on the gunners callipers, which was promifed to the
public in the former impreffion, publifhed at the be-
ginning of the year 1747 ; and befide this, the body
of the book has been augmented by more than three

fheets of additional illuftrations and problems, and

another plate : By all thefe additions, it is conceived
the book is now rendered more generally ufeful.

What is done in the foregoing efiay, and in the
following work, is fubmitted to the reader’s Judg-
ment; the author intending no more than to have the
honour of invention afcribed to whom itisdue; and
alfo to give fome affiftance to beginners in the mathe-
matical ftudies.

quf HAeadermy Portfiupntio CON-
Mareh 5, 1755,
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PORTABLE COLLECTION,

Of the moft Neceflary
Mathematical Inftruments.

I IIOIIIIIOISIISIIOIIGIONNK

SeeT. L
%'@9 ASES of Mathematical Infiruments are
‘f'}gi [f{?\":.;.‘ of various forts and fizes ; and are com-

Ve a&i\?}[ monly adapted to the fancy or occafion of
Z6Go the perfons who buy them. y
Tue {malleft collection put into a cafe,
commonly confifts of, ,
L. A pair of compaffes, one of whofe points may be
taken off, and its place fupplied with,
B A crayon




The Defcription and Ufe
A ¢rayon for lead or chalks.

A drawing-pen for ink.

11. A plane fcale.

Wira thefe infiruments only 2 tolerable {hift may
be made to draw moft mathematical figures.

But in fets, called camplete pocket-cafes, befide the
inftruments above, are the following.

III. A froaller pair of cempaffes.

IV. A pair of bows.

V. A back-lead penctl, With a cap and fggdgr_

VI. A drawing-pen with a protrading-pin.

Vil. A protratior.

VIUI. A paraliel-ruler.

IX. A feftor.

Fx fome cafes, the plane fcale, protraétor, and
parallel-ruler, are included in one inftrument.,

Tue common, and moft efteemed fize of thefe in-
ftruments, is fix inches; though they are fometimes
miade of other fizes, and particularly of four inches
and a half.

Niate, the fize of a cafe is named from the length

of the fcale or fector.

Some artifts have contrived a very commodious
fat cafe, or box, where the infide of the lid of top
contains the rulers and {cales : The compafles, draw-
ing-pen, &F¢. lie in the partitions of a drawer, that
drops into the bottom part of the cafe, but not quite
to the bottom; leaving room under it for dlack lead
pencils, hair pencils, Indian ink, colonr cells, &c. and
befide the inftruments already enumerated, in boxes
or cales of this fort are put

X. A tracing-point.

XI. A pair of proportional compafes.

XII. A gunner’s callipers.

Bur the cafe of inftruments called the magozine, is
the moft complete colleétion’; for this contains what-
ever can be of ufe in the practice of drawsng, dejign-
my, &c. and as the greateft part of thefe inflruments
arg




of Mathematical Inflruments. 2

are fcarcely ever ufed but in the ftudies or chambers
of thofe who have occafion for them ; therefore it
will be vfelefs to infit on pocket cafes ; for few
perfons care to load themfelves with the carriage of
what is called a complese fet.
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Of the Comrasses and Bows.

OMPASSES are ufially made of filver or

brafs, and thofe are reckoned the beft, part of
whofe joint is fteel ; and where the pin or axle on
which the joint turns, is a fteel fcrew ; for the oppoli-
tion of the metals makes them wear more equable :
and by means of the ferew axle, with the help of a
durn-ferew, (which thould have a place in the cafe) the
compafies can be made to move in the joint, ftiffer or
eafier, ar pleafure. If this motion is not uniformly
{mooth, it renders the inftrument lefs accurate in ufe.
Their points fhould be of freel, and pretty well
hardened, elfe in taking meafures off the {cales, they
will bend, or be {oon blunted. They alfo fhould be
well polithed, whereby they will be preferved free
from ruft a long time.

T'o one point of the {maller compafies, itis common
to fix in the fhank a fpring, which by means of a
ferew, moves the point 3 fo that when the compals is
opencd nearly to a required diftance, by the help of
the ferew the points may be fer exactly to that dif-
tance 5 which cannot be done fo well by the motion in
the joint,

To ufe the [pring point.

HoLp the compafies in the left hand with the ferew
turned towards the right 5 turn the {crew towards you,
B 2 or




4 The Defeription and Ule

or {lacken it, and the fpring point will be brought

nearer to the other point: On the contrary, by turn-

ing the fcrew from you, or tightning it, the {pring
ot will be fet farther from the other point.

Tre ufe of thefe leffer compafies, Is to transfer the
meafures of diftances from one place to another ; Ory
to defcribe obfcure arcs.

Or the large fized compafles, thofe are eftecrmed
the beft, whole moveable points are locked in by a
fpring and catch fixed in the fhank ; for if this fpring
be well effeCted, the point is thereby kept tight and
fteady ; the contrary of which frequently happens,
when the point is kept in by a fcrew in the fhank.

Tut ule of thefe compafles is to defcribe arcs or
circamferences with given radius’s: and it is cafy to
conceive, that thele arcs or circumferences can be
deferibed, either obfcurely by the {teel point; in ink,
by the ink point; in black-lead or chalks, by the
crayon; and with dots, by the dotting-wheel ; for
either of them may be fixed in the fhank in the place
of the fteel point.

As the dotting- wheel has not hitherto been effect-
ed, fo as to deferibe dotted lines or arcs, with any
tolerable degree of accuracy, it feems therefore to be
ufelefs: and, indeed, dotted lines of any kind are
much better made by the drawing-pen.

Tue drawing-pen poing and crayon, have gene-
rally (in the beft fort of cafesY a focket firted to them:
fo that they occupy but one of the holes, or parti-
tions, in the cafe.

Tue ink, and crayon points, have a joint in them,
jft under that part which locks into the fhank of the
compafles ; becaufe the part below the joint fhould
fland Perpfndiculnr to the plane on which the lines
are deicribed, when the compals is opened.

Ir inftead of the larger compafs being made with
fhifting points, there were two pair put into the

cafe 5 to one of which the ink point was fixed, and to
2 the




of Mathematical Infiruments. 5

the other the crayon point ; this would fave the trou-
ble of changing the points in the compafs at every
time they were ufed ; and would increafe the expence,
or bulk of the cafe, burt a trifl=.

MosT perfons act firft, handle a pair of compafies
very aukwardly, whether in the taking of diftances
between the points, or defcribing of circles. To be
fure long practice brings on eafy habits in the ufe of
things, however a caution or two may be ferviceable
to beginners.

To open and work the compaffes.

Witn the thumb and middle finger of the right
hand pinch the compafiés in the hollow part of the
fhank, and it will open a little way ; then the third
finger being applied to the infide of the ncareft leg,
and the nail of the middle finger alting againt the
fartheft, will open the compafles far enough to intro-
duce the fingers between the legs: then the hither
one being held by the thumb and third finger, the
farther leg may be moved forwards and backwards
very eafily by the fore and middle fingers, the fore
finger preffing on the outlide to {hut, and the middle
one aiting on the infide to open, the compalles to any
defired extet. In this manner the compafies are
manageable with one hand, which is convenient when
the other hand is holding a ruler or other inftrument.

2o take a diftance between the points of the compaffes.

Hovp the compafies upright, fet one point on one
end of the diftance to be taken, there letitreft; and
“as before thewn) extend the other point to the other
end. .
ALWAYS take care to avoid working the compafles
with both hands at once; and never ufe them other-
wife thap nearly upright.

B 2 To
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To deferibe circles or arcs with the compalfes.

SeT one foot of the compafles on the point defigned
for the centre, hold the head berween the thumb and
middle finger, and let the fore finger reft on the
head, but not to prels it : then by 1Uilll]“ the head
bmaecn the finger and thumb, ar d a tthe iime time
touching the paper with the ather point, a circle or
arc may be defcribed with great eafe, cicher in lead or
ii}k-

Iy delciibing of arcs it fhould be ebferved, that
the paper be not p'cﬁi'\'l at the centre, or under the
foot, with more weight than that of the compafies 3
for thereby the great Toles and blots may be aveided,
which too ﬁ“'ucv tly deface figures when they are
made by thofe who are aukward or carelefs in the ufe
of their inftruments.

Oj' the Bo w s.

"The bows are a fmall fort of compafies, that coms.
monly {hut into a hoop, which ferves as a handle to
t.i,em. Their ufe is to defcribe arcs, or the circumfe-
reinces of circles, whofe radius’s are very fmall, and
could not be done near fo well by larger compafies.
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0; the Black-lead Pencil, Feeder, and T racing
Point.
H E Black-lcad Pencil is ulcful to deferibe the
firfk draught of a drawing, before it is marked

with ink; becaufe any falfe f{trokes, or fuperfluous
lines,



of Mat bematical Inflruments. g

lines, may be rubb’d out with a handkerchief or piece
of bread.

Tz Feeder is a thin fat piece of metal, and 1s fome-
times fixed to a cap that {lips on the top of the pencil;
and ferves either to put ink between the blades of the
drawing-pen, or to pafs it between the points, when
the ink by drying, does not flow freely.

Tue Tracing Point is a pointed piece of fleel; and
commonly has the feeder fixed to the other end of
the handle. Its ufe, is to mark out the outlines of a
drawing or print when an exact copy thereof is want-
ed, which may be done as follows. ;

Ox a piece of paper, large encugh to cover the
thing to be copied, let there be firewn the fcrapings
of red chalk, or of black chalk, or of black lead 3 rub
thefe on the paper, fo that it be uniformly covered 3
and wipe off, with a piece of muflin, as much as will
come away with gentle rubbing. Lay the coloured
fide of this paper, next to the vellum, paper, &e. on
which the drawing is to be made: on the back of
the colour'd paper, lay the drawing, &e. to be copied.
Secure all the corners with weights, or pins, that the
papers may not {lip : trace the lines of the thing to be
copied, with the tracing point 5 and the lines fo traced
will be imprefs’d on the clean paper.

Axnp thus, with care, may a drawing or print, be
copied without being much damaged.

Niote, The coloured paper will lerve a great many
times.

Taere is not perhaps, a more ufeful inftrument in
being for ready fervice in making of {ketches or finith-
'f'fl plans ; whether of architeCture, fortification, ma-
chines, landfkips, ornaments, 2. than a black-lead
pencil; and therefore it may be proper to give a few
hints concerning this excellent mineral.

BLack~rzAD 15 produced in many countries, but the
beit yer difcovered is found in the north of England :
it iy dug out of the ground in lumps, and fawed out

B 4 into




8 The Defeription and Ufe

into fcantlings proper for ufe: the kinds moft proper
to ufe on paper muit be of an uniform texture, which
is difcoverable by paring a piece to a point with a
penknile; for if it cuts fmooth and free from hard
flinty particles, and will bear a fine point, it may be
pronounced good.

There are three forts of good black-lead ; the
foft, the midling, and the hard : the foft is ftteft for
taking of rough fketches, the midling for drawing of
landikip and ornamients, and the hard for drawing of
lines in mathematical figurcs, fortification, architec-
ture, e, The indifferent kinds, or thofe which in
cutting arc found {linty, are ufeful enough to carpen-
ters or fuch artificers who draw lines on wood, &c,

Tug beft way of ficting black-lead for ufe, is firfk
to faw it into long flips about the fize of a crow-quill,
and then fix it in a cafe of foft wood, gencrally cedar,
of about the fize of a goofe-quill, or.larger; and this
cafe is cut away with the lead as it is ufed.
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SeEcrt. IV,

Of the Drawing-Pen, and Protraéting-Pin.

F HE Drawing-pen is an infirument ufed only

for drawing of right lines ; and confifts of two
blades, with fieel points, ix’d to a handle. The blades
by being a little bent, caufe the fteel points to come
nearly together; but by means of a fcrew pafling thre’
both “of them, they are brought clofer at pleafure,
as the line to be drawn fhould be ftronger or finer,

In ufing this inftrument, put the ink between the
blades with a common pen, or with the feeder 5 and
by the frrew) bring them to a proper diftance for
drawing the intended line: hold the per a litcle in-
clined,
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clined, but fo that both blades touch the paper ; then
Mmay a line be drawn very fmooth, and of equal
breadth, which could not be done fo well with a com-
mon pew.

Note, Brrore the drawing-pen is put into the cafe,
the ink fhould be wiped trom between the blades ;
otherwife they will foon ruft and fpoil, efpecially with
€ommon ink. And that they may be clean’d eafily,
one of the blades thould move on a joint.

. Tue direttions given about this drawing-pen, will

r ¥

Ierve for the drawing-pen point, ufed with the coms-
pafics. But it muft be obferved, that when any arc
1s deferibed of more than an inch radius, then the ink
point fhould be-bent in the joint fo that both the
blades of the pen touch the paper, otherwife the arc
deferibed will not be fmooth.

Tue Proirading-pin is a piece of pointed freel (like
the point of a needle) fixed into one end of a part of
the handle of the drawing-pen 3 into which, the piece
with the piz in it, generally ferews. Its ufe is to
point out the interfections of lines ; and to mark off
the divifions of the protracter, as hereafter diredled,

SoMETIMES on the top of the drawing-pen is a
focket, into which a piece of black-lead pencil may
be put.

Stcrn V.

Of the PARALLEL-RuLER.

’ I VE IS infirument confifts of two Rulers, con-
nected together by two metal bars, moving

ealily round the rivets which faften their ends ; thefe
bars are {0 placed that both have the fame inclination
{0
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to each Ruler 5 whereby they will be Parallel at every
diftance, to which the bars will fuffer them to recced.

But the belt Parallel-Rulers are thofe, whofe bars
crofs each other, and turn on a joint at their inter-
fettion 3 one end of each bar moving on a centre,
and the other ends fliding in grooves as the Rulers
receed,

Tris inftrument is very ufeful in delineating civil
and military architeCture, where there are many Pa-
yallel lines to be.drawn; and alfo in the folution of
feveral geometrical Problems 3 fome of which are as
follows.

PROBLEM. L

A right line Aw being given, fo draw a line parallel
thereto, that [ball pafs through a given point ¢ (Fig. 1.
P D)

ConstrucTion. Apply one edge of the parallel-
ruler to the given line aB 5 prefs one ruler tight againft
the paper, and move the other uatill its edge cuts the
point ¢; there ftay that raler, and by its edge draw
a line through ¢, then this line will be parallel to as.

Ir the point ¢ happens to be farther from the line
aB, than the ralers will open to 3 ftay that raler near-
eft to ¢, and bring the other clofe to it, where let it
reft, and move forward the ru/er neareft to c, and
fo continue till one suler is brought to the point-in-
tended.

Tue manner of ufing the parallel-ruler as here di-
reCted, is underftoed to be the fame in the folution of
the following ProBLEMSs,

PROBLEM IL

A right line A8 being given, to divide it into any pro-
pes’d nunber of equal parts; fuppefe 5. (Fig 2.)

Construerion. Draw the indefinite right line se,
fo as to make with aB, any angle at pleature ; with
any
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any convenient opening of the compaffes, lay off on
Be, the required number of equal parts, viz. 1, 2,
3, 4, 53 lay the edge of the parallel-ruler by the
points 5 and a, and parallel thereto, through the
points 4, 2. 2. 1, draw lines; then AB, by the inter-
fection of thofe lines will be divided into 5 equal parts,

PROBLEM JHL
Any right

z'_,-.ff;d quadrangle or polygon being given, 1o
mage a vight lin’d triangle of equal area.

Exam. 1. 70 make a trigigle of equal area to the
quadriigteral Aepe. (Fig. 3.)

ConsTrUCTION. Prolong aB; draw cs; and
through o, draw pE parallel to cp, cutting AE in &3
then a line drawn from c¢ to & forms the triangle ace,
of equal area to the quadrangle aspe.

Exam. 1. Given the pentagon apcos requir’d to
mare @ triangle of equal area. ( Fig. 4.)

ConstrucTion. Produce pe towards F; draw ac;
through s, and paraliel to ac draw pr cutting pc in
F3 and draw ar. Then the area of the trapezium
aFDE will be equal to the area of the pentagen ABcDE.

Again. Produce tp towards 65 draw Ap; through
F> draw rG parallel to av, and draw ac. ‘Then the
arca of the triangle acs, will be equal to that of the
trapezium AFDE 3 and conléqucntly, to that of the
pentagon ABCDE,

Exam. NI To make a triangle equal in area o the
Hexagon, ascprr. (Fig. 5.)

CONSTRUCTION. Draw ¥p, and parallel thereto,
through e, draw zc meeting cp produced in ¢, and
draw 6F.  Then the triangle Fop is equal ro the tri-
angle Fp, and the given Hexaoon is reduced to ghe

Pentagon ascer equal in area.

Arain,
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Again. Draw ac 5 through 7, draw ru parallel to
ac, meeting cc produced in H; draw am, and the
pentagon is reduced to the trapezium ancs,

Lafily, Draw ac, and parallel thereto, through g,
draw H1, mecting Bc produced in I, and draw ar.
Then the trapezium is reduced to the triangle asr,
which is equal in area to the given Hexggon ABcDEF,

Exam. IV. Given the nine fided Jfigure ABCDEFGHI,
to make a triangle of equal area. (Fig 6)

ConsrrucTion, 1ft, Draw 18, and through a
draw ak parallel to 18, meeting #1 produced in k,
and draw Bk ; fo the three fides n1, 14, AB, are re-
duced to the two fides kg, 5.

2d, Draw xc, and through B draw g1 paralle to
KF, meeting cp inLj draw ki1, and the three fides
pe, CB, BK, are reduced to the two fides pr., LK.

3d, Draw ko ; through u, draw nwm, paralld to
kG, meeting GF in M, and draw gkm; fo the three
fides xH, HG, GF, are reduced to the fides kM, and
MF,

4th, Draw kr 3 through m, draw mw, parallel to
KE, meeting ¥& in N, and draw kv ; fo the three
fides kM, MmF, FE, arc reduced to two fides kv, NE.

5th, Draw Lv, and through &, draw ko, parallel
to LN, meeting £F produced ino, and draw no; fo
the three fides v, Wk, gL, are reduced to the two
fides zo, OL.

Laftly, Draw LE, and through b, draw pp parallel
to LE, meeting or produced in p, and draw Lp 3 fo
fhall the trianglec oLp be equal in area to the given
nine fided figure.

Proczzpine in the fame manner; a figure of any
numbet of fides may be reduced to a triangle of equal
arca,




of Mathematical Inftruments. 12

SEcT. VI

Of the PRoTRACTOR.

HE Protrafior, is an inftrument of a femicir-

cular form ; being terminated by a righe line
reprefenting the diameter of a circle, and a curve line
©f half the ciccumference of the fame circle. As at
Fig, ». The point ¢, (the middle of as) is the
Centre of the femicircumference app, which femicir-
Camterence is divided into 180 equal parts cal’d
degrees ; and for the convenience of reckoning both
ways, is numbered from the left hand towards the
right, and from the right hand towards the lefr, with
10, 20, 30, 40, &c. to 180, being the half of 360,
the degrees in a whole circumference. The ufe of
this inltrument is to profraf, or lay down an angle
of any number of degrees, and to find the number
of degrees contained in any given angle.

Bur this inftrument is made much more commo-
dious, by transferring the divifions on the femicircum-
ference, tothe edge of a 7ulir, whole fide £F is parallel
to a5; (iee Fig. 7.) which is done by laying a ruler
on the centre c, and the feveral divifions on the femi-
circumference apg, and marking the interfections of
that 7uer on the line r, which may ealily be con-
ceiv’d by obferving the lines drawn from the centre
c to the divifions go, Go, g0; fo that a sulr with
thefe divifions mark’d on 3 of its fides and num-
bered both ways, as in the Profradier, (the fourth
or blank fide reprefenting the diameter of the circle)
15 of the fame ufe as a Protrafior, and is much beteer
adajted to a cafe.

THAT fide of the inftrument on which the divi-
fions are mark’d, is call’d the graduaced fide, or limb
of the inftrument, which fhould be floped away to an

' edze,
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edge, whereby the divifions on the limb will be much
eafier pointed off,

PROBLEM IV.

A number of degrees being givens Lo protrail, or lay
down an angle whofe meafure fhall be equal thereto.
And an angle being proiratied, or laid downy to find what
#umber of degrees meafures that angle.

Exam. 1. To draw o line froim the point a, that fhall
anake an angle with the line a® of 48 deg. Fig. 8.

AprpLy the blank edge of the protractor to the line
ap, fo that the middle or cenwre thercof (which is
always mark’d) may fall on the point 4 ; then with
the protracting-pin, make a mark on the paper againit
the divifien on the limb of the inftrument numbered
with the degrees given ; (wiz. 48.) counting from the
right hand towards the left; a line drawn from a,
through the faid mark, as ac, fhall with as, form the
angle required, viz. 48 degrees.

I the line had been to make an angle with s, at
the point B ; then the centre mult have been laid on
B, and the divifions counted from the left hand to-
wards the right.

Exawm. 1. To find ibe number of degrees which mea=
Jure the angle avc. Fig. g.

Appry the blank edge of the protrator to the line
AR, fo that the centre fhall fall on the point B ; then
will the line nc cut the limb, of the inftrument in the
number exprefling the degrees that meafure the given
angle ; which in this exemple is 125 degrees, counting
from the left hand towards the right.

PROBLEM
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PROBLEM V.

From any given point a, in 4 Line AB, fo draw a ling
perpendicular to az. Fig. yo.

Lay the protractor acrofs the line a2 in fuch a
manner that the centre on the blank edge, and the
divifion numbered with 90, on the limb, may both be
cut by the given line 3 then keeping the ruler in this
polition, flide it along the line, till one of thefe points
touch the given point , draw the line ca, and it will
be perpendicular to az.

]}N the fame manner, a line may be drawn, perpen-

dicular to a given line, from a given point out of that
line,

PROBLEM VI

In @ circle given to infiribe any regular Polygon, fup-
pofe an oilagon. Fig. 11,

Consrrucrion. Apply the blank edge of the pro-
fraffor to As the diameter of the Circle, fo that their
centres fhall coincide ; fot off a number of degrees
from = to b equal to an angle at the centre of that
polygon, (viz. 435,) and through that mark draw a
radius cp; then fhall Bp the chord of the arc ex-
prefling thofe degrees, be the fide of the intended
polygon 3 which chord taken between the compafles,
and applied to the circumference will divide it into
4s many cqual parts as the pojygon has fides, viz 8 )
and the feveral chords being drawn will form the
Polygon required,

It will rarely happen that this operation, though
true in theory, will give the fide of the polygon
exalt ; for when the chord of the arc prickt off
from the protractor, is raken with the compafies
and applied to the circle, it generally falls  be-
yond, or fhort, of the point fet out from : for it
muft be oblerved that the point where two lines in-

7

2 terfect
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terfect one another is not to be readily determined
in a practical manner; and a very fmall error in the
taking the length of the chord, being feveral times
repeated becomes confiderable at laft. Here the com-
paffes with the {pring point will be found of great ufe.

ATABL E,. ﬂ‘ﬁ‘iﬁ-‘fﬂg the zﬁ?g/&’: at the wa_f res
and Circumferences of regular Polygons from
three to twelve Sides inclufive.

=
Names. & | Angles at Center| Angles at Cir,
Trigon 3|120° o0 60° o0
Square 2! 90 o0 90 ©o
Pentagon &l 72 ©o 168 oo
Hexagon 6! 6o oo 120 oo
Heptagon 7| ‘51 255 (128 342
Octagon 8] 45 oo 135 00
Nonagon 9| 40 ©00 140 0o
Decagon 101 36 oo 144 00
Endecagon |11 32 4351 |147 16+%
Dodecagon |12| 30 o0 150 Co

Tri1s table is conftructed, by dividing 360, the
degrees in a circumference, by the number of fides in
each polygon 3 and the quotients are the angles at the
centers ; the angle at the center fubftracted from 180
degrees, leaves the angle at the circumference.

PROBLEM VIIL

Upon a_given right line aB, to deferibe any regular
peiygon. Fig. 12,

Con-
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ConsTrucTiON. From the ends of the given line,
draw the lines ap, pe 3 fo that the angles 5ap, asc,
May each be equal to the angle at the circumference
inithat polygon ; make ap, e, each equal to aB; from
the points b and ¢, draw lines tha fhall make with
D4, CB, angles equal to the former ; make thefe lineg
each equal to ap; and fo continue, till a polygon js
form’d of as many fides as required.

Exam. 1. Upon the line an to defcribe an bexagon.

ig. 12,

Draw ap, pe, fo that the angles ap, asc, may
be each 120 degrees; make ap, Bc, each equal to
AB: alfo, make the angles Apr, BcE, each equal to
120 degrees, and make DF, ck, each equal to 4z
draw rE and *tis done.

Or it may be done by the help of the parallel ruler,
when the polygon has an even number of fides,
Thus,

Havine form’d the three fides 4p, ae, EC, as be-
fore direted , through b, draw pr parallel to BC 3
make pr equal to ap; through r draw re paralle] tq
AB: make rg equal to 4B and jein cr,

Exam. IL Upon the line an 1o deferibe a pentagon,
Fig. 13.

Draw ac, sp, that each may make with ap, an
angle of 108 degrees. Make ac, ED, each equal to
AL 5 on the points ¢ and b, with the compatles opened
to the diftance A, defcribe arcs to crofs each other in
E;3 draw gc and Ep, and ’tis done, .

N any regular polygon, having found all the fides
but two, as above directed ; thole may be found as
the laft two in the pentagon were.

Bur a regular polygon defcribed upon a given line
ABumay be conftryfted with more accuracy, thus.
See Fig, 12, 13.

c Mage
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Maxs an angle ap, and another azp, each equal
to balf the angle of the required polygon; on the
point P, where the lines ap, BP, cut one another, and
with the radius pa defcribe a circle, in which if the

given line ap be applied, the polygon fought will be
formed.

S FE & T" Vi
Of the Plain Scale.

HE lines generally drawn on the plane fcale,
are thefe following :

Marked
I. Lines of equal parts. E P.
il. Chords. Cho.
111, Rhbumbs. Ru.
IV, i times Sin.
V. ——— Tangents. Tan.
V. e Seganty. Sec.
VII. Half Tangents. |S.T.
VIII. Longitude. Lon.
IX. Latitude. Lat.
b Hours. Ho.
XL Inclinations. In. Mer.

Of the Lines of equal Parts.

INES of equal parts are of two forts, wiz.
fimply divided, and diagonally divided. PL V.

1. Simpiy divided. Draw 3 lines parallel to one
another, at unequal diftances, (Fig. 14) and of any
convenient length ; divide this length into what num-
ber of equal parts is thought neceffary, allowing fome
certain number of thefe parts to an inch, fuch as 2,
2%, 3, 3%, 4y 4%, &e. which divifions diftinguith by
; I lines
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lines drawn acrofs the three parallels. . Divide the left
hand divifion inge 10 equal parts, which diftinguith
oy lines drawn acrof the lower parallels only ; but,
for diftinctjon fake, let the sth divifion be fomewhat
longer than the others : and it may not be inconye-
nient to divide the fame left-hand divifion into 12 equal
Parts, which are laid down on the upper parallel line,
having the 3d, 6th, and gth divifions diftinguithed by
longer firokes than the reft, whereof that at the 6th
divifion make the longeft.

HERE are, for the moft part, feveral of thefe
fimply divided feales put on rulers one above the
Other, with numbers on the Jeft hand, fhewing in
each feale, how many equal parts an inch is divided
o ; fuch as 20, 25, 30, 35, 40, 45, €% and are
{everally ufed, as the plan to be exprefled thould be
larger or fmaller.

THE ufe of thefe lines of equal parts, is to lay down
any line expreffed by a'number of two places or deno-
minations, whether decimally, or duodecimally divid-
ed; as leagues, miles, chains, poles, yards, feet, inches,
&e. and their tentjy parts, or twelfth parts: thus, if each
of the divificns be reckored 1, ag | league, mile, chain,
&'e. then each of the fubdivifions wi]] exprefs % part
thereof; and if each of the large divifions be called
10, then each fimall one will be 13 and if the large
divifions be 100, then each {mall one will be 10, e,

THEREFORE to lay off a line 8 .7, 87, or 840
pares, let them be leagues, miles, chains, ¢, fet ope
point of the compafies on the 8th of the large divi-
fions, counting from the left hand towards the right,
and open the compafics, till the other point falls on
the 7th of the fmall divifions, counting from the right
hand towards the left, then are the compafies opened
o exprefs a line of 8.7, 87 or 870 leagues, miles,
chains, &¢. and bears fuch proportion in the plan, ag
the line meafured does to the thing reprefented,

C 3 Bup
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Bur if a length of feet and inches was tO be ex-
reffed, the fame large divifions may reprefent the
feer, but the inches muft be taken from the upper
art of the frft diviion, which (as before poted) is
divided into 12 equal parts.

Taus, if aline of 7 feet 5 inches was to be laid
down s fet one point of the compaffes on the 5th
divifion among the 12, counting from the right hand
cowards the lett, and extend the other to 7, among
the large divifions, and that diftance laid down in the
plan, fhall exprefs a line of 7 feet 5 inches : and the
like is to be underftood of any other dimenfions.

11. Diggonaily divided. Draw eleven lines parallel
to each other, and at equal diftances ; divide the
upper of thele lines into fuch a pumber of equal
parts, as the fcale to be exprefied is intended to con-
tain, and from each of thefe divifions draw pcrpcndi—
culars throvgh the eleven parallels, (Fig. 1 5.) fubdivide
the firft of thefe divifions into 10 equal parts, both
in the upper and lower lines 5 then each of thefe fub-
divifions may be alfo fubdivided into 10 equal parts,
by drawing diagonal lines; viz. from the 10th below,
to the gth aboves; from the gth below, to the 8th
above ; from the 8th below, to the sth above,
¢, till from the 1ft below to the oth above, fo
that by thefe means one of the primary divifions on
the fcale, will be divided into 100 equal parts.

Tuere are generally two diagonal {cales laid on
the fame plane or face of the ruler, one being com-

monly half the other. (Fig. 15.)

Tue ufe of the diagonal fcale is much the fame
with the fimple fcale; all the difference is, that a plan

may be laid down more accurately by it : becaufe in
this, a line may be taken of three denominations s
whereas from the former; only two could be taken.

Now from this conftruction it is plain, if each of
the primary divifions reprefent 1, cach of the firft
ubdivifions will exprefs + of 1; and each of the

{econd
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fecond fubdivifions, (which are taken on the diagonal
lines, counting from the top downwards ) will exprefs
o of the former fubdivilions, or a 1ooth of the pri-
Mary divifions ; and if each of the primary divifions
exprels 10, then each of the firft {ubdivifions will ex-
prefs 1, and each of the 2d, +% 3 and if each of the
primary divifions reprefent 100, then each of the frft
fubdivifions will be 103 and each of the 2d will be 1,

[

Tasrerorz to lay down a line, whofe length is
€xXpre(s’d by 247, 342 or 3 +%% whether leagues;
Miles, chaips, (.

Ox the diagonal line, joined to the 4th of the firfl
ubdivifions, count 7 downwards, reckoning the dif-
tance of each parallel 1 ; there fet one point of the
Compailes, and extend the other, till it falls on the
interfetion of the third primary divifion with the
fame parallel in which the other foot refts, and the
compalles will then be opened to exprefs a line of 347,
34 155 O 3 47y e,

Tuose who have frequent occafion to ufe {cales,
perhaps will find, that a ruler with the 20 following
{cales on it, viz. 10 on each face, will {uit more pur-
pofes than any fer of fimply divided fcales hitherto
made public, on one ruler.

One Side ) The divifions 10, 11, 12, 133, 15, 16%, 18, 20, 22, 23,
Other Side § to an inch 2, 32,36, 49, 45,50, 68, 70,85, 100,

Tae left hand primary divifion, to be divided into
Yo and 12 and 8 parts; for thefe fubdivifions are of
great ufe in drawing the parts of a fortrefs, and of a
Piece of cannon,

IT will here be convenient to fhew, how any plan
expreffed by right lines and angles, may be delirieated
by the fcales of equal parts, and the protraétor,

C 3 PROBLEM
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PROBLEM VIL

Three adjacent things in any right lined triangle being

given, to form the plan thereof.

Exam. Suppofe @ triangular field, asc, (Fig. 16.)
the fide AB—327 yards 3 ac=208 yards 3 and the
angle at A= A4 degrees.

ConstrucTioN. Draw a line am at pleafure 3 then
from the diagonal feale take 327 between the points
of the compafles, and lay it from A to By let the
center of the protradtor to the point &, lay off 443
degrees, and by thac mark draw ac: take with the
compafles from the fame fcale 208, lay it from A to
¢, and join cB; fo fhall the parts of the triangle
asc, in the plan, bear the fame proportion to each
other, as the real parts in the field do.

Tug fide c3 may be meafured on the fame fcale

from which the fides AB, AC, WETE taken : and the
angles at B and ¢ may be meafuired by applying the
rotractor to them as fhewn at problem IV.
If oo angles and the fide contained between them were
fven
Draw a line to exprefs the fdes (as before) at the
ends of that line, point off the angles, as obferved
in the field ; lines dprawn from the ends of the given
line through thofe marlks, fhall form a triangle fimilar

vo that of the field.

PROBLEM IX.

Five adjacent 1hings, fides and angles, in a right
find quadrileteraly being given, to lay down the plan
thereaf, Fig. 17.

Exam.
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Exam. Given £ * o= 290°; ap— 215 links 3
£ B=115"; Bo= 596 links; £ ¢ = 114°,

ConsTrUCTION, Draw ap at pleafure; from a
draw 4B, fo as to make with Ap an angle of yo°:
make AB=215 (taken from the fcales) ; from B, draw
Bc, to make with as an angle of 115°: make sc —
5965 from c, draw cp, to make with ca an angle of
114°, and by the interleftion of cp with ap, a qua-
drilateral will be form’d fimilar to the figure in which
fuch meafures could be taken as are exprefled in the
€xample.

I¥ 3 of the things were fides, the plan might be
formed with equal eafe.

FoLrowing the fame method, a figure of many
more fides may be delineated ; and in this manner, or
fome other like to it, do fome furveyors make their
plans of furveys.

Tbe Confiruction of the remaining Lines of the
PrLamn Scate.

PreparaTion. Fig. 18. PL VL

DescriBE a circumference with any convepient ra-
dius, and draw the diameters AB, DE, at right angles
to cach other; continue za at pleafure towards r 3
through o, draw »c parallel to 53 and draw the
chords sp, BE, AD, ar. Circumfcribe the circle with
the fquare umw, whofe fides am, M, fhall be parallel
to AR, ED.

F———

* This mark or charater £, fignifies the angle.

This mark — fignifies equal to.

By links, is meant the sewth part of a chain of four noles
or of 66 yards long,

C4
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1. To confruét the Line of Chords *.

Divipe the arc ap into go equal parts; mark the

toth divifions with the figures 10, 20, 30, 10, 50,
60, 70, 80, go ; on D, as a center, with the com=
pafies, transfer the feveral divifions of the quadrantal
arc, to the chord ap, which marked with the figures
correfponding, will become a line of chords.
- Note, In the conftruion of this, and the following
Icales, only the primary divifions are drawn ; the in=
termediate ones are omitted, that the figure may not
appear too much crouded.

* The chord of an arc, is a right line drawn from one
end of the arc to the other end.

II. Tke Line of Rbumbst,

Drivioz the arc Bk into 8 equal parts, which mark
with the figures 1, 2, 3, 4, 5, 6, 7, 85 and divide
cach of thofe parts into quarters ; on B, as a center,
transfer the divifions of the arc to the <chord sr,
which marked with the correfponding figures, will be
a line of rhaumbs.

+ The rhumbs here, are the chords anfwering to the
points of the mariners compafs, which are 32 in the whole
tircle, or 8 in the quarter circle,

1. The Line of Sines §.

Turovcn each of the divifions of the arc ap, draw
richt lines parallel to the radius ac; and co will Be
divided into a line of fines which are to be numbered

t The fine of an arc, is a right live drawn from one
end of an arc perpendicular to 2 racius drawn to the
other end.

And the verfed fine, is the part of the radius lying be=
tween the arc and its right fine.

I from
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from ¢ to p for the right fines ; and from o to ¢ for
the verfed fines. The verfed fines may be continued

to 180 degrees by laying the divifions of the radius
tp, from ¢ to g,

IV. The Line of Tangents*.

A RuLER on ¢, and the feveral divifions of the are
AD, will interfect the line pe, which will become a
line of tangents, and is to be figured from o to ¢ with
10, 20, 30, 40, &JF¢.

* The tangent of an are, is a right line touching that
arc at one end, and terminated by a fecant drawn through
the other end,

V. The Line of Secants <.

. Tue diftances from the center ¢ to the divifions on
the line of tangents being transferred to the line ar
from the centre e, will give the divifions of the line
of fecants; which muft be numbered from 4 towards
F, with 10, 20, 30, 7.
+ The fecant of an are, is a right line drawn from the
centre through one end of an are, and limited by the tan~
gent of that arc.

VL The Line of Half-Tangents (or the Tangents
of balf the Arcs).

A ruLer on e, and the feveral divifions of the afc
AD, will interfeét the radius ca, in the divifions of
the femi, or half tangents ; mark thefe wich the cor-
refponding figures of the arc ap.

Tre li:mi-tangcnts on the plane {cales are generally
continued as far as the length of the ruler they are laid
on will admit ; the divifions beyond go® are found by
dividing the arc ar like the arc ap, then laying a
fuler by £ and thefe divifions of the arc az, the divi-

fiong
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fions of the femi-tangents above go degrees will be
obtained on the line ca continued.

VIIL. The Line of Longitude.

Divipe aH, into 6o equal parts; through each of
thefe divifions, parallels to the radius ac, “will inter-
feét the arc a, 10 as many points; from E as a Centre,
the divifions of the arc £a, being transferred to the
chord 54, will give the divifions of the line of longi-
tude.

VIIL. The Liae of Latitude.

A RrurrR on A, and the feveral divifions of the
fines on op, will interfeét the arc Bp, in as many
points ; on B as a centre, transfer the interfections
of the arc Bn, to the noht line sp 5 number the di-
vifions from 5 to n, with 10, 20, 30, &z. t0 9o 3 and
o will be a line of latitude.

IX. The Line oft Hours.

Biszcr the quadrantal arcs 8D, BE, in 2, 43 divide
the quadrantal arc a# into 6 equal parts, (wh]ch gives
15 degrees for each hour) and each of thefe into 4
others ; (which will give the quarters.) A ruleron c,
and the feveral divifions of the arc ab, will mteifeét
the line Mn in the hour, &' points, which are to be
marked as in the figure.

X. The Line of Inclinations of Meridians.

Biszer the arc za into ¢; divide the quadrantal
arc &e into go equal partss lay a ruler on ¢ and the
feveral divilions of the arc e, and the interfetions of
the line um will be the divifions of a line of inclina-
rions of meridians.

Secr.
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SecT. VIIL
The ufes of fome of the Lines on the Plain Scalk.

I. Of the Line of Chords. PL VL

Ot of the ufes of the line of chords is fo lay dows
@ propofed angles or to meafure an angle already laid

b, Thus, to draw a line ac, that thall make with
the line AB an angle containing a given number of
degrees. ({uppofe 36.) Figure 19.

On 4, as a centre, with a radius equal to the chord
of 60 degrees, defcribe the arc Bc 3 on this arc, lay
the chord of the given number of degrees from the
interfection B, to ¢ 3 draw ac, and the angle Bac will
contain the given number of degrees.

Note, Degrees taken from the chords are always to
be counted from the beginning of the {cale.

The degrees contained in an angle already laid down,
may be meafured thus. Fig. 19.

On 4 as a centre, defcribe an arc Be with the chord
of 60 degrees ; the diftance Bc, meafured on the
chords, will give the number of degrees contained in
the angle Bac.

Ir the number of degrees are more than go; they
muft be taken from, or meafured by the chords, at
twice ; thus if 140 degrees were to be protrarftcd,
20* may be taken from the chords, and thofe degrees
faid off twice upon the arc defcribed with a chord of

6o degrees.
Nite, Degrees are generally denoted by a fmall © put
over them.

1. Of the Line of Rbunibs.

THEIR ufk is to delineate or meafure a fhip’s courfe 3
which is the angle made by a fhip’s way and the meri-
dian. Now
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Now having the points and 3 points of the compafs
contained in any courfe ; draw a line a3 (fig. 19.) for
the meridian; on A as a centre, with a chord of 60°
deferibe an arc Bec 5 take the number of points and £
points from the fcale of rhumbs, counting from o,
and lay this diftance on the arc B¢, from the inter-
fetion B to ¢ ; draw ac, and the angle Bac f(hall re-
prefent the fhip’s courfe.

1. The ufe of the Line of Longitude.

Ir any two meridians be diftant one degree or 6o
geographical miles, under the equator, their diftance
will be lefs than 6o miles in any latitude between the
equator and the pole

Now let the line of longitude be put on the fcale
clofe to the line of chords, but inverted ; that is, let
6oe in the fcale of longitude be againit o° in the
chords, and o°® degrees longitude againft goe chords.
‘Then mark any degree of latitude counted on the
chords ; and oppofite thereto, on the line of longitude,
will be the miles contain’d in one degree of longitude,
in that laticude.

Taus 57,95 miles, make 1 degree of longitude in
the latitude of 15 degrees ; 45,97 miles, in latitude
40 degrees ; 36,94 miles, in laticude 52 degrees; 30
miles, in latitude 60 degrees, (Je.

BuT as the frattional parts are not very obvious on
{cales, here follows a table fthewing the miles in'one
degree of longitude to every degree of latitude.

Tais table is computed, upon the fuppofition of
the earth being fpherical, by the following proportion.

As the radius is to the cofine of any latitude, fois
the miles of longitudc under the equator to the miles
of longitude in that latitude.

Every perfon who is defirous of acquiring mathe-
matical knowledge, fhould have a table of the loga-
rithms of rumbers, fines, tangents, and fecants ; moft

of
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of the treatifes of navigation, and fome other books,
have thefe tables ; buc the moft ufeful and efteemed
are Sperwin’s mathematical tables.

A TABLE, fhewing the Miles in one Degree
of Longitude to every Degree of Latitude.

Mules

D. L. | Miles. | L. L. | Miles.| D. L
I 50,00 31 §1.43 {7 ¢ 20,09
2 5959 32 5,88 €z 28,17
3 {5992 | 33 |s0:32| 63 |27.2
4 |5985| 34 |4974] 64 |30
5 [5977] 35 [49:15] 65 |25.30
6 |50.67| 36 [48:54] 66 | 2441
7 |sos6| 3z |a79z| 67 |2344
8 |so.42| 38 47,28 €3 |22,48
g |59261 39 |46,63] 69 |21,50
10 | 50,09 | 40 45,07} 79 |%0,52
it 58,89 41 45,28 1 71 10:53

1z | 58,69 42 |44:50) 72 | 1824
13 | 58,46 | 43 | 43,38} 73 | 17254
14 [58,22| 24 143:16] 74 |1054
15 | 5795 45 | 4243 75

16 | 5767 46 |4n68) 76 114.52
17 §7.38 7 49,92 77 13,50
18 | 57,06 48 |40:15 78 12,48
19 gb73 1 49 |39:3C1 79 145
20 56,38 5O 38557 ‘8o 10542

21 §6,0z | 31 3770 8 Q538
2z ) ¢5,62 5§z 36,04 Sz 8,35
23 |55.25) 53 |3611] 83 | 7.32
24 | 5481 54 | 35:27 84 628

25 | 54,38 55 | 3441 | 85 5:23

26 |53,93] 56 |a355] 8 | 418
27 133,46 §7 13208] &7 3,14
28 | 5z,06] 58 | 3179 .51'8 2,60
) §2:45 59 30,030 6g 1,08
20y [ & 6o 30,00 gc | €00

Tue
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T u e ufes of the fcales of fines, tangents, fecants,
and half tangents, are to find the poles and centers
of the feveral circles reprefented in the orthographical
and ftereographical projection of the fphere; which
are referved until the explanation and ufe of the lines
of the fame name on the feétor are fthewn.

Tue lines of latitudes, hours, and inclinations
of meridians, are applicable to the practice of dial-
ing; on which there are feveral ‘treatifes extant,
which may be confulted.

L e RiR R SRR SR LR e R R b et c R
o F o
Of the SEcT ORM

Seftor is a figure form’d by two radius’s of 2
circle, and that part of the circumference com-
prehended between the two radius’s.

Tue inftrument called a feétor, confifts of two
rulers moveable round an axis or joint, from whence
feveral {cales are drawn on the faces of the rulers.

Tuxe two rulers are called legs, and reprefent
the radil, and the middle of the joint exprefles the
center.,

Tug fcales generally put on feftors, may be diftin-
guithed into fingle, and double.

T e fingle fcales are fuch as are commonly put
on plain fcales, and from whence dimenfions or di-
ftances are taken as have been already direted.

T 15 £ double {cales are thofc which proceed from
the center 3 each fcale is laid twice on the fame face
of the inftrument, wiz. once on each leg: From
thefe fcales, dimenfions or diftances are to be taken,
when the legs of the infirument are in an angular
Peﬁtion, as will be fhewn hereafter.,

The
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The Scales commonly put on the beft Sectors, are

je=x) " Inches, each Inchdivided into 8and 1o pares.
2 Decimals, containing an 100 parts.
3 Chords, 1 rCha.
4 Sines, i Sin.
g | Tangents, Taug.
6 = Rhuinbs, Rom.
Single < 7 &linc Latitude, Lat.
8 - ) Howrs, }mark’d-{ Hou,
9 - Longitude, Lon.
10 Inclin, Merid. In.Me
11 the YNumbers, Nuon,
12 Loga- { Sines, St
13 rithms { Verfed Sines, V _Sin.
LIg] [ of Tangents, 3 [ Tan,
[ Lines, or of equal parts, ") ( Lin.
2 Chords. Cho.
3| a | Sines, Sin,
Double< 4 »lined Tangents to 45° marl’d { Tan.
5 | of | Secants, : I | Sec.
6 Tangents to above 45° Tan.
i 7 Polygons, J | Pol.

T HE manner in which thefe fcales are difpofed of
on the fector, is beft feen in the plate fronting the
title page,

Tue fcales of lines, chords, fines, tangents,
rhumbs, laticades, hours, longitude, incl. merid.
may be ufed, whether the inftrament is fhut or
open, each of thefe fcales being contained on one of
the legs only. The fcales of inches, decimals, log.
numbers, log. fines, log. verled fines and log.qtan-
gents, are to be ufed with the feftor quite opened,
part of each fcale lying on both legs.

Tue double fcales of lines, chords, fines, and
lower tangents, Or rangents under 45 dcgrcr:s, are all
of the fame radius or length; they begin ar the
center of the inftrument, and are terminated near the
other extremity of each leg; iz, the lines ar the

divilion




32 Tioe Defcription and Ufe
divifion 10, the chords at 60, the fines at go, and
the tangents at 45 ; the remainder of the tangents, or
thofe above 45°, are on other fcales beginning at % of
the length of the former, counted from the center,
where they are marked with 45, and run to about 76
degrees. 3

Taz fecants alfo begin at the fame diftance from
the center, where they are marked with 10, and are
from thence continued to as many degrees as the
length of the fector will allow, which is about 75°.

Tnr angles made by the double feales of lines,
of chords, of fines, and of tangents to 45 degrees,
are always equal.

Awnp the angles made by the fcales of upper
tangents, and of fecants, are alfo equal ; and fome-
times thefe angles are made equal to thofe made by
the other double fcales.

T r e fcales of polygons are put near the inner
edge of the legs, their beginning is not fo far re-
moved from the center, as the €o on the chords is :
Where thefe fcales begin, they are mark’d with 4,
and from thence are figured backwards, or towards
the center, to 12.

F r om this difpofition of the double fcales, it is
plain, that thofe angles which were equal to each
other, while the legs of the fector were clofe, will
ftill continue to be equal, although the feftor be
opened to apy diftance it will admit of,
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Sweorv. . X
Of the Conflruction of the Single Scales.

Y. The Scale of Inches.

HIS feale, which is laid clofe to the edge of

the fector, and fometimes on the edge, con-
tains as many inches as the inftrument will receive
when opened :  Each inch is ufually divided into 8
equal parts, and alfo into 10 equal parts,

II. The Decimal Scale.

THur1s fcale lies next to the fcale of inches ; It is
of the fame length of the fector when opened, and is
divided into 10 equal parts, or primary divifions 3
and each of thefe into 10 other equal parts ; fo that
the whole is divided into 100 equal parts, And
where the feftor is long enough, each of the {ubdivi-
fions is divided into two, four, or five parts; and
by this decimal fcale, all the other {cales, that are
taken from tables, may be laid down.

Tre length of a fector is ufually underftood when
it is fhut, or the legs clofed together. Thus a fector
of fix inches when fhut, makes a ruler of twelve
inches when opened, and a foot fetor, is two feet
long when quite opened.

L Tke Scales of Ghords, Rbumbs, Sines, Tih-
gents. Hours, Latitudes, Longitudes, and In-
chnation of Meridians ; :

AR E fuch as have been already defcribed in the
account of the plane fcale.

D IV. The
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1V. The Scale of Logarithmic Numbers.

Tr1s feale, commonly called the artificial num-
bers, and by fome the Gunter’s {cale, or Gunter’s ®
line, is a fcale exprefling the Jogarithms of common
numbers, taken in their natural order. To lay down
the divifions in the beft manner, there is neceffary a
good table of logarithms, (fuppofe Sherwin’s,) and
a fcale of equal parts, accurately divided, and of
fuch a length, that 20 of the primary divifions fhall
make the whole length of the intended fcale of num-
bers, or logarithm {cale.

The Conflruciion.

1. Frowm the fcale of equal parts, take the firlt
10 of the primary divifions, and lay this diftance
down twice on the log. feale, making two equal in-
tervals ; marking the firft point 1, the fecond 1, (or
rather 10) and the third 10, (or rather 100.)

2. FRom the fcale of equal parts, take the di-
ftances exprefied by the logs. of the numbers, 2, 3,
A5t 04,75 8, Qs 1'ci}1ctti\fely, (rejecting the in-
dices :) lay thefe diftances on each interval of the log.
{cale, between the marks 1 & 10, 10 & 100, reckon-
ing cach diftance from the beginning of its interval,
viz. from 1, and from 10, and mark thefe diftances
with the figures 2, 3, 4, 5. 6, 7, 8; 9, In order.

“T'uvus the firlt three figures of the logarithms of
2, 3 4 5 6, 7, 8, 9, are, g0I, 477, 602, 699,
748, 845, 903, 9545 thele are the numbers that
are to be taken from the {cale of equal parts, and laid

¥ From Mr. Edmund Guniers the Inventor : Aftrone-
my-Profeflor in Grefbam College, Anno 1624.
down
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down in each interval, obferving thar the extent for
each is to be applied from the begianing of the in-
tervals.

3- THE diftances exprefling the logs. of the
numbers between 10 & 20, 20 & 30, 30 & 40,
40 & 50, 50 & 6o, 60 & 70, 70 & 80, B0 & go,
9¢c & 10g, (rejecting the indices) are allo to betaken
from tne fcale of equal parts, and laid on the log.
fcale, in each of the primary intervals, between the
matks 1 & 2, 28 3, 3& 4, 4 &5, 586, 6 &
75 78& 8, 8& g, g & 10, refpedtively; reckoning
cach diftance from the beginning of its refpettive
primary interval.

4. Tur laft fubdivifions of the fecond primary
interval are to be divided into others, as many as the
fcale will admit of, which is done by laying down the
logarithms of fuch intermediate divifions, as it fhall
be thought proper to introduce.

V. The Scale of Logarithm Sines,

1. From the feale of equal parts, take the diftances
exprefled by the arithmetical complements * of the
]Ogﬂ.fi[hmif fines, (or the fecants of the C(Jl‘l‘lj)]t‘i nents)
of 8o, 70, 60, 50, 40, 30, 20, 10, degrees re-
fpe&tively 5 rejecting the indices; and thefe diftances,
lay on the fcale of log. fines, reckoning each frem the
mark intended to exprefs go degrees.

Trus. To the fines of 8%, 70°, 637, 50%, 40° 30,
. 20°% 10°% the three firft figures of the arithmetical
complements of their logarithms, are, ooy, 026,
o063, 115, 192, 301, 466, 760; thefe are the num-
bers to be taken from the fcale of equal parts, ufed for

* By the arithmetical complement of any {ine, tangent,
&, is meant the remainder, when that fine, tangent, e, is
fubftradted from radius, or 10,000000, &,

2 laying
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laying down the logarithms of numbers, and every
extent of the compafies is to be laid from the right
hand towards the left, beginning at the point chofe
for 9o, which ufually ftands directly under the end
of the line of numbers.

2. In the fame manner, lay off the degrees under
103 and alfo, the degrees intermediate to thofe of
10, 20, 30, &Fc.

3. Lay down as many of the multiples of 5 mi-
nutes, as may conveniently fall within the limits of
thofe degrees which will admit of fuch fubdivifions of
mninutes.

V1. The Scale of Logarithmic Tangents.

1. Tais fcale, as far as 45 degrees, is conftructed,
in every particular, like that of the log. fines; ufing
the arithmetical complements of the log. tangents.

2. THE degrees above 45, are to be counted backe-
wards on the fcale: Thus 40 on the fcale, reprefents
both 40 degrees, and 50 degrees ; 30 on the cale, re-
prefents both go degrees, and 6o degrees; and the
tike of the other mark’d degrees, and alfo of their
intermediate ones.

VIL. Tke Logarithmic verfed Sines.

1. From the fcale of equal parts, take the arith-
metical complements of the logarithm co-fines, (or
the fecants of the complements) of 5, 10, 15, 20, 25,
30, 35, 40, &F¢. degrees; (rejecling the indices,) and
the double of thefe diftances, refpectively, laid on the
feale (intended) for the log. verfed fines, will give the
divifions expreﬂing 10, 20, 30, 40, 50, 60, 70, 80,
£5%. degrees ; to as many as the length of the fcale
will take in.

2. Berween every diftance,of 10 degrees, intro-
duce as’' many degrees, 5 degrees; I degreessy + de-

rees, e, as the intervals will admit. THE
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Tue fcales of the logarithms of numbers, fines,
verfed fines, and tangents, thould have one common
termination to one end of each fcale; that is, the 10
on the numbeys, the go on the fines, the o on the
verfed fines, and the 45 on the tangents, thould be
oppolite to each other : The other end of each of the
cales of fines, verfed fines, and tangents, will run out
beyond the beginning (mark’d 1) of the numbers ;
nearly oppofite to which, will be the divifions repre-
fenting 35 minutes on the fines and tangents, and
1681 degrees, on the verfed fines.

S 216206 D538 S5 50 21535 B 30 SIS 0

Secr. XI,
Of the Conflruction of the Double Scales,

1. Of the Line of Lines.

THIS is only a fcale of equal parts, whofe length
is adapted to that of the legs of the fector :
Thus in the fix inch fetor, the length is about 53
inches.

Tue length of this feale s divided into 10 primary
divifions; each of thefe into 10 equal {fecondary parts ;
and each fecondary divifion, into 4 equal parts.

Hexce on any fector it will be eafy to try if this
line is accurately divided : Thus. Take between the
Compafies any number of equal parts from this line,
and apply that diftance to all the parts of the line;
and if the fame number of divifions are contained be-
tween the points of the compafles in every applicati-
on, the feale may be received as perfect.

D3 IL. OF
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 § [ Of the Line qf Sines.

1. Maxe the whole length of this fcale, equal to
that of the line of lines.

2. Frow the fcale.of the line of lines, take off fe-
verally, the parts exprefied by the numbers in the
tables (fuppofe Skerwin's) of the natural fines, corre-
fponding to the degrees, of to the degrees and mi-
putes, intended to be laid on the feale.

3. Lay down thefe diftances feverally on the {cale,
beginning from the center; and this will exprefs a
{cale of natural fines,

Exam. To lay down 35° 155 whofe natural fine
found in the tables is 57714, ©e.

Tage this number as accurately as may be, from
the linz of lines. counting from the center ; and this
diftance will reach from the beginning of the fines, at
the center of the inftrument, to the divifion expreffing
35° 15'; and fo of the reft.

In fcales of this length, it is cuftomary to lay down
divifions, exprefling every 15 minutes, from © de-
grees to 6o degrees 3 between 6o and 80 degrees,
cvery half degree is exprefled ; then every degree to
853 and the next, is go degrees.

1. Of the Scale of Tangents.

Tue length of this fcale is equal to that of the line
of lines, and the feveral divifions thereon (to 45 de-
grees) are laid down from the tables and line of lines,
in the fame manner as has been defcribed in the
fines; obferving to ufe the natural tangents in the
tables,

V. of
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IV. Of the Scale of upper Tangents.
Tris Icale is to be laid down, by taking X of fuch

of the natura] tabular tangents above 45 degrees, as
are intended to be put on the fcale.

ALTHOUGH the pofition of this fcale on the fe@or
refpects the center of the inftrument, yet its begin-
ning, at 45 degrees, is diftant from the center, - of
the length or radius of the lower tangents.

V. Of the Scale of Secants.

Tre diftance of the beginning of this fcale, from
the center, and the manner of laying it down, is juft
the {ame as that of the upper tangents 3 only in this,
the tabular fecants are to be ufed.

VI. Of the Scale of Chords.

1. Maxke the length of this {cale, equal to that of
the fines; and let the divifions to be laid down, ex-
prefs every 15 minutes from o degrees to 6o de-
grees.

2. Taxe the length of the fine of half the degrees
and minutes, for every divifion to be laid down, (as
before directed in the lcale of fines ;) and twice this
length, counted from the center, will give the divifi-
ons required,

Tuus, twice the length of the fine 18° 14, will
give the chord of 36° 30; and in the fame manner
for the reft.

VIL. Of the Scale of Polygons.

Tris fcale ufnally takes in the fides of the poly-
gons from 6 to 12 fides inclufive : The divifions are
laid down, by taking the lengths of the chords of

4 the
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the angles at the center of each polygons and thefe
diftances are laid from the center of the inftrument.

Bur it is beft to have the polygons of 4 and 5 fides
alfo introduced 5 and then this line is conftruéted from
a {cale of chords, where the length of go degrees is
equal to that of 6o degrees of the double fcale of
chords on the feétor.

Ix the place of fome of the double fcales here de-
{cribed, there are found other fcales on the old feétors,
and alfo on fome of the modern Fremech ones, fuch
as, fcales of fuperficies, of {olids, of infcribed bodies,
of metals, &Fe.  But thefe feem to be juftly left out
en the fectors, as now conftruéted, to make room for
others of more general ufe : However, thefe fcales,
and fome others, of ufe in gunnery, fhall hereafter
be defcribed in a tract on the ufe of the gunners
callipers.

FORCRRCRCR R RURORCEGARGRORCACRG O

SecT. XII
Of the Ufes of the Double Scale.

N the following account of the ufes, as there will

frequently occur the terms lateral diftamce, and

tranfverfe diffance; it will be proper to explain what
is meant by thofe terms.

Lateral diftance, is a diftance taken by the compafles
on one of the {cales only, beginning at the center of
the {ector.

Tranfoerfe diffance, is the diftance taken between
any two correfponding divifions of the fcales of the
fame name, the legs of the feftor being in an an-
gular pofition : That is, one foot of the compafies is
fe 00 a divifion in a fcale on one leg of the fector,
and the other foot is extended to the like divifion in
the
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the feale of the fame name on the other leg of the
fector.

It muft be obferved, that each of the fetoral feales
have three parallel lines, acrofs which the divifions of
the feale are marked : Now in taking tranfverfe dift
tances, the points of the compafies muft be always fet
on the infide line, or that line next the inner edge of
the leg; for this line only in each feale runs to the
center,

Some Ules of the Line of Lines.

PROBLEM X

To two given lines AB—2, BC—=6; to Jind a third
Proportiongl. Plate VL. Fig. 20.

Orznarion. 1. Take between the compafles, the
lateral diftance of the fecond term, (wiz. 6.)

2. ST one point on the divifion exprefling the
firft term (viz. 2.) on one leg, and open the legs of
the fector till the other point will fall on the corre-
fponding divifion on the other leg,

3. Keep the legs of the fetor in this pofition ;
take the tranfverfe diftance of the {econd term, (viz.
6.) and this diftance is the third term required.

4. Twuis diftance meafured laterally, beginning
from the center, will give (18) the number exprefs-
ing the meafure of the third term: For2 : 6:: 6: 18.

Or, Take the diftance 2 laterally, and apply it
tranfverfely to 6 and 6 (the fetor being properly
opened), then the tranfverfe diftance at 2 and 2 being
taken with the compafies and applied laterally from
the center of the fe¢tor on the feale of lines, will give
,065 = 3, the third term when the proportion is
decreafing: For 6:2::2 : 2,

Nete, If the legs of the fector will not open fo far
as to let the latera] diftance of the fecond term fall
between the divifions exprefling the firft term; then

take
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take *, %, 4, or any aliquot part of the fecond tern,
(fuch as will conveniently fall within the opening of the
{eftor) and make fuch pare, the tranfverfe diftance of
the firft term; then if the tranfverfe diftance of the
fecond term be multiplied by the denominator of the
part taken of the fecond term, the product will give
the third term.

PROBLEM XL
Ty three given lines AB = 3, BC=#, CD=103
to find a fourth proportional. late V1. Fig. 21.

OrerATION. Open the legs of the fetor, until the
tranfver(e diftance of the firft term, (3) be equal to
the lateral diftance of the fecond term, (7) or to fome
part thereof s then will the tranfverfe diftance of the
third term, (10) give the fourth term, (23%) required ;
or, fuch a fubmultiple thereof as was taken of the
fecond term: For g : 7 31 10: 233

Or, Set the lateral diftance 7 traniverfely from 10
10 10 (opening the fedtor properly)s then the trant.
verfe diftance at 3 and g taken and applied laterally,
will give 2+%: For 1017 113 & 25%:

Frou this problem is readily deduced, how to in-
creafe or diminith a given line, in any affigned pro-
portion.

Exam. To diminifb a line of 4 inches, in the pros
poriion of 8 1o 7.

I. Orex the {e@or until the tranfverfe diftance of
8 and 8, be equal to the lateral diftance of 7.

2. Marg the point to where 4 inches will reach,
a5 2 lateral diffance taken from the center.

5. THE tranfverfe diftance, taken at chat point; will
be the line 1“fq1.1ir€ﬂ.

Ir the given line, fuppofe 12 inches, fhould be too
long for the legs of the fector, take L, or %, Or 4,
(e, part of the given line tor the lateral diftances;

2 and
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and the correfponding tranfverfe diftance, taken twice,
or thrice, or four times, &, will be the line required.

PROBLEM XIL

To open the [ecior fo, that the twa feales of lines fhall
make a right angle.

Orrratron. Take the lateral diftance from the
center to the divifion marked 5 between the points of
the compafles, and {et one foot on the divifion mark-
ed 4 on one of the {cales of lines, and open the legs
of the fector till the other foot falls on the divifiod
marked 3 on the other fcale of lines, and then will
thofe fcales ftand at right angles to one another.

For the lines 3, 4, 5, or any of their multiples,
conftitute a right angle triangle.

PROBLEM XIII
To tawo right lines given, to find a mean proportional.
Suppofe the lines 40 and go.
OreraTion. 1ft. Set the two fcales of lines at right
angles to one another.
2d. Finp the half fum of the given lines (= 90""'_2_4“
= 65); alfo find the half difference of thofe lines

GO—40

Yo 2
\

Sl

3d. Take, with the compafies, the lateral diftance
of the half fum (65), and apply one foot to the half
difference (25), the other foot tranfverfely will reach
to (60) the mean proportional required : For 40 : 60
+: 0o ¢ go,

PROBLEM
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PROBLEM XIV.

To divide a given line into any propofed number of
equal parts = (fuppofe 9).

Maxke the length of the given line, or fome known
part thereof, a tranfverfe diftance to g and g : Then
will the tranfverfe diftance of 1 and 1, be the ¥ part
thereof ; or fuch a fubmultiple of the ¥ part, as was
taken of the given line.

Ox the * part, will be the difference between the
given line, and the tranfverfe diftance of § and 8.

‘T'uE latter of thefe methods is to be preferred when
the part required falls near the center of the inftru-
ment. ;

To this problem may be referred the metbod of making
a feale of a given length, to contain a given number of
equal parts.

TrE praétice of this is very ufeful to thofe who have
occafion to take copies of furveys of lands ; draughts
of buildings, whether civil or military; and in every
other cafe, where drawings are to be made to bear
a given proportion to the things they reprefent.

Exam. Suppofe the [rale to the map of a furvey is
6 fiches long, and contains 140 poless required to open
the [eftor fo, that a correfponding [cale may be taken
from the line of lines.

SoruTion., Make the tranfverfe diftance 7 and 7
(or 70 and 70, viz. 2£2) equal to three inches (= Z);
and this pofition of the line of lines will produce the

given {cale.

If it was required to make a feale of 140 poles, and
1o be only twe inckes long.

SoLurion. Make the tranfverfe diftance of 7 and 7
equal to one inch, and the fcale is made.

Exam,
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Exaw. II. 90 make a feale of 7 inches long contain
180 fathoms.

SoLuTioN. Make the tranfverfe diftance of ¢ and
9 equal to 3% inches, and the fcale is made.

Exawm. I, To make a feale which [ball exprefs 286
yardsy and be 18 inches long.

SoLuTion. Make the % of 18 inches (or 6 inches)
a tranfverfe diftance to the + of 286 (= 95%) and
the fcale is made.

Or, Make the + of 18 inches (= 4 inches) a
tranfverfe diftance to § of 286 (= 71%), and the fcale
is made.

Exawm. IV. Tp divide a given line (fuppofe of 5 inches)
into any affigned proportion (as of 4 1o 5).

SoLution. Take (5 inches) the length of the given
line, between the compafles, and make this a tranf-
verfe diftance to (g and g) the fum of the propofed
parts; then the tranfverfe diftances of the afligned
numbers (4 and 5) will be the parts required.

PROBLEM XV

The ufe of the line of lints in drawing the orders of
Civil Arcbitesiure.

In this place it is intended to give fo much of Ar-
chitecture as may enable a beginner to draw any one
of the orders; but that the following precepts may
be rightly underftood, it will be proper to explain a
few of the terms.

DEerinITIONS.

1. ArRCHITecTURE is the art of building well ;
and has for its objeét the Convenience, Strength, and
Beauty of the building.

2 2. Or~
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2. OrDER in Architetture, is generally underftcod
as Ornament, and confifts of three grand parts,
namely 3

3. Tue EnTasrature, which reprefents, or is,
the weight to be fupported.

4. Tue CoLumy, that which {upports any weight.

o

5. Tur PepestatL or foot whereon the Column is
fet for its better fecurity.

Eacu of thefe parts confifts alfo of three parts.

6. Tuz Pedefial is compofed of a Base, or lower
part, a Drz, and a Cornice, or upper part.

7. Tue Columm is made up of a Base, 2 Smarr,
which is a middle part, and a CariTaL, the upper
part.

8. Tue Entablature confifts of an ArcarTrave,
or lower part, a FreezE, the middle part, and 4
CorNicE, the upper part.

So that an Order may be faid to confift of nine large
parts, each of which is made up of fmaller parts
called Members; whereof fome are Plaze, fome Cyp-
ved, either convex or concave, Or CONVeEXo-concave.

Prane members of different magnitude have dif-
ferent names.

g. A FruieT or /i is the leaft plane or flat mem-
ber.

10. A PrinTH is that flat member at the bottom
of the Pedeftal, or of the bafe of the Column.

11. A PLaTeBanD, that at the top of the Pedeital,
or the upper member of the Architrave in the En-
tablature.

12. Ax Aracus, that at the top of the capital.

13. Tur Faciz or faces are flat members in the
Architrave,

14. Tue Corona is a large flat member in the
Cornice.

Tre Convex members are,

15. Ax Astracarn of a fmall femicircular con-

vexity.

16. Tug
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16. A FusaroLE when an Aftragal is cut into parts
like beads.

17. A Torus a large femicircular convexity.

18. Ax Ovora pearly of a quadrantal convexity,

Tue Concave members are,

19. A Caverro nearly of a quadrantal concavity.

20. A Scorie of a concavity nearly femicircular.

Tre Convexo-Concave ‘members are a Cymaife
and a Cima.

21. A Cymarse or Ove, that whol2 convex part
projects moft; and by workmen is ufually called an
OgcEe.

22. A Cima that whofe concave part projeéts moft.

23. SorrrT is the under part of the Crown of an
Arch, or of the Corona of an Entablature.

24. Tricripus (7. e. three channels) is an Orna-
ment in the Freeze of the Doric Order.

25. MEeTops (7. e. between three’s) is the fpace of
the Freeze between two Trigliphs.

26. Mopirions, or MuruLes, are the brackets
or ends of beams fupporting the Corona. In the
Corinthian- Order they are generally carved into a

‘kind of Scrol.

27. DEwTELS are an Ornament looking fomewhat
like a row of testh; and are placed in the Cornice of
the Enrablature.

It is cuftomary among Archite&ts to eftimate the
heights and projeclions of all the parts of every order
by the diameter of the column at the bottom of the
fhaft, which they call a medule; and {uppofe it to
confift of 6o equal parts, which are called minutes.

Of the Tuscax ORDER.

THis order, which fome writers liken to a firong
robuft labouring man, is the moft fimple and una-
dorned of any of the orders: The places moft re-
commended to ule it in, are country farm-houfes,

ftables,
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ftables, gateways toinns, and places where plainnefs
and ftrength are reckoned moft neceffary : Though
there are inftances where this order has been applied
to buildings of a more public and elegant nature.

Tre general proportions affigned by Palladio.

1. Hereur of the column equal to feven diame-
ters, or modules.

2. Hzicur of the entablature equal to ene fourth
of the column, wanting half a minute,

3. Heicnr of the pedeftal equal to one module.

4. Tne capita] and bafe, each half a module.

5. BreapTH of the bafe on a level is 33 module.

6. BreapTh of the capital equal to one module.

7. DiMinisuine of the column is I module,

8. Projection of the beams fupporting the eaves
is 13 modules.

9. In colonades, the diftance of the columns in the
clear is 4 modules.

10. In arches, and the columns fet on pedeftals,
The diftance of the columns from middle to
middle is 6% modules.
Height of the arch is 75 modules.
Breadth of the pilafter between the column and
paffage is 26 minutes.

Tuz ovolo under the corona, in the cornice of the
entablature, is commonly continued within the coro-
na, giving it a reverfe bending in the {offit, fomething
like a cyma.

Of the Doric ORDER.

Tuis order, fuppofed to be invented by Dorus a
king of Achaia, may be likened to a well limbed gen-
teel man; and although of a bold afpeét, yet not fo
fturdy and rufticly clad as the Tufcan. Architeéts
place this order indifferently in towns : But when they
would decorate a country feat with it, the open cham-
paign [ituation feems beft for the- reception of the
Doric
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Doric order ; notwithftanding which, there are many
fine buildings of this order in other fituations, where
they have a very pleafling effect.
Tue following general proportions are given by
Palladio,
1. Hercur of the column from 7+ to 8, and 8=
modules,
2. Hrigur of the entablature is one fourth of the
column.
3. Heigar of the pedeftal equal to 2% modules.
4. THE Attic bafe is ufed with this order, it is
half a module in heéight, and fo is the capital.
5. BrEADTH of the column’s bafe is 1+ module.
6. Breapru of the capital is 1 module 17+ mi-
nutes,
7. Diminisuing of the column is 8 minutes.
8. I~ colonades, the diftance of the columns in the
clear is 22 modules.
9. In arches, and the column fet on pedeftals,
Diftance of the columns from middle to mid-
dle is ¥+ modules,
Height of the arch to its foffit is 10+ modules.
Breadth of the pilafters is 26 minutes,
Ix the Doric order the architrave has two faces and
a plinth ; the upper face is ornamented with rows of
fix drips or bells, covered with a plain cap : The
freeze is divided into trigliphs and metops : The
breadths of the drips, cap and trigliphs are each £
module : The trigliphs confift of two channpels, twa
half channels, and three voids; the breadths of the
chanaels and voids are each 5 minutes: The axis of
the column continued, runs through the middle void,
leaving the drips three on each fide: The metops, or
diftances between the trigliphs, are equal to the height
of the freeze, and are commonly ornamented with
trophies, arms, rofes, &

E | Hers
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Hzre follows a table for the particular conftruction
of the ornaments with which the architrave and freeze
are enriched.

] Altitude. |Projection| Profile.

Min. Min. Min.

Capital 5 16 3
Freeze 45 — <5
Trigliphs] 40 i5 s
Plinth 4% 16 3
Cap ir 15 2
Drips % 15 2

Tax column figned altitude gives the heights of the
particular parts. i

Tuat figned projection fhews the breadths of
thofe parts on cach fide of the middle line «of the
column continued.

Anp under the word profile ftand the numbers
fhewing how far the feveral parts project beyond the
planes or faces of the members on which they are
made.

Tue foffit of the corona in the cornice of the enta-
blature, is ufually ornamented with drips correfpond-
ing to the trigliphs, and rofes, arms, &e. over the
metops.

Ttz {haft of the column is fometimes fluted 3 that
is, .cut into channels from top to bottom, the chan-
nels meeting one another in an edge, and are in num-

ber twenty.

0/3 the lonic ORDER.

Ta1s order, which is taller and {lenderer than the
Doric, does not appear with fuch a mafculine ftrengths
and
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and is by {fome writers compared to the figure of a
grave matron. The Jozians who invented this order,
applied it chiefly to decorate their temples :  But
when applied to the ornamenting a country palace,
the rich and extended vale feems a proper fite :
Worlcmen indeed ufe it indifferently in every place,

Paliadip gives to the Ionic order the following ge.
neral proportions:

I. Heicur of the column to be o modules.

2. Tae altitude of the entablature is equal to *
that of the column, and divided for the architrave,
freeze, and cornice, in the proportion of ds 3y B¢

3+ THe height of the pedeftal equal to 2 modules
37z minutes 3 or %, of the column,

4. Heicur of the bafe + module; its breadth 1 mo-
dule 22% minutes.

5. HEeicuT of the capital and volute is 312 mi-
nutes, and the breadth of its abaco is 1 module 3%
minutes.

6. DimiNurion of the colwmn is 74 minutes.

7- In colonades, the diftance of the columns in
the clear is 22 modules.

8. In arches, and the columns fet on pedeftals,

Diftance of the columns from middle to mid-
dle is 7.%; modules.

Height of the arch to its foffit is 13 modules.

Breadth of the pilafters is 26F minutes, between
the column and arch. ‘

Tue diftance of the modilions in the entablature
Is 22 minutes, and the breadth of each modilion s
10 minutes; the axis of the column produced always
pafles through the middle of a modilion, which in this
order is a.plain block reprefenting the end of a beam.
The three moft elegantremains of the ancient fonicorder
in Rome have their cornice orpamented with dentels
inftead of modilions ; and it is the opinion of fome,
eminent for their tafte in Archite@ure, that in this
order dentels would have a better effect than modili-

E 2 \ ons
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ons ; the heichts of thefe dentels were ufually twice
their breadth, and their diftances half their breadth.

The freeze of this order is ufually made {welling,
and is formed by the fegment of a circle, whofe chord
is parallel to the axis of the column, apd the fwell-
ing projecting as far as the plateband of the archi-
trave.

Tae volutes of the capital are now made to projet
in the dire@tions of the diagonals of the fquare cap,
or abaco, over the volutes, {o that their drawing
{hould be exprefied like the volutes in the Roman
order : They are much better drawn by an eafy hand,
than by any rules for deferibing them with the com-
pafies, oblerving the limits of their altitude and pro-
je€tion : But the volutes in the ancient examples of
this order were curled in a plane parallel to the ar-
chitrave. Thefe volutes are fuppofed to reprefent the

laited treffes in which the Grecian women ufed to
drefs their hair.

Tus {haft of the column is fometimes fluted, leav-
ing a filler or lift between each channel : In this order
there are 24 flutes and fllets.

Of the CorinTHIAN ORDER,

Tws order, the moft elegant of all, is by fome
compared to a very fine woman clad in a wanton
fumptuous habic: It was invented at Corinth, and
foon fpread into other places to adorn their public
buildings. = A proper rural fituation for this order,
feems to be a fpot commanding a rich and beautiful
Ps'ol'pcft in a fine watered vale.

THE gene al proportions afligned by Palladio are 5

1. Taz height of the column to be g3 modules.

». Heicur of the entablature equal to % that of
the column ; the architrave, freeze and cornice to be
in the proportion of 4, 2, 53 and the projection of
the cornice equal to its height.

3. Heigar
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3. Heieur of the pedeftal equal to } of the co-
lumn.

4. TuE height of the capital to be 13 module; of
which the abaco is £ of a moduley its horns projeét-
ing over the bottom of the column ¢ of a module.

5. Tue height of the bafe equal to 3 module; and
its greateft breadth to be one module and a fifth.

6. Tuz diminution of the column to be § minutes,

7. In colonades, the intercolumniation is 2 mo-
dules.

8. In arches, and the columns fet on pedefials,

The diftance of the columns, from middle to
middle, to be 65 modules.

Height of the arch equal to 11 modules.

Breadth of the pilafter, between the column and
fides of the pafiage, to be 27 minutes.

I this order, the fhaft is frequently cut into 24
flutes, which are feparated from one another by as
many fillets.

Tue capital is compofed of three tiers of leaves,
cight leaves in a tier, with their ftalks or fcrols, en-
circling the body of the capital, which reprefents a
bafket, whofe bottom is juft as broad as the diameter
of the top of the column within the channels: The
ornaments of this capital are beft done by hand, with-
out rule or compals, obferving the proper altitudes
and projections of the parts.

TrEe architrave confifts of three facies, three fu-
faroles, an ogee, and a plateband ; the firft, or lower
faciz projetts the fame as the top of the {haft.

Tre freeze, which projeéts the fame as the top of
the fhaft, has its lower part turned into a kind of
cavetto, terminating with the extremity of the plate-
band of the architrave.

Tue breadths of the dentels are 37 minutes, and
their diftance 12 minutes.

Tue breadths of the modilions are 111 minutes,
and their diftance in the clear 235 minutes.

| D THE
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Tz middle of a dentel thould be under the mid-
dle of a modilion, and the axis of the column pafles
through the middles of both dentel and modilion.

Of the ComposiTE ORDER.

T'uis order (the poor invention of the Romans, and
therefore frequently called the Roman order), is ufu-
ally compofed of the Cerinthian and lonic; the lonic
capital being fer over the two lower rows of leaves in
the Corinthian capital.

Palladio gives us the following general proportions.

1. Tue height of the column to be 1o modules.

2. Tue height of the entablature equal to + of the
column ; the architrave, freeze, and cornice, in the
proportion of 4, 3, 5 the freeze fwelling like that of
the Ionic.

3. Hereut of the pedeftal to be % of the column,

4. Herenr of the capital equal to 1% module s of
which the abaco is £ module, its horns prejedting
from the center of the column 1 module.

5. Heicar of the bafe 317 minutes, and its great-
eft breadth 1% modules.

6. Dmminurion of the column equal to 8 minutes,

7. In colonades, the intercolumniation is 1% mo-
dules.

8, In arches, and the columns fet on pedeftals,

Diftance of the columns from middle to middle
is 74 modules.

Height of the arch equal to 12+ modules: In
the clear, the height is to the {pan as £ to 2.
The breadth of the pilafters between the column

and arch is 1% modules, or 42 minutes.

Ix this order the fhaft, if fAuted, is to have 24
channels and 24 fillets, one between each two futes.

THEe volutes of the capital are angular, to have the
fame appearances on every fide, and they are drawn
like thole in the Igpic,

Thx
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Trar modilions in this order are worked into two
faces, with an ogee between them; the breadth of the
lower face g} minutes, that of the upper 12%; the
diftance of two modilions at the upper faces is 20 mi-
nutes, and at the lower faces 23 minutes ; the axis of

the column pafiing through the middle of a modi-
lion.

To draw the Mouldings in Archite&ure.

"TuE terminations or ends of flat members, are right
lines,

Tre aftragal, fufarole, and torus, are terminated
by a femicircle.

To deferibe the Torus. Fig. 1. Plate 1.
On as, its breadth, defcribe a femicircle.

To make an Ovolo, whofe breadth is az. F ig. 2.

MAKE ac = 2 or £ of a8, and draw cz.

Make the angle cep equal to the angle Bep,

Tren the interfe@tion of Bp with ca will give n
the center of the are Be.

Or, Defcribe on sc an equilateral triangle ; and
make the vertex the center.

Tuz former of thefe methods is the moft graceful.

To make a Cavette, whof¢ breadth is as. TFig. 3.

MakE ac = % or 1 of aB; draw ec, and produce
the bottom line towards .

Maxkz an angle sep equal to the angle esp.

TueN p, the interfection of cp with sp, is the cen-
ter {fought.

Ogr, On sc deferibe an equilateral triangle, and the
vertex will be the center.

To make a Scotia, whofe breadth is ap. F ig 4e
MAaKE aF equal to + of as.

E 4 - On
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On  aF defcribe the fquare ac, and on Br defcribé
the fquare Bp.

THeN ¢ is the center of the arc rr, and » the
center of the arc ra.

To make a Cima, whofe breadth is an.  Fig: 5.

Makz ac equal to about % of aB.

Draw the right line cs, which bifeét in b.

On cp and pB, make ifolceles triangles, whofe legs
bE, DF, may be cach £ of the bafe cp, pr; and the
vertexes £ and F will be the centers of the arcs cpy
DB.

Or, The centers of the arcs cp, ps, may be found
by dcferibing equilateral triangles on the right lines
€D, DB,

To make a Cymaife, or Ogee, wkhofe breadth is aB.
Fig. o.

Maxke ac equal to about % of ae.

Draw the right line cg, which bifect in p.

THroOUGH D draw the right line ¥, {o, that the an-
gle cpe may be equal to the angle pek ; meeting the
upper and lower lines in & and r.

Tren & is the center of the arc cp, and r the cen-
ter of the arc pa.

To defiribe the curve joining the fhaft of a column with
its upper or lower fillet, the projeflion of AB being given.
g, a4

Maxe ac equal to twice aB:

Draw cp parallel to ag, and equal to 3 of ac.

THEN D is the center of the arc cs. \

To draw the gradual diminution of a Column. Fig. 8.

Draw the axis a3 of the intended length of the
fhaft; and parallel thereto, at halt a medule diftance,
draw cp; make ce equalito half the proper diminu-
tion, and draw &r parallel to Ba.

MAKE
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Maxe ac equal to one third of an; and fo high is
the fhaft to be parallel to its axis; through ¢ draw ur
at right angles to as.

On n1 defcribe a femicircamference cutting the line
EF in the point 4 ; divide the arc m4 into equal parts
at pleafure, fuppofe 4 ; and through thofe points draw
the lines 11, 22, 33, 44.

Divipe the line o8 into a like number of equal
parts, as at the points @, 4, ¢; and through thefe points
draw lines parallel to 113 making ae =11, bb =22,
fo:== 33»

Tuew a curved line drawn through the extremities
H, @y by ¢, By will limit the gradual diminution re-
quired.

Palladio defcribes another method, which is more
ready in practice.

Lav a thin ruler by the points o, u, B, and the
bending of the ruler will give the gradual diminution
required.

To deferibe the Volute of the Ionic erder. Figs. g, 10.

Tae altitude ae, which is + of a module, or 26%
minutes, is divided into 8 equal parts, v/z. 4 from ¢
to A, and 4 from ¢ to B3 upon cp = 3%, one of thefe
parts, a circle is defcribed, and called the eye of the
volute, which correfponds with the aftragal of the
column.

ParLapro gives the following manner of finding
the 12 centers of the volute, which he difcovered on
an old unfinithed capital. Fig. g.

Witain the eye of the volute inferibe a {quare,
whofe diagonal is ep 3 in this {quare draw the two di-
ameters 13, 24, and thefe four points 1, 2, 3, 4, are
the centers of the arcs a1, 1B, B3, 34, which forms
the firlt revolution.

THE centers of the arcs forming the fecond and
third revolutions are thus found ; fee the eye of the
volute drawn at large. Fig. g.

DivipE
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Dirvipe the radii 01, 02, 03, 04, each into 3 equal
parts, as at the peints z, 6, 7, 8, g, 10, 11, 12, and
thefe will be the centers of the remaining arcs, the
Iaft of which is to coincide with the point ¢, in the
eye.

Gorpman obferving that in this confirulion the
ends and beginnings of the ares were not.at right an-
gles to the fame radii, contrived the following con-
firuftion. See Fig. 10. and its eye drawn at large.

Uron one half of en, deferibe the fquare 1, 2, 3,
43 and draw the lines 02, 03 ; divide o1, o4, each
into 2 equal parts; then lines drawn through thofe
points parallel to r, 2, their interfections with 14,
02, 03, will be centers of the volute.

So the points, ¥, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 12,
will be the centers of the twelve ares which tegether
form the outward eurve of the volute.

In either method, the centers of the inner curve
may be thus found.

TakE 04 equal to ] of or; divide oz into three
equal parts, and thefe divifions will give centers of the
inner curve; the two eyes drawn at large will thew
how the 12 inner centers are found, where they are
diftinguifhed by large points; the 12 centers of the
outward curve being marked by the figures.

In the deferibing of thefe volutes, it will frequently
happen, that the laft quadrant will not fall on its true
rermination, occafiened by the radii of the feveral
quadrants not being exaétly taken by the compafies :
In order to avoid this inaccuracy, at leaft in fome de-
gree, here is fubjoined a table fhewing the length of
each radius, computed from Goldman’s method : But
it may alfo be applied to Palladis’s, the radius of
the largeft quadrant not differing i of a minute,
OF %~ of a module from the truth ; and excepting
the arc deferibed from the firlt center, the reft may be
made quadrants in the fame manner as fhewn in Gold-
men’s method.

AT a-
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A TasLE of the lengths, in minutes, of the feveral
radii of the outward and inner volutes.

N° | Outward T— In parts of 1ft rad,
Rad] Curve. Curve. Outward. |Inward.
85 !60
| 1|2 =14,166 fsé.—_lz,GoA;. 100,000 {88,569
| 4
| 2 %:12,500!%:1 1,146(1 88,235 |78,677
6 6
3 _65'210’8335%: 9,687{] %6,468 168,379
l
3 5_65: 9,166’:%5_—_ 8,229l 64,705 |58,087
70 olo
5|5 = 1177|155 = 1:014|| 54901 49,510
- 160 __ 1870 _
b e 6,666 Ve 6,041{ 47,058 [42,642
30 — 1138 — 5 21 781
= 5:555i 7= 59| 39 5 135]
8 %2 4444 %: 4,097 31,372 {28,920
6 485 _
9 T_g.:: 3:6111 1= 3:368() 25,490 |28,774
35 _ aoc415— 28
10 |23 = 3,03,.144__ 2,882l 21,568 (20,343
45 _ 345
11 [Z5= 2,500 Sika 2,395(1 17,047 |16,906
35 {275 2
12 g = 1,94.4.‘-;-;1: 1,0091| 13,725 |13:475

To ufe this table, a fcale of % of 2 module thould
be made, and divided into 15 minutes, and the ex-
tream divifion decimally divided, whereby the lengths
of the feveral radii may be taken: But as the fector
is an univerfal fcale, there are two other columns add-

ﬁ.ds
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ed, applicable to the fector 3 where the longer radius
14,166 is made a tranfverfe diftance to 10 and 1o,
or 100 and 100, on the line of lines, and alj the other
radii of both curves are proportioned thereto + Now
the centers of the curves being found as thewn in the
eyes of the volute, the feveral radii may be taken from
the {ector, and, the curves more accurately deferibed
than by any other method.

To defcribe. the E‘L"Hs';‘-f-ﬁs".\' and Filles
lumns.  Fig. 11.

In the Deric, the circumference of the column be-
ing divided into 20 equal parts (here the + circumfe-
rence 15 divided into 5, of which ab is ones on ab
deflcribe a fquare, and the center ¢ of that {quare is the
center of the channel or Qute required,

In the lonic, and Corinthian, divide the circumfe-
rence of the column into g4 equal parts (here the 3
circumference is divided into 0}, of which ad is one 3
divide' a into 4 equal parts 3 then ar = 244 is the
breadth’ of the fute, and ed — +ad is the breadth of
the fllet.

Tur flutes are femicircles defcribed on the chords
of their arcs i the column,

~;

- 14
5 i channelled co-

In the three following tables are contained the
heightsjand projections of the-parts of each order, ac-

Cording to the proportions given by Palladiy ; ‘the
orders of this archite@ were chofen, becanfe the
Englifb, at prefent, “are'more fond of copying his pro-
dudtions, than thofe of any other architeét,

Tue firft table ferves' for the pedeftal,” the fecond
for the column, and the third for the entablature; of
each order. Each divided into feven principal
columns: In the firft, begir ung at the left hand, is
contained the names of the primary divilions; in the
fecond thofe of the feveral divifions and members in
the orders;. and the othes five, titled with Tufian,

e
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Dovic, Ionic, Corinthian, Riman, contain the numbers
expreffing the altitudes, and projections taken from
the axis, or middle of the column, of the feveral
members belonging to their correfponding orders.

Trz column containing each order, is divided, firft
into two other columns, one fhewing the altitudes,
and figned Alt. and the other, the projettions, and
figned Proj.  Each of thefe is alfo divided into two
other columns, one containing modules, and marked
Mo. and the other, the minutes and parts, and mark-
ed Mi.

Unper the table of the pedeftal there is another
table, fhewing the general proportions for the heights
of the orders.

I each of the orders of architecture, the height of
the order, and the diameter of the column, have a
conftant relation to one another. )

TuererorE, if the diameter of the column be
given, the height of the order is given alfo: And hav-
ing determined by what fcale the order is to be drawn,
fuch as + inch, 1 inch, 2 inches, &¢. to a foot or
yard, &% Take from fuch fcale, the part or parts
expreffing the diameter of the column, and make this
extent a tran{verfe diftance to 6 and 6 (7. ¢. 60 and 60)
on the feales of lines, and the feétor will be opened
{o, that the feveral proportions of the order may be
taken from it.

Exam. Suppofe the diameter of @ column is to be 18
inchesy and the drawing of the order is to be delincated
from a feale of an inch to a foot : that is, the diameter

of the column in the drawing is to be an inch and balf.

Maks the tranfverfe ditance of 6 and 6, on the
fcales of lines, equal to i3 inch, and the fector is
fitted for the fcale.

Ir the height of the order is given, divide this
height, by the height of the order in the table ; and
the quotient will be the diameter of the column.

 § Exawm,
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Exam. What muft be the diameter of the column in
the lonic order, when the whole beight of the order is
fied at 18 feet G inches.

Tue height of the order in the table is 13 mo.

29% mi. = 13.2._%’52.5. = 13,4875 modules: And 18 f.

6 in. = 18,5 feet. T herefore I%Ii,gsys = 1,3709 feet

= 1 f. 4% inches nearly : And the feétor may be fitted
to this, as before directed, according to the intended
fize of the draught.

To delineate an Order by thefe Tables.

Havine determined the diameter of the column ag
bottom, and fet the fe€or to the intended fcale, draw
a line to reprefent the axis or middle of the order.

Onw this line, lay the parts for the heights of the
pedeftal, column, and entablature, taken from the
table of general proportions.

Witain each of thefe parts refpectively, lay the
feveral altitudes taken from the tables of particulars,
under the word Alt. Through each of the points
marked on the axis, draw lines perpendicular to the
axis, or draw one line perpendicular, and the others

arallel thereto.

On the lines drawn perpendicular to the axis, lay
the projections correfponding to the refpective alti-
tudes ; thefe projections are to be laid on both fides
of the axis, for the pedeftal and column; and only
on one {ide, for the entablature, join the extremities
of the projections with fuch lines as -are proper to ex-
prefs the relpective mouldings and parts: And the
order, exclufive of its ornaments, will be delineated.

As the altitudes of many of the parts are very fmall,
it will not be convenient, if poffible, to take from the
fcale of lines, fuch fmall parts alone; therefore it may
be
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be beft to proceed as in the following example of the
Tonic order.

To conftitiil the Pedefial. Plate 1L

In the line ap, which reprefents the axis of the
order, take the bale a2z = 421 min., the die 2d —
1 mod. ¥ g5 min.; and the capital 4o = 222 min.
Then to draw the fmall members in the bafe and
cornice, proceed thus.

To the minutes in the bafe, 425, add fome even
number of minutes, fuppofe 30 = a8, and the fum
72+ is-equal to az; then compofe a table, fuch as'the
following one, wherein the alt. of the plinth is fub-
traced out of the No. 725 5 then the torus out of this
remainder; then the cyma out of this remainder ;
then the fillet out of this; and laftly, the cavetto out
of this remainder. Thus, Min.

Bafe with go minutes . . ., . ... ... 725
This lefs by the plinth, 28%, remains : . . 44
This lefs by the torus, 4, remains . . . 40
This lefs by the fillet, o2, remains .. 39%
This lefs by the cyma, 5, remains . . . 34
This lefs by the filler, o2, remains . . 33%
This lefs by the cavetto, 3%, remains . . . 30,
the minutes fArft added.

Tuen the feveral numbers in the ‘table ‘may be
taken from the line of lines ‘on the fector, and ap-
plied from B towards a. Fhus,

Make Br — 44, B2 = 40, B3 = 304 Bi =34,
B3 = 331 ; draw lines through thefe points ‘at right
angles to ap, and -on ‘thefe lines lay the refpective
projetions, as fhewn ‘in the general table; then the

proper curvature or figure being drawn at the ex-

tremities of the numbers, the bafe of the pedeftal
will be made.

It will be found moft convenient to lay off the
numbers from the greater-to the lefler ones ; for then
there is only one motion required in the joints of the

com-
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compafles, which is, to bring them clofer and clofer
every diftance laid down.

Anp in the fame manner, for the cornice of the
pedeftal, take a point C, 30 minutes below the core
nice; and tabulate as before.

Cornice with gomin. .+ . .. ... . 533 =¢n

This lefs by the fillet or cap, 2.1, leaves 5CL = ¢r
Dito' s s ave s ogee . 34, ditto 463 — ¢
Ditto < . . . ~corona . . 4% . 425 = €3
DISED oo oo BllBE oo 33000 40 =cq
Ditto . .. . .cyma ., . 5% .. §55.= 05
PBREEOr s vai e w3 fillet . . ., ; S 33+ =cb
Ditto . . . . . cavetto . . 7.4 930 =ed

Tuzse numbers laid from ¢ towards b, gives the
altitudes of the members of the cornice,

In like manner the mouldings about the bafe and
capital are laid down, by taking 30 minutes in the
fhatt both above the bafe and below the capital; hav-
ing firft fet on the axis, the refpedtive heights of the
bafe, fhaft, and capital, :

Thus for tbe Bafe.
Tre bafe 332 min. with 30 added — 631

— 700
This lefs by the plinth 10 min. leaves 533 = gy
Ditto. . . . ., torug 75 e en TRl e go
Ditto . , . . . fillet 1 < o443 =s3
JRED . ot lcatia. 420, . . 4055 = s4
Ditto . . o, . flles o1Z o n 38% =35
DILt0 5 oo v o torus . 53 ., . .., 333 =56
Ditto . .. .. aftragal2 , ., . . 313 wc= 87
Ditto ... . . . filler I% o fing =80 | 2=88,

s8 is here fuppofed to be 30, though the plate is
not high enough to admit 30 minutes to be laid in
the thaft of the column,
For the Capital.
Tuz capital 2% with 30 added, gives 541 — FG
This lefs by the plateband 12, leaves 525
_Dx[l:o......ogec ,.3}...49-}

FI
FZ

This
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This lefs by the rim of volute 14, leaves 475 = T3
PASRORT R, & hollow - 5% ... 42% =F4
Ditals « . e ovolo . . 7% . . . 35 =Fj5
Ditto . <, . - - algagal f gt Slegt3 i F0
875 T P fillet,. . 1% . . . 30 =7F7:

To conftruit the Cornice.
In the axis take cu = 36 for the architrave, Hi =
27 for the freeze, and 1& = 46 for the cornice. Then,

For the paris of the Architrave.
To the freeze 27 add nc 36, gives 63 =16

This lefs by the firft face 6%, leaves 565 =11
Ditto . . . ... fufarole 1% . .. 55% =12
Ditto . . . .« . 2dface.. 8} ... 4655=13
Ditto « . ... . fufarole 2 ... 447:=14
) 777 e S SR gd face 101 . . - 347 =15
Ditto « « o« = « OZEE v+ A% « + 0« 297 =1

L5 e . fillet .+, 2% .. .27 =IH

For the Cornice.
Tothe freeze 27 add the cornice 46, givesy3 =HK

This lefs by the fillet . 2%, leaves 70r=HI
Pimtd = % Sals cima 7 . o BgT=H2
Ditto . . fillec . R
Ditto . . ... ogee .3k ... 59 =H4
Ditto « + « « - corgna B & ¢ % 5t =HE
Ditto . . . ogee i3 .s.48 ==H6
Dt ~= « + 5 - modilion 7% O
110 SR A fAllet 1L 0o gy ERE
Pitig-= v ovdla o 6 L .. 33 —=Hg
1 r oo AR | . AR SRR SR R L
Ditto . . ... cavelto . 5 v . « - . 27 =HIL

Taeyes may be made in like manner for either of
the orders, to be taken from the feétor: The projec-
tions from the axis being all of them large numbers,
they may be taken from the fector eafily enough after
it is fet to the diameter of the column, as before thewn,

A prrTLE refleftion will make this very clear, and

perhaps more fo, than by beftowing more words thereon.
3 ATABLE
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A TasLe, fbewing the Altitudes and Projeétions gf
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THIRD.
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SEcT. XII.
Some Ufes of the Scales of Polygons. Pl. VL

PROBLEM XVI

In a goven circle, whofe diameter is AB, to inferibe a
vegular oflagen.  Fig. 22,

SoLurion. Oven the legs of the fector, till the
tranfverfe diftance of 6 and 6, be equal to aB:
Then will the tranfverfe diftance of § and 8, be
the fide of an oftagon which will be inferibed in
the given circle.

In like manner may any other polygon not exceed-
ing 12 fides, be inferibed in a given circle.

PROBLEM XVIL

On a given live s, to defiribe a regular pentagon.
Fig. 23.

SorLution, 1ft. Make a3 a tranfverfe diftance to
5 and 5.

2d. AT that opening of the fector, take the tranf-
verfe diftance of 6 and 6; and with this radius, on
the points 4, B, as centers, deferibe arcs cutling 1n c.

3d. On c as a center, with the fame radius, de-
feribe a circumference paffing through the points a,
&3 and in this circle may the pentagon, whofe fide is
AB, be infcribed.

By a like procefs may any other polygon, of not
more than 12 fides, be deferibed on a given line,

Tug fcales of chords will folve thefe two problems,
or any other of the like kind : Thus,

{n a civcle whofe diameter is AB, to defcribe a regular

polygon of 24 jides. Fig. 24.
Sorution. ift. Make the diameter as, a tranfverfe
giftance to 6o and 60, on the fcales of chords. .
1 ad.
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2d. DivipE 360 by 245 the quotient gives 15,

3d. Take the tran{verfe diftance of 15 and 15, and
this will be the chord of the 24th part of the circym-
terence.

As there gre great difficulties attending the taking
of divifions accurately from fcales ; therefore in this
problem, where a diftance is to be repeated feveral
times, it will be beft to proceed thus_. . :

Wits the chord of 60 degrees, divide the circum-
ference into fix equal parts.

In every divifion of 60 degrees, lay dqwn, 1ft.The
Chord Qf I5 degrees, 2d. The ChUFd of SO degrees.
3d. The chord of 45 degrees, beginning always at
the fame point.

IF metheds like this be purfued in all fimilar cafes,
the error in taking diftances, will not be multiplied
into any of the divifions following the firft.

S 20 8165 816 Sl DI e 21520 26355052535

SecT, XIV.
Some Ufes of the Scales of Chords.

HE SE double fcales of chords, are more con-

venient than the fingle {cales, fuch as deferibed
on the plain fcale ; for on the fe@or, the radius with
which the arc is to be defcribed, may be of any length
between the tranfverfe diftance of 6o and 60, -when
the legs are clofe, and that of the tranfverfe diftance
of 6o and 60, when the legs are opened as far as the
inftrument will admit of.  But with the chords on the

plain feale, the arc defcribed, muft be always of the
fame radiys,

PROBLEM
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PR OBLEM. XVIL

To protralt, of lay downy a right lined angle, nae,
which foall contain a given number of degrees, P). VL.

Case L. When the degrees given are under 60 : Sup-
pofe 46.  Fig: 25.

ift. At any opening of the fector, take the tranfs
verfe diftance of 60 and 62, (on the chords;) and with
this opening, defcribe an arc we.

ad. Take the tranfverfe diftance of the given de-
grees 46, and lay this diftance on the arc from any
point B, to ¢ 3 marking the extremities 8, c, of the
faid diftance

3d. Fuowm the center 4 of the arc. draw two lines
ac, an, each paffing through one extremity of the
diftance Bc, laid on the arcy and thefe two lines will
contain the angle required.

Case II. When the degrees given are more than 60 :
Suppofe 148.

1ft. Descrine the arc Bc as before.

2d ‘Taxe the tranfverfe diftance of £ or 1, of the
given degrees 148 5 {uppofe + = 495 degrees; lay
this diftance on the arc thrice; viz. from B to g, from
2 to &, from b to b,

3d, From the center a, draw two lines aB, ADj
and the angle sap will contain the degrees required.

When an angle containing lefs than § degrees, fuppaje
31, isio be made, it is moft convenient to proceed thus.

ift. Descrise the arch pe with the chord of 6o
degrees.

2d. From fome point p, lay the chord of 6o de-
grees to ¢ 3 and the chord of 563 degrees (= 60° —
3+") from b to E.

3d. Lives drawn from the center a, througho

and £, will form the angle ace, of 33 degrees. I
F
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Ir the radius of the arc or cir
length 5 then make the tranfver
60, equal to that 5

EstHER of thele fcales of chords, may be ufed

ﬁl“f:’ﬂ?' n f]}': manner directed in the ufe of chords on
the plane fcale.

75
cle is to be of a given
_ fe diftance of 6o and
fligned length.

ROM what has been {zid about the protracting of
an angle to contain 3 given number of degrees, it will
bf{ caly to fee how to find the degrees which are con-
tained in a given angle already laid down:

PROBLEM XIX.

"2’0 delincate the vifual lines of a furvey s by b.gq;g’;gg
given, the bearings and diftances [from each other, of the
Sations terminating thofe vifual lines.

Exas. Suppofe in the field-book of a furvey. the
bearings and diftances of the ftations were exprefled
as follows :

© fignifies Station.
B Bearing,.
D Diftance.

® e o e oo o B b e

*s0' D 1080 links.

RettlrntoD314i:1®?_ 51010 O 5.

D
1_) Sqom ‘3'?'
D 665 culting

OO REO OO0
O o~y UL WD 9 M

ReturntoD ~ o0
¢urntoD 700in 4.

Returnto @ 10,
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Tre bearings are counted from the North, Faft-
ward. Theretore all the bearings under go degrees,
fall between the N. and E. or in the 1ft quadrant.

Bearincs between go° and 1807, fall between the
E. and S. or inthe 2d quadrant.

Trose between 18¢° and 2 ;0° fall between the S.
and W. “orin the 3d quadrant.

Axp thofe between 270 and 360°, fall between the
W. and N. or in the 4th quadrant, ;

Sorurion. 1t Take from the chords the tranf-
verfe diftance of 6o and 6o, (the fector being opened
at pleafure,) with this radius defcribe a circumference,
and draw the diameters NS, WE. at right angles.
Pi. VL. Fra.. g

2d. The firft bearing 70% 50 is in the firft' qua-
drant, but being more than 6¢°, take the tranfverfe
diftance of the half of 70° 50', and apply this extent
inthe circumference twice from N. towards E, and
the point correfponding to the 1t bearing will be ob-
tained, which mark with the figure 1.

3d. The fecond bearing 128° 10/, fallsin the fe-
cond quadrant 5 its fupplement to 180° is 51° 50/, that
is 51° 50  from the S. point, Now take the tranfverfe
diftance of 51° 3¢/, and apply it in the circumference
from S. towards E, and the point corréfponding to the
fecond bearing will be found, which mark with the
figure 2. :

4th. The 3d bearing 32° 15, is to be applied from
N.to 3: The ath bearing €877 30',is in the 4th qua-
drant 5 therefore tale it from 360°, and the remainder
72° 30/, 18 to be applied from N. towards W. and
the point 4 reprefenting - the 4th bmring; will be
known.

In this manner proceed with all the other bearings,
and mark the correfponding points in the circumfe-
rence with the numbers 5, 6, 7, Fe. agreeable to the
number of the bearing or ftation.

3
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5th. Chufe fome convenient point on the paper to
begin at, as ar the place markt @ 1. Lay a parallel
ruler by ¢ the centre of the circle, and the pointin its
circumference marked 1, and ( by the help of the
ruler; draw g parallel line thro’ ® 1, the point chofe
for the firfy ftation, in the direction of the ({uppofed)
radius C1 5 and on this line lay the firft diftance ; that
i1s, take from a convenient fized fcale of equal parts
the extent of 1080, and transfer this extent from © ¥
t0 © 2; and this line will reprefent the firft diftance
meafured, laid down according to its true pofition in
refpect to the circle firft defcribed.

6th. Lay the ruler by thecentre C, and the point in
the circumference noted by the figure 2, and paraliel
to this pofition of the ruler, draw thro® the point © 2
aline @2 © 3, in the direGtion of the (fuppofed )
radius C 2, and on this line lay from © 2 to @ 3 the
extent 580 taken from the fame fcale of equal parts
the 1080 was taken from, and this line fhall reprefent
the fecond meafured diftance laid down in its true po-
fition relative to the firft diftance. :

ProceEp in this manner from ftation to ftation until
the line ®© ¥ © 10isdrawn,

7th. Take from the feale of equal parts 314, and
apply this extent in the line ® 7 © 10 from © 7 0
© 8, and the relative point, where the eighth ftation
was taken, will be reprefented by the point © 8 5 then
by the parallel ruler draw the line © 8 © 55 in the
direction of, and parallel to, the (fuppofed) radius
C8; and if the preceding work is accurately per-
formed, this line will not only pafs thro® the point
@ 3, butthe length of the line © 8 © 5 willbe equal
0 510, as the ftation line was meafured in the feld.

8th. Now as the gth ftation falls on the fame point
as the sth ftation did, draw the line ® 9 © 2z, and
this line will ot only be parallel to the (fuppofed)
radius C g, buc will alfo meafure on the fcale of equal

parts
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parts 390, the length meafured in the field from the
gth ftation.

gth. The 1oth ftation is taken from the end of the
line 700 meafured from the 7th fation; therefore
drawing from © jo a line parallel to the (fuppofed)
radius C 10, this line will concur with the firft mea-
fured line at the diftance of 668 from the point @ io.

1oth. Returning to @ 10 again, the fame point is
taken for the 11th fation, and the line © 11 © 12 is
to be drawn parallel to the (fuppofed) radius C 11, and
to be made of the length of 800 from the fcale of
equal parts ; and this will give the point © 12 for the
12th ftation : Then drawing the line © 12 © 1, if
the operation is every where truly done, this line will
not only be parallel to the (fuppoled) radius C 12, but
will alfo meafure on the fcale of equal parts 784, the
fame as was meafured in the field in proceeding from
@12t O 1.

By fuch methods as thefe, the furveyor obtains a
cheque on hiswork, and can make his firvey clofe (as
*tis called) as he proceeds.

Tur drawing of the vifual lines of a furvey is, tho’
an effential part, but a fmall ftep towards the making
a plan 3 for the remaining work the reader is refer’d
to the treatifes already extant on that fubje&.

WaaT has been faid about the delineating of the
vifual lines of a furvey, may be applied to navigation
in the conftruction of a figure to reprefent the various
courfes and diftances a fhip has failed in a given time,
called traverfe failing ; for the courfes are the bearings
from the Meridian, and the diftances failed are of the
fame kind as che diftance between ftation and ftatign
in a furvey.
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XV.
Some Ufes of the Logarithmic Scale of Numbers.
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And the primary and intermediate divifions in each
interval, muft be eftimated according to the values
fet on their extremities, viz, at the beginning, mid-
dle and end of the fcale. :

In arithmetical multiplication, or divifion ; the
parts may be confidered as proportional terms 3 forin
fimple muldiplication 5 as unity or 1, Is to one factor
{o is the other facor, to the produét: And in divi-
fion 5 as the divifor, is to unity; (or to the dividend,)
{o is the dividend, (or unity,) to the quotient.

Now as the common logarithms of numbers, ex-
prefs how far the ratios of their correfponding num-
bers are diftant from unity; it follows, that of thofe
numbers which are proportional, that is, have equal
ratios ; their correfponding logarithms will have equal
intervals, or diftances : and hence arifes the rule for
working proportionals on the logarithmic fcale.

Ruit. Set one foot of the compafles cn the point
or divifion reprefenting the firft term, and extend the
other foot to the point reprefenting the fecond term:
Keep the compafles thus opened ; fet one foot on the

oint exprefling the third term, and the other foot
will fall on the fourth term, or number fought.

Exam. 1. What is the producl of 3 &y 47

SoruTion. Set one foot on the 1 atthe beginning,
and extend the otherto 3, in the firft interval ; with
this opening, fet one foot on 4, 1n the firft interval,
and the other foot will reach to 12, foundin the fe-
cond interval.

Obferve. In this Exam, the 1, 3, and 4, are va-
lued as units in the firlt interval; and the one in the
middie is 103 the diftance between this 1 or 10, and
the 2 or 20, in the fecond interval, is divided into 10
principal parts, ex prefs’d by the longer {trokes; every
one in this Exam. is taken as an unit ; now as the

point of the compafles falls on the fecond of thefe
principal




principa

fore this

Exawt. 1. What is theoras
SorvTion. In the frf
between 1 and 25 and this
(g40r) 401
fecond interval
Wferve.. The 1 and 3 i
as units : but as the v
either. interval, may as 45 and
being taken as 40, th at the beginning of the
fecond interval will be 1c6 5 and the 2 in the fecond
interval will be 200 ; cenfequently the principal di-
vifions between this 1 and 2 will each exprels 105 and
1o the fecond of them will be 20, which with the roo,
exprefs’d by'the 1, makes 120,

i
e b 1
et O W
nrit interva

interval, are t:

the civifions. in

4

i o 4 AVd e -4 & ¥

2 T ) Aan 7![ ¥ P | v
‘e t‘.':fi anct 0_}:': 3.‘-?, t’_} 24 ?

SoLuTion. The diftance from 1 in the Gt inter-
val, to 24 in the fecond, will reach from o 5 in the
firft interval, to 840 in the fecond.

Obferwve. In the firft application of the compafits,
the primary divifiors in the Geft interval are taken as
units, and thofe in the fecond interval, as tens: Hutin
the fecond application, the primary divificns in the
firft interval are reckon’d as tens s and thofe in the
fecond, as hundreds.

As the extent out of one interval into the other,
may fometimes be inconvenient, it will be proper ta
feein fuch cafes, how the example may be folved in
one interval. - Thus,

In either interval, take the extent from 1 tol2 -2
(i e 24) and this extent, (in either interval) will

G Ira
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In this operation 3 the fecond term is reckoned a
tenth higher than the firft term 3 therefore, as it falls
in the fame intepval, the fourth term muft be a tenth
higher than the third term.

Exam. IV. What is theprodudd of 375 by 602
SoLuTion. The extent from 1 to 6, (or 60) in the

firft interval will reach from 3.7}.'(= 3H_Z.5 or 375) In
10 100

the firft interval, to 2 2% in the fecond interval 3
which divifion muft be reckoned 22500 : For had the
point fell in the firft interval, it would have been one
place more than the 375, becaufe 60 is one place
more than 13 but as it falls in the {fecond interval,
every of whofe divifions is one place higher than thofe
in the Grft interval, therciore, it muft have two
places more than 375, which is taken in the firft in-
terval.

Ir the operations in thefe examples be well con-
fidered, it will not be difficult to apply others to the
feale, and readily to affign thevalue of the refult.

Exan. V. What will be the quotient of 36 divided by 47

Sorurion. The cxtent from 4 to 1, in the firft in-
terval, will reach from 36 in the fecond interval to
pine in the firit.

ITis to be obferved, that when the fecond term is
greater than the firft term; the eXtents are reckoned
from the left hand towards the right : and when the
fecond term is lefs than the firft, the extents are taken
from the right hand towards the left: thatis, the ex-
tents are always counted the fame way towards which
the terms proceed.
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Exam, VL. If 144 be divided by 9 3 what will be the
quotient ?

SoLuTIoN, The extent from g to 1, will reach from
144 to 36.

Exam. VII. If 1728 be divided by 12 5 what wil] be
the quotient ?

SovutioN. The extent from 12 to 1, will reach
from 1728 to 144.

Exam. VIII. To the numbers 2, 8, 15 find a fourth
proportional,

SoruTioN. The extent from 3 to 8 3 will reach from
1510 40.

Exawm. 1X. 7o the numbers 5, 12, 38 5 find a ath pro-
portional,

SoLuTron. The extent from 5 to 12, will reach
from 36 to g1 3.

Exam. X. To the numbers 18, 4, 3643 find a 4ib
propertional.,

SoruTion. The extent from 18 to 4; will reach
from 364 to 80 3.

Exam. XI. To two Numbers t and 25 to find a Jerses of
continued proportionals.

SoruTion, The extent from 1 to 2, will reach from
2to4 3 from 4 to 8 in the firft interval ; from & to
16 in the fecond interval; from 16 to 325 from g2 to
64 ; Jc. Alfo the fame extent will reach from 1 £ to
3 from 3t06; from6to 12; from 12 to 243
from 24 to 48 ; €&¢c. And the fame extent will reach
fromz2 2 to 23 from 5t0 10; from 10t0 203 from
20 10 403 &¢. And in a like manner proceed, if any
other ratio was given befides thatof 1 to 2.

G 2 Tuis
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Tuis Example is of ufe, to find if the divifions of
the line of numbers, are accurately laid down on the
fcale.

TrERE are many other ufes to which this fcale of
log. numbers are applicable, and on "which feveral
large treatifes have been wrote 3 but the defign here,
is not to enter into all the ufes of the fcales on the
{eCtor, only to give a few examples thereof: butafter
all that hasbeen faid, when examples are to be wrought
whofe refult exceeds three places, *tis beft to do it by
the pen, for on inftruments, altho’they be very large
ones, the loweft places of the anfwers, atibeft, are but
guefs’d at.

BB b A B bbb b b s
S CaTnd XNV E

Some wfes of the Scales of Log. Sines and Log.
Tangents.

HESE f{cales are chiefly ufed in the folution

of the cafes of plain and {pherical trigonome-
try, which will be fully exemplified hereafter : But in
this place, it will be proper to fhew, how propor-
tiopal terms are applied to the {cales.

In plane trigonometrical proportions, there are al-
ways four terms under conlideration ; fuppole two
fides and two angles, whereof, only three of the terms
are given, and the fourth is required: Now the fides
in plane trigonometry, are always applied to the fcale
of log numbers 3 and the angles are either applied
to the log. fines, or to the log. tangents; accordingas
the fines or tangents are concerned in the propartion.
Therefore, when among the three things given, if
two of them be fides, and the other an angle ; ori
two terms be angles, and the other a fide.

RuLg,
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Ruse. On the feale of log, numbers, take the ex-
tent between the divilions exprefling the fides; and
this extent applied from the divifion exprefling the an-
gle given, will reach. to the divifion {hewing the angle
required.

ORr, theextent of the angles taken, will reach from
the fide given to the fide required, on the line of
numbers,

So in fpherical trigonometry, where fome of the
cales are worked wholly on the fines, others partly on
fines, and partly on tangents ; the extent taken with
the compafles, between the firft and fecond terms,
when thofe terms are of the fame kind, will reach
from the third term to the fourth.

Or, the extent from the firft term to the third,
when they are of the fame kind, will reach from the
fecond term to the fourth.

S GO B O B B S O S
Secr., XVIIL

Some ufes of the double Scales of Sines, Tangents, and
Secants.

PROBLEM XX. i5u3

Given the radius of a cirele ( fuppofe equal to 2 inches)
required the fine, and tangent of 28° 30" to that radius.

SoruTion, Open the fedor fo that the tranfverfe
diftanceof go and 90, on the fines; orof 45 and 45
on the tangents 3 may be equal to the given radius’;
vi2. tWo inches : Then will the tranfverfe diftance of
28° 30/, taken from the fines, be the length of thae
fine to the given radius ; or if taken from the tangents,
willbe the length of that tangent to the given radius.

G 3 ) But
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But if the fecant of 28° 30’ was required ?

Maxke the given radius two inches, a tranfverfe
diftance to o and o, at the beginning, of the line
of' fecants ; and then take the tranfverfe diftance of
the degrees wanted, wiz. 25° 30"

A Tangent greaier than 45 degrees ( fuppofe 60 de-
grees) 15 found thus,

Max the given radius, ﬁlpEofe 2 inches, a tmnfverfe‘
diftance to 45 and 45 at the beginning of the fcale of
upper tangents 3 and then the required degrees 60° 00’
may be taken from this fcale.

T he feales of upper tangents and {ecants do not run
quite to 76 degrees ; and as the tangent and fecant
may be fometimes wanted to a greater number of de-
grees than can be introduced on the fector, they may
be readily found by the help of the annexed table of
the natural tangents and fecants of the degrees above
753 the radius of the circle being unity.

Degrees. | Nat. Tangent. [Nat. Secant.
76 4,011 4,133
77 41331 4:45
78 4,701 4,810
79 5 144 5,241
50 55671 52759
81 6,314 6,392
82 7,115 7,185
83 8,144 8,205
84 9.514 9,567
85 11,430 1474
86 14,301 14,335
87 19,081 19,107
88 28,036 25,654
89 575 90 57-300

Meafure
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Meafure the radius of the circle ufed, upon any fcale
of equal parts.  Multiply the tabular number by the
parts in the radius, and the produét will give the length
of the tangent or {fecant fought, to be taken from the
fame fCale of equal parts.

Exam  Regured the length of the tangent and fecant
of 80 digrees to a circle whofe radius, meafured on g feale
of 25 parts to an inch, is 47% of thofe parts ¥

tangent. {ecant.
Againft 8o degrees ftands 5,671 53759
The radius is 4755 475
28355 28795
39697 40313
22684 23036
269,3725 273:5525

So the length of the tangent on the twenty-fifth
fcale will be 2693 nearly. And that of the fecant
about 273+

Or thus. The tangent of any number of degrees
may be taken from the fector at once 3 if the radius
of the circle can be made a tranfverfe diftance to the
complement of thofe degrees on the lower tangent.

Exam. To find 1he tangent of 78 degrees to a vadius
of 2 inches.

Maxke two inchesa tran{verfe diftance to 12 degrees
on the lower tangents ; then the tranfverfe diftance of
45 degrees will be the tangent of 78 degrees.

Ix like manner the fecant of any number of degrees
may be taken from the fines, if the radius of the cir-
cle can be made a tranfverfe diftance to the cofine of
thofe degrees. Thus making two inches a tran{-
verfediftance to the finc of 12 degrees; then the tranf-
verfe diftance of go and go will be the fecant of 48
degreces.

From hence it will be eafy to find the degrees
anfwering to a given line, exprefling the length of a

4 tangen
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tangent or fecant, whichis too lon o to be meafured
on thole fcales, when the f{i&or 15 fet to the given
radius

TH”‘. For a tangent, make the given Tine
verle diltance to 45 ¢lill 45 on the iower 1a
then take the o siven radius and ’y it to tl

ents 3 and the degrees whe i f

1‘ ie diltance is [ne cota ;Uvnt of th Ge

ng to the 'L_;I\ft‘.‘l line.

a trani-

ces anfwer-

AnD for a fecant. Malke the oiven line a Ll’ﬁnf—
verl nce to go and go on the fines. ’IJ n the

degrees a1 .J-mﬁ'g to' the given radiu
tranive ance on the fines, \‘.'111

ol the degrees aniwering @ to the

riven I-;.‘a.;si.‘ line,

PROBLEM XXI.

e length of the fine,

fa

S On ifs J'Ci'pt"'ftiVE ﬁ;" ' &n
The tmnmd ance of go and go

et ’The tranfveife diftance of
45 Near thu LD(] of the fector will be the radius

ipper tangenis, The tranfverfe dift;

'\1 45 Lu:

ance of _1_,‘
'n towards the centre of the { feCtor on the

e of upper tangents, will be the centre {ought.

In the fecants. fh-* tranfverfe diftance of o gnd 0,
(r the beginning of the fecants, near the centre of tht.
{eétor, will b( the radius fought,

-
L
33

"

as
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PROBLEM XXIL

Given the radius and any line reprefestinr g five,

fan-
gent or fecant 5 to find the degrees coi Fefponding io that
line.

Sorution. Set the fefor to the given radius, ac-
cording as a fine, or tangent, or {ecant is concerned.

Take the given line between the compafies ; apply
the two feet traniver{ly to the fcale concerned, and
flide the feet along till they both reft on like divie
fions on both legs 5 then will thofe divifions fhew
]thf: degrees and parts correfponding to the given
ine.

PROBLEM XXIII

Do find the length of a verfed fine to o given number
of degrees, and a given radius.
~ Maxke the tranfverfe diftance of 90 and go on the
fines, equal to the given radius.

Take the tranfrerfe diftance of the fine comple-
ment of the given degrees.

Ir the given degrees are lefs tha
between the fine complement a
the verfed fine.

Ir the given degrees are more than 90, the fum of

the finc complement and the radius, gives the verfed
fine,

n go, the difference
id the radius, gives

PROBLEM XXIV.

To open the legs of the Jelory fo that the correfponding
double fcales of lines, chords, fines, tangents, may make,
each, aright angle.

O#n the lines, make the lateral diftance 10, ad
between 8 on one leg, and 6 on the other leg.

Onthe fines. make the lateral diftance 90, a tranf-
verfe diftance from 4510 45 3 or from 4010 505 or

from

iftance
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from g0 to 6o 5 or from the fine of any degrees, to
their complement.

Or ox the fines, make the lateral diftance of 45 a
tranfverfe diftance between 30and 30,

PROBLEM XXV.

To deferibe an Ellipfis,” baving given B equal to the
longeft diameter 5 and cD tqual toshe fhorteft diameter.

Sorurion, 1it.
Set the two diame-
ters AB, CD, at right
angles to each other
ip in their middles at
E.
2d. MakE aEa
traniverfe diameter
to go and go on the
fines ; and take (hLe tranfverfe diftances of 10°, 20°
30°, 40°% 50°% 60°% %0°% 80% fucceflively, and apply
thofe diftances to aE from E towards a, as at the
POInts 1, 2, 3, 4> 55 65 75 8 ; and thro’ thofe points
draw lines paraliel to zc,

3d MUAKE Ec a tranfverfe diftance to 9o and 9o
on the fines ; take the tranfverfe diftances of 80°, 70°%
60°, 50°% 40°, 30°% 20°% 10°% fucceflively, and apply
thofe diftances to the parallel lines from 1 to 1, 2 to 2,
3t03, 4to4, 5t0 5 6to 6, 7 toy, 808, and
fo many points will be obtained thro” which the curve
of the cllipfis is to pafs,

The fame work being donein all the four quadrants,
the elliptical curve may be compleated.

Thiz Problem i of confiderable ufe in the con-
ftrudtion of folar Eclipfes ; but inftead of ufing the
fines to every ten dogrees, the [ines belonging to the
degrees and minutes correfponding to the hours, and
guarter hours are ta be wled,

To
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PROBLEM XXVI,

To deferibe a Parabola whofe parameter fhall be equal to
a given line.

SoruTIion 1t B
Drawalinetore- — |

prefent the axis, 50

in which make Dol il Seee s o6 S

aB equal to half K o] SRS
the given para- 20

meter; divide an
likealine of fines
to every ten de- _A:-~._d'
grees, as at the points 10, 20, 30, 40, 50, &c. and
thro® thefe points draw lines at right angles to the
axis AB.

2d. MAKE the lines aa, 108, 20¢, 30d, 408, &5c.
refpectively equal to the chords of go° 8o, 70°, 60°,
509, &¢. to the radius as, and the points a, &, ¢, d, ¢,
&c. will be in the curve of a parabola.

Therefore a {mooth curve line drawn thro’ thofe
points and the vertex B, will reprefent the parabolic
curve required.

The like work may be done on both fides of the
axis when the whole curve is wanted,

As the chords on the {fector run no farther than 6o,
thofe of 70, 8o and go may be found by taking the
tran{verfe diftance of the fines of 35° 40% 45° to the
radius aB, and applying thofe diftances twice along
the lines 20¢, 104, ¢

io

PR O-
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EM XXVIIL

the wertex A and affympiotes

Foo
e
é 7 -u-.f».

Sorurion rft. The afl-
fymptotes v, 81, being drawn
m any policion, ‘the Tine HA,
bifecting the angle 1GH, and
the verrex A ta]\m draw ar,
1c, parallel to'sr, a1

2d. Make ac a tranfverfe
diftance to 45 and 45 on the
upw‘a tangents, and apply
to the affymptotes from s,
fo many of the upper tan-
gents taken tran{ver{ly as may
<48 be thought convenient, as
BD 50°BE 55° 'F 6c°, G 65°, BE 70°, Fe. and dr.aw
vd, ke, G pdn lel to ac.

2d. Make aca tranfvecfe diftance to 45 and 45 on
the lower tan cents, take the traniverfe diftance of the
co-tangents before ufed, and Jay them on thofe pa-
rallel Tines ; thus m“m Dd=—40", E£=35" Ff="0%
cr=25" mh=20° E&F¢. and thro®the points 4, d, ¢, f,
ﬂ,ﬁ ¢, If a curve line be drawn it will be thc by-
Dcrbn} re iunreu

There are many other methods of conftructing the
curves in the three laft problems, and a multitude - of
Chtmmmmg and ufeful properties which fubfift among
the lines drawn within and about thefe curves, “.h](,h
the inquilitive reader will find in the treatifes on coni
feétions,

e ———. T




of Bathematical Inflruments. 93

PROBLEM. XXVIIL

To find the d:fiance-of places on the terrefirial globe By
bavi g given thar latitudes and longitudes.

o

This problem confifts of fix cafes.
Cask 1. Tf both ‘the places are under the equator.’
Then the difference of longitude is their diftance.
Casz [I. Whed both places are under the fame
meridian.
Then the différence of latitude is their diftance.
Casze III. 'When only one of the places has latitude,
but beth have different longitudes.

Exam. Diard of Bermudas, lat. 32° 25" N. longir.
68° 38" W. Jfland of St. Thomas, lat o o, longit.
1*.0.Ri
Required their diftance.

Sorvrion 1ft. With the
chord of 6¢® defcribe a circle
reprefenting the equator, where-
in take a point ¢ to reprefent
the beginning of longitude.

2d. From c apply the chord
of Bermudas longitude 68° 3§
to B, and that of St Thomas’s
longitude to a, the arc 4z,
being the difference of longitude.

3d. From », the place having latitude, draw the
diameter 8D, apply the chord of the laritude 2 2
from s toz, anddraw ef at right angles to sp.

4th. Draw ‘rc, make ro, equal to re, and draw
EG 5 then Ec fneafured on the chords will give the
diftance fought, about 73 desrees.

Case IV, When the given plices are in the fame
parallel of latitude.

LK AM.

w
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Exam. Required the diftance beiween the Lizard and
Pengwin Ifland, both in latitude 49°, 56’ N. the longi-
tude of the Lizard deing 5° 14’ W. and that of Pengwin
Ifland 50° 52" W

SorvTIioNn 1ft. From c,the
commencement of the longi-
tude, apply the chord of the
Lizard’s longitude to a, and of
Penguin’s longitude to B, and
draw the diameters az, 85,

Apply the chord of the
common latitude 49° 56 from
A to D, and from Bto £ 5 draw
pF and Ec at right angles to
Aa, Bb, and join GF ; then oF meafured on the chords
will give the diftance fought, about 29 degrees.

Case V. When the given places are on the fame
fide of the equator, but differ both in latitude and
longitude.

Exam. Hhbat is the diftance betwesn London in lati-
tude 51° 32" N. longitude, 0° O and Bengal in latitude
22° o' N. Jongitude 92° 45 E.

SoruTion. From a, Lon-
don’s longitude, apply Bengal’s
longitude 92° 45" to c, ta-
ken from the chords; alfo

apply the chord of London’s
latitude from a to B, and of
Bengal’s latitude from ¢ to p.

2d. Draw the diamerers aa,
ce, and BE, DF, at right angles

, to aa, C¢, and join FE.

3d. Make B equal to pr, and ru equal to &F,
join cu 3 1bus ¢u meafured on the chords will give
the diftance required, which is about 72 degrees.

Case
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Case VI. When the places are on contrary fides of
the equator, and differ both in latitude and longi-
tude.

Exam. What is the diffance between London n Iz
titude 51° 32" N. longitude 0° o and Cape-Horn in ls-
titude 55° 42" 8. longitude 66° 00’ W,

Sovution 1ft. From a, Loy-
don’s longitude, apply the chord
of Cape-Horn’s longitude to c,
draw the diameters az, cc; alfo
apply the chords of London’s la-
titude from a to B, and of
Horn’s latitude from ¢ to p.

2d. Draw 2& and b F atright
angles to aa, cc; join EF and
make EG equal to Er. )

3d. At right angles to a4, draw cm, and make it
equal to pF; join A, which meafured on the chords
will give che diftance required, which is about 123
degrees.

To meafure 1 on the chords ; apply ni from B to 1,
and meafure the arc g¢ 1,

Bl B16 BIC -3l 3 300 B8 -5 25 5 B

SecT. XVIL

The Ufe of fome of the fingle and double Scals, ap-
phied in the Solution of the Cafes of plain Trigo-
nometry.

PROBLEM XXIX.

N any right lin'd plane triangle, any thre: of the fix
erms, Viz. fides and angles, (provided one of them

be a fide) being given, 1o find the other thyee.
This
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This problem confifts of three cafes.

Casz I, when among the things given, there be 4
fide and its oppofite angle.

Casze II. When there is given two fides and the in=
cluded angle,

Case IIL ‘When the three fides are given,

Sorvrion ¢f C A S E 1.

The Solution of the examples falling under this
cafe depend on the proportionality there is between
the fides of plane triangles, and the fines of their
oppofite angles,

Examprz 1,

. g ARG
In the triangle ABC: Given X é::g i }equal fatts
LB=46° 30
Required £C,z A, & BC,
The proportions are as follow,
As fide ac:fide as::fine £ B : fine /# c.
Then the fum of the angles 8 and ¢ being taken from
180° will leave the angle a.
And as fine £B : fine £ 4 :: fide ac : fide ca.

Firft by the logarithm fcales.
To find the angle c.

The extent from 64 (=ac) to 56 (=ag) on the
{cales of logarithm numbers, will reach from 46° 30’
(= £B) to 39° 24", (=4c.) on the {cale of logarithm
{ines.

And the fum of 46° 30" and 39°24"is 85° 54

Then 85° 54’ taken from 18¢°, leaves g4° 6" for
the angle A,

Ta
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~To find the fide Bc.

The extent from 46° 30’ (=28) to 8‘20 4 the
.upplenuntot 94° 6 f—-Lx) on the frale of j"" r” e84
will reach from 64 (_.-xc,, to 88 (=gsc), on the
fcale of logarithm numbers.

Secondly by the double Scales.
Lo f'. the f.lg] € C.

1. Take the lateral diftance of 64 (=ac) from
the lines.

2. Make this a tranfverfe diftance of 460 30/ (=v¢.8)
on the fines.
3. Take the lateral diftance of 56 (=4a2) on the
lines. '

4. Find the degrees to which this extent is a tran{~
verfe diftance on the [nes, viz. 39° 24'; and this is
the angle fought.

To find the fide Be.

1. Take the lateral diftance of 64 (=ac) from the
lines.

2. Make this a tranfverfe diftance of 46° 30’
(=£3) on the fines,

3¢ ake Eh" L Z fverfe diftance (_)f_‘_' o _"_-’_ (’che fup-
plemen itof g4° 6’ = L a) on the Imes.

4. Find the I lrcr.I L"]]iq_lll ce this extent is equal to,
on the lines; and this diftance, wiz. 88, will be the
fide required.

Ex. IL Inthe triangle apc PL VI. Fig. 27.

Given Bc = 44
LB = 104" 0
L= 28D

Required ar & ac.
Now the fum of 104° 0" and 28° 0" is 132 ° ¢,
And 132° 0 taken from 180, leaves 48° o for
the angle a.

H The
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The propertions are,
As fine 24 : fine Lc :: fide sc: fide aB.
And ds fine 24 :fine £38 +: fide Bc : fide ac.

Firft, by the Logarithm Scales.
To find as.

Tue extent from 48° 0 (= £a) to 28° o’ (=4c)
on the fecale of logarithm fines, will reach from 74
(=nc) to 46, 75, (=age,) on the fcale of logarithm
pumbers.

To find ac.

Tur extent from 48° o to 46° o’ (= fupplement
of 104° o) on the feale of log. fines, will reach from
v4 t0 g0, 6 (=ac)on the fcale of logarithm numbers.

Secondly by the double Scales.
To find AB.

1. Taxe the lateral diftance 74 (= pc) on the
lines.

2. Maxe this extent a tranfverfe diftance to 48° o
(= £A) on the fines.

3. Taks the tranfverfe diftance of 28° o’ (=4c)
on the fines.

4. Tothis extent find the lateral diftance on the
lines, =iz 46,75 and this will be the length of as.

(4

To find Ac.

1. Taxe the lateral diftance 74 (=nc) on the
lines.

2. Maxgz this extent a tran{verfe diftance to 48° 0
(= £a) on the fines.

3

S T T
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3. Taxke the tranfverfe diftance to 76° ¢’ the fup-
plement of 104° ©° (= 4B) on the fines.

4. To this extent, find the lateral diftance on the
lines, wiz. 96, 6, and this will be the length of ac.

Sorurion of C A S E-1L

Trx folation of this cafe depends on a well known
theorem, wiz.

As the fum of the given fides

Is to the difference of thofe fides,

So is the tangent of the half fum of the unknown
angles

To the tangent of the half difference of thofe an-
gles. _

And the angles are readily found by their half fum
and half difference being known.

Ex. III. In the triangle asc, Pl VI. Fig. 28.
Given Bc = 74
BA = 52
L2680 o'
Required 243 ,2c; & ac]

Preparation.

Taxe the given angle 68°0 from 180° and half
the remainder, viz. 56° ¢ is the half fum of the un-
known angles which call z; and let x ftand for the
half difference of thofe angles.

Avso find the given fum of the fides, viz. sc4-Ba
=126,

Axp take the difference of thofe fides, wiz. BC—
BA=22.

Then the proportions are

As BC}BA ¢ Bc—BA & : fan. Z:lan. X.

Tuen the fum of z and x gives the greater angle A.

H 2 THE
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Tar difference of zand x gives the lefler angle ¢,
Anp as fine £c: fine £ :: fine pa : fide ac.

Firfp by the Logarithm Scales.
To find the tangent of N.

Taxe the extent from 126 (= fum of the given

fides) to 22 (—diﬁ‘ of thofe fides) on the {cale of

logarithm numbers; lay this extent from 450 o to
the left on’ the logarithm tangents ; ftay the loweft
Toum:, and bring that wmch u,uu] on 45 degrees, to
56° o; remove the compafs, and this extent 1aid from
4.5_“0 towards the left, gwts I4. 31 L‘qudl N.

Tuzn the fum of 56° o and 14° 31" or 70° 31’
is the angle a.

Axp 1_1,"31 taken from 56° o' leaves 41° 29" for
he anglec,

To find Ac.

Tue extent from 41° 29" (= /_(‘} to 68° o’ (== L B)
on the Iouann.m fines, will reach from 52(=38a)to
92,75 (= ac) on the feale of logarithm numbers.

In finding the tangent of (N, or) the half diffe-
rence of the unknown angles, there were two appli-
cations of the compafles to the fcale of tangents:
Now this happens becaufe the upper tangents which
fhould have been continued beyond 45 or to the
ri"*ht hand, are laid down backwards, or to. the left
hand, among the lower tangents (the 10"‘1‘ hmic
m.mci.ra afcending and de 'c\“ul"ﬂ by like 1 PLELC‘: at
equal diftances on both fides of _Jh”, and thereby
tl:L’ ]uu»_ b of the fcale is l~.Ll“E within half noth
neceflury to lay down all the tangents in order, ;IE m
the left towards the right.” But fu ippoling they were
fo laid down, then the }E‘mf of 56° o \uu' reach as
far to the right of 45° as it docs nuw to the left, and

[ﬂr"
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the extent on the numbers from 126 to 22 would reach
from the point 56° takenon the right of 45°, to 14° 31°
at onc application; the faid extent being applied
from 45° downwards, willireach as far beyond 14° 371/,
as is the diftance from 45° to 56°; therefore the legs
of the compaffes being brought as much clofer as is
that interval, will reach from 45° to the degrees
wanted.

InpEep when the half fum islefs than 45°, then
the extent from the fum of the fides to their difference,
will reach from the tangent of the half fum, down-
ward, to the tangent of the half difference, at once.

Anp when the half fum of the unknown angles,
and their half difference, are both greater than 452,
then the extent from the fum of the fides to their dif-
ference, will reach from the tangent of the half fum
of the angles, upwards (or to the right) to the tan-
gent of the half difference of thofe angles, at once:

Secondly by the double Scales,

Becaufe 126 the fum of the fides will be longer
than the fcales of lines, therefore take 63, the half of
126, and 11, the half of 22, the difference of the
fides s for theratio of 63 to 11, is the fame as that of
126 to 22.  Then

1. Taxe the lateral diftance 63 on the fcales of
lines.

2. Maxe this extent a tranfverfe diftance to 56
degrees, on the upper tangents. ¢

3. Taxz the tranfverfe diftance of 45° on the
upper tangents, and make this extent a tranfverfe di-
ftance to 45° on the other tangents.

4. Taxe the lateral diftance 11, on the lines:

5. To this extent, find the tranfverfe diftance on
the tangents, and this will be 14° 31" =x.

Anp this is the manner of operation, when M is
greater than 45 degrees, and N is lefs.

H 3 Bur

(1]
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But when M{ greater ) than 45

& wareeachl lefs §degrees.
Then the third article of the foregoing operation is
omitted.

Now having found the angles 2 and ¢, the fide
Ac may be found as in the frit or fecond examples.

But in this cafe, the third fide ac may be found
without knowing the angles. Thus,

1. Taxe the lateral diftance of (34 deg.) the half
of (68,) the given angle, from the fines

2. Maxke this extent a tranfverfe diftance, to 30
on the fines.

3. WitH the feétor thus opened, take the diftance
from %4 on one leg, to 52 on the other leg, each
reckon’d on thelines.

4. The lateral diftance, on the lines, of this extent,
gives the fide ac = 72, 75.

From the two firft articles of this operation, is
Jearn’d how to {et the double fcales to any given
angle.

WrxEN the included angle B is go degrees, the
angles 4 and ¢ are more readily found, as in the fol-
lowing example, whofe folution depends on this prin-
ciple, That one of the given fides has the fame pro-
portion to radius, as the other given fide has to the
tangent of its oppofite angle.

o
(=]

x. IV. In the triangle azc: Fig. 29.

Given AB = 45
BCEs 65
LB = gO

Requiz'bd LAaste; & ac.
The proportions are,
For the Angle a.

As fide ap : fide ze: s radius : 2an £ A,
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Anp the £ a taken from go° leaves the £c, then ac
may be found as directed in the laft example,

Firft by the logarithmic Scales.

Tus extent from 45 (= aB) to 65 (—=nc) on the

numbers, will reach from 45 degrees to 55> 18
(= £4) on the tangents

Here the unfrl ¢a is taken equal to z;, :% be-

cauie the fecond term Be is greater than the firft term

: But if the terms were Lhang_ed and it was made

BC to AB, then the degrees found would be 34° 42

=T,
Secondly by the double Scales.

1, Taxe the lateral diftance of the firlt term,
from the lines.

2. Maxkz this a tranfverfe diftance to 45 deg. on
the tangents.

Take the lateral d:ﬂance of the fecond term,

from the lines.

4. Tue tranfverfe diftance of this extent, found
on the tangen:s, gives the degrees in the angle ﬁmcht

Ir the firfk term is greater tha.n the fecond, then the
lateral diftance of the firft term, muft be fet to 45 de-
grees on the lower tangents, and the lateral d1lumcc
of the fecond term, muf‘t be reckon’d on the fame
tangents.

Bur if the firft term is lefs than the {econd, then
the lateral extent of the firft term muft be fetto 25
the upper tangenits, and the lateralextent of the f{:ccmd
term mut be reckon’d on the fame tangents.

Sorution of C A S E III. Fig. 30

J
In the triangle asc:
Given Bc = g26.
BA R EE S
AC = 702.
Requir'd £3, £¢. LA,
H 4 THERE
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THERE are ufually given for the folution of this
cafe by the lc,-g'n'irhf. ic Icales two metho ] ; the one
beft when ali the angles are to be found, the other
e only is wanted 3 bu.h methods

befl when on
will be here delivered,

Finst, Fhen all the angles ave wanted,

SUpPOSE a zmpmdwu ar ap (Pl VI. Fig. 30.)
dlu\‘h 1o the C‘lt"-ltfil- hide Be, frnm the ang le a op-
pofite thereto $ “then ap ‘uV:dCS the triangle aze into
two right angled triangles ppA, cpaj in which if
¢p and B were known, the angles would be found,
as in the felution of Cafe L

Take the fum of the fides ac and as, which is
1260.

Auvso their difference, which is 144.

1 £

Trex on the frale of numbers, the extent from
626 (== nc) to 1260, will reach from 144 to 1g6.

Axp the half fum of 926 and 196, is 561 = pe.

Axp the half difference of 926 and196 is 365 =D5.

Taz extent from 558 (= Ba) to 36 (=8p) on
the: numbers, will re.(n on the log. fines from 90°
== /£BDA) 10 40° 52’ (ﬁumn.)

Tuen 40° 52" taken from go?, leaves 49° 8 for 2.

Axp the extent from 702 (=ca) to 561 (= cb)
on the numbers, will reach from go° (= 4¢pa) to
53° 04 (=<4cap) on the fcale of log. Ix 1es.

!

TreN 53° 47 taken from go°, leaves 36° 56 for

Arso [ e lt Im (:E. 4G° il[-ll f}g 4_ givfs 930 5{}’
LCAD.

SECONDLY,

——
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Secowpryy Tofind either angles fuppofe B.
Preparation.

Taxe the difference between Bc and Ba, the fides
including the angles fought, and call it » = 368.
Fixp the half fum of ac and p, call it z = 515

~

Anbp the half diff, of ac and p, callit x =167

: ZXX
THEN asrzj_x_ sradius : fine & 23,
ABXBC

1. THE extent on the log. mimbers from 1 to 535
(= z), will reach from 167 (=x) to a 4th point;
mark it and call it G.

2. Tue extent from 1to 558 (= aB), will reach
from 926 (= Bc) to a 4th pom: ; mark it and call
it H.

3. THE extent from the point 1 to the point o,
will reach from 1, downward to a 4th point, mark it
and call it k.

4. TuE extent from &, to the middle point between
it and the 1 next above k, taken on the log. n mlb"rs,
will reach on the log. fines from go° to 24° 34, which
doubled gives 49° §' for the angle B.

But the fcale of log. verfed fines being ufed, the
work will be u)nnumubly fhortened. Thus,

. On the log. numbers take the extent from 53
(—'?)tO 926 (= BC) this will reach from 558 \_BA)
to a 4th point, where let the foot of the compaffes
reft.

2. Tuex the extent from that 4th point to 167
(=x), will reach on the line of verfed fines from
o degrees {at the end) to 130° 52/, which taken from

ok leavcs 49° 8 for the angch.

By
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By the donble, or fefforal, Scales.

Do find the angle B.

oppofite to the angle 8) from the lines.

(= aB) on the other fcale of lines.

gle B.

cafes.

general, more eafily folved.

elfewhere,

1. Taxe the lateral diftance 702 (= ac, the fide

2. Open the legs of the fector until this extent will
reach from g26 (= cB) on one fcale of lines, to 558

3. Tue fector being thus opened, take the tranf:
verfe diftance between 30° and 300 on the fines, this
diftance meafured laterally on the fines, one foot
beingon the centre, will give 24° 34" for half the an-

Tue other angles may be found as Ze was, or
according to the diretions in fome of the preceding

Artrovcw in thefe’ examples, oblique triangles
were taken as being the moft general ; yet it may be
readily feen, that thofe concerning right-angled tri-
angles are only particular cafes, and may be, for the

VarieTy of other examples, fhewing the ufes of
thefe fcales, might be given in various parts of the
mathematics, which the reader may of himfelf fup-
ply : However here will be fubjoined a few in {phe-
rical trigonometry, as they will include fome operations
not only curious, but perhaps not to be met with
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SEcT. XVIIL

The Conflruction of the feveral cafes of Spherical Tri-
angles by the Scales on the Secfor.

H E cafes of fpherical triangles are fix.

Case 1. Given two [ides, and an angle oppofite
to one of them.

CaseIl. Given two angles, and a fide oppofite to
one of them.

Case III. Given two fides, and the included
angle.

Case IV. Given two angles, and the included
fide.

Case V. Given the three fides.

Case VI. Given the three angles.

Thefe fix cales include all the variety that can arife
in fpherical triangles.

In the following folutions, are given three con-
ftruétions to every cafe, whereby each fide is laid on
the plane of projeétion, or (as it is commonly called,
the) primitive circle.

To abbreviate the directions given in the following
conftructions, it is to be underftood, thatthe primi-
tivecircle is always firft defcribed, and two diameters
drawn at right angles.

Tae fettor isalfo fuppolid to be fet to the radius
wanted, on the {cale ufed 5 and the tranverfe diftance
of the degrees propofed is to be taken from the chords,
or fecants, or tangents, &c. according to the name
mentioned in the conftruction.

So-
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SoLuTION o CASE L

Exam. In the {pherical triang gle ABD,
Given ap— ¢ 29° .'~O
pr= 63 59

LD—- 245 5] JJ
Required the triangle.

Y. Toput B on the primisive circle. Figi 1, 1. PL
VII

ift. Make nz = chord of 63° 59, and draw the
diameter pr.

2d. From p, with the fecant of the 2 p, 25% 55,
cut the diameter ® rinc: onc asa center, with
that radius, defcribe the cucur*ieuncn DA, and the
angle Bpa will be 25° ; 55
3d Make &d equal to ap, with the chord of 29°
50

4th. With the tan: oent of Am 29° 3¢/, from d, cut
® = produced in 43 and from \vulxtmlt radius, cut
Dain A ora.

sth, Throvgh B, a, %, deferibe a cire umference,
and the triangle Bpa will be that uqumd whole
parts ps, 2B, .md £ A may be thus meafured.

To meafure DA.

6th, Make 0 » cq'ml to the tangent of half the
angle Bpa, iz 12° 575 ; thena ruler on p and A,
gives ¢ ; 5. 'md D ¢ micafured on the chords, gives the
degrees in DA, viz. 42°g'.

To meafure LB,
7th Draw the diameter Fg at llf'ht anries o BE,
cutting the circumference BAE in §3 A ruler by B
& s gives £ make fr equal to the chord of go deg.

a
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a ruler on g and B, gives p in the diameter rc. Then
E g on the chords gives the angle 8 = 36° g/,

To meafure £.a.
8th. a ruler on a and », gives# 3 and on a4 and
P> gves s : and mm meafured on the chords, gives
52° 9’5 for the fupplement of the angle DB, which is
127° 51%,

L. To put oA on the primitive circle, Fig. 2. 1.

l. With the fecant of theangle b, 24°, 55, from
D, cut the diameter in ¢ ; and on c, with the fame
radius, defcribe the arcps, and the angle ppa will
be 25°, 55

2d.- Make © p, equal to the tangent of half the
angle o ; wiz. 12° i ,

3d. On the primitive circle, make p 4 equal to the
given fide bz, with the chord of 6 g

4th. A ruler on B and 4, gives B; then will Bp—
63° 59'.

sth. Draw @ ®#, cutting the primitive circlein 7.

6th. Make » x = the chord of 90° 3 or twice the
chord of 45°.
yth. A ruler on ¥ and B, gives m onthe primitive
circle.

8th.. Make m ¢ = mp = chord of 2¢° 0.

_9th. A right line through » & p, » & ¢, gives f&
em @ 7.

xoth. On /7 as a diameter, defcribe a circumference,
cutting the primitive circle in 4, 4.

1:th, Arulerona & 0, gives r.

12th. Through 4, B, F, defcribe a circumference,
and the triangle app is conftructed with pa on the
primitive circle as required.

L. Zo put A on the primitive circle. Fig. 3. 1.

1t. Make az= the chord of 29° 50 ; and draw
the diameter nr.
2d. In
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2d. In a b drawn perpendicular to ac, take A
— fine of aB 29° 50"

3d. Make the angle » a g, = £ b 25° 553
from A draw a4 e at right anglesto a g, and from
4. the middle of a &, draw de perpendicular to a 4,
cutting A¢, in ¢ from e, with the radius ¢ a, delcribe
a circumference A f &,

4th. From b, with the fine of 80, 63° 59'; cut the
circumference afb in f3 and draw a f.

sth. From a, draw Ac at right angles to f a,
meeting £ @ (perpendicular to 4 @) continued, in ¢ 3
and on ¢, with the radius ca, defcribe a circumfe-
rence ADG.

6th. Make mm= pp, with the chord of 63° 59”3
fromm, with the tangent of 63° 59”7 cut @ B pro-
duced, in #; on, withthe fame radius, cut apc
in D,

»th. Through 8, D, ¥, defcribe a circumference,
and the triangle anp will be that which was re-
quired.

Computation by the logarithmic fcales.

To find the angle A.

The fines of the angles of {pheric triangles are as the
fines of theiroppolite fides.

Then the extent of the compafles on the line of
fines from 29° 50’ (= aB) to 25° 65 f=&8)3
will reach from the fine of 63° 59" (=c8) to the fine
gk c32q" (=L A)

But by conftruétion the £ a is obtufes therefore
127° 517 (the fupplement of 52° 9’) is to be taken
for the angle a.

To find the angle B.

Say, as radius, to the cofine of cs.

So tang. Z_c, to the cotang of a fourth are.

And as tang, 4B, to the tang. of cn.

So coline of the 4th arc, to the cofine of a gth arc.
Then
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Then the difference between the 4th and 5th arcs
gives «~ B.

The extent from the fine of go° to the fine of 26° 1/
(= comp. of 63° 597), will, on the tangents,. reach
from25° 55" to 12° 2’ : But the 4th arc is to be a
cotangent; therefore 77° 58/ (the comp. 12° 2”) is
the 4th arc,

The extent from the tangent of 2¢° 50’ to the tan-
gent of 63° 59", will reach on the line of fines from
12° 2’ (= comp, of 77° 58’) to 48° ¢".

But the 5th arc isto be a cofine ; therefore 41° 517
(the comp. of 48° ¢’) is the fifth arc.

And 41° 51/ taken from 77° 58/ leaves 36° 7 for
the angle .

The extent from the tangent of 2¢° 50/ to the
tangent 63° 59/ is thus taken. Set one foot on the
tangent 29° 50’, and extend the other to the tangent
of 45°: Apply this extent on the tangents from 63°
59" towards the left; reft the left hand foot, and ex-
tend the other to 45° and the compafies will then have
the required extent,

o find ac.

Say, as radius, to the cofine of the angle c.

So is the tangent of ¢, to the tangent of a 4th
arc.

And as cofineof ce, to the cofine of as.

So is the cofine of the 4th arc, to the cofine of the
sth arc,

Then the differcnce between the 4th and sth arcs
will give the {ide ac.

The extent on the lines from go® to 64° 5’ (the
comp. of 25° 55”) will reach on the tangents from
63° 59" towards the right to 6;° 31’ the 4thare,

Alfo the extent on thefines from 26° 17 (= comp.
of 6:° 59) to 60° 10" (= comp. of 2¢° 507) will
reach from the fine of 28° 29’ (the complementof 61°
31") to the fine of 70° 37/,

But
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But the sth arc is to be acofine, thercfore 1¢° 237 is
the sth arc.

And 19° 23" taken from 61° 31/ leaves 42° 8 for
the fide ac,

Sorurion of C A S E IL

Exam. In the fpherical triangle azp.
Given ap= 42° ¢
=127 5o’
/ZB= 36 8
Required the triangle.

I. Yo put pe on the primitive circle. Fig. 1. 2.
Pl VIL

1t. Frome, with the {fecantof 2 &, 36° 8/, cut
the diameter ©® g inc3 on c, with the fame radius,
defcribe the circumference par: then the angle pBr=
the given £ 5.

2d. Make the angle 7 z g equal to 37° 50/, the dif-
ference between 127° 50’ and go”.

3d. Make ag =tangent of D4, 42°9”; on © with
the fecant of 42° ¢/ defcribe an arc go: on c with
¢ g, cutthe arc g QInQ,

4th. Draw @_© ¢ cutting the primitive circle in
p, and B0 will be a fide of the triangle.

"sth, From q_ with g, cut Bar in a; and
through b, a, 6, defcribe a eircumference, and the
triangle BAD is that required. ‘Whofe parts 8p, Ba
and £ p are thus meafured.

6th, np meafured on the chords, gives 64 degrees.

7th. Make® p= tangeat of halfiz B, viz.18° 43
aruler on p and A gives x5 then By meafured on
the chords gives 2g° 50, for Ba.

8th. Draw a diameter perpendicular to p, cut-
ting the circumference DAG In 55 a ruler on D and
s gives m 3 make mu o degrees, then ¢ # meafured
on the chords, gives 25° 55° for the £ p.

IL
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1L. o put as on the primitive circle. Fig. 3. 2.

ift. From 4, with. the fecant of the {fupplement
of the LA, viz. 520 30/, cut the diameter ©F con-
tinued in ¢3 on ¢, with the fame radivs, deferibe a
circumference age.

2d. Make © p = the tangent of half the, fupple-
ment of Z. A, wz. 26° 5’3 and make a » = chord
of ap, 42° ¢’: aruleron ¢ and x, gives D3 then is
4D equal to 42° ¢,

3d. On @, with the tangent of the angle s, 36°
8/, defcribe an arc me; on b, with the fecant of
L B, 36° 8/, cut the arc mc in ¢; on ¢, with the
fame radius, defcribe a circumference pB, then the
triangle aps, will be that required.

L. To put v 4 on the primitive circle. Fig, 3. 2.

1ft. Lay down ap with the chord of 42° ¢f.:
Draw the diameter pr; and another ©m, perpen-
dicular to pr.

2d. On a, with the fecant of the {fupplement of
L A, iz £2° 107, cut the diameter £ @ in cj
and on ¢, with the fame radius, defcribe the circum-
ference aBc. :

3d. Make © p equal to the tangent of half the
fupplement £ a, wiz. 26° 5/, a ruler by ¢ and »
gives ¥.

4th. Make xm = sn with the chord of 43, 36° 87,
a ruler by ¢ and # gives 7, by 6 and m gives 53 on &
the middle of 7s, with the radius &s, cut © # in il

sth. A ruler on r and 2, gives by make bk = 4Dy
aruleror rand 2 gives ¢; with the radius ¢ , defcribe
the circumference por; and the triangle ABD, 15 that

{fought.

I Coin-
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Computaiion by the Logarithmic Scales.

To find the fide BD.

Say, as the fine of £ 5, 1s to the {ide ap.

So is the fine of £ a, to the fide so.

Then the extent from the fine of 36° 8 to the fine
of 42° ¢/, will reach from the fine of 52° 10" (the
fupplement of 124° 50) to the finc of 63° 59" =

fide Bp.

To find the fide aB.

Say, as radius, is to the cofine of the £ A,

So is the tangent of ap, tothe tangent of a 4th arc.

And, as tangent of £, to the tangen® of the £A.

So is the fine of the 4th are, to the fine of & 5.h
arc.

Then the difference between the 4th and 5th arcs
will be equal to the fide ar.

The extent from the radius, or the fine of go° to
the fine of 3%° 50’ (the complement of 52° 10], will
reach on the tangents from 42° 9" 10 2¢° 02" = 4th
arc,

And the extent from the tangent of 36° ¢ to the
tangent of 52° 10/, will reach on the fines from 29°
02" 10 58° 54" = sth arc.

Then the difference between 58° 54" and 24° 02
gives 29° 527 for the fide a5.

The extent from the tangent of 36 87 to the tan-
gent of 52° 10 is taken as fhewed in the fecond ope-
ration of the firft cafe.

7

To find the 2D,

Say, as radius, is to the cofine of ap.

So is the tangent of £ 4, to the tangent of a a'h
arc,

And as the cofine of £ a, to the cofine of £ B3

So is the fine of the 4th arc, to the fine of the 5tb are,
Then
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Then the difference between the 4th and 5th arcs
will give the £p. ,

Now the extent from the fine of g to the fiue
of 47° 517 (the complement of 42° 6¢’), will reach
from the tangent of 52° 16 to the tangent of 43° 40,
But the 4th arc being a cotangent will be 46° 20, the
complement of 43° 40/,

Alfo the extent from the fine of 37° 50’ (the com-

lement of 52° 10”) to the fine of 73° 52/ [the com-
pliment of 36° 08’), will reach from che fine of 46°
20’ to the fine of 72° 14’ the 5th arc.

Then the difference berween 72° 157 and 46° 207
vig. 25 55 will be the angle p.

In applying the firlt extent, wiz. from the fine of
go°® to iine ot 47° -1, to the tangentsy fet one foot
on the tangent of 45° and let the other too: reft where
it falls; move the foot from 45° to 52° 10”3 then thig
extent will reach from 45° to 43° 40'.

Sorution of C A SE IIL

Ex. In the fpherical triangle asp.
Given 48 = 2g° 50".
BD = 63 59
LB=30" .8
Required the triangle.

L To put % on the primitive circle. Fig 1. 3. PLVIL

tft. Make as = chord of 29° 50/, draw the dia-
meter BF, and another © t perpendicular thereto.

2d. From B, with the fccant of 48, 36° §’ cut © £
in ¢, the center of spr.

2d. From ©, with the tangent of half £ B, viz.
18° 4/, cut ® g in p, the pole of BDF.

4th. Make 8 x = 8D, 63° 59/; aruleron pand ¥,
gives 0. Through a, D, G, delcribe a circumference,
and the triangle apw is that required, whofe parts ap,
£ a, and £ D may be thus meafured,

Ia 5th,
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sth. A ruler on a and s gives %, make 2 j = chord
of go°; 2 ruler on A and y gives p the pole of Asc;
a ruler on pand p, gives #, and A # meatured on the
chords gives 42° 8/ for aD.

6th. G y meafured on the chords, gives 52° 11/ for
the fupplement of £ a; therefore £ 4 = 527" 49'.

7th. A ruler on p and p gives r, on D and p, gives
sy and 7, mcafured on the chords gives 25° 56° for
the angle Bpa.

ift. Make ps = chord of 63° 59" draw the dia-

metes BF and perpendicular thereto, the diameter @ G.

ad. From ®, with the fecant of 4B, 36° g7, cut
© ¢ in c; on ¢ with cn, defcribe the cireumference
BAF.

3d Make @ p = tangent of haif £ 5, 18° 4/, and
D x = chord of a5 2¢° 50/, a ruler on P and & gives
a3 through p, 4, E, defcribe a circumference, and the
triangle Asp is that required.

1. 7o put av on the primitive circle. Fig. 3. 3.

1. In a right line ¢, touching the primitive circle
in any point &, take §d = tangent of 3D, 63° 5975
and de — tangent of ap, 29° 50"

2. Make the angle dbz = £ B, 36° 8%, and make
ba = be.

3. Fromd, @, withpz, ©¢, deferibe arcs crofiing
in x3 from x, d, draw the diameters AE, DF3 and
others oc, ou, perpendicular to A%, FD.

4+ From d, x, with &d; ¢o, delcribe arcs crofling
in e; and draw ds; xE.

5. From B draw Be, perpendicular to x», and
meeting ©G produced in ¢ alfo draw Be perpendi-
cular to 48, and meeting GHin ¢; then c is the center
of a circumference through A, B, E; and ¢ the center
of that through b, B, F; and the triangle asp is that
required,

Comput=
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Computation by the Logarithmic Scales.,
Do find the angles a and c,

Say, as the fine of half the fum of the given fides

To the fign of half their differences

So 1s the cotangent of half the given angle

To the tangent of half the difference of the re-
quired angles.

And, as the cofine of half the fum of the given fides

To the cofine of half their difference;

So is the cotangent of half the given angle

T'o the tangent of half the fum of the required angles.

Then the half difference of the required angles add-
ed to their half fum will give the greater angle a.

And the half difference of thofe angles taken from
their halt fum will give the leffer angle v.

Now the fum of the given fides 63° 50/ and 29°
50" is 93° 44/, their difference is 34° 0g’; the half
fum = 46° 545, and the half difference is 17° 04..%.

Alfo half the given angle 5 is 18° 04”.

Then the extent from the fine of 46° 547 to the fine
of 17° 47, will reach from the tangent of 71° 567 (the
complement of 18° 4%) to the tangent of 50° 5% the
half difference of the required angles.

Here the extent on the fines is from right to left or
decreafing ; fo the extent on the tangents muft be
from left to right, which in this cafe is decreafing.

Alfo the extent from the fine of 43° 6’ (the com-
plement of 46° 54”) te the fin¢ of 72* 56" (the com-
plement of 17° 04’), will on the frale of tangents
reach from 71° 567 (the complement of 18° 47) to
76° 53" the half fum of the reguired angles.

Then the fum of 76° 53 and 50° 57/ = ®827°
55)" == 18

And the difference of 76° 53/ and 50° 57" = 25°
0y =iLc.

The angles being known, the other fide may be
found by oppolite fides and angles, and is 42° 03’.0

2 i
N
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Or the other fide may be found without krowing
the angles

Say, as radius is to the cofine of the given angles

So is the tang nt of either given fide, to the tan-
gent of a 4th arc.

Which 4th are will be like the fide ufed when the
given angle is acute, otherwife it will be of a contrary
kind with the fide ufed.

Then take the difference between the 4th arc and
the other given fide, call the remainder a sth arc.

And as tie coline of the 4th arc is to the cofine of a
gth arc;

So is the cofine of the fide ufed in the former pro-
portion

l'o the cofine of the fide required.

Now the extent from the fign of go° to the fine
of ©3° ¢/ (= complement of 36° 08’) will reach
from the tangent of 2¢° 50’ to the tangent of 24° 517
the 4th arc.

And 24° 517 teken from 65° 59" leaves 39° g’ for
the 5th arc.

Then the extent from the fine of 65° og” (the
complement of 24° 517) to the fine of 50° 52 (the
complement of 29” 08/) will reach from the fine of
60° 10’ (the camplement of 29° 507) to the fine of
47° 51”3 whofe complement, viz, 42° 09’ is thefide
required.

Sorution of CASE 1V,

Ex. In the fpherical triangle a®D:
Given £ D = 25° 55°.
L B= 36° of’,
pB = 63° 59/,
Reguired, The triangle.

1. To put R on the primitive circle. Fig. 1. 4. PLVIL

“1. Make pr = chord of 63° 59”3 draw the diame-
ter 8F, and draw €6 perpcndicniaf 1O BF.
2. From
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¢ From s, with the fecant of £ 5, 56° 8/, cut ©c
in c; and c will be the center of zar.

3. From b, with the fecant of £ p, 25° 555 cut
©n in ¢ and ¢ will be the center of pae; and the
triangle DAB is that which was required; whofe paris
D4, BA, and £ a4, are thus meafured.

4. Make ©p = tangent of 5 4D, 12° 573, &
ruler on p and A gives x; then px meafured on the
chords gives 42° 10" for ap.

5. Make ©p = tangent of - LB 18° ¢/, a ruler on
p and A, gives z; then Bz meafured on the chords,
gives 29° 54’ for as.

6. A ruler on 4 and p, gives », on a and p, gives m;
and #m tmeafured on the chords gives 52° 10” the fup-
plement of the angle a. Therelore £a = 12%° 50°.

II. 7o put DA on the primitive circle. Fig 2. 4.

1fl. From p, with the fecant of £b, 25° 5573 cut
@©rin c; and c is the center of the circumference pBE.

2d. Make ©p = tangent of ; £p, 12° 57%; and
make px = chord of v, 6;° 56”3 a ruler on »p, ,
gives B; and DB is 63° 55/,

3d. Make the angle cac = £ 8, 36° 8’5 through
¢, draw ¢ perpendicular to 8®, cutting nein ¢3 on
¢, with the radius cg, deferibe the circumierence anc;
and the triangle aBp, is that which was required.

III. 9o put aB on the primitive circle. Fig. 3. 4.

1ft. From B, with the fecant of 43, 36° 8 cut
OF in c; and c is the center of the circumference of
BDE.

2d. Make B» — chord of Bp, 63° 5¢"; and Op =
tangent of > £ B, 18° 47; aruler on p and » gives D3

then is BD = 63° 597,

" gd. Make the angle coe = b, 25° 55; then me
drawn perpendicular to @ b, meeting D¢ in ¢, gives
¢ the center of the circumférence avG; and the tri-
angle asp will be that required,

14 Cosm:

4
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Cﬁ;;f;::‘f’fz@‘;x by the Logariibmic Scales.

To find the angle A.

ne-of the given fide;
given angle to the cotans

oo
<
b
!
~—t
=
o
-
£
=
'S
13
(m
=
U=
D
A
e
£
el
)
i

gent of a-ath are,

Call the difference bL.LWa’fﬂ the other given angle
and the 4th arc, the sth a

And, as the fine ul the _,.n arc, is to the fign of the

th ares

Soist
porticn

To the cefine of the l'r:qr'

The 4 T.u arc will ke t}|
frlt ufed if the ¢
contrary kind ir' that EE;'.( 5 greates tha ¢ go®.

Arcs are faid to be of the fame kind, when both
. g 1, than go degrees.

-d angle will be of the fame Lnd with
the angle ufed in the proportions, if the 4th arc is lefs
than the udm angle; but of an unlike mnd when the
1_[1 arc is gre ater [.1 an the ot ]]“{‘ 1|f”,t‘

Now the extent from the fine of ¢ 90" £ the fine of
26° o1’ (the complement of 63° 59" ) will reach from
the tangent of -L.,"_ £’ to the tangent of 12° 02”: But
this is the comjplement of the 4th arc, which is
77° 58’ :

,nl“;(l (: 08’ rzken from T Jo" leaves _}_10 50’
for the l I
Tl.cn .l e exl

e of the angle uled in the former pro-

-~

‘

2

tent from the fine of 77" 58 to the fine

of 41° 50, reach from the fine of 64° 5/ (the
‘ -0 i
COIl 7 LES TERT R 10 the h!JE of 3;0 50,
whi : £ 1o _::a') 167
But as the ath arc was gres han 360 08/, the

angle |<,u"m is' to Eeof a cmmry mnd to 25° 55
(— 4bv), that is, that a is to be obtufe; fo 12"" 50"
(the fu plement of 52° 107) Is to be taken for the

an glc A, Now
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E\Tow all the angles and one fide being known, the
her fides may be found by the proportion fubfilting
bctwccn the {ines of angles, and the fines of their
oppofite fides.
Or fay,

As the fine of half the fum of the given angles

Is to the fine of half the difference of ﬂmok_an:des,

So is the tangent of half the given fide

To the tangent of half the ‘difference of the re-
quired fides.

And

As the cofine of half the fum of the given angles

Is to the cofine of half the difference of thole angles;

So is the tangent of half the given fide

To the tangent of half the fom of the required fides.

“Then the half difference added to the half fum
gives the greater of the fought fides.

And the half difference 1ubtraued from the half
fum gives the leffer of the fought fides.

Now the half fum of the given angles, wiz.
LD 4+ +4B — 31° O

And the hiﬁ'chﬁémnce of thofe angles, wiz.
R S — 52 617

Alfo the half of the | given fide pB, is 31 Brs

Then the extent from the fine of 31° 1/, to the fine
of 5° 6/,

Will reach fram the tangent of 31° 5¢/, to the
tangent of 6° 3.

Anu the extent from the fine of 58° rg (= com-
plement of 31° o1”) to the fine of 84° 54’ (the com-
phxrnnt of s 6/), will reach from the tangent of
21° 59 to(thanuentot 35" 58,

Then the fum of 35° 58/ and 6° 3’y wiz. 42° O1'
— AD.

And the difference of 35° 58’ and 6° 3/, viz. 29°

=
55 = AR

SoLu-
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Sorution of CASE V.

Ex. In the fpherical triangle azp,
Given 48 = 29° 50°
AD = 42 g
Bp = 63 59
Required, The triangle.

1. To put aB ontke primitive circle. Fig. 1. 5. PL VII.

1ft Make a3 = chord of 29° 50"; draw the dia-
meter BF.

2. Make an = chord of ap, 42° ¢/; and sm =
chord of Bp, 63° 59.

3d. From #, with the tangent of ap, 42° ¢/, cut
Ea produced in ¢ and from ¢, with that radius, de-
fcribe the arc mz; from a2, with the tangent of BD,
63° 59’, cut Fn produced in ¢; and from ¢, with the
radius cm, cut ti.c arc #2 in D.

4th. lhrough 4, o, &; 5, b, ¥, defcribe circum-
ferences, and the triang'e ADEB 18 that which was re-
quired ; whofe angles A, B, D, are thus meafured.

5th, A ruler on a and g, gives ¥; on B and 2,
gives z; make xy, 2v, each go°; a ruler on a and y
gives P, in a radius perpendicular to aE; and a ruler
on B and v gives p, in a radius perpendicular to
BF, |

6th. £y meafured on the chords, gives 52° 127 for |
the fupplement of the Za; thereiore £4 = 127° 48".

yth. Fv meafured on the chords, gives 36° 10’ for
the angle 5.

8th. A ruler on b and p gives #, and on p and P
, gives sy then 75 meafured on the chords, gives 250
| 587 for the angle p. |

The fides ap, De, are put on the primitive circle,
by a conitruction {o like the foregoing one, that it is ‘
needlefs to repeat it.  See figures 2. 5. and 3. 5.

Con~
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Computation by the Logarithmic Scales.
To jind the angle A.

The fides including the angle & are ap = 42° og’
And AR = 29 50

Their difference call x = 12 19

The fide oppofite the £ 4 is 5D = 63 59

Then the fum of Bp and x is 76° 13/; the half fum
is 38¢ 09”3

And the difference of 8D and x is 51 40; the half
difference is 25° 507

Now take the extent on the line of fines, from the
half fum 38° ¢’ to either of the containing fides, asto
29° 50’3 apply this extent from the other containing
fide 42° 09’ towards the left, there let the foot reft,
and extend the other point (vz. that which was fet on
42° 0g’) to the half difference 25° 50”3 then this ex-
tent applied to the line of verfed fines, will reach from
o degrees (at the beginning) to 52° 12”3 the fupple-
ment of which, or 127° 48’ will be the degrees in
the angle a.

Again.- To find the angle ».

The fides including the angle a, are 80 = 63° 597
Ai]d AD = 42 09

Their difference call x = 21 z0

The fide oppofite to the £D is a8 = 29 50

Then the fum of as and x is 51° 40”3 the half {fum.
is 25° 50/.

And the difference of Ba and xis 8 ¢’ the half
difference is 4° 00’.

Then the extent on the fines from 25 50" to 63
59’ will reach from the fine of 42" 0g’ to fome point
beyond 9o°; therefore apply the extent between 25°
so/ and 63 5g’ from the fine of go® downwards, let
the point reft where it falls, and bring that point
which was fet on go° to 42° 09”3 then will the diftance

between
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between the feet fhew how far the firft extent would
reach beyond go®: Now apply this extent on the fines
from the point oppofite to the middle 1 on the line
of numbers, the other foot falling upwards to the
right, let it relt there, and extend the other foot to
the half difference 4” 0’: Then this extent applied to
the verfed fines, one foot being fet on the point oppo-
fite the middle 1 on the line of numbers, the other
foot will fall on 154 5’3 the fupplement whereof,
viz. 25° 55 will be the angle p.

Sorvrion of CASE VL

Ex. In the {pherical triangle asn:
Given £a = 127° 507,
LB R,
e e L
o &D = 25 55,
Required, The triangle.

Y. To pui AB on the primitive circle. Fig. 1. 6. PLVIL.

ift. From 8, with the fecant of 4B, 36° §’, cut
OF in ¢, and ¢ will be the center of the circumference
through », b, E.

2d. From @, with the tangent of 52° 10’ the fup-
plement of £a, defcribe an arc xe.

2d. Make an angle cag = £, 25° 55"; make
ag equal Bx. (= fecant of 52° 10/.)

4th, From c, with the radius g, cut x¢ in ¢;
From ¢, with the radius ga, defcribe a circumference
anc; and the triangle amp, is that which was re-
quired: whofe fides ag, 8D, D4, are mealured as fol-
lows.

sth, ‘A ruler on B and 4 gives d, and on & and 4,
gives f; make dg, fh, each go degrees; a ruler on g
and B gives p, and on 4 and 4, gives p, in OF, ©H,
drawn perpendicular to BE, AG.

‘ 6th. A ruler on p and p gives i, and on p and b,

gives /.

th.,
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sth. Then/m, B, am, meafured on the chords,
- (#] i -
gives 29° 50°; 63° 59"y 42°4¢”"; for the refpective
meafures of Ba, BDp, ap.
The direftions for this conftruttion, may be eafily
applied to the putting either of the other fides on the
primitive circle. Fig. 2. 6. and 3. 6. Pl VIL

Computation by the Logarithmic Scales.
To find the fide BD:
The angles including the fide Bp, are £8 = 36" 08’
And £p = 25 55
Their difference eall x = 10 13

The fupplement of the £ oppofite to Bn is 52 10

The fum of the fupplement of £4 and x is 62° 253
the half fum is 31° 113"

The difference of the fupplement of £a and x is
41° 575 the half difference is 20° 583/,

Now on the fincs, the extent from the half fum
21* 114 to 25 55 will reach from.36° 08’ to a
fourth fines and the extent fromthat fourth fine to the
fine of the half difference 20° 5847 will reach on the
verfed fines from the beginning to about 64° the fide
fought.

And in like manner may the other fides be found.

o%g, oSr 4% X A%t

Fote fotodate fo R Sape Rope e R ety
S &cT. XIX.
Of the proporiional Compafes.

H O SE compafles are called proportional,
whofe joint lies between the points terminating
each Jeg; in fuch a manner, that when the compafles

are opened, the legs form a crofs.
Sucu compafies are cither fimple or compound.

SIMPLE
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SimrLE proportional compafles, are fuch, whaofe
center is fixed: One pair of thefe, ferve only for one
Propomon.

Taus, if a right line is to be divided into 2, 3, 4,
5, &¢. equal parts; or the cord of J, & 1, &9z part
of a circumference is to be taken; there muft be as
many of fuch compafles, as there are diftinét opera-
tions to be performed.

In each cafe, take the length of the right line, or
of the radius of the circle, between the longer points
of the legs; and the diftance of the thorter points will
be the part required.

ComPoUND proportional compafles, are thofe
wherein the center is moveable; fo that one pair of
thefe will perform the office of feveral pairs of the
fimple fort.

In the fhanks of thefe compafles are grooves,
wherein {lides the center, which is made falt by a nut
and ferew.

On each fide of thefe grooves, fcales are placed;
which may be of various forts, according to the tancy
of the buyer: But the fcales which the inftrument-
makers commiorily put on thefe compafles, are only
two, wiz. lines and circles,

By the fcale of lines, a right line may be divided
mto a number of equal parts, not exceeding the
greatelt number on the feale; which is generally 2.

Exawm. I. Todivide a given right line, (fuppofe
of 7. inches long,) into a propofed number of equal
parts.  (as x1.)

OreraTion. Shut the compafles; unfcrew the
button; move the flider until the line acrofs it, coin-
cides with the 1:th divilion on the feale of lines ;
fcrew the button faft; open the compaffes, until the
given line can be received between the longer points
of the legs; then will the diftance of the fhorter
points
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points be the z1th part of the given line, as re-
quired.

By the fcale of circles, a regular pelygon may be
infcribed in a given circle; provided the number of
fides in the polygon, do not exceed the numbers on
the fcale, which commonly proceed to 24.

Exam. I To inferibe in a circle of a known ra-
dius, (fuppofe 6 Inches) a regular polygon of 12 fides?

CreravionN. Shut the compafies ; unfcrew the
button; {lide the center until its mark coincides with
the 12th divifion on the fcale of circles; fcrew the
button faft; take the given radius between the longer
pomts of the Jegs; then will the diftance of the
fhorter points, be the fide of the polygon required.

Tuese fcales are applicable to feveral other ufes
beflide the fore oing ones, in the fame manner, as the
like lines on the fector are.

From thefe operations it is evident, that the
lengths of the lenger and fhorter legs, (reckoned
from the center,) muft always be proportional to the
diftance of their extremities.

TuerEroke, to divide a right line into 2, 3, 4. 5,
6, 7, 8, &e. equal paris; the lengths of each leg,
from the center, will be exprefied by the follbwing
feries, the whole length of the inftrament being taken
for unity.

Longerides 3, 3, % 3 7
Shoter log v dv-2y 355 B

Tauzse divifions may be very accurately Jaid on the
legs of the compaffes by the help of a good fector.
(See Prob. 14,)

Ox, thedivifions of this feale of lines may be found
by the following conftruction,

Deaw
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Draw the indefinite right line pr; and from any
point a, without DE, draw aa, cqual to the fhank
B of the eompalles, making
any angle at @, with DE.
Through a draw the right
) line aB, parallel to pz, and
% ——ea — equal to the given line from
whofe parts the proportions are taken.

LT az contain N parts.

Now that ¢4 fmay be the ##h part of Az, or, that
AR may be » times ab.

D

~TEESS

1
LET 4C = —— ¥, Or A= Ny
w1

1
n--1
then the point c is the center of the ferew pin.  And
through ¢, drawing Bc, meeting pE in &3 then is

I -
ab = — of AB, or ap = # times ab.
n

Sl sy ac ]
ot —=—= =
AR AC I

If the center of the fcrew-pin be diftant from the
mark in the flider, the ;l: part of N,

% : __m-iﬁi\N T 234 )
Then ac = —— X — (putting s = # 4 1.)

Ex. If N = 10000, m = 400, and # = 1, or 2,

or 3 &e.
Then ac = gooo, or 3333, ot 2500, & when

the divifions on the thank refpeét the center pin.
5025 Or 3358 Or 25235, f_.:'

4975 or 3308 or 2475, &e.

when the divifions re{pect a mark in the flider, diftant

from the center pin, ..%- of the length of the Inftrument.

And ge =

Tuk feale for dividing of the circle, or the divifions
for regular polygons may be found thus,
. Fivp the angles at the center, of as many regular
polygons as are to be delcribed on the compafies.
Seek the fines belonging to the half of each angle,
1o the radius 1. To
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To each of thefe fines doubled, add the radius 1.

Tuen will the reciprocal of thefe numbers, be the
lengths of the polygonal divifions, on the legs of the
compafies, reckoned from the longer point; the length
of the inffrument being accounted unity.

FoRﬁthe longer and fhorter legs, (or points) are
in the fame ratio, as are the radius and chord of the
angle at the center.

AwD as the fum of the radius and chord. is to the
radius; fo is the fum of the longer and fhorter legs,
(or points) to the length of the longer point.

Axp hence was the following table compofed,
which fhews the decimal parts on the leg, from the
longer point to the center.

1z 2 e -i
o f. < % Gt
ejlength on| vl engthon iLength on
2 the Leg. | 54 the Leg. 5 the Leg.

E's 2] it
: I
3} ©:3333 |13] 0,6396 (19| 0,7523
41 ©4142 |i2f 0,6589 |20| 0,7617
5| 054597 |13} ©,6763 |21f 0,7706
6f 0,5000 |14f 0,6921 |22] 0,7785
71 0.5354 |15 0,7063 |23 0,,860
8] 0,5605 |i6] 0,7193 |24 0,7931
9| ©,5940 1171 057313
1o] 90,6180 L8l 0,7423

Taese divifions may be truly laid off by the help
of a good feftor ; making the whole length of the
roportional compafies, a tranfverfe diftance to 10
and 10, on the line of lines.
THE complements, to unity, of the numbers in
the table, will give the diftances of the divifions from
the osher point of the inftrument.

K Ir
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Ir the mark in the flider, is at fome diftance from
the center, as it commonly is, then this diftance,
which is always known, muft be added to, or fub-
trafted from, the foregoing numbers, according to
that fide of the center the mark is on; and the fums,
or remainders, will give the diftances of the divifions
from one of the points,

Asout Michaelmas, 1746, was finithed a pair of
proportional compafies, with the addition of a very cu-
rious and ufeful contrivance ; (fee the plate fronting
the title page) wiz. into one of the legs (A) at a
{mall diftance from the end of the groove, was fcrew-
ed a little pillar () of about + of an inch high, and
perpendicular to the faid leg 3 through this pillar, and
parallel to the leg, went a ferew pin (J4); to one
end of this ferew, was foldered a fmall beam (¢¢) near-
ly of the length of the groove in the compafles ; the
beam was {lit down the middle lengthwife, which re-
ceived a nut (/) that flid aleng the {lit (dd) 5 this
nut could be fcrewed to the beam. faft enough to pre-
vent fliding ; one end (¢) of the ferew of the nut ( f)
falls into a  hele in the bottom of the fcrew to the
great nut (g) of the compafles ; the fcrew. pin (42)
pafied through an adjufter (4): To ufe this inftru-
ment, fhut the legs clofe, flacken the fcrews of the
nuts ¢ and /5 move the nutsand flider # to the divi-
fion wanted, as near as can be readily done by the
hand ; ferew faft the nut f; then by turning the ad-
jufter b, the mark on the flider &, may be brought
exactly to the divifion ; ferew faft the nut g5 open
the compafies ; gently life the end ¢, of the fcrew of
the nut £, cut of the hole in the bottom of the nut g3
move the beam round its pillar 4, and flip the point
¢, into the hole in thepinz ; flacken thefcrew of the
nut f; take the given line between the longer points
of the compafles, and fcrew fatt the nut £ : Then
may the fhorter points of the compafies be ufed with-
out any dunger of the legs changing their poﬁtior; 3

this
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this being one of the inconveniencies that attended the
propertional compafles before this ingenious con-
trivance 3 which was made by Mr. Thomas Hearh,
Mathematical Inftrument-maker in the Strand, L:on-
doi.

Twe proportional compafles had not been long in-
vented before there were {everal learned and ingenious
perfons who Contrivedg great variety of [cales to be
put thereon 3 but thefe are here omitted, becaufe the
credit of the proportional compafies is greatly fallen,
fince the invention of the fetor, the latter bcing a
much more ufeful inftrument than the former. and not
fo fubjeét to be put out of order ; for if one of the
points of thefe compafies thould be blunted or broke,
the inftrument cannot be ufed, until the damaged
point be replaced by a new one. However, thofas
who are defirous of knowing the confiruion and ufe
of fuch fcales on the proportional compafles, may be
amply fatisfied in confulting Hulfius, Horfcher, Gal-
gemaire Bisn, and others mentioned in the preface
to this book,

K2 £ P-
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CONTAINING

The Descriprion and Usk of the

GUNNERS CALLIPERS.

KK Parr of Callipersis an inftrument ufed to
A XK rake the diameters of convex and concave
FH X podies.

TwE inftrument called the Gunners Callipers, con-
fifts of two thin rulers or plates, which are moveable
quite round a joint, by the plates folding one over the
other,

Tz length of each ruler or plate is ufually between
the limits of fix inches and a foot, reckoned from the
centre of the joint; and from one to two inches
broad : But the moft convenient ufeful fize is about
nine inches long, The figure is beft feen in the
plate.

Ox thefe rulers are a variety of feales, tables, pro-
portions, &c. fuch as are eftcemed ufeful to be known
by gunners and other perfons employed about artil-
lery : Butexcept the taking of the calibre of thot and
canpon, and the meafuring of the magnitude of faliant
and entring angles, there are none of the articles with
which the callipers are ufual'y filled, effential to this
inftrument ; the fcales are, or may be, put on the
feftor ; and the tables, precepts, &c. may be put
into a pocket-book, where they will not need fo much
contraction : However, for the fake of thofe who are
defirous
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defirous of having a fingle inflrument perform many
things, the following articles and their difpofition on
the callipers are here offered : Some of which were
propoled many years ago by my muchefteemed friend
Mr. Charles Labelye, engincer to the works of PV eft-
minfier-bridge,

Articles propofed to be put on the Gumners Callipers.

I. THE meafures of convex diameters in inches.

II. Tae meafures of concave diameters in inches.

II. Tur weights of iron fhot from given dia-
meters.

IV. Tue weight of iron fhot proper to given gun
bores.

V. Tuedegrees of a femicircle.

VL Tuz proportion of Troy and Averdupoife
weight.

VIL. Tae proportion of Englith and French feet
and pounds.

VIIL Facrors ufeful in circular and {pherical
figures.

IX. "TaBLEs of the fpecific gravity and weights of
bodies.

X. TasLzes of the quantity of powder neceflary for
proof and [ervice of brafs and iron guns.

XI. Rures for computing the number of fhot or
fhells in a finithed pile.

XII. Rowes concerning the fall of heavy bodies.

XII. Ruwes for the raifing of water,

X1V, Tae rules for thooting with cannen or mor-
tars.

XV. A rine of inches.

XVI. Locarirumie {rales of numbers, fines, ver-
fed fines and tangents.

XVII. A sgerorat line of equal parts, or the line
of lines.

XVIIL Aszerorat line of plans or fuperficies.

XIX. A sectorat line of {olids,

K 3 Tus
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Tae Callipers propofed for the reception of the
foregoing articles is nine inches long, and ecach leg two
inches broad at the head, and at the points 3 part of
the bread'h between the ends is hollowed away in a
curve, in order to contain the curvarure of the ball,
whofe diameter is taken between the points ; one of
ten inches diameter is the largeft that can conveniently
be takien with a nine inch Calliper; thofe of fix inches
cannot well be applied to a fhot of more than feven
inches diameter.

For the eafe of referencey it will be convenient to
diftinguith the four faces of the Callipers by the let-
ters A, B, C, D¢ Each of the faces a and p confift of a
circular head and a leg; the other faces B and ¢ con-
fift only of a leg.

ARTICLE I

Of the meafures of convex diaieters.

On part of the circular head joining to the leg of
the face 4, are divifions diftinguifhed by the title of
(ot digmeters : ‘Thefe are to fhew the diftance in in-
ches, and tenth parts of an inch, of the points of the
Callipers when they are opened.

THE USE.

Oren the points of the Callipers fo, that they may
take in the greateft diameter of the ball; then wall
the bevil edge marked = fhew among the forefaid di-
vifions, the diameter of that ball in inches and tenth

arts, not exceeding ten inches.

T hefe divifions may be thus laid down by the feflor.

Opzn the fector until the radius of the circle,
whereon is marked the fcale of divifions on the head
of the Callipers, taken with the compafies, falls tranf{-
verfely in the {cales of lines, on the divifions thewing
the diftance between the centre of the Callipers and
its points: Then the tranfverfe diftances of the feveral

divifions
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divifions ‘on the fcales of lines, being applied like
chords to the circle of divifions on the head of the
‘Callipers will give the divifions required.

THus in the nine inch Callipers, the radius of the
head, or circle of divifions being one inch, and the
breadth at the points two inches ; the diftance between
the centre.and points will be (/ 82 =) 9:055385 :
‘Then one inch being made a tranfverfe diftance on the
fcales of lines to g 2 5 the tranfverfe diftancesof 10,
9, 85 7, 6, &c. being applied to the circle on the
head of the Callipers appropriated for the feale, from
the mark where the divifions commence, will give the
feveral points, which being cut by the bevil edge &
will thew how far the points of the Callipers dre di-
ftant.

Twue workmen generally lay thiefe divifions down

by trial.
ARTICLE .

Of the weights of iron fbot.

On the circular bevil part £ of theface B, is a feale
of divifions denominated by 1 weizhs of fhor. Thefe
are to fhew the weights of iron fhot when the dia-
meter is taken between the points of the Callipers:
For then the number cut by the inner edge of the leg a,
fhews the weight of that iron fhot in pounds averdu-
poife, when the weight is among the following ones,
TiZe

16- % 1. 15 2.3 4. 57 6.8.9. 12. 16. 18, 24. 26.
99,36, 43,

Osservine that the figures neareft the bevil edge
anfwer to the thort lines; and thole figuresbehind them
anfwer to the divifions marked with the longer ftrokes
or lines.

Taest divifions are to be laid down from a table
fhewing the diameters of iron {hots to given weights.
Such a tableis computed by knowing the weight of
one fhot of a given diameter : Thus an iru. fhot of

K 4 fow
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four inches diameter is found to weigh nine pounds :
Then the weights of fpheres being to one another as
the cubes of their diameters, Say, Asg b is to 64,
the cube of 4.
So is any other weight, to the cube of its diameter.
'tEn the cube root being taken will give the dia-
meter.

Now fetting the points of the Callipers totouch one
another, make a mark on the bevil edge & oppofite
to the inner edge of the leg A3 and this mark will
be the beginning of this fcale of weights: The other
divifions will be obtained by opening the points of
the Callipers to the diftances refpecting the weights to
be introduced, as fhewn by the table, and marking the
divifion oppofite to the inner edge of the leg a,

=] L

et

ARTICLE IIIL

Of the meafures of concave diameters.

On the lower part of the circular head of the face
4, and to the right hand of the divifions for the dia-
meters of fhot, is another fcale of divifions, againft
which ftands the words Bores of Guns.

T HE U SR

To find the calibre, or the digmeter of the bore of a
CAaTiTI0R.

Suie the legs of the Callipers acrofs each other,
until the fteel points touch the concave furface of the
gun in its greateft breadth 3 then will the bevil edge
r, of the face B, cut a divifion in the fcale fhewing
the diameter of that bore in inches and tenth parts.

Ix the nine inch Callipers thefe divifions may be
extended to 18 inches diameter , but 14 inches is fuffi-
cient for both cannon and mortars : And in the fix
inch Calli a diameter greater than 1o inches can-

not be gyus eniently introduced,

Thefe

——
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Thefe divifions may be thus laid down by the feor.

Ser one inch the radius of the circle on which the
divifions are to be put, as a tranfverfe diftance to the
divifion 9+<< on the fcale of lines on the feftor : Set
the points of the Callipers together, and make a mark
on the circular head where it is then cut by the bevil
ege F : Then the feveral tranfverfe diftances taken
from the fector, and applied on the circumference of
the circular head of the Callipers, from the faid mark,
the feveral divifions fhewing the diftance of the points
of the Calliper are thereby obtained.

Worknmen find thefe divifions by actually fetting
the points to the diftance.

ARTICLE 1V.

Of the weights of fbots 1o given gun bores.

Wirtnin the fcales of thot and bore diameters on
the circular part of the face a are divifions marked
Pounders.

THE USE.

Waen the bore of a gunis taken between the points
of the Callipers, the bevil edge & will cut one of thefe
divifions, or be very near one of themy: Then the
number ftanding againft it will fhew the weight of
iron fhot proper for that gunj; not exceeding 42
pounds.

TrE inner figures £, 1%, 3, 53, 8. 12, 18. 26. 36.
belong to the longelt ftrokes or lines 3 and the figures
I. 2. 4. 6.9, 16. 24. 32, 42 belong to the fhort
frrokes.

[ HE diameters given by thefe pounders are larger
than thofe given for the {ame weights of fhot 3 be-
caufe there is an allowance made, called IVz'ffdage, that
the fhot may roll cafily along the chace.

A R-
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ARTIELE V.

Of the degraes in ihe femicireular bead.

Trese degrees are placed on the upper half of the
circular head of the face a, where are three concen-
tric feales of degrees : The outward fcale has 180 de-
grees numbered from the righf. to lett, with 10. 20.
30. 40. &c. to 180: The middle fcale is numbered
in the fame manner, but the contrary way : And the
inmoft feale begins in the middle with o, ‘and is num-
bered from thence both ways with 10, 20. 50. &c. 10
go-degrees,

THE USE.
Firft 1o meafure an entring, or internal, angle.

Arrry the legs of the Callipers fo that its outfide
edges coincide with the legs of the given angle 3 then
will the bevil edge F cut the degrees thewing the mea-
fure of thatangle in the outfide fcale

Secondly. To meafure a falianty or exterial, angle.

Suip the legs of the Callipers acrofs each other, fo
as their outfide edges may coincide with the legs of
the given angle ; then will the bevil edge & cut the
degrees fhewing the meafure of that angle : Thefe
degreesare to be counted on the middle feale.

Hence an angleof any number of degrees may be
readily laid down by the Callipers, either on paper,
or in the field.

Thus. Orzn the Callipers, the legs being croffed,
until the edge £ cuts the degrees on the middle feales
the crofling edges of the inftrument will then form the
fides of that required angle : The Callipers then laid
fat on the paper or ground, lines drawn by the ftraic
fides will exprefs that angle.

T birdly.
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Thirdly. To find the elevation of cannon and mortars, or
of any etber oblique plane or line.

Pass-one end of a fine thread into the notch on the
plate 8, and to the other end tic a bullet, or other
weight : Apply the ftrait fide of the plate A to the
fide of the body whofe inclination is wanted 3 hold the
late A in this pofition, and move the plate & until
the thread falls upon the line near the centre marked
Perp. Then will the bevil edge r cut the degrees,
counted on the inner fcale, fhewing the inclination
which that body makes with the horizon.

Note. When the edge F cuts o on the inner fcale 3
and the firing cuts the Perp, mark, then the ftrair fide
of the leg a is horizontal: If the head of the Callipers
is elevated above the other end, then the edge ¥ muft
flide downwards towards the ftrait fide of the lega:
But if the head of the Callipers is held lower than the
other end, then muft the edge r flide the contrary
way.

As the outfide of a cannon or mortar is not pa-
rallel to itschafe ; therefore a ftraic ftick muft be ap-
plied to the bottom or top of the hore, touching the
chafe ; and the fide of the Callipers be laid on that

ftick,
ARTICLE Y.

Of the propertion of Troy and Averdupoife Weighis.

Ow the face ¢ near the point of the Callipers is a
lictle table fhewing the number of pounds that are
contained in an equal weight exprefled in pounds
Troy; and the contrary.

Tazsse numbers are taken from very accurate ex-
periments made in the year 1744 by the late Martin
Folkes, ¥iq; Prefident of the Royal Society, afiifled
by feveral other gentlemen of that learned Body.

Tae
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Tae TarLE.

i Troy b Averd.
_ 576,00000="%00
' 1,00000= 0,82274
1,21545= 1,00000

oz. Troy oz. Averd.

82 =g0 ‘
1,00000= 1,0970%
0,9I152= I,00000

1,
. THE US E. |

Examere 1. What ""‘Efg;"‘ in pounds Troy is equal to &
brafs gun weighing 18 C wt.

Now 18 C wt. is equal to 2016 1b (=18x112)

THEN 1 : 1,21545 ¢ ¢ 2010 : 2450 {b Troy. ‘
Or, 0,82274: ¢t :: 2016 : 2450 1 Troy. |
OR, 576: :: 2016 : 2450 1b Troy.

Erruer of thcfe mcthods may be ufed as the ope-
rator pleafes.

Examrere II. What is the e, th of a ten of gold 5 fup-
pofing 1 1o Troy makes 445 guineas.

Now 1 Ton =2240 15 Averd. (=20X112).

AND 12 1,21545 ¢ ¢ 2240 : 2722,6 {5 Troy.

ALso 44 Guineas, makes 46,725 £. fteriing.

TrEN 1 3 2722,6 @ 46 725 ¢ 127213.485 L.

ORr,127213 /. gs. 84. %

Burif Troy pounds were given to be converted into
Averdupoife pounds, then the numbers in the Troy '
column muft be the firft terms of the proportions.

Examere WL If g brofs gun w«,zgﬁ: 24.50 b Troy
What is its weight 1w Averdupoife ? \

THEN 1 :0,82274 1 2450 : 2015,718 Ave.
OR, 1,21545 : 1,00000 i : 2450 :2015,7
Og, 200, % 8% Py 2450 ¢ 2016. \

AvrtroucH the Avergunoilc pound is heavier than
the Troy pound, yet the I'roy ounce is heavier than
the \"udupmfc ounce, neclr]y in the proportion of go
to 2. x-
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Exampre IV. In a cheft of filver containing 4380
pieces of eights each picce weighing % of an ounce 7oy :
How many ounces dverdupoife.

THEN 82 . 3 1go = t4qgloxt s 3845,88
Or, I :1,09707 : : 4380XE 1 3844,15
Or, 0,91152 : I 13 438eXs : 3844,13

Crose to the former table is another, fhewing the
number of cubic inches in a gallon, both in wine and
beer meafures ; and confequently their proportions :
One ufe is thewn by the following Example,

How long will 33 butts of beer ferve a crew of 324 men,
allowing to cach man 3 wine quarts a day ?
Now 33 butts contain 3564 beer gall. (= 108X 33)
AND 231 : 282 :: 3564 : 45505 wine gallons,
AnD 43507 gallons makes 174033 quarts,
THEN 17403 divided by 324 gives very near 54.
ConsEQUENTLY I of 54, or 18 days, is the time
that the beer will ferve.
Ir wine gallons were to be converted into beer
gallons,
Say 282 : 231 : ¢ wine gallons : beer gallons.
O ooy o Tyt WSS L BTG

ARTICLE VIL

Of the proportion of the Englifp and Fremch feet and
. Pounds.

Nzar the point of the face b of the Callipers are
two tables Thewing the proportion between the pound
weights of Leudon and Paris, and alfo between the
lengths of the foot meafure of England and France.
Thefe are according to the accurate ftandards fettled
between the Royal Societies of Zondon and Paris about
the year 1743. !

Tue
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Tue TaBLES.
Eng. 1. ) G D T R L e o O

1,08 = 1,00 114 =107
1,00 = 0,926 1.000 = 09386
108 =" 300 1,0654=  1,0000

THE USE,

Examere L. Suppofe a crew of 54 Englifb failors were

to attack a French fort, and carry off 6 pieces of brafs

cannon weighing one with another 980 1 French ¢

How much would each Fabn's fbare come to, fuppofing

they could [ell the cannon at 8 1. a bundred weight |

Englifh ?

#$F. #E i F.

Now 100 : 108 : @ g8ox6 : 6350,4, 1b Engl-
b 4 £

Anp 112 ¢ 8 :: 6350,4 1 453.6 £. fterling,
M. Lo M

THEN 54t 453,60 :: 1@ 84 7

So that the fhare of each will be 8 guineas.

Examere 1L How many Englifh yards are equal o 180
French toifes or fathoms £
Now 1 : 31,0654 :: 180 : 191,672Eng. Fa.
Tuen 180 French Fathoms are equal to about 383
yards 1 foot.

ARTICLE VIIL

Fattors ufeful in circular and fpherical figures.
Nzar the point of the Callipers on the face 4 isa
table containing four rules of the circle and fphere. \

THE
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Tur Tapre.
Diam. X3,1416 =circumf. ?
Sq. Biam X0, 7854 —area Eofa circle,
Sq. Diam. x3.1416 —furface
CubeDiam, X 055236 =folidity ofa fphere.

THE USE.

Examere I Whatis the civeum erence of a circle whofe
diameter is 12 inches ? :

TuoeN (3,1416%12 =) 376992 isthe circumfer,

Fxamere IL° What is the area of 4 circe whofe digs
wpcter 5 12 2nckes 2
Now:the fquare of 12 is 144.
TaeN (0,7854X%144 =) 112;0976 is the area.

Examere 1L What is the fuperficies of @ [pherewhofe
aigmeter is 12 snches 2
Now: the fquare of 12 is 144.
THEN (3:1416X 144=) 452453904 the fuperficies of
the {phere.
ExamereIV. Reguived the Jolidity of o fobers wobsfs
diameter 15 12 inches 2
Now the cube of 12 is 1728.
THEN (0,5236%1728=) 904,7808 is the folidity.
Upon the circular heads of Callipers are ufually
placed certain mathematical figures with numbers fet
to them ; which figures and their numbers may be
Placed near the points of the Callipers here defcribed,
the circular head being appropriated for another ufe.

The
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The figures are thefe.

ey

70

I 2 = 4 5 6

Tuz numbers in figure 1, are ufeful for finding
the circumference of a circle by knowing its diareter ;
or to find the diameter by knowing the circumfe-
rence. Thus

Say As 7: 22 :: any givendiam: its circum.

Axp As 22: 4 :: anygivencircum: its diam.

Or As 113: 355 :: any given diam: its circum.

Anp As 355 : 113 :: any given circum:its diam.

Fie. 2. There is a circle infcribed in a fquares a
{quare within that circle, and a circle within the inner
fquare : To this figure are fer the numbers 28. 22.
14. 11, Thefe pumbers fignify, that if the area of the
outward fquare is 28, the area of the infcribed circle
is 22 3 the area of the fquare infcribed in that circle
is 14, and the area of its infcribed circle is 11.

THE USE.

ExampLe. What is the area of a circle whofe diameter
fiko '}

Now the fquare of 12 1§ 144.

TueN As 28 : 22 :: 144 : 113,1 thearea.

Or As 14 ° II 3: 144 @ 1I3,1.

It may be obferved, that the fquares are in propor-
tion to one another as2 to 1 3 and the two circles are
alfo in the fame proportion.

Figure 3. Reprefents a cube infcribed in a fphere;

the number goZ fixed to it fhews, that a cube of iron,
infcribed
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infcribed in a fphere of 12 inches in diameter, weighs
9o+ pounds weight.

Figure 4. Is to exprefs a{phere infcribed in 2 cube
Now this figure with its number 246% is to thew the
weight in pounds of an iron fphere of 12 inches dia-
meter ; or of a {phere infcribed in a cube whofe fide is
12 inches.

Figure 5. Reprefents a cylinder and cone, whofe
diameters and heights are each one foot : To the cy-
linder is annexed the number 36g.3 fhewing the
weight in pounds of an iron cylinder of 12 inches
diameter and 12z inches in height: And the number
121 )+ joined to the cone fhews that an iron cone
the diameter of whofe bafe is 12 inches, and the height
12 inches, weighs 121 7+ pounds.

Figure 6. Shews that an iron cube, whofe fide is
12 inches, weighs 470 pounds ; and that a fquare
pyramid of iron, whofe bafe is a fquare foot, and its
height 12 inches, weighs 1562 pounds.

Tuese numbers which have hitherto been fixed to
the four laft figures are not ftrictly true.

For by experiment an iron fhot of four inches dia-
meter weighs 9 pounds.

Axp the weights of {pheres being to one another as
th ecubes of their diameters :

THEREFORE 64 (=4X4X4): 9 :: 1728(=12X
12X12): 243 pounds, for the weight of a fphere of
iron which is 12 inches in diameter : Confequently
the number 243 fhould beufed inftead of 2462 in the
4th figure,

Acaix. The folidity of a cube inferibed in a fphere
of 12 inches in diameter, is 332,55 cubic inches.

Anp the weights of bodies of a like matter being
in the proportion of their folidities.

THEREFORE, As 904,7808 : 243 : : 332,55:
89.315 pounds.

Conszuentry the number go ufed at figure 3,
fhould be 8¢

L Herg
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HerE 04,7808 is the folidity of a fphere of 12
inches diameter. ‘

At figure 5. the weight of the iron cylinder
thould be 364, 5 inflead of 369 +%, and the weight of
the cone (hould be 121,5.

For the folidity of a cylinder of 12 inches diameter,
and 12 inches high, is 1357,1712 cubicinches.

THEN Q04,7808 t 243 : : 13571712 : 36455
pounds.

Anp cylinders and cones having equal bafes and
heights are in proportion as 3 to 1.

TaerErorE the L of 364,5, or 121,5pounds is the
weight of the cone.

Tue numbers at figure 6 annexed to the cube
fhould be 464 pounds.

Awnp that fixed to the pyramid fhould be 1545
pounds.

For the cube inches in a foot cube are 1728.

THEN 04,7808 : 243 : : 1728 : 464.

Axp a pyramid is £ of a cube, the bafesand height
being equal.

Tugrzrore the & of 464 is 154 > pounds for the
weight of the pyramid.

AvrroucH it is ufally reckoned that a four inch
iron thot weighs nine pounds ; and from thence it is
deduced that the cubic foot weighs 464 pounds ; yet
by the table of fpecific gravity on the callipers, which
is framed from the moitaccurate experiments, a cubic
foot of caft iron weighs almoft 446 pounds ; which is
18 pound lefs than the weight derived from the 4 inch
{hot, and 24 pound lefs than that heretofore graved
on the callipers; therefore all the weights found from
the faid 4 inch fhot, fhould be diminifhed in the pro-
portion of 464 to 446.

For the numbers at figures 3, 4, 5, 6.

As 464 : 446 : : 89,315 : 85,85,

As 464 1 446 1t 243  t 233:5.

As 464 : 446 : & 304,5 : 3503

So
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So 85% 1b is the weight of an iron cube inferibed in
a fphere of 12 inches in diameter.

AND 233 b is the weight of an iron fphere of 12
inches diameter.

ALso 3501 1 is the weight of an iron cylinder of
a foot in diameter and height.

AND 1163 16 is the weight of an iron cone of 3
foot in diameter and height.

Again 446 15 is the weight of a cubic foot of iron.

AND 1483 1 is the weight of an iron pyramid,
having its bafe a fquare foot, and its height equal ta
12 inches,

A RPIFCEL B IX:

Of the fpecific gravities and weights of bodies.

On the leg » of the callipers is a table fhewing the
weights of a cubic inch or foot of various bodies in
pounds averdupoife. To the table here annexed is
joined the fpecific gravities of thofe bodies, which are
omitted on the callipers for want of room.
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A Table fhewing the weights of bodies and their fpecific

gravilies.
Bodies. Weights. Spe. Gravity,

Fine Gold. Inch 05710359 19,640
Standard Gold. Inch 0,706018 10,520
Quickfilver. Inch. 0,497657 13,762

Foot 707,0458
Lead. { fiichi ’D,4t)gf70 } 11,313
Fine Silver. Inch 0,401150 11,001
Standard Silver. Inch 0, 3844go 10,629

Foot 548,062 } 1
Copper { Inch 0,317166 S
Brafs, F. 500,2746 8,104
Steel. F. 490,6241 7,856
Bar Iron. F. 485,2500 75764
Block Tin. F. 45253731 7,238
Caft Iron. F. 445-9363 %
White Marble. F. 168,8757 2,702
Glas. F. 162,4994 2,600

Flint. F. 161,3745 2,582
Stone {Porﬂand. F. 160,6245 } 2,570

Free. F. 158,2485 2,352
Brick. F. 125,0000 2,000
Brimftone. F. 112,5000 1,800
Clay. F. 112,0000 1,792
River Sand. F. 110,0000 1,760
Sea Water. F. 64,3732 1,030
Rain ¢ CubicF. 62,5000

Cubic Inch 0,036169 5
Water ) CylindricF. 49,080000 S

Cylindric Inch 0,028403
Port Wine. F, 61,8000 0,988
Brandy. F. 58,0000 0,928
Olive Qil. F. 57,0024 0,913
Dry Oak. F. 571875 0,915
Lime. F. 52,0000 0,832
Elmand Afth. F. 50,0000 0,800
Wheat. F. 50,0000 0,800
Yellow Fir, F, 41,0625 . 0,657
White Deal. F. 35,5624 0,569
Gun {F. 69,1200 b
Powder ¢ In. 0,0400 } TR :

N
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In the foregoing table is cantained fuch bodies as

ractical engineers and others may have occalion to
ﬁnow their refpective weights; there are indeed a
great number of other bodies whofe fpecific gravity
have been determined by ingenious men : Bur thofe
only which were apprehended to be the moft ufeful
were felected for this fubject.

Every one will readily conceive how the column
of weights may be obtained, namely by procuring
mafies of a cubic inch or foot of the folids, and care-
fully weighing them in nice fcales to the fimalleft de-
gree of averdupoife weight : And for the fluids, their
weights may be determined by having cubsical or cy-
Jindrical veflels made to hold a known quantity of cu-
bical inches, and in them to weigh the fluids.

Tue fpecific gravity of a body being the relation
which that body has to fome other body fixed upon
as a ftandard to compare by ; and rain water being
found to be alike, or very nearly fo, in all places ;
and therefore chofen by philofophers as the proper
ftandard ; confequently by the word {pecific gravity
of a body is meant no more, than that it is fo many
times heavier or lighter than water, when compared
together in equal balks, ’

Trus fine filver is fomething more than 11 s that
is, a mafs of fine filver will weigh fomething above
eleven times the weight of an equal mafs of water -
And, fo a common brick weighs twice as much as
the rain water that would fill 2 mould fitted to the
brick.

Now the weights of equal mafies of feveral bodies
being determined, their fpecific gravities may be rea-
dily found, they being in the fame proportion to one
another as their weights: ; And as the comparifon
is made 10 rain water, of which, by repeated experi-
ments, it has been found that a cubic foot weighed
62 pounds averdupoife; therefore dividing the weight
of & cubic foot of any body, Ieiy 625 5 the quotient will ze

3 the
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the fpecific gravity of that body, relative to rain watet
whofe fpecific gravity is reprefented by unity.

Tz difficulty of procuring maffes of metals and
other bodies in all parts homogenous, and of having
both them and the veflels of capacity conftructed to
a mathematical exa@nefs, has rendered this method
of eftimating the fpecific gravities from the weights of
equal bulks, liable to exception : And therefore ano-
ther method has been contrived to come at thefe fpe-
cific gravities, hydroftatically.

It is a well known thing that any body will weigh
lefs when it is immerfed in water than when it is
weighed in the open air ; and from a very little reflec-
tion, it will be feen that the difference between the
weights of any body when weighed in air and in wa-
ter, will be equal to the weight of fo much water as
is equal in bulk to the body immerfed: But the diffe-
rence between the weights of a body in air and in wa-
ter, will fhew the weight of a bulk of water equal to
the body fo weighed : Therefore fo find the [pecific gra-
vity of any body, find its weight in air and in rain Wa-
tery and toke the difference of thafe weights s then the
aweight in air divided by that difference, will give the
fpecific gravity reguired.

Ir the folid whofe fpecific gravity is wanted, be
lighter than water, fo that it cannot fink by its own
weight, letit be joined to another fo weighty that the
compound may fink : But firft let the lofs of weight
which the heavy body alone fuftains in water be found
as before 5 and then let the lofs of weight which the
compound body fuftains be difcovered ; from which
take the lofs of weight of the heavier, and the remain-
der is the lofs of weight fuftained by the lighter ; by
which dividing the weight in air of the lighter body,
and the quotiens will fhew the {pecific gravity.

Waen the {pecific gravity of fluids are to be com-
pared to each other ; take a folid of any matter and
fhape, fuppofe a glafs ball; hung by a horfe hair, and
I immerie
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immerfe this folid in each fluid, and find the lofs of
weight of the folid in each fluid, the weight of the
body in air being firft known; then will thefe ioffes
exprefs the fpecific gravities of thofe fluids : For fince
the lofs of weight in each liquoris equal to the weight
of as much of the liquor as is equal in bulk to the
body weighed ; therefore by taking the lofles of
weight fuftained by the fame body in the feveral
liquors, the abfolute weights are obtained of fuch por-
tions as are cqual in bulk, and confequently the ipe-
cific graviues of thofe liquors.

In this method of finding the fpecific gravity of fo-
lids, it is not neceffary that they fhould be reduced to
any regular thape ; neither is there wanted a veffe] of
a knowan figure and capacity to contain the fluids ;3 and
confequently the fpecific gravities of bodies, whether
folids or fluids, may be very eafily come at : But from
the fpecific gravities to find the abfolute weights of
any affigned mals of {everal bodies, there muit be
another experiment made, which is to find the lofs of
weight in water, of a body of a known magnitude ;
fuppofe of a cylinder of a homogenous metal, the fo-
Jidity of that cylinder being moft accurately calcu-
lated ; then will the abfolute weight of an equal mafs
of water be known 3 and confequently the weighc of a
cubit foot of water may be accurately obtained, from
apbence the abfolute weight of a cubic foot of any other
body whafe [pecific gravity is knowon, may be Jfound by
multiplying tbe [pecific gravily of that body by the weight
of a cubic foot of water.

SOME USES OF THE TABLE.

Tue weights of bodies anfwering to a given foli-
dity are of a twofold ufe.

First, Tofind the weight of a body of @ given dimen-
Sions, or folidity.

L4 Sg-
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SEcoNDLY, To find the [olidity of a body by knowing
its weight.

Exam. L What is the weight of a block of marble
7 feet long, 3 feet broad, and  fect thick ?
Now 7x 3% 2=42 feet for the folidity.
A cuzie foot of marble weigh 168,875 pounds.
Txen 168,8757x 42 gives 7092,7794 pounds.
grs. ib

Or, 63 : 1 : 8% is the weight of that marble.

Exam. I. What is the weight of a 13 inch iron
bomb fhell, the metal being two inches thick on a mean ?

Here the olidity of two {pheres muft be found,
one of 13 inches diameter, and the other of g inches
diameter ; then their difference being taken will give
the fulidity of the fhell,

Now the cube of 13 is 21g7.

AnD the cube of g is 72g.

ALsSO 2197X0,5236 gives 1150,3492 folidity.

AND  7209X0,5236 gives 381,7044 {olidity.

THEIR difference is 768,6448 cubic inches.

AND 768,6448 divided by 1728 gives0,4448 parts
of a cubic foot.

Now a cubic foot of caft iron weighs 44,9363
pounds.

THEN 445,0363%0,4448 gives 198,363 pounds
for the weight of the fhell.

Exam. 1L How many pigs each of 12 inches long,
6 wide and 4 thick, may be caft out of 10 ton of melted
lead ?

Now 10 ton =10x20=200 C, wt,

AND 112X200=22400 pounds in 10 ton.

By the table, 707,0458 pound makes a cubic foot
of lead.

Axp 22400 divided by 707,0458, gives 31,681
cubic feet, which the 10 ton will make.

Now
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Now the folidity of each pig is + of a foot.

THEREFORE 31,681 feet {olid will make 190 pigs.

From feveral experiments it _appears that middling
fized men, or thofe between 5 feet 6 inches and 5 feet

inches in height, weigh about 150 pounds, and are
in bulk equal to about 2 folid feet; and the finall
fized men, or thofe between 5 feet 3 inches, and 5
feet 6 inches in height, weigh about 135 pounds, and
are in bulk equal to about 2% folid feet : And from
thofe expriments it alfo appears, that moft men are
{pecifically lighter than common water, and much
more fo than fea water. Confequently could perfons
who fallinto water, have prefence of mind enough to
avoid the fright ufual on fuch occafions, many might
be preferved from drowning : And a very fmall piece
of wood, fuch as an oar, would buoy a" man above
water while he had fpirits to keep his hold,

A GENTLEMAN who had been on board of 2 Mal-
tefe fhip of war, obferved hanging to the tafarel, a
block of wood almoft like a buoy, and fo- ballanced
that one end fwam upright, carrying a little Aagftaff
with a fmall vane ; the perfon who was on duty on
the poop had orders to cut the rope by which the buoy
hung, upon any cry of a perfon’s falling over board’;
and as the block would be in the thip’s” wake by the
time the perfon floated therein, he was fure of having
fomething at hand to fuftain him, till the boat could
come to his affiftance ; and fhould that take fo long
time to do, as that the diftance from the fhip to the
man rendered him invifible, yet the boat would have
a mark 1o row towards, fhewn them by the vane.

Exam. IV. How many fpars of white fir, each af 20
feet long and a foot Jquare, are to be lafbed together, til]
the raft is fufficient to foat, in common water, 100
barrels of gunpowder conduéted by four middling fized
men, [oas i keep the barrels three inches clear of the
waler ?

A

i
i
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A parrit of gunpowder, barrel and all, weighs
about 120 ib-

So 100 barrels will weigh 12000 5.

AnD 4 men, at 150 1 each, weigh Goo k.

So that the raft muft {fuftain a weight of 12600 .

Now the deal will of it felf fink in the water, uniil
the weight of the water difplaced is equal to the weight
of the wood.

Iy each fpar there is 20 feet of timber.

A cugic foot of white deal weighs 35,5624 pounds,

So 35,5624X20=711,248 Ib. the weight of one
fpar.

Anp is alfo equal to the weight of the water dif-
placed.

A cuzrc foot of common water weighs 62,5 1b.

Taen 62,5 : 1 &1 711,248 1 11,38 the number
of cubic feet which each fpar will have immerfed by
its own weight.

As the barrels are to be 3 inches clear of the water,
therefore the {par muft be funk g inches; and confe-
quently 15 feet folid of each {par muft be immerfed :

" Tuen 15— 11.38=3,62 the additional cubic feet
of water to be difplaced by each fpar, by its incum-
bent weight.

AnD 1 : 3,62 ::62,5: 226,251, theweight which
cach fpar isto fuftain.

Tuen 226,25 : 12600 :: 1 @ 55,6, &c.

ConscquenTLy 56 fuch fpars lafhed together will
make a float fufficient for to fuftain the given weight
in the manner propofed.

ARTICLE X,

Of the quantity of powder ufed in firing of cannon.

On the circular head of the callipers, on the face
p is a table contained between five concentric feg-
ments of circular rings ; the inner one marke Guws,

fhews the nature of the gun, or the weight of ball it
Carries :



APPENDIX: 158

carriest The two pext rings contain the quantity of
powder ufed for proof and fervice to brafs guns ; and
the two outermoft rings fhew the quantity for proof
and fervice, ufed in iron cannon.

Tuc numbers in this table exprefs the Englith
ufage, which for the moft part, allows the weight of
the fhot for proof, half its weight in fervice, and one
fourth of its weight of fhot for {alutes.

Tue French allowance of powder, for the charge
of the piece for fervice, ufed to betwo thirds of the
weight of the fhot ; twice as much for proof, and
one tourth of the weight of fhot for falutes.

Tuzg TasLs

Nature Br.'%i_s Iron
of guns | Proof |Service] Froof jService Salutes {Scaling
Pounders 1. 0Z.\tb. 0z.|tb. oz {ib. oz.|ib. oz |ib. oz.
I r.0lo.8)1.0]0.8}0.8 0 .12
TL 1.8 o.12|l 1.8 ) o.12] ©.12j0 .2
2 {2.0l1.0}2.0} :.8)1.00 .3
3 3.0 1.8)2.081.8)J1.8/0 .4
PRy it sl
4 4.0} 2.0 4-09 2.0 2.0 0 .6
B 5.4 1 2.10| 5.4} 2.10] 2.70f0 .8
6 | 6.0 .0]l 6.0} 3.0 .0 o .8
3
8 |8.0}4.0]8 0} 4.0]3-12/0 .10
— - e
9 9.0 | 4:-81 9.0 4.8}4.0|0 .12
12 112,00} 0.0 {I12.91 6.0 | 4+12{I .O
18 %18,0 9.0 |15.0} 9.0 6.0 |1 .8
24 121.0 f12.0 Ji8.0 frr.0 | 7.0 |2 -0
26 |22,0 §i3.0 |1g.0 f12.0 | 7.12{2 -4
32 |26.12{16.0 |21.8 f14.0 | 9-4 {2 -12
e T e ¥
36 |28.0 |18.0 |22.0 |i5.0 }10.0 |3 .O
42 (31.8 |21.0 l25.0 J1y.0 l11.4 {3 .4
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Guns carrying thot of the weight 1 b, 1%, 1b. 2 Ib.
41b. 5 1 1b. 8 1b. 261b. 36 Ib. are now out of ufe in
the Britifh navy.

Tue ufe of this table is obvious: For feek the
name of the gunin the inner ring, and the weights of
powder for proof and fervice will be found between
the fame two {trait lines, like radii; and in one of
the other rings, according as it is tituled at the end.

Tuus to a brafs g pounder, there is allowed glb.
of powder for to prove, or try the goodnefs of the
gun when it is firft caft 3 and 4 1b. 8 oz. of powder
for each charge in common fervice : But an ‘iron 9
pounder has g Ib. for proof, and 6 Ib. for fervice.

WHEN cannon are proved they are ufually loaded
with two fhot.

Ow fhip board, after there are five or f{ix rounds
fired on warm fervice, the allowance of powderis to
be proportionzlly leflened each time the gun is loaded,
until the charge is reduced to one third of the weight
of the thot : And the guns as they grow warm in
firing, are not to be wetted left the gun be in danger
of fplitting by checking the metal with cold water.

Tue ingenious Mr. Robins, from fome hints he
gathered from a manufcript lent him by the Right
Honourable Lord u/on, advifes to lefien confiderably
the common charges allowed to cannon in fervice :
For from thofe papers it appeared that in fervice,
where 24 pounders have been ufed to batter in breach,
the charge was only § pounds of powder: Indeed the
velocity of the ball could not be quite fo great with
8 pounds of powder as with 12, and confequently the
fhot would not be drove fo far into the rampart, and
the breach not made altogether fo foon; notwith-
ftanding which, the advantages attending the fmaller
charges, greatly overbalanced the difference of a few
hours in making a fufficient breach.

In fea fervice it would perhaps be found of greater
ufe to begin with one third of the weight of fhot in

I powder,
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powder, and to diminifh that to one fourth or one
fifth as the gun waxed warm ; for by fome experi-
ments it has appeared, that fuch fmall charges of
powder has produced greater ravage in timber, than
has been found with the ufual charges : From whence
it may be reafonably concluded, that if a fhot has
juft force enough to go through one fide of a fhip,
there will be a greater quantity of fplinters rent out
of the plank, and confequently do more mifchief, than
if the fhot went with a velocity fufficient to drive it

through both fides of the fhip.
ARTICLE XIL

Of the number of fbot or [bells in a finifbed pile.

Irow fhot and fhells are ufually piled-up by horizon-
tal courfes into a pyramidal form, the bafe being ei-
ther an equilateral triangle, or a {quare ; or a retan-
gle ; in the triangle and fquare, the pile finithesin a
{ingle ball ; but in the reCtangle, the finithing is a
fingle row of balls,

In the triangular and fquare piles, the number of
horizontal rows, or the number counted on one of
the angles from the bottom to the top, is always equal
to the number counted on one fide, in the bottom row.

Iy triangular piles, each horizontal courfe is a tri-
angular number, produced by taking the fucceflive
fumsof the numbers 1 and2; 1,2and3; 1, 2,3
and 43 1,253, 4and 5, &c. Thus. ,

Numbers inorder 1,2 .3.4 .5 -6 . 7.8 .9 .10.11,&¢C.
Triangular numb. ¥.3.6.10. 15.21.28:36.45. 55 .66, &c.

Anp the number of fhot in a triangular pile is the
fum of all the triangular numbers taken as far, or to
as many terms, asthe ntmber in one fide of the bot-
tom courle.

A rule to find the number of fbot in a triangular pile.

CounT the number in the bottom row, and multiply
that
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that number more two by that number more one :
Then the produ multiplied by one fixth of the faid
number, the product will be the fum of all the fhot
in the pile.

Exam. 1. How many fbof are in a finifbed triangular
piley in one fide of whofe bottom courfe are 20 fhot ?

Now the number more twois 22 3 and the number
more one is2.1.

Anp 22X 21 gives 462,

Tuen 462X % =1540, the number of fhot in that
pile.

Exawm. I1. Required the number of jbot in a finifbed
piles there being in one fide of the triangular bafe 40
Jhot 2

Hzere the number more two is 42; and the number
more one is 41,

AND 42X 41 gives 1722.

Truen 1722 %> =11480 {hot in that pile.

In fquare piles, each horizontal courfe is a fquare
number, produced by taking the {quare of the number

in its fide.
Number in the fide 1,2.2. 4v §+ 60 7. 8. 9, Lo, &
Squares, or horiz. courfes 1. 4.9. 16.25.36. 49.64.81. 100, &c.

AnD the number of fhotin a fquare pile is the fum
of all the fquares, taken from one, as far as the num-
ber in the fides of the bottom courfe.

A rule to find the number of ot in & fquare pile.
CounT the number in one fide of the bottom courfe 3
to that humber add one, and to its double add one 3
multiply the two fums together ; then their product
being multiplied by one fixth of the faid number, the
produét will give the number of (hot contained in that
pile.

ExamMm,
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Exam. UL How many foot are in a fguare finifbed
pile, one fide of its bafe containing 20 fhot ?

Here the number is 20.

THE mlunber more one is 21 ; and its double,
more one is 4x.

THE produét of thefe numbers is 861 (=21x41)

THEN 861X %" =2870, the number of fhot in that

pile.

Exawm. IV, Required the number of fbot in a [quare
Sinifboed pile, one fide of the lower courfe, or tier, baving
40 fhot in it 2

HEerE the number counted is 40. :

TraT number more one is 41 3 its double, more
one is 81.

Anp 81X 41=3321 the produdt.

THEN 3321X %’ =22140 the number in that pile.

From thefe examples it may be obferved, that
where room is wanted, ’tis molt convenient to have
the fhot flowed in triangular piles : For on the equi-
lateral triangle, which 1s lefs than half the arcaof a
{quare on one of its fides, there can be piled a greater
number than half of what can be raifed on the {quare :
Indeed the heightof a{quare pile is fomewhat lefs than
a triangular.one, as a fhot will fink lower in the fpace
between 4 others, than in the {pace between 3 others,
all the fhot being of equal diameter 3 they being fo
reckoned in every pile.

In retangular piles, each horizontal courfe is a ree-
tangle, the upper one being one row of balls : Now
every fuch oblong pile may be confidered as confift-
ing of two parts, onea {guare pyramid, and the other
a triangular prifm.

To find the number of fbot in a reflangular pile.
ift. Take the difference between the number in

length and breadth in the bottom courfe,
2d.
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a»d. MurTirLy the number in breadth, more one,
by half the breadth; the produét multiplied by the
faid difference, will give the number in the prifmatic

ile.

3d. Uron the fquare of the breadth, find (by the
laft rule) the number in a pyramidal pile,

4th, Tuex the fum of thefe two piles will fhew the
number in the rectangular pile.

N. B. The number of horizontal courfes, or rows, is
equal to the number in breadth ac bottom : And
the number lefs one, in the top row, is the diffe-
rence between the number in length and breadth at
bottom.

Exam. V. How many fbot are in a finifbed pile of 20
courfes, the number in the top row being 407

Here 39 is the difference between the length and
breadth.

Awp 20 1s the breadth.

Now 204 1=21; and 2X20-+1=41.

THEN 21X 41 X %° =280, are the hot in the pyra-
midal pile.

Again. Tuz breadth more one is 213 and 10 1s
the half breadth.

AND 21X10=210,

THEN 210X 39=8190, are the fhot in the prifma-
tic pile.

ConscqueNTLY the fum of 2870 and 81go, or
11060 (hot will be the number contained in that rec-
tangular pile.

IF any of thefe piles are broken, by having the up-
per part taken 'oE, and the r;maining number of fhot
are required ; it may be obtained by computing what
the whole finithed pile would contain ; and alfo what
the pile wanting, or taken away contained ; for then
their difference will thew the number remaining,.

TrE foregoing rules are thus expreffed on the Cal-
lipers. _

Numzer of fhot or fhells in a pile.
Ler
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Lir n=N"inan angular row

m=N" lefs one in the top row }Of a Pile.
Tren N+2X nd1x g— =N¢inaA l
Pile.

6
Avrso2n4143mxn+ ng. =N°in af

In Examples I & III.  The letter # ftands for 20.
Avp Examples 1] & IV. The letter # ftands for 40,
In Example V. The letter # ftands for zo.

Aup the letter m ftands for 30.
THEN 2nd1=2X 204 1= 41.

AND ni1x ?n'le — —=N¢inaao j

Axp 3m —5 8 L

So 21-1-—1_:7—{-3m =158.

ALso n_—-i——x =

Anp = —22

) 6 b

o n 20

Faen 9_n+ [+3;1_1x;1_i_ IX -—():]’58}(21}(—0:1 1060,

ARTICLE XI,

Concerning the fall of beavy bodies.

Wiaen heavy bodies are fuffered to fall, it is well
known they fall in lines perpendicular to the furface
of the earth,

Tue force with which any body in motion ftrikes an
obftacle, depends on the weight of that body, and
on the velocity or fwiftnefs with which it moves.

THUs a man by throwing, with the fame {trength,
a pound of iron and a pound of cork, will hit a much
harder ftroke with the iron than with the cork.

ALso a man and a boy each throwing a pound of
iron againft the fame obje, the firoke given by the
man will be fironger than that given by the boy, on
account of the man’s weight flying the {wifteft.

M Trz
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Tre fame heavy body by falling from different
heights, will firike blows of different {trength, that
being the firongeft’ where the height is greateft. Con-
fequently heavy -bodies by falling acquire velocities
greater and greater according to the length of their
tall.

Tur three following propofitions in falling bodies
have been proved many ways.

1, That the velocities acquired ave divectly propor-
tienal to phe times.

od. That the fpaces fallen through are as the fquares of
the times, or as the fouares of the velocities.

3d. That a body moving aniformly with the wvelgrily
ehtained by falling through any beight, will fall rwice
as far in the fame time it was paffing through that
beight.

ExperimMenTs fhew that heavy bodies fall about
16 feet in one fecond of time : Confequently at the end
of the firft fecond of time, a falling body has acquired
a velocity that would carry it down 32 feet in the next
fecond of time.

Tuew from the foregoing three propofitions may be
derived the following rules.

1ff. Tuar the fquare root of the feet in the fpace
fallen through, will ever be equal to one eighth of the
velocity acquired at the end of the fall.

2d. Tuar the fquare root of the feet in the fpace
fallen through, wiil ever be equal to four times the
number of ftconds of time the body has been falling.

3d. Anp that four times the number of feconds of
time in which the body has been falling, is equal to
one eighthof the velocity in feet per fecond, acquired
at the end of the fall.

Frowm thefe three rules moft of the queftions relative
to the fall of bodies may be readily folved,

As
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As thefe rules cannot, for want of root m, be put in
words at length on the callipers, they are, on the face

A of one of the legs, exprefied in an algebraic manner.
Thus,

FALL OF BODIES.
LT s=fpace run in feet,
T=time in feconds,

v=velocity in feet per fecond.
THeN yfs=g7=1y,

BODIII fall 16 feetin 1ft fec.

Note. The charafer v/, fignifies the fquare root of
the lcttcr Jjoined to ir.

SOME, USES,

Exam. L How many feer will a bullet ¢ fall in 5 fe-
eonds of time ?
Here the time Po=rs
| Tuen 41, makes 4x s=20,
Now vs= (41= ) 20,
AND s= (20 20=) 400,

Exam. . From what beirhi muft a bullet fall £0.ac-
quire @ velocity of 160 feet per fecond 2 3

Tue rule is 1/:.- ,—'

HEerz vis 160 fee

AND V= ( ".f" -——} 200.

THEN s= fzox"fm::,- 400 feet.

Exam, III. How ]
acquire @ velocity of 160 ,‘,L, per ff owd.

THE rule is 4T=1v.

HerEe v—= 1_0 {cet.

ANDv= (200—y"5

So 4T=20,

THEN T= (%°=) 5 feconds of time,

e L T -
oe in Jauihf i@

M 2 Exanm.
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Exam. 1V, How many [econds will it require for a bea-
wy body to fall through a [pace equal 103375 yards ¢
Tue rule is4T=v/5.
THEREFORE T= 3¥/5.
Here s=3375 yards, or 101235 feet.
Anxp the fguare root of 10125 is 100,
THEN 100,06 divided by 4 gives 25,15.
So that it will require 25", 9’ of time for the bo-

dy to fall through 3375 yards.
ARTICLE XIIL

6.

Rules for the raifing of water.

Expsrimexts have fhewn, that taking horfes and
men of a moderate ftrength, one horfe will doas much
work in raifing of water, and fuch like labour, as
five men can.

Ir hasbeen alfo found, that one man in a minute, can
raife a hogfhead of water 12 feet high upon a mean :
For a ftout man, well plied with ftrong liquor, will
raife a hogfhead of water 15 feet high in a minute :
Now as the quantity of liquorequal to a hogfhead was
raifed to thefe heights ondy by way of experiment fora
few minutes, fuch numbers ought not to be efteemed
as the common labour of 2 man who is to work 4 or
5 hours on a flrerch @ But it may be reckoned, that
of common labouring men, taken one with ano-
ther, one of them will raife a hogfhead of water to 8
feet in height in one minute, and work at that rate for
fome hours-

It is quite indifferent in what manner the man is
fuppofed to apply his force whether by carrying the
water in manageable parcels up a ftair cafe, or raif-
ing it by means of fome machine: For the advantages
gained by ufing of engines arifes chicly {from the cafe
with which the power can bz applied.

[}

On
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Ox the face a of the callipers, aretne rules, thus

denoted.
To raife water.

THE power —p men.

OR to 2p horfes

Can raife to 8 feet high =¢¥.

Tue quantity #, hhds. in T min.

ORr 6, gallons in 6o T {econds.

Or, HXr=pX§X T minutes.

N. B. Cusic feet x6,1277 gives gall.

Here hogfheads are reckoned at 60 gallons, this
eftimate beuw nice enough for any computations on
water engines.

SOME USES.

Exawmpe. L. How many hsgufse:’ﬁs can fix borfes vaife,
By an enginey to 25 fect bighin 3 bours £

Now 6 horfes, at 5 men to a horfe, is equal to 30
men.

Anp the time 3 hours 1s equal to 180 minutes,

Tux height to be raifed is 25 feet.

TrE gf:nr*ml rule is aXF=pPX8XT.

HirE F=253; P=30; T=180.

ANDH IS required.

o vt

PXEXT
Tuen u= _{(_X
F
Or = 3OXTXI0__ 1728 hogfheads.
=5

Hence this rule. MurTipLy eight times the power
by the time, the product divided by the height, gives
the hogfheads.

Examp, IL It is propofed to throw out of a pond,
by an engine, 432 tuns of vater in 3 bours by fix bo fes 5
to what beighth can the water be raifed ?

M 3 As
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As 4 Hhds make one tun; fo 432 tuns make
1728 th\.
" Anp 3 hours, or.180 m 'l‘ut is the time.
Avso the power of fix horfes, is equal to that of

30 men, |
Tue general rule is EXpP=PX8XT. '
Here H=1%728; p—30; T=180.
AND F is required.

THEN F= -2 —

T go0x8x180

= ) 25 feet high.
1728

Hence this rule. MurTipLy eight times the power
by the time; the product divided by the hogfheads,
gives the height in fect,

Exame. 1. How lony will it require fix borfes to
raife with an engine 1728 baa/,ﬂ;tm& of water to the be 9eig bt
of 25 feet ?

Now the power 6 horfes, is equal to that of 30
men.

Tut hogfheads to be raifed are 1728.

Tauz height raifed to is 2 5 feet.

Tue general rule is & ),([-‘:,‘VQXT_

Here n=1728; F=25; P=30.

Axp T is required.

.[IlT — HXF
N T— 2
X8

E""R“ 25 180 minutes, or 2

Or  t=1 = : . . J

30Xx8 hours.

Hence this vule. MurtipLy the hogfl \’1(15, by the
height in feet 5 the product d divided 1 uy times, the
power will give the tume in minutes,
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Exane, IV. How many borfes will it require to work
an engine, to raife 1728 bogfbeads to the beight of 25
feet, in 3 bours?

Now the hogfheads to be raifed are 1728.

Trt height to be raifed is 25 feet.

Ty time to be done in is 3 hours, or 180 minutes.

Tre general ruleis HXF=PXEXT.

Here H=1728; F=253 T=180.

AND P i required.

N T
THen pe= SAE
8xT
1726X25 r
Or p= _Q.__..—_: 30 men, or 6 horles.
§x 180

Hence this rule. MULTIPLY the number of hogf-
heads, by the height in feet 5 the product divided by
g times the number of minutes, gives the pumber o
men.

ARTICLE XIV.

Of the fhooting in cannon and mortars.

I+ has been proved by many writers, that the flight
of fhot, or the track they defcribe in the air, isa curve
line called a parab()la: But then they fuppofe that
the refiftance made by the air is fo inconfiderable as
{carcely to affect the motion of heavy bodies.

Urox this fuppofition then, which is very far from
being true; there have been collected the following
obfervations and rules.

I. Arr hodies projected by any force; are urged with
two motions, viz. on¢ 1n the direftion of the power
exerted by the engine, and the other in a perpendi-
cular diredtion to the -earth, by the force of gra-
vity ; and the track or path defcribed by the body
with thefe two forces 18 a curve called the parabola.

M ¢ 1.
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II. Tre axis of the curve will be at right angles to the
horizon 5 and the part in which the body de-
fcends will be alike to that in which it afcended.

IIL If the point to which the body arrives in its de-
fcent, be on the fame level with the point from
which it was projected, thofe points are equally
diftant from the vertex, or higheft point of the
curve.

IV. Ir a body be projected oblique to the horizon, it
will fall there again in the fame obliquity, and
with the fame velocity it was projected withal.

V. Taz horizonta] ranges of equal bodies, when pro-
jected with the fame velocity, at different eleva-

tons, will be in proportion to one another; as
the right fines of twice the angles of elevation.

VI Amoxc equal bodies, projected with equal velo-
cities, the Leights to which they will rife in the
air, arc in the fame proportion to one another as
the verfed fines of twice the angles of elevation.

VIL. Wuen equal bodies are projected with equal ve-
locities, the times of their continuance in the air
will be in proportion to one another as the right
finesof the angles of clevation,

VIII. In the fame piece, different charges of equally
goad gunpowder will produce velocities, nearly
in the {ame proportion as the fquare roots of the
weights of the charges. .

1X. Ir equal bodies be projeied at the fame elevation,
but with different velocitics, the horizontal ranges
willbe in proportion to one another, as the {quares
of the velocities given to the thot, or as the
weights of the charges of powder nearly,

A 2 greateft horizontal range 1s double to the
height from which the body fhould fall to ac-
quire that force or velocity which would project
1t to that horizontal range.

XI. True greatelt horizontal range, or diltance to
which a body can be thrown, will be obtained

when
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when it is projected at an angle of 45 degrees of
elevation.

XII. Tre greateft height to which a projected body
can rife. at an clevation of 45 degrees, is equal
to one fourth part ofits horizontal range.

XIIL To hit an objeét that lies above or below the
horizon of the piece, the beft elevation, is equal
to the complement of half the angular diftance
between the object and the zenith.

XIV. A elevations equally diftant from 45 degrees,
both above and below it, the horizontal ranges
will be equal.

XV. Tre time whicha heavy body, projefted at an
elevarion of 45 degrees, will continue in the air,
before it arrives at the horizon. will be equal to
the time thatbody would take to defcend, by the
force of gravity, through a fpace equal to the
horizontal range. ‘

IT has been found that a 24 pounderar an elevation
of 45 degrees, and charged with 16 pound of powder,
has ranged its (hot upon the horizontal plane about
6750 yards.

TuerEFORE 3375 is the impetus, or perpendicular
{pace which a 2 4 pounder muft fall through to acquire
fuch a velocity, as, at an elevation of 45 degrees,
would project or throw that fhot on the horizon to the
diftance of 6750 yards.

Now a heavy bedy falling by the force of gravity
through 2 {pace equal to 3375 yards or 10125 feet,
wiil, at the end of the fall; acquire a velocity of 04,8
or about §oj feet per fecond (as thewn at Art, X11)

Anp 1o fall through a fpace of o5 feer, it would
require 25”7, ¢’ of time.

Tue chief of the above principles are fhortly ex-
preffed on the face » of the callipers in the following
IDAnner,

RULLS
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RULES FOR SHOOTING.

Hor. ranges, as right 7
Heights, areas verfed §
Timein air, as right fines of--———
%Tﬁ;ﬁsz; %Hor. rangg, at 45 deg. of elevation.

Ix afcents or defcents, for the beft elevation.

Taxg the complement of & the angular diftance
from object to zenith.

‘T'o apply thefe rules to the practice of thooting, it is
to be underftood that the gunner fhould makean ex-
periment with every gun he has the care of at fome ele-
vation, fuppofe at 45 degrees, and with the ufual
charge of powder, and then knowing how far the piece
has ranged the fhot on the horizontal plane ; he may
apply the refult of thofe experiments to other eleva-
tions and quantities of powder.

fines of twice  ( angles of
elevation.

Exawmp. 1. Suppofe the greateft borizontalrange to be
6750 yards : How far will the fame piece, and with an
equal chaige of powder, range a fbot at an elevation of
25 degrees ¢

Wt equal charges the horizontal ranges are as the
right fines of twice the angles of elevation.

TueN, As radius, or the fine of twice 45°

Is to the fine of z0°% or the fine of twice 257
So is the greateft horizontal range 6750 yds
To the horizontal range required. gT70yds.

Tuat is, The extent on the line of fines from go®

10 50°
Will onthe line of numbers reach from
6450 to 5170.

Exavp. Il The greateft borizontal range of a 24
fer being 65750 yards : To what beight will that fbok

oy
an elevation of 25 5?-;{?:?5"#

At
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AT an elevation of 45° the (hot will rife 1687+
yards,=z of 6750.

Anp the lv‘tglm are as the verfed fines of twice the
angles of elevation,

TuE\I, \'s the‘\elﬁadﬁn" of go degres, or of twice 45°

Is to the verfed fine of 50 degrees, or of twice 25"
So is the height of an elevationof 45°, viz. 16873,
s To the lmg‘*:t at an elevation of 25°.  602,8 yards.

Tre logarithm verfed fines on the callipers are the
{u[mi ements of the real verfed fines ; therefore in the
ufing of this line the fupplements of the double angles
are to be ufed.

Trew the extent from the verfed fine of go°® to the
verfed fine of 130° (the fupplement ol 50°) will on
the line of numbtzs re ucniru-n 1687 to 603.

Or thus. Take 12922=1 of :,170, the horizontal
range on an elevation Of 5%

’IHL The extent on the lo g, tangents from ra-
diusto 2 ',“, will on the line of numbers reach from
1292+ to about 603 ymds.

Exame. HI. A an clevation of 25 deprees, bow ma-

ny [econds Wil @ 24 pounder continue in the air bfme it
VEs al h{:‘n. j'r!.f.c.J?’ 2

5° elevation the fhot takes 352 feconds in the

u]I'
And the times in air are as the sight fines of the ele-
vations.
Tren As the fine of the elevation 45 degrees
Is to the fine of the e]vmum 25 (]COTLE::
Soss the time in air at 45°, Viz. 35 ‘- feconds
Tothe tinse in airar 2 &'y MI. B s feconds.

Ox the line of log. {ines ta e the extent from 4 5
degrees to 25 dcgm-s; then will this extent, appliced
to the fcale of log. numbers, seach from 35+ to 21
feconds.

# This time of 351 feconds“is derived from Rule XV,
Then working by t;(. ru]o belonging to ’11t1c|e XIL it will
be found that 2 heavy bo dy will require 5} feconds to fall
through the fpace of 6750 yards, Axn
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Anp hence may be eftimated the lengths of fufes
proper for fhells to be fired at given elevations and
ranges.

Exame. IV. Reguiredthe elevation neceflary to firike
an objelt on the borizon at 5170 yards diftance, the great-
eft vandom of that piece beirg 6750 yards ?

Say. As the greatelt random, 6750 yards

To a propofed random, 5170 yards,
So is radius, or twice the fine of 45 degrees,
To double the elevation required, viz. 50 deg.

Tae half of which, or 25 degrees, is the elevation
neceffary to be given to the piece.

THuis elevation is called the lower one.

Axp the upper elevation, is at 65 degrees.

For 25 degrees and 65 degrees are equally diftant
from 45 degrees. -

Examp. V. At an elevarion of 45 degrees, 16 1b. of
powder will throw a 24 pounder 6750 yards: How much
powder will throw the fame fbot 5170 yards at the fame
elevation 2

By rule IX. Tar charges of powder are nearly as
the horizontal ranges.

Traen As the horizontal range 6750

To the horizontal range 5170,
So is the given charge 16 15.
To the required charge 12,26 1.

Tw1s proportion may be accurately enough worked
by the line of numbers.

For the extent from 6750 to 5170, will reach from
16 t0 124.

Exame, VI. At an cevation of 25 degrees, a 24
pounder was ranged on the borizon 5140 yards : Re-
quired the impetus that wonld have given an equal velo-
iy to that fhot ?

Wit an equal charge of powder ufed at 45 degl“f?f?
=
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of elevation, aswas ufed at 25 degrees, the fhot would

have the greateft horizontal range.

Axp with equal charges in the fame piece, the im-
petusis the fame at any elevation.

ConseQUENTLY, to folve this queftion nothin
more is required than to find the greateft horizontal
range, which isdouble to the impetus.

TueN fromrule V, by inverfion

As the fine of 50 deg. twice the given elevation,

Is to radius, or the fine of twice 45°,

Soisthe given horizontal range 5170

To the greatelt horizontal range 6750,

Taue half, or 3375 is the impetus required.

THAT 15, theextenton the line of fines from 50"to go®

WiLL on the lineof numb reachfrom 51501t06750.

Exame. VIL Suppofe the borizontal range of a pisce
to be 6750 yards : Required the angle of elevation praper
to firike an objelt 12° above the level of the piece, the bo-
rizontal diflance c_‘f‘ teat ebjel being 4680 yards ?

Say, As the greateft horizontal range 6750
Is to the given horizonmal diffance 4680
So s the cofine of the object’s elevation %8°00’.
To another {ine — = ——42% 40,
Taus, theextenton the line of numbers from 6750
10 4630

Witt on the line of log. fines reach from 78°to a-
bout 42+

Now on the natural fines, take the extent of 422 deg.

Turws this extent applied from the natural fine of
the elevation 1 .°

Wil give the natural fine of about 625 degrees,
whofe coline is abour 27°%.

Or ra_thcr 27° 37'. its half is 12° 48”.

Tt fumof go® and the givenelevation 12°is 1023
the balf is 51°.

TueN the fum of thefe halves (51°4-13°.48"=) 64°
48, is the greater elevation.

Axp
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Awp the difference of thefe halves (51°—13°. 48=)
37° 127, 1s the lefler elevation,

So that the piece pointed ateither of thefe elevations,
with the charge of powder that gave the horizontal
range, the object will be ftruck.

BuTin all thooting on afcents or defcents, it is beft
to take the angle between the objed and zenith, and
get the complement of the half of that angle ; then
the piece being elevated to that complement; find by
trials what charge will reach the object : For on this
clevation, a lefs charge of powder will do the bufinefs
than on any other elevation,

So in the foregoing example the diftance of the ob-
Ject from the zenith is 78°,

T'ue half of 78 is 39, and the complement of 39 is
51% for the beft elevation,

AR-TACEE - XY,

Of the line of inckes.
This line, the ufe of which is well known, is placed
on the edge of the callipers, or on the ftrait borders of
the faces c, p.

A R DICEE -XVE
Of the logarithmic feales of numbers, fines, verfed fines

and tangents.

ThEse feales are placed along the faces c, o of the
callipers, near the ftrait edges, and are marked and
numbered as is thewn in feétion X ; fome of the ufes
of thefe fcales are alfo fhewn in the XV and following
fedlions.

AR-
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ARTICLE XVIIL

Of the line of lines.

Tae line of lines is placed on the callipers on the
faces €, P, in an angular pofition, tending towards
the centre of the inftrument ; its conftrution and ufes
are the {ame as deferibed in treating of the fector ;3 the

reader will find fufficient inftructions in the fe&ions
X1 and XII,

ARTICLE XVI,

Of the linzs of plans or fuperficies.

Tuzse lines lieon the faces ¢, p, of the callipers, and
like the line of lines tend towards the centre of the in-
ftrument : They are marked near the ends of the cal-
lipers with the word Plan, and have the figures 10, g,
8, 7» 6, 55 45 35 2, I, 1, running towards the centre :
Each of thefe primary divifions is fubdivided into ten
parts 3 and each of the fubdivifions is alfo divided
1nto tWo, or more parts, according to the length of
the callipers.

Thaese divifions reckoned from the centre along ei-
ther leg, areas the {quare roots of all the whole num-
bers under 1003 and alfo, of the half numbers : That
is, the diftance from the centre to the firft 1, is asthe
fquare oot of 1 : From the centre to the next divifion
is as the Iquare root of 11 : To the next as 2, the nexr
as 25, the next as 3, &ec.

Axp the diftance from the centre to the fecond 1,18
as the fquare root of 103 from the centre to the next
divifion is as the {quare root of 10%; to the next as
115 tothe next as r1Z, &c. So that the diftances
from the centre to 2, to 3,t0.4, and fo on to 10, are as
the fquare roots of 20, 30, 40, and {o on to 1co s and
the intermediate divifions and fubdivifions are efti.
mated as before thewn between 1 and 1o,

THIs
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Tuis line is eafily conftructed from a table of the
fquare roots of all the units and half units under 1003
together with a fcale of the intended lengthof the line
of plans, divided into 500 or 1000 equal parts; and
fuch a {cale is the line of lines.

In the followng folutions, the lengths of lines are
fuppofed to be taken between the pointsof a pair of
compafles : And when the callipers are faid to be open-
ed to any line; it means, to the diftance of the poiats
of the compafs between which that line was taken ;
the points being applied tran{verfely to the legs of the
callipers, as fhewn for the fector at fection X1IL.

SOME USES OF THE SCALES OF FLANS.

Exawme. L. To find the fquare root of a given number.

1. Ox the line of plans feek the divifion reprefent-
ing the given number : Obferving, that numbers of
an odd number of places are beft found between the
divifions 1 and 13 and thofe of an even number of
places, betweenthe 2d 1 and the 10 at the end.

2d. T axe, with the compafiés, the diftance between
that divifion and the centre of the callipers ; and this
extent being applied, from the centre laterally along
the Zine of lines, will give the fquare root of the num-
ber propoled.

Trus the {quare root of g is 3
of goo is 30
of goooo is g00

&e. &ec.

Tue given numbersbeing reckoned between the twe
divifions marked tand 1.
Acain the fquare root uf_ 36 is 6
of z60 15 18,9
of 3600 is 6o
of 36000 is 189,7.
Ir the integer places in the given number are even,

the root will confift of half as many places : But if the
number
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number of integers be odd, increafe it by one, and
the integer places in the root will be half that num-
ber of places,
Tuus numbers of two, four, fix, cight integer places,
will have roots confifting of one, two, three, four, &c.
laces : And numbers confifting of one, three, five,
&c. places, have roots of one, two, three, &c. places.

Examp. 1. Between two given numbers ( fuppofe 4
and 9) 10 find a mean proportional. ‘

1. TAKE the greater of the given numbers ( 9) la-
terally from the line of lines, and make this extent a
tranfverfe diftance to { g and g) the fime number on
the lines of plans.

24. Taxe the tran(verfe diftance between (4 and 4)
the leflfer given number on the lines of plans, and this
extent applied laterally on the line of lines, will give
(6 for) the mean proportional fought,

For 4:6::6:9

By this example it is eafy to fee how to find the
fide of a fquare equal to afuperficies whofe length. and
breadth are given.

Exame. 1L Two fimilar, or like, fuperficies being
given 5 10 find what proportion they bave to one another.

1ff. TAKE one fide of the greater fuperficies between
the points of the compafles, and make this extent a
tranfverfe diftance on the line of plans between 10
and 103 ©r 1ooand 100 : or on any other number.,

24. APPLY a like fide of the lefs fuperficies tranf-
verfely to the line of plans, and the divifions it falls
on will fhew the number, that to the former number
(taken tranfverfely for the fide of the greater fuper-
ficies) bears the fame proportion of the lefler ﬂ‘;perﬁ,
cies to the greater,

Tuis propofition may be wrought laterally on either
of the legs, reckoning from the centre: For like fides
of fimilar plans being laid from the centre on either

N !(‘.g,




178 A=P: PrErNrDiIsX,
leg, will give numbers fhewing the proportion of
thofe plans.

Exawmr. IV. To find the fides, or other lines, of a fu-
perficies &, which fhall be fimilar to a given fuperficies B,
and in a given proportion to B, fuppofeas 3 107 2

1. To the fcales of plans, apply tranfverfely, any
given line of B to the confequent of the given ratio, as
from 7 to 7.

»d. Taxe the tranfverfe diftance, on the plans, of
the given antecedent, asfrom 3 to 3, and this extent
will be a like line of the figure .

3d. As many lines being thus found as is neceffary,
the figure a may be conftructed.

Examr. V. Tofind the fides, or other lines, of a fu-
perficies D, which fball be like to either of two given
plane figures & and B and alfo be equal to the fum or dif-
ference of A and B.

1. Fixp (by Ex. 3.) two numbers exprefiing the
proportion of the given figures & and B ; and take the
fum and difference of thofe numbers.

Suppose the proportion of A to B, to be as 3 t0 7.

Tueir fum i3 10, and their difference is 4.

Trey if D isto be like a.

For thefum, it willbe 3 : 10

For the diff. it willbe 3 : 4

Bur if p is to be like 5.

Tuzn, for the fum, it willbe 7 : 10 2 : B 2 D

Axp forthe diff, itwillbe 72 = 4 :: B : D,

od. Finp (by Ex. 4.) the fides of a fuperficies p,
fimilar to a, fo that 4 may beto b as 3 to 10 for the
fum, or as 3 to four for the difference ; or if like to B,
fo that B may be to p as 7 to 10 for the fum, oras 7
to 4 for the difference.

Awp thus, a fufficient number of lines being found

the figure o may be conftructed.

i A L Ds
: AL D

I Exams
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Exame. VL. Three numbers being given to fnd o fourth
in a duplicare proportion : Or, the like fides a, b, of two
Jfmitlar figures a, p, being known, and alfo the areq A, of
one, t0jind the area v, of the other.

On the fcale of plans, take the given fuperficies a
laterally 5 and on the fcale of lines, apply this diftance
tranfveriely to the given fide zof that fuperficies : Take
the traniverfe diftance of the given fide 4 of the other
fuperficies, from the fcale of lines ; then this diftance
applied laterally on the fcale of plans, will fhew the
area of B. ;

Tuus. If 40 poles be the fide of a Jquare whofe area
2§ 10 acres 5 what is the area of that Jguare whofe fide is
6o poles ?

Taxe the lateral diftance 10 on the fcale of plans;
apply this diftance tranfverfely to 40 and 40 on the
line of lines : Then the tranfverfe diftance of 60 -and
60 on the lines, applied laterally to the fcale of plans,
will give 222 acres the area required,

AcaN. How many acres of woodland meafure, of
18 feet 20 the pole, is' in that field which contains 288
acres, at 163 feet to the pole ?

Arpry the lateral diftance of 288, taken from the
{cale of plans, to the line of lines, tranfverfely from 18
to 18 ; then the tranfverfe diftance of 16% and 16X on
the lines, will, on the fcale of plans, give 242 the area
in woodland acres.

Exame. VII. 75 open the callipers, fo that the lines of
plans make with one anatber a right angle 2
On the line of plans take the lateral extent of any
number therean.
Tren fet the callipers fo, that this extent fhall be a
tran{verfe diftance to the halves of the former number,
N 2 and
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and the lines of plans will then ftand at right angles to
One another.

Taus : The lateral extent of 6o on the plans, put
tranfverfely to 3o and 30 on the plans, will fet thofe
lines at right angles to one another,

ARTICLE XIX.

Of the line of [olids.

Tusse lines are laid on the faces of b, ¢, of calli-
pers, like fectoral lines tendingto the centre, and are
diftinguifhed by the letters sor placed at their ends.

THERE are twelve primary divifions on thefe lines
marked 1,1,7,2,3, 4, 5,6,7,8, 9, 10; each of theeleven
Ipaces or intervals is divided into ten other parts ; and
each of thefe parts is divided into two or more parts,
according to the length of the inftrument.

Tusst divifions are beft taken from a feale of equal
parts, fuch as the line of lines, and thence transferred
to the ' fcales of folids, reckoning from the centre 3
from whenee the feveral diftances of the divifions are,
as the cube roots of fuch numbers under 100 as are in-
tended to be introduced.

Tuus, the diftance of the firft 1 from the centre
is as the cube root of %, and the greater divifions
following to the fecond 1, exprefs the cube roots of 1%,
2o, +%, &c. to the number 1, which the fecond 1
ftands for; and if thefe fpacesare fubdivided, their

135

diftances from the centre are as the cube roots of %,

ey Tews Tom &ec.

TaE diftance from the centre to the fecond 1 is as
the cube root of 1, and the greater divifions between the
fecond 1 and the third 1, are as the cube roots of the
whole numbers 2, 3, 45 55 6, 7, 8, 9 5 the interme-
diate. fmaller divifions are as the cube roots of the
mixed numbers to which they belong: Thusif the
fpace between the divifions reprefenting the roots of 1
and 2 is parted into 4 5 then thofe fubdivifiens will be
as
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as the cube roots of 1 %%, 1%, 1 2% 3 and the
like for other fubdivifions.

Tre diftance between the centre and the third 1 is
as the cube rootof 10 ; and fo the following divifions
marked with 2, 3, 4, &c,to 10, are asthe cube roots
of 20, 30, 40, &c. to 100: each of thele {paces are
divided into 1o parts, which are as the cube roots of
the intermediate whole numbers ; and if thefe fubdi-
vifions are again divided, thefe latter divifions will be
as the cube roots of the mixed numbers to which they
belong.

On the French inftruments, the divifions of this
line is ufually extended to 64 3 and confequently only
the cube roots of all the integer numbers under 64 are
thereon exprefled : Now whether the divifions proceed
only to 64 or to 100, the beft way of laying them
down is from a table of cube roots ready computed,
reckoning the length of the greateft root, or the length
of the {cale of folids, to be equal to the length of the
line of lines, taken from the centre.

ARSIl |t o s e e
v o3 A€ 0,464. 0,585, 0,669. 0,737. 0,794.
0,843. 0,888. 0,928. 0,964.

Tt following table contains the cube roots of all
the whole numbers from 1 to 100.

N 3 TasLe
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TABLE of cube numbers and their roots.

Cubes)oots |Cubesgioots yCubes |[Reots |CubesiRoots [CubesjRoots
1,000] 21 f2,750) 41 |3,448| 61 [35,036] 81 W4.327
1,260] 2z [2,802| 42 |3:476] 62 |3:958] 82 }4.3
1,442 23 |2,844] 43 [35503] 63 13.979| 83
1,587] z4 2,884__47.4- 2530 64 |4:000 34 14,379
L7te) 25 §2,924] 45 [1,557] 65 (4,021 85
1,817 26 {2:062| 46 |3,583) 66 Y4,041| 86 4,41
1,913] 27 [3:00¢] 47 [3,606| 67 |4:061] 87 l4.4:
2,000 28 13,036] 48 |3,634] 68 |4,082] 88 4,4,

2,080) 29 |3,072| 49 |3.650[ 69 [4.102] 89 |4
! 10 |2,154] 30 [3,167) 59 |3.684| po [4,121| 9©
i 11 {2,2241 31 [3,141] 51 [3,708] 71 |4,141| I
1z |2.285] 32 13,175 52 |3.732] 72 |4.160| 92

13 12,3514 33 {3,207| 53 |3,756| 73 l4.179f 93

14 [2:410) 34 {3240 54 |3,78¢] 74 14.198| 94

15 (24667 35 3.271] 55 |3,803| 75 f4.217] 95

’ 16 {2,520} 36 [3,302) 50 13,820} 76 |4,236 g6

17 125714 37 43:332] 57 |3.848] 77 l4.254) 97

i 18 |2,621] 38 |5,362] 58 |3.871| 78 |es273| 98
{
|
I
|
|

& | o3 O\ml-l—‘-u* Ll

19 (2,668} 39 §3.391] 59 |3-893| 79 [+:291] 99
20 |2,714% 40 {3.42c) 60 13,015" 8o I4,30cki00 N4.642

Tuxe numbers in the foregoing table may be laid on
the line of folids in the following manner.

Maxke the length of the line of folids equal to the
length of the line of lines, apply this extent tranf-
verfely to 4,642 on the line of lines 3 then the other
numbers in the table taken tranfverfely from the line
of lines, are to be laid laterally, from the centre, on
the line of folids.

iu Some ufes of the lines of [olids.

Examp. 1. Tofind the cube root of a given number.
; Seex the given number on the line of folids, and
' ake its extent from the centre.

Tuen this extent applied laterally to the line of lines
will give the cube root fought. It
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" It thould be remarked, thata given number of

of 1, 2 or 3 places, has a root of one place,

of 4, 5 or 6 places, has a root of two places.

of 7, § or g places, has a root of three places.
AnD when 8 given number is

fought for on the line
of folids,

THE primary divifions from 1 to 10 may be reckon-
ed either as o many hundreds, or as fo many hun-
dred thoufands, or as fo many hundred milliops.

THus the divifion marked 5 may either reprefent
500, OF 500000, Or 5000000CO.

AND the like of the other primary divifions and their
intermediates.

AND hence the divifions between the centre and the
firft of the primary ones, are to be effimated for nume
bers of one, two, four, five, feven and eight places,

Exame. L. To o number given, to find anotber ina
iriplicate ratio of two given numbers.

Tavs. Suppofe afhot of 4 inches diameter to weigh

otb; required the weight of that fhot which is 8 inches
in diameter ?

HERE a number is to be found, that to 9 fhall be
in the triplicate ratio of 4 to 8.

THAT 1s, as the cube of 4 is to the cube of 8, o is
g to the number fought.

Now from any feale of equal parts, fuppofe inches,
take 4 5 and make it a tranfverfe diftance to g and
on theline of folids (reckoning the 10 at the end, as
100) ¢ Then will the extent of 8 inches, applied
tranfverfely to the line of folids, give 72 for the num-

ber fought, which is the pounds weight of a fhot of §
inches diameter.

.A.G.":!N.
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Acawn. Suppafe a fbip of 2000 tons burthen is 144
feet 6 inches on the keel, and 5% feet by the beam: Re-
guived the length and breadth of another fimilar fbip that
Jhall be of 1415 tons burthen ? :

From any fcale of equal parts take 144} and
make this extent a tranfverfe diftance to 2000 on the
line of folids; then will the tranfverfe diftance of
1415 taken on the line of {olids give the Jength of the
keel, which applied to the faid fcale of equal parts
will give about 1283 feet.

Avso the extent in equal parts of 51 being made a
tranfverfe diftance to 2000 on the lines of folids ; then
the tranfverfe diftance on the folids of 1415 will give
in equal parts 467 feet for the breadth by the beam.

Exame, III. Between two given numbers or lines to

Jind two mean proportionals.

1/£. From any fcale of equal parts take the meafure
of the greateft of the given lines or numbers, and ap-
ply this extent tranfverfely to that number on the line
of folids ; then the tranfverfe extent on the folids, of
the leaft of the given numbers, being taken, will be
the greater of the required means, whofe meafure will
be found on the faid fcale of equal parts.

2d. Make the extent of the greater mean, a trani-
verfe diftance to the greater of the given numbers,
on the line of folids; then the tranfverfe diftance of the
lefler of the given numbers, taken from the line of
folids, will give the lefier of the required means.

Suppofe two mean proportionals were required between
9 and 4153
~ Tye lateral extent of 417, taken from the line of
llnffs, apply tranfverfely to 415 and 413 on the line of
folids 5 then the tranfverfe extent of g and g taken on
the folids, and applied laterally to the line of lines will
give 2 5 for the greater of the two means.
ArpLY
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AppLy the faid extent of 25 tranfverfely to 412 and
412 on the line of folids; then the tranfverfe extent on
the folids from g to g applied laterally to the line of
lines, willgive 15 for the leffer mean.

For 9, 15, 25and 413 are in continual propor-
tion.

Exame. IV. 9o find the fide of a cube equal 10 a
parallelopipedon whafe length, breadih and depth are
given.

1. Berwren the breadth and depth find 2 mean
proportional by Ex. 2. Art. 18.

2d. Fixp the meafure of the mean ‘proportional
on the line of Jines, and apply it to the lines of folids
tranfverfely, at the numbers expreffing that meafure :
Then the tranfverfe extent of the length being taken
from the line of folids and applied laterally to the
line of lines, will give the fide of a cube equal to that
parallelopipedon.

Tuvs, Suppofe a parallelopipedon, whofe lingih is 72,
breadih 645 and depth 2 4.

Tue number 64 taken laterally from the line of
lines and applied tranfverfely to 64 and 64 on the
line of plans ; then the tranfverfe diftance of 24 and
24 on the plans meafured laterally on the line of lines
gives about 39,2 for the mean proportional,

AppLY the extent of the mean proportional, t0 39,2
tranfverfely on the line of {olids; then the tranfverfe
extent of 72 and 72 on the folids, being applied to the
line of lines laterally, will give 48 for the fide of the
cube equal in folidity to the given parallelopipedon.

FoRr 48x48x48=24%64X72=110592.

Examp. V. Two fimilar folids & and B being given,

fo find their ratio.
1. Tage any fide of the folid a, and apply it
tranfverfely
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tranfverfely onthe line of folids from 10 to 10, or from
any other number to its oppofite.

2d. Arrry the like fide of the folid p tranfverfely
to the lines of {olids, and obferve the number it falls
on : Then will the numbers on which thofe tranfverfe
extents fall, thew the ratio of the folids a and =.

Examp. VI. A [olid a being given io find the dimen-
Sions of a fimilar folid By that to A fball bave any affigned
ratio.

1. Ow the line of folids feeck two numbers ex-
prefling the terms of the given ratio.

2d. Taxe the extent of one fide of the given folid
A, and apply it tranfverfely on the lines of folids to the
antecedent of that given ratio 3 then the tranfverfe ex-

tent of the confequent taken on the lines of folids will
be a like fide of the folid =.

Trus. Tofind the fide of a cube 8, double to a givens
cube A.

Herz the ratio is as 1 to 2.

AvrpLy the fide of thecube a to the lines of folids
tran{verfely from 1 to 1 ; thatis from 10 to 10 ; then
will the tranfverfe diftance of the numbers 2 and 2 or
20and 2o thew the fide of the cube &,

Acan. To find the diameter of a fphere ®, that to
the fphere a, whofe diameter is given, fball be in the ra-
tio of 3 1o 2.

Maxke the diameter of the fphere 4 a tranfverfe di-
ftance to 2 and 2 on the lines of folids 5 then will the
tranfverfe diftance of 3 and 2 onthe line of folids be

the diameter of the {phere .

Exawmp. VII. Adny number of uncqual fmilar ~folids
being givensy to find the fide of a fimilar [olid equal in mag=
uitude 1o the fum of the magnitudes of the given folids.

Take, in equal parts, a number expreffing the fide

el s o "
of
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of one of the given folids, and apply this extent to the
line of folids tranfverfely, to any number (fuppole 10
at the 3d 1).

Arso take in the fame equal parts, the numbers
fhewing the fimilar fides of the other folids, and apply
thefe extents to the lines of folids tran{verfely, noting
the numbers they fall on.

TreN will the tranfverfe extent on the line of folids
of a number equal to the fum of the noted numbers,
be the like fide of the fimilar folid required, which
applied to the fame fcale of equal parts the others were
taken from will give the meafure of that fide.

Tavs, What will be the diameter of that iren fhor
caft from 3 other fhot whofe diameters were 4 inches, 4y 4
#nches, and 5 inches 5 fuppofing no wafle in melting 2

MAKE 4 inches a tranfverfe extent on the line of
folids, to any number fuppofe 10. Then 4,4 inches
applied tranfverfely to the folids will give about 135 3
and 5 inches alfo applied tranfverfely to the folids will
give about 19% : Now the fum of the noted numbers
10 and 137 and 19Z will be 43; then the tranfverfe
extent of 43 on the line of folids will give 6 inches
for the diameter of the new fhot.

Exame. VIII: 7o find the dimenfions of a folid which
Jball be equal to the difference of two given fimilar folids,
and alfo fimilar to them.

ArpLy 3 dimenfion of one folid tranfverfely to the
Jine of folids atany number ; "and alfo note what num-
ber on the line of folids, the like dimenfion of the
other folid falls tranfverfely on ; take the difference
of thofe noted numbers ; and on the line of folids take
tranfverfely the extent of the remainder, and that will
be alike dimenfion of the fimilar folid required

Taus.
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Tuvs. With the powder out of a fbell of 10 inches
concave diameter is filled a fbell of 7 inches : What fized
fhell will the remaining powder fill ?

THE extent of 10 inches being applied tranfverfely
to the lines of folids, at any number fuppofe 100 ; the
extent of 7 inches will fall tranfverfely on the lines of
folids, about the number 34; : The difference be-
tween 100 and g4% is 65%° The_n the tranfverfe extent
at 653 on the line of folids, will give 8,7 inches for
the concavity of that fhell which the remaining powder
will fill,
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