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Pieces of Paper ufed for Hangings were laid clofe together upon the
Ground, to the Breadth of ten Feet, in the Line of a Fowling-piece,
between it and a Frame of lo Feet fquare, covcred over v/ith Paper.
Upon pointing the Piecc towards the Middle of the Frame, and df®
charging it fevcral times voiih and without sally fome Powder wasalvy-ays
colledcd, but mixed with a great deal of Dirt.

It is however to be obfervcd, that in two Experiments made the 22d
(Ajulyy near the Artillery-Ground, before the Prefident and fome of
the Fellows of the Society™ with a finer fort of Powder, in a Barrel of 3
Feet 9 Inches inLength, and | of an Inch Bore, with 12 dwl, ofPow*
dcr the firft time, and 24 d-w. the fecond Time, without Ball or Wad-
ding, no Powder could be found fcattered on the Paper laid before the
Piece, nor flicking to a Board at the Diftance of about 10 Feet, againft
which the Piete was pointed. But when the fame Powder was fired la
a iliort Barrel of 5 Inches in the Chace, either with or without Ball,
fome Quantity of Powder was always colleded.

Ocher Experiments were afterwards made before the Committee, by
firing a Fowling-piece charged with 5 f/wA of Powder, againfl a Sheet
of whited brown Pap”r, at the Diftance of 2 or 3 Yards*, the Paper
was found pierced with feveral Hundred Holes, and the Jags of the
Paper appeared on the Backfide. In a fecond Trial with 10 dxvt. the
Paper had more Holes in it. A third Trial was made with 5 divi. of
Powder and Ball, and then few Holes appeared in the Paper. Ina
fourth Experiment made withaihort Screw-barrel Piftol, with a Charge
of I dzavt. 2 Grains of Powder and a Ball, fevtral Holes were found in
the Paper*.

But the Irregularities in this manner ofcolleiting the Powder unGred,
giving reafon to fufpeft, that fome Powder efcaped fideways, beyond
the Paper laid to receive it, it was-propofed to have a Machine made,
which being clofe every where but at the End where the Muzzle of the
Piece was to be placed, might thereby hinder the Powder from being
diiTipated. Such a Machine was contrived by Mr Ellicot™ and by him
prefented to the Committee, being a Frame of Wood in Shape like a
truncated quadrangular Pyramid j at the fmallcr End was a Board to
receive the Shot, and the 4 Sides of the Machine were covered with
thick Paper ftrongly parted together, and fo prepared as to prevent it's
taking tire, This Machine, fupported by Props, was placed upon
one of it’s Angles, the Carriage for fixing the Barrels was placed clofe
to the greater Bafe, which was left open. The Refult of the fevcral
Experiments were as follows :

The 3 firft Experiments were made with a Barrel ~ ofan Inch Diame-
ter of the Bore, and the Length of the Chace 5 j*Inches. The Charge

That the Paper in thefe Experiments was pierccd by the unfired Powder, appears,
bccaufe feveral Grains were found lying behind the Frame, to which the Paper was
lixed, and fome few fiuck in the Paper.

I collected
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each time was 6 dwt. of Powder without Ball; the Quantities of Powdev
colleded were rcfpeélively, idwt, 19 Grains} idwt,2i Grainsj and
| dwt. 20 Grains.

Three other Exj>eriments were made with the fame Piece, and with
i2dwL Charge, without Ball. The Quantities of Powder collefted
were /~dwl, 18 Grains; 4 dwt. 21 Grains; and 4 dwi. 22 Grains.

The next 3 Trials were with the fame Piece, the Charge 6 dwt. with
a Ball weighing one O \inctj[. dwt. being a Mixture of Lead and Tin, and
fitting the Piece exaftly.

The Quantities of Powder collcdted each time were refpeftively i dwt,
5 Grains; idwt, 5 Grains; and i dwt, 11 Grains.

The laft 3 Experiments with the fame Piece, were made with a Charge
of 12 dwt. the Weight of the Ball as before ; and the Quantities of
Powder collefted, were found to be 1 dwt, 12 Grains; i dwt. 9 Grains;
and | dwt. 8 i Grains.

The Waddings ufed in all thefeand the following Experiments, were
of thick L.eather cut round, to fit the Bore of the Piece.

The Committee then proceeded to examine what Alteration might arife
from a greater Length of Chace, The Experiments in this Cafe were
made with a Barrel 3 jp'oot 9 Inches in Length, and i of an Inch
the Bore; the Charges of Po\vder, and Weight of leaden Balls, were
as before.

In the firfl: 3 Experiments with 6 dwt. Charge, without Bali, the
Quantities of Powder colleftcd were 3 Grains ; 9 Grains ; and 9 Grains,
refpefliverly.  In the 3 next Experiments, with twelve dwt. Charge,
without Ball, the Qiiantities oi Powder colkéled were 13 Grains;
9 Grains; and 16 i Grains. The 3 following Experiments were with
6 dwt. Charge and a Ball. The Powder collciied was 2 Grains;
3 Grains ; and 2 Grains.

The laft P.xperiments were made with 12 //a/. Charge and Ball as
before ; the Qiiantities d" Powder colleiled from 2 Difcharges were
refpeétively, 2 Grains; and 4 » Grains. The Frame being broke, a
third Experiment could not be made.

The Powder collefted after the feveral Difcharges, was put info
feparate Boxes; it feemed much bruifed, and mixed with Dirt- Ycc
feveral of the Parcels being tried, fired with briilc Explofions; and fomc
of the Powder colleited irom the Experiments with the iliort Barrel®
amounting to 6 dwt, 16 Grains, being put into the long B.irrt-1 and
fired with Ball, went off with a ftrong Report; and the Bali pierced
the Dcal-board. at the End of the Frame, and penetrated 2 Inches deep
into an EIm-plank placed to receive the Balls.

Some Gentlemen, prefent at thefe Experiments, fufpcfting that Part
of the Powder might efcape at the open End of the Frame ; the ihorc

W hereas
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Whereas upon removing the Funnel, and difcharging the Piece, as
before, 1 dyf. 11 Grains was colleéted, agreeably to ibrmer Experi.
nients * ic feems that the Funnel had a like EiFea: as lengthening the
riecc.

Some Experiments were alfo made with the fhort Barrel, filled up
wirli Lead, Ib as to leave but 3 i Inches for the Chace, the Piece being
then chargcd with 12 davS, of Powder and Ball, as before; tKe Surface
of the Ball was but ™~ of aii Inch within the Mouth of the Piece, and
the Powder colleiied, after 3 Difcharges, was refpedlively, 2 dwi, 2
Grains; 1 dwi, 17 Grains; and i dwL 11 Grains,

The Barrel being further filled up, fo as to leave but 2 7 Inches for
the Chace, and charged as before, the Ball rifing about 5 ofan Inch be-
yond the Mouth ofthe Piece, the Powder collided, after the Difcharge,

' was 2 dzvt, 6 Grains. Upon a fecond Trial, the Ball being as much
within the Mouth, i1 dwt 16 Grains was collefted. And at the third
Trial, the Bali being level with the Mouth, 2 dwt, 6 Grains were again

found.
The Committee alfo caufed fome Experiments tobe made of the
r EfFeft of a Touch-hole near the Forepart of the Charge. They found

upon difcharging the fliort Piece of 5 -/ ofan Inch Chace, the Charge
12 dIvt, and Ball, as before, the Touch-hole being near the Fore-part of
the Powder; the Quantities of Powder, feverally collefted, were i
dwt, 7 | Grains; i dwt, 6 Grains; and 1 dwi. 4 Grains. And upon
a Difcharge made with a little more Powder, which filled the Barrel
cxadtlytothe Edge of another Touch-hole, the former being fcrewed
up, the Quantity collefled was i dz7¥. 9 Grains.

The Eifed of firing with S/vs was alfo examined; The
Weight of riie Slugs and Quantities of Powder collesi:cd, were as
follows; the Charge in the fliortBarrel being 12 dz’V.

Difcharge. Weight of Sluffs. Powder collefted.
Ounces. dwit. dwt, gr.
l. — 2 0 — — . 3.
. - = — 2 1. 14, — — — 0. 17
. — — —= 2 12. 0 — — O S,
V. — 5 5. 6. ~ 0. 13
V. 5% 3. 00 — _—_mO. 8i.

The Powder ufed in all thefe Experiments, made before the Com-
rilitteee, wasprelented to them by Mr Jvalton™ and is fuch as he makes
lor the King’s Service. To afcertain as nearly as poiTiljle, that the
lowder had not undergone any confiderable Alteration by Damps or

4. othcrwife, a Standard Experiment was previoufly made at every M-et-
ing, with the fiiort Barrel charged with 12 dwt, of Powder, and with

a Ball or 24;fci/.; and the C™iantity of Powder collcfted was from i dv)t

8Grains, to i dwK 12 Grains; which is as great a Regularity as can

well
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veil be cxpeiled.This Powder of Mr f alton”s hcing”~fied”™ and divided
iImozfifie znd :ilarge Sorfy the following Diicharges were made with

12 awt* of caclij and Dull as ufu™ e

Difcharges with Powder collciled.
fine Powder. d'ivt, gr,
. — — — l. 4,
1. — — — 0. 21.
111. — 0. 12.

In this third Experiment the Bullet, not being fo cxaftly turned as
the others, was rammed down with great Force.

Difcharge with Powder collcied.
large Powder, dwt, ar,
— 1 .
li. — — - - L 16.
ill. N 1. 21.

And the Powder being bruifed in a Mortar, and fifted through iji.
Lawn Sieve, the Charge and Ball being as before, what was collcded
after 3 Difcharges. was one dwt. 10 Grains, i dwt, 8 Grains, and ly

Grains.
e Mr JVatfon having had two Parcels of Powder delivered to him, the

one frcih, and the other colledled after Difcharges with Ball, gave an
Account Ol the Quantity of Nitre he had feparated from them, viz.

Separated from 9 iwl, of freih Powder — — — dwL
Nitre — —m — - 6. 2.
* Refiduum—* —  — 2, 7
Lofs — — —4 - 0. A 15.
From 9 &<Ldatj'xA Powder collefied after having been) i*. .
difcharged withBall — — — — — —, — X %
Nitre — ~ -— 4. 18.
2. »H «
0. 11.
IX)fs — — — J- 1. 14.

miwelve Grains of the Powder gathered and put* into fepafntc Boxes,

after firing with Ball out of the ihort Piece, as before-mentioned, being

fired in the exhaulled Receiver, funk the Mercurial Gage from 29 p

Inches to 23 And the fame Weight of frcfli Powder being fired in

the fame manner, funk the Gage to 22 + Inches*, the Difference beint®
or of an Inch.
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From thefe Experiments the Committee are of Opinion, that the
firft Part oF the firlt Queftion, IVhethcr all (be Pozvder of the Charge be
fired? is fuiSciently determined in the Negative.

As to the Second Part of the firft Queftion, iVhether all the Powder
that isfired, be fired before the Btdiet isfetfjuly moved from it*s Place.? ,the
Commitcce arc of Opinion, fhat the Bullet isfenfibly moved from ii*s
Place™ before all the Pozvder that isfired™ has taken Fire. -

Tiiis, indeed, has not been determined by any direft Experiment,
but Teens a Confequena' of the Determination of the firft Parc of the
Qtieilion, that the whole ofthe Charge is not fired.

For let it be confidered, tliac from the Moment any Part of the
Powder within the B.irrel takes Tire, the Flame of the Powder already
fifed is always contiguous to fome Part of the Powder as yet unfired;
and confequently fome Part of this laft muft ~ continually taking Fire,
fo long as any unfired Powder remains within the Barrel-, chatis, the
firing of the Powder cannoc be over, till all the unfired Powder is driven
out ofthe Gun: But before any Part, how fmall foever, of the unfired
Po\vder is driven out of the Gun, the Buiiec which lies between the
Charge and the Muzzle, muft necefiarily have been driven out of the
Gun. Therefore the firing of the Powder is noc over, or all the Pow-
der that is fired, is noc fired, till after the Bullet is driven out of the
Gun. And confequently the Bullet muft be fenfibly moved from it's
Place, before all the Powder that is fired, has taken Fire.

As to the fecond Queftion, Whether the Diftance to Kjohich the Bullet
Is throm™ may not beeome greater or lefs™ by changing the Form of the
Chamber”™ though the Charge of Powder and all other Circumftances con
Iimte unchanged?

The Committee are of Opinion, That the Clange of the Form in the
Chambery will produce a Change of the Difiancc to which the Bullet is
tkrozvn.  Their Opinion is grounded wupon the following Experi-
rtients, in which the longejl Chamber of equal Capacity drove the Bull
fartheft.

Three brafs Chambers were made, whofe Depths were refpeclively
5 Inches; 1 alnch; andi of an Inch; ib turned as to fit the Cham-
ber ol Mr Hauksieen Mortar ; each of thefe Chambers contained, when
lull, I Ounce Troy of Powder. The Ball was of Brafs, weighing 24
Pound, 61 Ounces Avoirdupois”™ that is, nearly 356 Ounces

1 he Billltouched the Powder of rhe Charge in all thefe Experiments. -

With the firft Chamber of 3 Inches deep, the Elevation of the Mortar
being 45 Degrees, the Ranges at 4 diiiercnt Trials were found to be,

A*_ Suppofmg 14 Ouncci 11 iiHvi. and 15 Gcaina aod an half, /r<n, equal to i Pocnd
\el IS
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Chains. Unis,

J = = 1. 9 or nearly 752 Feet.
j - — — — =10 38, 685.
. —  — - — — 1. 17. fi /-
lv. — — — — — 11. 10. 733.

In the Second of thefe Experiments, the brafs Chamlw, not being
fulRciently thruft home before che Difcharge, was by the Violence of tiic
Powder driven in fo, that it could not be got out again without the
Help ofan iron Screw, and avaft Force applied to iron Wedges. This
was doubtlefs the Caufe of the great Irregularity oblerved in this Cafe.
The mean Diftance, collefted from the other 3 Experiments, is nearly
741 Feet.

Then 3 Difcharges were made with the Chamber i of an Inch deep,
with Ball, Powder, and Elevation, as before. The Ranges were,

SboL Chains, Links,

. - — — — 7.6. or 466 Feet nearly/
. — - — — — 7. 2. 463.

1. — - - — T 2. 463.

The mean Diftance to which the Ball was thrown in thefe three Ex-
periments is 464 Feet.

The Chamber i h Inch deep, was alfo tried ; but this not fitting
the Mortar fo well as the other 2, the Ranges were found tobe very
irregular, being

SboL Cbaijis, Links.

. — — — — — 10. 40. or nearly 686 Feet.
i - - - — — 9 6. 598.

. —  — —  — e 7. 8. : 467.

The laft Shot, falling fo much fhort, may be afcribed to the Damp,
It being late in the Evening when it was fired.

That Moifturc greatly weakens the Effeél of Powder, is commonly
known ; and the Committee found by an Experiment, That Powder
dried by means of a Phial in Balneo™ and put warm into the Chamber,
threw the Ball twice as far as the fame Quantity of Powder taken out of
the fame Barrel, before it was dried.

VII. This Treatife contains 2 Chapters. The Firft treats of rhe Force
of Gunpowder, and the Velocities communicated to Ballets by it's Ex-
plofion: The iecond confiders the Refiftance of the Air to Bullets and
Shells moving with great Velocitiesand endeavours to evince,
this Refiftance is much beyond what it is generally efteemed tobe-, and
confcquently that the Trail dcfcgibed by the Flight of thefe Proiccfliles,

»H9
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Is vcry different from what is ufually fuppofcd by the modern Writers

%atknofiner$- Subjcft. rn
jiftingPo™Nirrf principal Points endeavoured to be eflablifhed in the firlt Chapter
\ndiX/ulii are theft-, “ That the Force of'fired Gunpowder is no more than the
cn\hyli R “ A¢lion of apermanent elailic Fluid, which is produced by the Lx-
F.R S.asfar ti, pjofjon; that thils Fluid obferves the iiime Laws with common Air
Msthifafyf- Exertion of it's PrciTure or Elarticity and confequently,
ofGunblwdn. “ That the Velocities communicated to Bullets by the Explofion, may
1I?Mi/Aprili4. “  be cafily computed from ihc common Rules, which are eftabliihed
unddo\. 1743.  for the Determination of the Air’s Elaflicity.”

The two firft Propofitions contain the Proofs that a permanent elaftic
Fluid is conftanily generated in the Explofion of Gunpowder; this is
evinced by well known Experiments daily repeated, and acquiefced in
by all who have frequented the ufual Courfes of Experimental Philofo-
phy, of which thefe Experiments generally make a Part; fo that the
Author prefumes he may confider this Point as inconteftibly eilabliihcd,
at leaft he has never yet met with any who have queulioned it.

The third Propofition is, That the Elafticity of this Fluid produced
by the firing of Gunpowder, is, c.eteris paribus™ direftly as it’s Dcnfity,
and the Experiment by which this was confirmed, was letting fall fe-
parately 2 Quantities of Powder, the one double the other, on an*d-hot
Iron included in an exhaufted Receiver ; and it appeared by the Dvfcent
of the Mercury, that the Elafticity of the Fluid produced from the
double Quantity of Powder, was nearly double the Elafticity of that
produced from the fingle Quantity * that is, the Elafticity was nearly as
the Denfity of the Fluid.

But it may perhaps be thought, thata fingle Experiment is too (len-
der a Foundation on which to build fo material a Principle, fince all
fubfequent Reafonings on the Force of Powder in fome meafure depend
on it. In Reply to this it may be faid, that the Author recited this
fingle Experiment on account of the great Quantity of Powder made ufe
of init, which was  ofan Ounce ; but that he had really made many
more equally ronclufive, which he thought it unneceifary to mention.
However, thofe who doubt of this Propofition, may fatisfy themfclves
herein by fome Experiments made by the late Mr Hauhbee before this
Sociciy™ though with a different View; where, by the firing of 26 Quan-

city was nearly proportional to the Denfity in all that Variety of
Denfilies.

In this Propofition, the Analogy between the Fluid produced by the
Explofion of Powder and common Air, is eftabliftied thus far, that they
exert equal Elafticities in like Circumftances; for this Variation cf the
Elafticity”™ in proportion to the Denfity, isa well known Property of
common Air. But other Authors, who, fmce the Time of Mr Boyilt,

have
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have examined the faftitious elaftic Fluids produced by Burning, Di-
ftillation, tic, have carried this Analogy much farther, and have fup-
pofcd chefe Fluids to be real Air, endued with all the Properties of
that we breathe ; particularly the Reverend Dr Hales™ who has purfued
this Examination with the grenteft Exadnefs, in a Series of the beft
contrived Froceflcs, conltantly affixes the Denomination of Air to thefe
faftitious Fluids, he having found, that their Weigiit is the fame with
that of common Air, and that they dilate with Heat, and contraft
with Cold ; and that they vary their Dcnfities under different Degrees
of Imprcfiion in the fame Proportion with common Air; and from
lience, and other Circumilances of Agreement between them, he fup-
pofcs them to be of the fame Nature with Air, and conccivcs them
0 be fitly dcfigned by the fame Name.

But fo psrfcil a Congruity between thefe factitious Fluids and Air
IS not neceffary for the Purpofes of this Trcatife. The fundamental

powder is only the Action of that Fluid modified according to this
Law. Ic has.been already mentioned, on what Grounds the Firft oi
thefe Principles hath been aiTerted, as contained in the Third Propo-
fition 1 and it reniains to explain the Reafons urged for the Support
of the laft in the 8 fucceeding Propofitions.

The Law of the Adion of this Fluid being determined, 2 Mctliods
offer themfclvcs for inveftigating the abfolute Force of Powder on the
Bodies it impels before ic. The firft by examining the Quantity of
this Fluid produced by a given Quantity of Powder, and thence find-
Ing it's Elafticity at the Inftantof the Explofionv the other by deter-
miningche af£tual Velocities communicated to Bullets by known Ciiarges,
ailing through B.irrcls of different Dimenfions. The firft is the moit
ealy and obvious, but the fecond the moft accurate Method * and there-
fore the Author has fcp.irately purfued each, and he has iolind, thar
tht:r Concurrence iias greatly exceeded iiis Expedation, and thereby
bo;h of them receive an additional Confirmation..

The Qu.inriry of the elaftic Fluid, produced by the Firing of a
given Quantity of Powder, is determined Uy firing it in an exhaufted.
Receiver, and obfcrving how much the mercurial Gage fubfides thereby,
making a proper Allowance for the Increafe of it's Elafticity from the
Heat ol the included hot Iron. But then as the Subfiding of the Mer-
cury is not mealurcd till the Fiame of the Powder is extinguiflied, and
the Muid is rcduccd fomewhat near the Temj”erature of the external
Air, ic is cvidcnr, that the Elafticity thus eftimated is much iliort oi-
whit it really wjs in the Inftant of Explofion * and therefore, to obtain,
that ELifticiry, which is the Force fought, ic is neceiTary to make fome
Filiniateof the Increafc of the Elafticity of tJie Fluid by the Fire aiuli
Fiaine of the Ej™N/NMofion. For tins Furpolc it is examined in the Fifth.

Propofiuon”
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Pripofition, bow much the Ebnicity of common Air is increnfed hy
a Degac of Heat equal to that of Iron beginning to grow white hot;
ami ic is found, ata Medium, to be thereby augmented Ibmething more
tilan 4 Times; whence, as the Fluid produced ™My any Quantity of
Gunpowder takes up, when compreiTed by the Weight of the incum-
bent Atmofpherc, a Space fomething Ids than 250 times the Bulk of
the Powder; it follows, that if it's Jilailicity in the Inftant of Explo-
lion be fuppoUd to be incrcafcd in the fame Proportion with that of
the Air lali-mentioncd, it becomes by this means about Xxoo00 times
greater than the Preflure of the Atmofphere ; that is, conceiving it ro
be contained in that Space only which the Powder occupied before it
was fired.

I'noic who have not been converfint in thefe Experiments, may
polfibly fuppofe, that the Elafticicy of the Powder at the Inftant of
Kxplofion may be immediately known by thefirft: fudden Dcfcent of
the Mercury: But many Circumftances concur to render this Method
iImpradicablc ; amongft the reft ic muft beremembred, thaj fome Air
iIs conftantly left in the Receiver, which is heated by the Biail, and
unites it's Effcfe in the firft Inftant with the Adion of the Powder:
Befides, the firft: Defcenc may be varied, by varying the I'ube, ahhough
all things elfe remain unchanged.

By the Method hitherto defcribed, it is colleded, that the Elailicity
of the Fluid produced from fired Gunpowder, when contained in the
Space which was taken up by the Powder before the Explofion, isabout
1000 times greater than the Elaftiicity of common Air, or, which is
the lame thing, 1000 times greater than the Prellure of the Atmo-
fphere.

But, befides the Determination of the Quantity of Fluid produced
from a given Quantity of Powder, (the Method on which this De-
duélion is founded) there is another Method of difcovering the iiime
thing, which, though Jefs obvious, is yet (ns hath been already ob-
fcrved) more accurate: 1 hat is, by examining the adlual Velocities
communicated to Bullets by the F-xplofion of given Charses in given
Cylinders; and this is the Subjcd of the ;th, 8th, and nth Propofi-
tionsy

And firft;, it is evident, that this Examination cannot take place,
unlefs a Method of difcovering the Velocities of Bullets be previoufiy
cftabhflied. Now the only known Means of effedin<® this was, ei-
ther by obfervipg the Time of the Flight of Bullets through a given-
Space ; or by finding their Ranges when they were projcéled at a gi-
vtn Angle, and thence computing their Velocity on the Hvpothefis
Ol their parabolic Motion. The firft; of thefe Methods was often
impraiticabfc, and in all great Velocities extremely inaccurate, both
on account ot the Shortnefs of the Time of their Flight, and the
Refjftanceof the Air. 'I'he fecond is ftrll more exceptionable, fince,
by reafonof the -Adr*s Jicfiftiince, the Velocities thus found may b*

N lei$
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Icfs in nny Ratio given, than the real Vtlociry fluglit. Now, to avoid
thcfe Difficulties, the Author has invented a Method of determining
the Velocities ofBullcts, which may be carried to any required Degree
of Exaitnefs, and is no-ways liable to the forementioned Exceptions ;
for, by this Invention, the Velocity of the Bullet is i'ound iIn any
Point of it’'s Track, independent of the Velocity it had before it
arrived at that Point, or of the Velocity it would have after it had
pafled i1t; So that not only the original Velocity, with which it iffues
from the Piece, is hencc known, but alfo it's Velocity, after it has
pafled to any given Diftance ; and therefore the Variations of it's Ve-
locity from the Refiftance of the Air may be alfo afcertained with
great Facility. The Machine for this Purpofe is defcribed in the 8tli
Propofition, and the Principle it is founded on is this fimple Axiom
of Mechanicks ; ~hat if a Body in Motion Jirikes on another at Rejly and
they are not feparated after the Stroke™ but move on with cne common
Motion”™ then that common Motion is equal to the Motion 'with which the
Firji Body moved before the Stroke : V/hence, if that common Motion
and the MaiTes of the 2 Bodies are known, the Motion of the Firll
Body before the Stroke is thence determined. On this Principle then
it follows, that the Velocity of a Bullet may be diminiihcd in any gi-
ven Ratio™ by it's being made to impinge on a Body of a Weight pro-
perly proportioned to it ; and hereby the moil violent Motions, which
would othcrwilb efcape our Examination, are eafily determined by thcfe
retarded Motions, which have agiven Relation to them. Hence then,
iIf a heavy Body greatly exceeding the Weight of thcRullet, whofe Ve-
locity is wanted, be fufpended, fo that it may vibrate freely on an Axis
in the manner of a Pendulum, and the Bullet impinges on it when it
is at Reft, the Velocity of the Pendulum after the Stroke will be eafily
known by the Extent of it's Vibration, and from thence, and the
known Relation of the Weight of the Bullet and the Pendulum, and
the Pofition of the Axis of Ofcillation, the Velocity with which the
Bullet is impinged will be determined, asis largely explained in the
lith Propofition. Where note, that there is a Paragraph by Miftake
omitted in that Propofition, which fhouid increafe the Velocity there
found in the duplicate Proportion of the Diftances of the Points of Of.
dilation and PercuTion from the Axis of Sufpenfion > but this only
afieds that particular Number, for it was remembered in the Com-
putations ot the fucceeding EXxj'>eriments, the Numbers of which arc
truly ftared.

It™ being explained how the Velocities of Bullets may de difcovercd
by Experiment: The next Confideration is, from thofe Velocities to-
det;rrmine the Force which produced them.

And the Author thought, the bert Method ofefTeaing this wa&
by computing what Velocities would arife from the Atilion of fired
iI’owder, luppofing i:'s Force to be rightlv afTumed by the Procefs in
1.1c prece’™\irg Parti that is™ruppofing the Eiafticity of the Fluid thence-

axifuig

NN6%



264

—

©w
li

IWI

M E c IrJ N I C K S,

T;ifing fo be at firft 1000 times greater than that of common Air*
for then, by comparing the Refulc oi thefe Computations with a great
Number’ oF different Experiments, it would appear whether that Force
was rightly afiigned ¢ and if not, in whac Degree it was to be cor-

rceled. _ _ e .
PrcpAratory to this Computation, the Author alTumes m his 7th

IVopoiiC'on thcfe Two Principles;
Tlku the Aélion of the Powder on the Bullet ceafes as foon as

tne Bullet is got out of the Piece.

mdly. That all the Powder of the Charge is fired, and converted
into an elaftic Fluid, before the Bullet is fenfibly moved from it's
Place.

And in the annexed Scholium he has given the Arguments and Ex-
pcrimcnts which induced him to rely on thefe Poilulates, all which is
uecefiary at prefent to difcufs more at large.

If the Force of Gunpowder was fuppofed capable of being deter-
mined with the fame Accuracy and Rigour, which takes place in Sub-
jeils purely Geometrical, the firft of thcfe Poftulates would be doubt-
Jtfs erroneous, fmco it cannot be queftioned but the Flame a6ls in feme
Degree on the Bullet after it is out of the Piece.

But it is well known, that in Experimental Subjcdtj no fuch Prc-
cifenefs is attainable ; for thofe verfed in Experiments perpetually find,
that either the unavoidable Irregularities of their Materials, or the
Variation of feme unobferved Circumftance, occafion very difcernible
Differences in the Event of fimilar Trials. Thus i!je Experiments
made ufe of for confirming the Laws of the Collifion oi Bodies, have
never been found abfolutely to coincide either with the I'heory, a*
with each other. The fame is true of the Experiments on the Run-
ning and Spouting of Water, and other Fluids, and of the Experiments
made by Sir /. Newlon™ for the Confirmation of his Theory of Re-
fiftances J in which, though they often differ from each other, and irom
xhat'J'heory by tti ttj even fomctimes i Part, yet thofe finall
Inequalities have never been urged as invalidating his Conclufions,
lince, in Experiments of that Nature, it was rather to be wondered
at, that the Difference between the different Trials was fo fmalL

And if Ibme minute Irregularities arc the neceffary Concomitants
of all complicated Experiments, it may be well fuppofed, that the
Aftion of fo furious a Power as that of fired Gunpowder, which vi-
fibly agitates and diforders all Parts of the Apparatus made ufe of,
cannot ~wt be atcepded with iénfiblc Variations ; and it in Faft ap-
jpears, that in the Table oi Experiments inferted in the 9th Propofition,
the Velocities of Bullets fired from the fame Piece, charged with the
Jame Powder, and all Circumftances as near as ])offible the fame, do

each otbtr by and fometimes more than y=

pi the Whole ¢ and yet the Author does not conceive, that thefe frmall
piijuenc™'s are any Exc.*ption to the Conclufivenefs of his Principles j

but
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but he prefumes, that had he pretended, without difclofing his Me-
thod, co have computed the Force of Powder, and the Velocities of
Bullets, in different Ciicumftances, to a Kiuch Icfs Degree of Accuracy
than this, he fhould have been cenfured, as boafting of what would
have been thought impradicable.

If then the Action of the Flame on the Bullet aftir it is out of
the Piece, is fo fmall as to produce no greater an Klicil than what
may be deflroved by the inevitable Variations of the txperimenfs, the
negleifting it entirely, and fuppofing no fuch Force to cake place, is
both a convenient and a reafonable Procedure : For indeed, wichbut
the AiTumption of Poftulates of this kind, it were jmpr)irjble to have pro-
ceeded one Step in Natural Philofophy, fince no Mechanick Problcni
hath been ever folvcd, in which every real Inequality of the moving
Force hath been confidered.

Now what induced the Author to fuppofe, that this Populate (chough
not tigoroufly true) might be fafely afiumed, was the Confideration
of the i'preading of the Flame by it’s own Elailicity, as foon as it
efcapcs from the Mouth of the Piece : For by this miMns he conceived
that the Part of it which impinged on the Bullet might be fafely ne-
gleded, although the Impulfe oi the entire Flame was a very remark-
able Force.

With regard to the Second Poftulate, “ That all the Powder is

fired before the Bullet is fenfibly moved from it's Place j” it is
incumbent on the Author to be ftill more explicit, as this Sociciy did
fome time fince appoint a Committee for examining this very Pofition,
who, after making a great Number of Experiments, have determined,
* That all the Powder is notfired before the Bullet is fenfibly movedfrom
it*s Place ; and they have at the flime time jliTigncd the C/™.mtities re-
maining unfirtd under different Circumilances.

Thefe Determinations of the Committee are mod true ; but the Au-
thor muft obfcrve, that from the Experiments recited by them, and
the Quantity of un(jred Powder, which they colleded, it may be con-
cluded, that in a Barrel of a cuflomary Length, charged with the
ufual Qiianticy of Powder, the Deficiency of Velocity occafioned by
the Powder remaining unfired will be fcarcely fenfible ; and in the
fhortell Barrel ever uicd by the Author, where the Space the Bullet
WMk impelled through was not five Inchcs, and where of courfe this
Deficiency of Velocity ought to be the greateft, it cannot amount to
m P~rt of the Whole; and confcquently this Poftulate, though not
r*gorouily true, may yet be fafely afiumed, in the Invcfligating the
Klicds of Powder. But before this is more particularly examined,

tt is neceflTary to explain the Opinions, which have fornicrly taken place
on this Subjeft,

e See the preceding Paper.
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Thofc who have hitherto wrote on the Manner in which Powder
takes Fire, have fnppofcd it to be done by regular Degrees;
the firft Grains firing thole contiguous, and they the next fucceflively j
and it has been generally thought, that a confiderable Time was em-
pioycd in thefe various Communications : For Mr Daniel Bernoulli™® in
his excellent Hydroilynamtca™ has concluded from fome Experiments
made at Petershiir™b™ that the greateft Part of the Charge elcapes out
of the Piece unfired, and that tl'.'e fmall Part, which is fired, does not
take Fire till it is near the Mouth. Many Theories too have been
compofed on the I'imc of the Progrefs of the Fire amongft the Grains,
and the dirTerent Modifications which the Force of Powder did thence
receive ¥ and it has been generally conceived, tliat the proper Lengths
of Pieces were determinable from this Principle ; “ That they fliould

be long enough to give Time for all the Powder to fire.”

But the Author being fatisfied, that no fuch regular and progreiTive
Steps could be obferved in the Explofion; and having found, that by
loading with a greater Weight of Bullet, and thereby almoft doubling
the Time of the Continuance of the Powder in the Barrel, it's Force
received but an inconfiderable Augmentation ; and finding too, that
doubling or trebling the ufual Charge, the Powder thus added al-
ways produced a correfpondent Effcft in the Velocity of the Bullet
and difcovering likewife in a Piece near 4 Feet in Length, charged
with an ufual Charge of Powder, that the Velocity communicated to
the Bullet, during the firft 3 Inches of it's Motion, was full half the
Velocity whiclvit acquired in it’'s whole PaiTage through the Barrel,
and that the Elailicity or Force of the Powder, in the firft 3 Inches
of it's Expanfion, was, at a Medium, near 8 times greater than In
the laft 2 Feet of the Barrel ; he concluded from all thefe Circum-
fiances, that the Time employed by the Powder in taking Fire was
not neceiTary to be attended to in thefe Computations*, but that the
whole Mafs might be fuppofed to be kindled, before the Bullet was
fenfibiy moved from it's Place.

And the Experiments reported by the Committee are the ftrongcft
Proofs, (as far as they extend) that Powder is not fired in the pro-
greiTive Manner ufually fuppofed; for when the ihort Barrel was
charged with 12 dwt. and with 6 dwt. refpeftively, the Quantity of Pow-
der which was collefted unfired from \™ dwt, d\a not exceed by J
Grains, at a Medium, what was colleded from 6 dwt. aithough the
Bullet was a lefs Time in paffing through the Barrel with iid”~t, than
with 6 dxvt. it having a lefs Way to move ; confequently the Quan-
tity remaining unfired of the 6 dwt. did not continue unfired for want
°l fince, when the Piece was charged with 12 dwt. the ad-
ditional 6 dwt, as confumed in a iliorter Time.

And again, when the Barrel was fo fliortened, that the BulleN
being placed clofe to the Wad, lay with it"s outer Surface nearly level

Mouth of the Piece, fo that ic had not more than half an
incli
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Inch to move before the Flame would have Liberty to expand itfcJf;
yet, even in this filort Tranfitofthe Bullet, only 2 ¢iwf. 1 1 gr. was
colletfled unfircd,ac a Medium ; which is about z of the whole Charge,
or, if properly reducetl, not more than 7~ of the Charge : An ob-
vious Confutation of the gradual firing of che Powder in it’'s PaflTage
rhrough the Barrel, and an eafy Proof, how fmall art Error will be
occafioned by fuppofing the whole Charge to fire inilantaneoufly, fince
the Error in the Velocity of the Bullet, arifing from a Deficiency of
N of the Charge, is — of that Velocity only.

I iliy, that the i of the Charge, which remained unfircd, amounts

to no more than -j4 when it is reduced as it ought. This Redudion
iIs founded on the other Experiments reported by the Committee, and
on the Circumftances of thofe Trials on which the Author founded
the prefent Poilulate. The Author has fuppofcd the Powder, on
which he reafons in this Treatife, to be of the fame fort with that
made for the Service of the Government, a Parcel of which he was
favoured with by Mr JVahon, But this he chiefly kept for a Standard,
and generally ufcd other Powders, which, on Examination, he found
to be Ol equal Force. Thefc Powders were of a very fmall and even
Giain, and the Committee have found, that by fifcing the Government
Powder, and making ufe of the fmaller Grains, the Quantity remain-
iIng unfired was lefs, at a Medium, in the Ratio of*5 to 3, than when
it was ufcd without fifcing.

And again, it was found by extrafting the Saltpetre from the Pow-
der collexHed unfired, that there was lefs Saltpetre contained in it than iri
real Powder, and this nearly in the Ratio of 9 to 7 : Thefe two Pro-
portions compounded make the Proportion of 15107, and in this
Proportion mull the Quantifies of Powder collefled unfired be reduced,
In order to determine the Quantities of real Powder remaining unfircd,
in fimilar Experiments made by the Author.

And from hence ic follows, that in th' I''xperiments made with a
Barrel of 5\ Inches in Length, where the Ball had not 3 Inches to
move, and where the Irregularity arifing from the Powder unfired
ought to have been the moll fenfible, the Quantity of real Powder
coliciftcd unfired from a Charge of 12 divt. would have been no more than
16 Grains at a Medium, or of the whole Charge ; and it being
found by Experitnenr, that the Velocities of Bullets placed in the fame
Situation vary in the fubduplicate Proportion of the Charges, the De-
ficiency of Velocity arifing from the Lofs of the of the Charfre
would be about f; of the whole Velocity only, which, in the prefent
Cafe, is not ™~ of an Inch in the Chord of the Arch defcribed by
the Pendulum meafuring the Velocity, and is a lefs DiflFerencc than
what frequently occurs in the exaftcft Repetition of the fame Experi-
ments. *

Other Circumftances occur, which reduce the Inequality arifing from
t'le unfircd Powder Hill lower; but it is thought, that this is fully

2 fufficicnt
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runiicient to JUftify the Foilulate in QueRion, efpecially as, in all Cafes
of real Ule, the Lcu”~dx of the Barrel in proportion to the Quantity of
the Cliarge will be much greater than in the prelent Inftance : Whence the
Author prefumes, that, in computing the Velocities communicated to
Ballets by the Action oi Powder, it may be lafely fuppofcd, that the
whole Charge s lired bifore the Bullet islcnfibly moved from it’'s Place;
at leaft there IS no Foundation, from the EXxperiments made on this
Subiea by the Committee, to jiifiecl: that when imall-grained Powder
IS madeuie of, anygnutcr Irregularity will arile from the Applicatioii
ofthisSoppofition, than wh.u would othcrwife take place from the In-
tervention of unavoidable Accidents.

It has been thought ncceflary to difcufs more at large thefe two Poilu-
lates, bccaufe the laft of them being almoft in the very Words of one of
the Queftions propofed to be examined by the Committee of this Socuiy,
and having by them been determined in the Negative, thofe who have
not attended to this SubjecT: might fuppofe, that thereby the Author’s
Principles were entirely overturned : Now this would be a great Injuftice
to him, fince he has not relied on this Poilulate as rigorouHy true-, for
he knew, and has himfelf taken notice in the prefent Propofition, that
fomeof the Powder efcapes unfired and he has there made fome Con-
jefturcs on the Caufeofit; but, without infifting on the Reality of thofc
Conjeftures, he adds, that, “ Be that as it may, the Truth of our

Pofition cannot in general be queftioned

And though it appears from what has been already faid, that the Ex-
periments recited by the Committee rather confirm than invalidate the
general Senfe of that Poilulate * yet it is but Juftice to own, that they
area full Confutation of the Conjeélures of the Author in relation to the
Caufe why fome Part of the Powder comes out unfired ; for the Author
has fuppofcd, Diego Uf;ino™ that the Part which thus efcaped, was
fcattered in the Barrel, and not rammed up with the reft, or elfe that
it was ofa leis inflammable Compofition: But the Experiments made on
this Occafion entirely deftroy this Suppofition. -

As this, or any other Conjeture on the Caufe of this Accident, (for
it plainly appears not to be for want of Time only) has nothing to do
with the genera] Reafoning of the prefent Treatife, it is not neceffaryto
enter into it in this Place ; but it may not be improper to mention, that,
on computing the Quantities of Powder collefted from different Charges,
one of the Committee was led to conjeture, that what was thus colleated
was only Parts of Grains that had been fired, but were extinguifhed
by the Blaft before they were entirely confumed. This Conjeiiure is
ftrengthened by the extreme Minutenefs of the Particles of all the Pow-
der which was colleifled, and from the Deficiency of the Saltpetre found
in it on Examination : It may be added too, that the Author, by gra-
dually heating a Parcel of Powder, hath fet it on Fire, and blown it
out again, for at leafta Dozen rimes fucceffively ; and he will undertake
to repeat the Experiment at any time, ifitlhould be doubted of.
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The Poftulates hitherto difciiiTed are preparatory to the 7th Propo-
fuion. That Propofition is employed in computing the Velocity which
would be communicated to a Bullet in agiven Piece by agiven Charge
of Powder, on the Principles hitherto laid down, that is, fuppofingthe
Elafticlty of fired Powder to be at firil 1000 times greater than that of
common Air.

In the 9th Propofition thefe Computations are comp:ired with a great
Number of Experiments, mad"e in Barrels of various Lengths, from 7
Inches to 45 Inches, and with different Quantities of Powder, from
Sdwt. to 36 i and the Coincidence between the Theory and thefe Ex-
periments is very fingular, and fuch as occurs in but few philolbphical
Subjeils of fo complicated a Nature.

By this Agreement between the Theory and the Experiments, each
Part of the Theory is fepar.itely confirmed ; for by firing different
Quantities of Powder in the Hime Piece, and in the fame Cavity, it
appears that the Velocities of the Bullet, thence arifing, are extremely
near the fubduplicate Proportion of thofe Quantities of Powder, and
this independent of the Length of the Piece : Whence it is confirmed,
that the Elafticity of fired Powder in various Circumfi:ances, is nearly as
it's Denfity ; and this does not only fucceed in fmall Quantities of Pow-
der, and in fmall Pieces, but in the largeft likewife, under proper Rc-
(Iriftions; at Itall there are Experiments which could not be influenced
by this Theory, where the Quantities of Powder were above 100 times
greater than what are ufed by this Author, and in thefe Trials this C;r-
ciimiance takes place to fufficient Exailnefs,

It is prefumed then, that by this Theory a near Eilimate may be al-
ways made of the Velocities communicated to Shells or Bullets by given
Charges of Powder; at Itaft thefe Experiments evince how truly the
Velocities of fmall Bullets arc hereby aiTigncd ¢ and the Author can flievc
by the Experiments of others, that in a Shell of 13 Inchcs Diameter,
impelled by a full Charge of Powder, the fame Principle nearly holds :
It is true indeed, that-when the Charge is much fmaller than the ufual
Allotment of Powder, there are fome irregularities, which are particu-
larly mentioned at the End of Prop. 9. to which Head too, perhaps,
mult be referred the Experiments made by the Committee on the Fffeit
of different fmall Chambers; but in the cuffomary Charges, the Velo-
cities of Bullets refulting from al] the Experiments hitherto made, arc
really fuch as the Theory laid down in the preceding Part of this Treatife
itiquires. And it appears, that thefe Velocities are much greater than
what they have been hitherto accounted : And there are Reafons from
thel'heory to believe, that in Cannon-ihot the Velocities may ilill cx-
ceei! the prefent Computation.

The aficertaining the Force of Powder, and thence the Velocities oi
Bullets impelled by it's Explofion, and the afiigning a Method of truly
determining their aftual Velocities from Experiments, are Points from
whence every nectfiary Principle in the Formation or Management ol

I . Artillery
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Artillery mny be cafily deduced : Confidcring therefore the infinite
Import ofa wdl-ordcTcd Artillery to every Srate, the Author A.uters
liimfclf, that whatever Judgment may be formed of his Succefs in thefe
Knquiries, he will not b™ denied the Merit of having employed his
Thoughts and Induiry on a Subjt'6l, which, though ota moil fcientific
Nature, and of the greatcil Confcquence to the Publi*-Ic, hath been
hitherto almoft totally negicdled ¢ or, at lead, fo fuperficially confidcrcd,
«5s 10 be left inaniuch more impcrfeifl State than many other philofophi-
cal Rcfearches.
With regard to the fecond Chapter of this Trcatife, relating to the
KcfiiVance of the Air, the Author has in his Preface mentioned his In-
tention of annexing to it a Series of li'xperiments, on the real Track of
Bullet's, as modulated by that Refiflance : And therefore, as he propofcs
to complete thofe Experiments this Summer, unicfs unforefeen Accidents
prevent him, he choofes to poftpone any Account of the Subject of tiic
* lecond Chapter till that time, when he intends to lay the Refulc of thoic
Experiments before Gv.s Socieh\ in order that any Exceptions or Diffi-
culties relating to them, may be examined and difcuflcd before they are
publiflied to the World.
An AauA of  VIIIL. Fig, 94* rcptcfents a Cafe D E C B, containing a Wheel of 7
Anhfirumtn!  Feet in Diameter, and i Foot thick; being a cylindrical Box, divided
Cavitics by Partitions direéled from the Circumferencc towards
Rtom the Centre, but wanting 9 Inches of reaching the Centre, being open
pflsikPe$Ncin towards the Centre, and alfo towards the Circumference, and only clofed
‘ the Circumference by the Cafe, in wliich the Wheel turns by means
in\lithefiul ™ Handle fixed to it's Axis A, which Axis turns in two Iron Forks,
Air, orfonhig  half concavc Cylinders of Bell-Metal, fuch as A, fixed to the upright
infrejhAh . or Timber or Standard A AL
HoxMithfuc-  From the Middle of the Cafe on the other Side behind A, there
comes out a IVunk or fguare Pipe, which we call the Sucking. Pipe;
Doirs or mn- which is continued quite to the upper Part of the fick Perfon’s Room,
No. whether it I>e near or far from the Place where the Machine ftards, In
AY V/ upper or lower Story, above or below the Machine. There is a cir-
N cular Hole in one of the circular Planes of the Machine of 18 Inches
Mg. 9N Diameter round the Axis, juit where the Pipe is inferred into the Cafe,
whereby the Pipe communicates with all the Cavities*, and as the Wheel
IS turned lwiltly round, the Air which comes from the fick Room, is
taken in at the Centre of the \\ heel, and driven to the Circumference,
fo asto go out with great Switrncfs at the Blov/ing-Pipe B, fixed to the
faid Circumference.
As the foul Air is drawn away from the fick Rooms, the Air in the
neighbouring Apartments will gradually corr>e into the Room through
the fmalleft Paliages: But there is a Contrivance to apply the Pipes

The MoJe} of tint Machiné, maat hy a Scale ofan Inchtca p90f, <wai the Royal
Socicty June 13. 1734. ByDrj,T. Dcfagulicrs. F, R. S.
A which
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<vhich «O to the fick Room to the Blowing-Pipe B, while the Sucking-
Piti receives it's Air only from the Room where the Machine ftands
By~his means freih Air may be driven into the fick Room after the foul

has been drawn out. Syttt r e 1 an r
This Machine would be of great ufe in all Hofpitals, and inPnfons:

It would alfo fcrve very well to convey warm or cold Air into anydiftant
Room ; nay, to perfume it infcnfibly, upon occafion.

Fig 95- reprcfents the Infide of the Flat of the Wheel which is Fig. 95.
fartheft from the Handle, and next to the Suckmg-Pipe.

[ 2, 3, 4. rcprefents the Cavity or Hole which receives the Air
round the Axis, having about it acircular Plate of Iron to hold all firm ;
which Plate is madefaft to the Wood and to the Iron Crofs that has the
AXxis in it.

ggg”™ denotes, by a pricked Circle, narrow Ring of thick Blan-
kctting," which (by preiTing againft the outfide Cafe, whilil it is fixed
to the 'outfide of the Flat of the Wheel) makes the Paffage into the
Wheel tight,

H H M is another Circle of Blanketting, likewife fixed to the outfide
of the Wheel, and rubbing againil the Cafe, that the Air violently driven
againft the inner Circumference of the Cafe, may have no way out, but
at the Blowing-Pipe at B.

There is on the outfide of the other Flat of the Wheel, where the
Handle is fixed, a Ring of Blanketting, like H H H, oppofite to it;
but none oppofite to g g gy bccaufc the Wood there is not open, but
comes home clofe to the Axis.

Fig, 96, gives a vertical Seilion ofthe Wheel and Cafe a little forward Fig. %"
of the Axis, drawn by a Scale twice as large as that of the other two
Figures.

A ay the Axis fupportcd by the Irons A, ¢/, cylindrically hollowed,
exccpt the upper Part, where a Pin keeps in the Axis. B D, the Cafe
with the Sucking-Pipe S E A, the Prop for one End of the Axis.
I, 2, the Opening intothe Wheel, g gy the Eminence of the Wood to
which is fixed the fmail Ring of Blanketting, The four black Marks,
one of which is near H, reprcfent the Sedlions of the two other Rings
of Blanketting.

IX. 1. When the Wheel revolves upon it's Axis, which is performed ACaUulalfhn
in this Machine every Revolution in about half a Second, the Air may ofthe Velocity
be confidtred as divided into as many concentrical Circumferences as there 9l
are Particles of Air contained between the leaft and the greateft Circle,
confcquently the centrifugal Forces wNill be as the Radii; that is in an cUntfifugal

arithmetical ProgrtiTion. of 7
Fut in Diame»
and | Faot thick *njhich a can ka” in Motion nuith littU Labour, at the Rate oj tniv
Ktvc/uiicm in one By i 'V. Dciagaiiers, F. R. S. lhid. p. 4.

Let



2N 2 O f the Velocity of Air™ See
Feet
R = Radius of the greated Circle 3.5
r = Radius of the Icaft Circle 0.75
fif = Radius of the middle Circle 2.i25=r A 5
V = Velocity or Space defcribed'

in In the middle Circle,
upon tlie Suppofition that >26.21
the Wheel revolves 2 Revo-1
lurionsinl™ J
S = Space defcribed in by? ~
the Adlion of Gravity. I
( Space that a Particle of Air receding from theCentre would
s = sdefcribe in by the Aftion of the centrifugal Force at the

N Circumference of the middle Circlex»
2 W:V::V:si therefore >4 = by Hujgens*$ Rule. Let G and
>

cxprefs the Force of Gravity, and the centrifugal Force at the middle
Circle. Since the Spaces defcribed in the fame Time by the Action of

S
2 Forces are as thofe ForceS :/::G : and and fubftitut-
| ir>g in this ExpreiTion inftead of  we and put-<
_ R -f-r _ VVG
ting ---—-—-—-—-- , Inftead of it'sequal m, — — —1 = c¢. So that the Ra-
2 R -[™r XS

tio of Gravity to the centrifugal Force, at the middle Circle, is that of

¢ VVG vv _ _ o
G to % -j-rxso of | to R-TI- rY&‘ZJ which bemg multlplled b}/
the Number of the revolving CirclesR — r, gives for the PreiTure of
the Column of Air R — r proceeding from Gravity R — and the
FreiTure proceeding from the centrifical Forces ™ ----- - wlierein

R -j-r XS

R — r being a Fador common to both, may be thrown out of the Ex-
preiTion: And fince the Velocities produced from different PreiTures are
as the fquare Roots of the Preffures, the Velocity Gravity would give
from the natural Weight or Preffure of R — r will be to the Velocity,
the fame Column would have from the PreiTure occafioned by the cen-

1>

trifugal Force, asvTi™Mor j to/
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O f the Velocity of Air™ &c.
Lafih™ Since the Velocity proceeding from the A¢ilion of Gravity

upon a'Column = R — m iIs always a known Quantity ; it may be
called := (equal in this Cafe to 1538 Ft. per Second) and confequenlly
vV V
the Velocity proceeding from the centrifugal Force will be”™ x
rxsS
aV
or, a or That is, in this Machine
R -3-r x SI v R -p i« xS
15.38 X 26.71
= 49.67 Ft. per Second. And ifwe add to this the
4.5 X 16.1
Velocity of tiie outer Circlc in the Tangent of which the Air cfcapes>
which (in the Suppofuion we made of 2 Revolutions in IS 44 Feet

/3tr Sccond, we fliall have = 93 67 Fcet/>™ S™cond,

N. B. This Calculation fupppofts the B”rc of the Surking-Pipc
fufiicienlly great to furnifli as much Air as would efcape, according to
this Velocity ; but in this Machine the Sucking Pip? bc-ing no greater
than the Ajutage or Blowing-Pipe, the Velocity proceeding from the
Prcrture occafioned by the centrifugal Forcc, and from the Velocity in
the Tangent (which may be reprefjnced by a Column of Air of fuificicnc
Height to give the Velocity oi 93.67 Ft. which is 145 882 Ft.) mult be
divided into 2 equal Parts, one halfemployed in fucking, and the other
in blowing; therefore the Half of 145.882 Feec, which is 72.941 Feet,
will reprcfent the Height of a Column of Air, that would occafion the
fame PrciTure with which the centrifugal Force and the circular Motion
aft in this Machine ; and a Column of this Height producing a Velocity
of 63.53 Second. I'his Number will exprefs the Velocity with
which the Air is fucked into the Wheel; and the fame Number will
alfo exprefs the Velocity ot the Air out of the Blower, proceeding from
the centrifugal Force, and the circular Velocity of the outer Circle, which
is the real Velocity of the Scream of Air out of the Blower of this Ma-
chine, viz, 68,53 pir Second, which is at the Rate of a Mile in
about 777, or about 7 Miles in 9"

2. 1 fenc) you a further Account of my centrifugal Wheel, which is '—Hdjfesof
now fixed in a Room above the Houfe of Commons, to draw away the tktfortgoing
hot Stcatn arifing irom the Candles, and the Breath of the Company hy
in the Houfe, when it is very full, in warm Weather; as alfo after-
wards to drive in a Stream of frefli Air, to fprcad uniformly all over the
Houfe, by coming in at the Middle of the Cieling.

The Ufcs ot this Machine for Tick Rooms, for Prifons, for warming,
.cooling, or periuming any Chambers at a diilance, were fpoken of in
the Explanation of the Model | fliewed the Sodely. The Machine may

Nalfo fcrve ina Man of War, to take away the foul Air between Docks,
occafioned by the Number of Men in the Ship, and to give them frefh
Air in a few Minutes. Inevery Part of the VeiTel every foul Hole may
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N Defcription of JVater-Bellows.

be rendered wholefome, and even the Stench and foul Air from the
Surface of the Bulge-Water may be carried oiF. In regard to Mi nes,-
the Machine muft prove of excellent Ufe mfor as the Damps (either
fulminating, which, taking Fire, deftroy the Men and ruin the Works,
or arfenical, which kill by their poifonous Nature; are fome fpecifically'
lighter, and fome fpccifically heavier than common Air, thiscentrifugal
Wheel can in a little Time drive down Air through wooden Trunks
(of Launders) of 7 Inches bore, in fuch Quantities into the deejxra Mines
as to caufe all the light Damp to come out at the Top of the Pit; or,
by only altering two Sliders, fuck away all the heavy poifonous Damp,
whilft wholefome Air goes down from above Ground into the Pic, fo as
to nil ail the fubterraneous Caverns with frelh and wholefome Air.
Likewife a great many of the Difficulties which attend the carrying
on fubterraneous PaiTages for the Conveyance of Water from Mines
(called Souglis, Adits,'or Drifts) may be removed by the Help of this
Wheel i for the f'refli Air may be driven in avery little Time to the
Place where the Men are at work, though at the Diilanceof 2, 3, or 4,
Mik*s, and tiiercFore alfo to any intermediate Space ; whereas the Prac-
tice now is, either to make a double Drift with Communications between
the two for the Circulation of the Air, or to fink perpendicular Shafts
or Pits from the'l'op of the Hill over the Adic; botl\ which Methods
are very expenfive, and (I dare fay) will, uponTryal, be out-done by
the Application of my Machine.
X. T h e f e A and A, are made of Wood, notunlike the
of Diving-BcHs, in i\t Conus Truncatus™ and confe-
wider bclow than at top, v;here they are furniilied with clofe

are made Jike the ulaps of other LieuGas™ with their Hinges, and the

themfclves covered with Hatters Felt, and are fliut by an eafy
Steel Spring» til! the Air from above opens the fame, which happens
only when thefe IUllows receive their Motion upwards; but are ihut by
means of the Prcfiure of the Air within, when they fink down into the
Water. On the very fime Heads are two pliable Leathern Tubes R
and R, fixed one at the Top of each JFaUr-Bclloms™ wi)ich Tubes are
made and prepared in the fame manner as thofc ufed in Water-Engines
iorexcinguifliing of Fire. |’hefe Leathern Tubes or Pipes reach from
the to Wooden Tubes 1\ T, which carry the Wind into the
Iron Furnace M, or any other Place, according to Pleafure.

Thefe Bellows are likewiié provided with Iron Chains K, which are
f.iilened to two Sweeps S, S, by which means they hang perpendicular
irom the B™Namof the Balance, and at the fame Diilance from the Cen-
tre of it's Motion C.

On the Balance are two floping Gutters F, F, into which the Water
alternately runs Irom the Gutter G, and fo gives Motion to the whole
Work i fothat thefe lad-mentioned Gutters F, F, do the fame Service

S



A Defcription of Water-Bcllows.

as an Over-fhot, or any other Water-Wheel, and coit a great deal left*
but give aseven and regular a Motion, as any Pendulun¥™ for mcafuring
of Time i for as foon as fo much Water runs into either of the aibic-
mentioned inclined Plains of the Gutters, fo that the Momen/um of thti
Water excecds the Frifiiion near the Centre of Motion C, the Gutter
immediately moves down with a Velocity increafing, till the Balance
meets witli the Refiilancc of the Wooden Springs H ami H, and at the
fame time raifes the oppofice fPMaier-BellowSy or that Bi‘ilows w'hicli is
fixed under the oppofite Gutter. In the fame Moment again as the faid
Gutter begins it's Motion, being come down on the Spring, delivers
all the Water it has received; at the very fame time the Water begins
to run into the oppofite Gutter, which receives it's Load of Wate°al-
moftasfoon as the former is emptied ; fo that one of tlie Gutters does
it*s Effcél, as foon as the other has done his, and this alternately one
after another.

Thefe Hoping Gutters on the Balance do therefore all the Service and
EfFc6l which a Water-Wheel does in working the ordinary Bellons™ and
that by means ofthe Power which the Water applies to the Wheel of
giving the ordinary their Motion, after the fame manner does
the Water here empower the (loping Gutters to do the fame Work.

But as for the manner and by what means thefe fVater-Bellows are fit
to blow the Fire, and to perform the fame as Leathern or Wooden
Bellows”™ there is no other Reafon, but the very fclf-fame wherein the
Erte;l of the ordinary Bellows confifts. For an ordinary pair of Bellows
blow for no other Reafon, but that the Air, which enters the Bellons™
and w'hich theyKontain when raifcd, is again compreffed or forced into
a narrower Space, when the Bellows clofe ; Now fince the Air, like all
other Fluids, moves to that Place where it meets with the leail Re-
fiftance, the Air mud confequently go through the Opening which
Is left for the fame, with a Velocity proportioned to the Force by which
the Air is comprefied, and muft of necefiity blow ftronger or weaker,
in regard to the Velocity by which the Top and Bottom of the Belloxvs
meet 1 the Blaft alfo will laft in Proportion to the Quantity of Air that
was drawn info the Bellows through the Valve or Wmd-clap.

'I'his docs after the fame manner happen in our JFater-Bellows ; for
the Air, which they contain, cannot force itfelfdown through the Water
more than through a well-fecured Deal-board with Pitch ; when the
Bellows are lowered down into the Water, the Air which they contain
inuft nccefiTarily be comprciTed by the Water, which rifes alternately
into the Bellows A and A ; fo the Air muft recede and go through the
I>eathern Tubes R, R, where the Air meets with the leaft Refiftance.
From all which it undoubtedly follows, that the larger, that is to fay,
the more Airt h e f e a r e made tocontain, and the greater
the Velocity is by which they are made to defcend into the Water, fo
much greater is their EScift j and that the Effeit which they are able to

N n 2 perform
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performi muft be equii to that of Leathern or Wooden BeUov:s of the
jame Capacity, in containing an equal Quantity of Air.

As to the Atlvanragcs which this new Invention has in regard to thofe
ufed hitherto, it is a known Thing, that the Power \vhich works your
common BdU®s ufed at Iron Furnaccs, muft be fufficient not only to
compréis the Bellozvs™ but at the fame time to force down the Leaver with
it)s Weight or Counterpoife; which Leaver ferves again to raife rhe
Belhws, when the Cog or Button on the Axle-tree of the Water-Wheel
fiides off from the Bellows-iree, fo that the'Power muft be fufficient ac
once to produce two different Effects * whereas thefe new Water- Bellows
require fcarce any greater Power but what is necciTary to overcome the
Fridtion near the Centre ot Motion, or the Axis C ; for In this my In-
vention an Advantage is obtained, which veryrarely happens in Mccha-
nicksj viz. That the IP"eight to be moved is, as bere™ on the Balance in
~Equilibrios fincc tht BMloivs A and A cannot be orherwife conceived
than as two equal, though heavy, Weights in a pair of Scales, which ba-
lance one another, although their Weight be ever fo great mib that, if
each of thefe Bellows ihouid weigh a Ton, they muft ftill equiponderate ;
which is fo much eafier attained to, fince it requires very little Art to
make them both of a Weight, and order them at equal Diftaiices front
the Centre of Motion. It is confequeritly known how fmall a Power is
required to let the Scales of a Balance with equal Weights ih Motion™
notwithftanding the Weight may be as great as poiTible 5 all which may
\vith good Keafon be applied to thefe JVater-Bellotvs,

And though it cannot be denied, but t}Y»Z the Bellows which finks
down into the Water-hole or Sump N, grows fo miTch li{»hrerj as it
lofes of it’'s Weight in Water, by which means the Jf-"ater-Bellows to be
raiftd grows fo much heavier, as the former lofes of it's Weight by be-
ing iet down into the Water; yet this is compenfated, if we confider,
that the Wafer which falls down along rhe Hoping Gutter, acquires a
Power of afailing Body ; which Power increa/Ing in the fame Propor-
tion as the Bellows to be raifed grows heavier, this Power fults admirably
well the Weight to be raifed ; for the Bellov;s that finks down into the
Sump N, does not at once lofe it's Weight in the Water, but gradually
as it comes deeper into the fame; and after the fame manner th”-afcend-
ing Btilou's does not grow at once heavier than the other, but gradually,
growing heavieftjuft when the lowermoft Edge gets even with the Sur-
face of the Water; and that happens at the iiime Inftant of Time when
the Power of the Water in the Hoping Gutter is at the higheft pitch, or
has recrived it's grcMil Aionientum,

This fliews, | hope, very plain, that the Power required to work
thele IVater.Bellows™ is far lefs, and confequently lefs Water will be
confumed Iin working thefe Bellows than thofe commonly ufed ; and
again, that an Iron hurnace, which for want of Water to work the
coiTinion Bdloivs™ cannot be kept at \vork longer than 6 Weeks, though

1C
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it be provided with all other Neceflarics, may, by means oFfuch WaUr*
Bellows as here defcribed, be kept at work at leaft as long again.

It is furthermore a known thing to Miners, of what prodigious Lofs
and Inconvenience it is, when the Hearth or Mouth of an Iron Furnace
Is placed low, inawetanddamp Place, which they oftentimes are forced
to do, in regard to the Axle-tree of the Water-Wheel which works the
Bello'jes; for which Reafon fuch Furnaces as (land in the like moift ,
places, give daily confiderably lefs Iron, than others which are better
fituated. There is likcwife not a fmall Difficulty to find a fit Stuation
furfudi Iron Furnaces where Iron Guns are cafl:;, and require deep Pits
under the Mouth of the Furnace: But by means of this ne™ Invention
of BelnzaSy one may beat Liberty to place the Mouth of the Furnaccas
high iis.one pleafes, feeing it isvery ealy to guide the Blaft by means of
Wooden or l.e;idcn Tubes, as far as necefiary, and ina proper Diredlion
into the Furnace * which Advantage cannot fo eafily be obtained by
thpfc Bellows in common uie.

Further, this may be accounted as no fmall Advantage which thefc
Bellows afford, in being of fo very eafy a Structure, that any Carpenter
at firft Sight isable not only to conftrud the whole Engine, but eafily
repair every Part of the fame, requiringat the fame time the leait Re-
pairs of any that Can ix* pied; and if the Bellows ihould be cail Iron,
they would liift for feveral x*ges-, and when cail ftrong, rliey would not
require any Weight'to fink readily in the Water. One might caufc
them to be covered with Lead, or make them of thin Copper with a
thick Leaden Hoop at top, to make them fink. As for their Sha[K, it
IS not abfolueely necefiNiry they ihould be of the fame as the Figure de-
mes™ for in caf® one would not bcftow Iron Hoops on the Bellows™
they migfif b; made fquare, in aTriangle, orany other Shape, provided
they be as wide again st bottrom as at top * and if they be made of
Wood, it will be neceffary to provide an Edge round the Tops, for
containing Stones or Leaden Weights, as much as will be found
meCLITiry to make them fink readily, when they are lowered down into
the Water. i

Lnftly, If we. will confider the Charge of thofe BdInvs made
ufe of at Iron Furnaces, as to Bellows themfelves, the Water-W"heel
and it's Axle-tree, and compare the lame with the COIl ot
thefe, we ihall eafily find a vaft DiiFerence, not to mention the valt
Charges of keeping the common B€liows N\ Repair. Bur before | con-
elude, | think myfclf obliged to mention, that the Blaft of th.fc
Bellows is governed and moderated in the fume manner as the common
ones, viz. by fctting more or lefs Water into the Hoping Gutters,
and by taking out andletting; in Plugs for that purpofc placed in Holts
near the Top of the IVater-Bellows.

XI. When a long and heavy Body lying on the Ground is to be /fnA:-evt
raifed up at one End, ilikea Leaver of the fecond Kind) while tie Ji'ne ftfiv

othcr End keeps it's Place and beconiLS the Centreof it's Motion VV\%ﬂniIOIj |



2178 New Statical Experimentt.

B--ragulicrf, the Prop, that is made ufe of to fupport it at any Point in it’s whole
in.D.F.R.S, Lenith, fuftains a certain PreiTure from the Bvam Now the EXxpe-
6 ° riincTits which | fliall make are to fhew, by a Force drawing always
the Direction of ihc Prop, what is the Quantity of the PrciTurc
on the Prop, according to the Length of the Prop, the Angle whicii
it makes with the Beam, or with the Horizon, and the Diilance from
the Centre of Morion of the Beam at which the Prop is applied.
For when the Prop is taken away, the Force drawing in the Diredion
of the Prop will keep the Beam in ALquilibrio and a Force ever fo
little fuperior to the Friction added to the Power, will make it over-
poife the Bvam and raife it higher ; but overcome the Power and bring
down the Beam, if it be added or applied to the Beam.
Though in every Cafe and Experiment we have this Analogy t;akcn
i from mechanical Principies, viz. that
! The Intenfuy of the Power:
Is to that of the Weight *
As the Diilance of the Line of Direflion of the Weight:
Is to tlie Diilance of the Line of Dircdlion of the Power.
Yet to find thofe DiiVances nicely in the fcveral Applications of the
Prop, we muft have Recourfe to geometrical Conftructions and Rca-
ibnings. With thefe and the algebraical Expreflions of the fame, the
Experiments exaclly agree.

I defign to give to the Society a Paper upon this Subjeft, wherein
will be explained not only the Invcftigation of the Proportion be-
tween the Power or PreiTure fuftained by the Prop and the Weight
of the Body fupported, but alfo the Determination, of the Matnimunn
of PreiTure, where there are any, and the Nature and organical Der
fcriptions of fome particular Kinds of Curves of the third Order, de-

I Icribed by one End of the Prop in it's fucceiTive different Situations,

The Numbers made ufe of in thefe Experiments are the refult of
the Calculations ; and all 1 propofe now is to fhew the Experiments
by Means of a Machine which | contrived for the Purpofe, and got
executed with great Nicety, not in Ornaments, but only where Nicety
iIn a mechanical Inilrument ought to be oblervedj a Caution ufcful
In many other Machines.

In this Machine, the lIron Bar, or Parallellipiped reprefenting the
heavy Body, weighs 12 Drams, 12 awmt”™ 12 Grains, or 6060 Grains,
and it's Centre of Gravity is at the Diilance of 20 Inches and a half
from it's Centre of Motion.

The Props | make ufe of are, the one of five, and the other of
ten Inchess To overcome the Friélion, allowed for by certain Rules
in all Cafes, | ufe a nice Brafs Pulley of three Inches Diameter, whofe
Pivots are but of an Inch in Diameter; fo that the 60th part
of the Power added to it, will, in all Cafes, overcome the Friélion,

First
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\ FirstCase,

In which the Prop is perpoidicular to the Horizon exemplijied hy tivo
Experiments,

The Prop is equal to 5 Inches, and placed under a Point in the Bar Exp. I,
10 Inches diftanc from the Centre of Motion. Here the Power afiing
In the Diredion of the Prop, able to keep the Bar in that Situation,
or the Prcffure fuftained by the Prop, will be found 250 Ounccs, 17
dwt. 15 Grains ; and the Friftion 8 i/cV. 15 Grains, The Foot of
the Prop is to be at 8 Inches and ~ from the Centre of Motion.

If the iiime Prop of 5 Inches is placed under a Point in the B.ir at Exp. II.
«0 Inchcs from the Centre of Motion, the Power or Preffure will be
8 Ounces, 12 dwt, 13 Grains ; and the Friftion equal to 2 dwt, 21
Grains. The Foot of the Prop is to be diftant from the Centre of
Motion 29 Inches

%
Second C ase,

In which the Prop is prependicular to the Bar™ exemplified hy three Expe™
riments.

Now let the Prop (dill five Ihches long) be placed fo as to be per- Exp. r.
pendicular to the Bar in a Point 12 Inchcs diftant from the Centre of
Motion. Here the Power expreflive «of the Preffure ihould be 19
Ounces, 18 dwt, 4 Grains, and the Friftion 6 dwt, 15 Grains ; but
on account of a Corrcflion neccffary to be made to this, (becaufe the
nar is thick, as well as heavy-, and the Centre of Gravity above the
Surface to which the Piop is npplicd) the Power or PreiTurc fuftained
will be only 19 Ounces, 15 dwt, 5 Grains, and the friction 6 dwt. 14

Grains,
N. B. The Diftanceof the Foot of the Prop in this Cafe is 13

Inches from the Centre.

The Prop here is 10 Inches long, (ftill perpendicular to the Bar; r.xp. TI.
under a Point in the Bar, 24 Inches diftant from the Centre. The
Power equil to the Prcffure fuftained fliould be (U the Bar was only
heavy, and not thick) 9 Ounces, 19 dwt. 4 Grains ; the Friftion 3

[ Grains and an halfi but with the proper Correftion, which |
iliali explain hereafter, it mult be only 9 Ounces 17 d“/M, 15 Grains;
the Fridioa 7 dwt, 7 Grains, Here the Foot of thu Prop is to be 26
Inches from the Centre.

If the End of the Prop is placed under a Point in the Bar, fo that Exp. Il
the Horizontal Diftance of the Foot of the Prop be (.xacily equal to the
Diftance of the Centre of Gravity from the faid Centre of Morion,

20,5 Inches i the Power or Preflure fuftained by the Prop will be pre-

cifciy equal to the Weight ofthe Bar, vix, iz Ounces, izd”™t, ii
n Grains»
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Grains. In this Cafe, the Prop is diilant from the Centre of Motion
on the Bit 17,9 Inchcs, and the Fridion 4 dwi, 5 Grains.

The T hird Case.

In which the Angle made by the Prop with the horlzmital Line is given,
either acute cr obtufe.

As this Cafe is very intricate, (on Account of the feveral Powers of
the Sine and Cofine of the given Angle, which are multiplied into the
Prop and into the Weight of the Beam) we will exemplify it only,in
one Experiment ; which is, when the Angle made by the Prop, with
the horizontal Line contained between the Foot of the Prop and the
Centre, is acute: Then there isa Maxiraum of Pp'fiTure, which 1 will
iliew by Experiment to be the very fame as the Calculation gives. |
fuppofc the Angle made by the Prop and the horizontal Line to be 60
Degrees; The Calculation of this Maximum ihews, that if the Prop is
10 Inches long, the Dillance meafured upon the Bir, to which the
upper End of the Prop muft be applied, will bi 10 Inchesthe
B.ir itfelf nuking then an Angle of about 52 Dgrees 12 Minutes
and the horizontal Diftance between the Centre of Motion and the Foot
of the Prop is then 11 Inches — .

I*/. Three Things arc to be remarked in this Cafe:

1. That when the Angle made by the Prop and the horizontal Line,
contained between the Centre;, of Motion and the Foot of the Prop,
IS acute, as in the iait Experiment, there is always a Maximum:
Whereas if the fame Angle was obtufe, there would be no pofitivc
Maximum ; for then the PreiTure would continually increafe, the nearer
the Prop is to the Centre of Morion.

2. That when the Angle of the Prop with the Horizon is acute,
as in the lad Experiment, the Bar, or long and heavy Body, can be
raifed by applying the Power or Prop always with the fame Angle
to the Horizon, quite up to a vertical Situation.

Jhat the firft Cafe, which is when the Prop is perpendicular
to the Horizon, is only a particular Cafe of this more general one.

The Fourth Case

>, when the Angle made by the Prop with that part of the Beam con-
- taintd between the Point to which it is applied, and the Centre of Mo-
tion, is given either acute or obtufe.

As the ExpreiHon of the Power in this Cafe is fully as intricate as
in the laft, | will only give one Example or Experiment ; and, for
tne (greater Satisfaction of thofe that fee it, 1 chofe that, wherein the
PreiTure is in it's Maximum. | fuppofe, as before, the Angle made by
the Prop, (‘ftill 10 Inches long) with that Part of the B;:am contained

n between
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between the Point to which it is applyed, and the Centre of Motion,
to be acute and of 60 Degrees ; then the Maximuvi of Prcflure will be,
when the part of the Beam inccrccptcd between the Centre of Motion
nnd the upper End of the Propis 12 Inchcs ; the Bar is then ele-
vated about 50 Degrees 13 Minutes, and the horizontal Dirtance be-
tween the Centre of Motion and the Foot of the Prop is tiien 11
Inches .ai

J\T. B. ODbfiTve alfo iIn this Cafe as' in the laft,

1. If the Angle made by the Prop, and the part of the Beam inter-
cepted between the Point of Application and the Centre of Motion,
Is acute, there will always be a Masimum, The contrary will happen,
If that Angle is obtufe.

2. If the Angle is acute, the Bar cannot be raifed up to a vertical
Situation by applying the Power or Prop conftantly with the fame
acute Angle ; but it may be raifed quite up, if the Angle of the Prop
with the B™am is obtufe.

3. The fccond Cafe is but a particular Cafe of this general one.
For the Reafons of all thofe Things, the Corredtions neceiTary to be
made on account of the Thickncfs of the Bar, the Nature and orga-
nica!l Defcription of fome Curves, and feveral other remarkable Con-

fiderations on this Subjedl, I muft refer to the Paper 1 fliall give in to
the Society.
XI1. The Advantage it would be to have Lenfes of the fphericahe Figure

Kind, Segments of a true Sphere, hath occafioned the .Invention of ofa Machine
many Machines and Methods of Grinding, in order to produce fuch for grinding

Segments: But nothing hitherto made pubhck hath anfwered the End gfr;esfmrr]{:

propofed. id iy Mr Sa-
The beft Methods now in Ufe will only produce an Approxima- muel Jenkins.
tion to a truly fpherical Figure, but demonilrably not one, though No. 4C9. p.
the Artificer ihould employ the utmoil Skill and Care in the Ufe of 2?:5'1\7]2?'
the beft Machines hitherto invented : And indeed, at prefent, Gen- datid Nor.
tlemen have nothing to depend on, that their Lenfes nearly fphe- 29. 1737,
rical, but the Care and Integrity of the Workmen ; in which how
often they are deceived, is too obvious to every one who hath Oc-
cafion to uie fuch Lenfes,
I therefore beg Leave to fubmit to your Confideration the EfFcfls
of a Machine, which, as it is contrived to turn a Sphere at one and
the fame time on two Axes which cut each other at Right Angles,
with equal Velocity and Preffure on each of them, I conceive it is de-
monftrable, that (without any Skill or Care in the Workman) it will
produce a Segment of a true Sphere, barely by turning round the
Wheels ; which if fo, the Coniequences will be,
1/, That all Grinders of fuch Glaffes, tsfr. will gladly ufe them \
a labouring Man, whom they hire for lefs Wages, being, by the Help
of this Machine, able to do more Work in a Day, that a ikilful Ar-
cificer, without it, in two Days. And,

VOL. VIII. Part j. OO0 zdly.
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2dly, All Gentlemen will have the Pleafure to know the Ltnfei they
make ufe of are truly fpherical, it being impoffible this Machine ihould
produce any other Figure. , n- ,
F.xthMtknof A A Globe covercd ivitb Cement, in vibich are fixed the Pieces oj Uafs
fig. 98. to be ground, rhis Globe is faftened to the Axis, and turns uuh the
Wheel B. <Z Is the Irafs Cup, 'jabich polipes the Glafs : This tsfafiened
to the Axis, and turns with the Wheel D. So ihat the Motion of this Cup

C isat Ri“*ht Angles smith the Motion of the Globe A.

C H A P . Vi.
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O/il'tVee/urt J. H E Ancients had no other Meafure of running Waters, than
Mitin i f N uncertain and fallacious one, which having no Regard
to the Velocity, depended wholly on the perpendicular Seftion of a

Ejityl.fira- Stream. The firft, who opened a way to the Truth, was BenediSl
Ur rdmgeut CqftilU, 'an Italian and Friend of Galileo. He having difcovered that
guantity of Water flowing through a given Sefnion of a Stream is

r HtU, not given, as the Ancients thought, but that it is proportional to the
tfJo/ii') Re- Celerity widi which the Water is carried thro’ the given Seftion, by
jijianci anjitg (his noblc Dlfcovcry laid the Foundation of a new and moil ufcful
In fiy™raulick Science. This Difcovery therefore engaged the Philofophers

jarcs jii'nin, - to ftudy this Doftrinc with fo much Diligence, fhst after Caflelli’'s Time
M.D.F.R.S. there was hardly any eminent Mathematician, who did not endeavour
l}%ﬁ%. p$A to add fomething thereto, either by Experiments, or by Reafonings and

Arguments a pnort,
But moft of them, notwithilanding their great Abilities, Jiad no

Succefs therein, becaufcj of the exceeding Difficulty of the Work. For
thofe, who ftikUtid the Theory, laid down fuch Theorems as were found
tobefaile, when brought to the Teft by Experiments * and thofe, who
laboured In making Experiments, omitting to obfcrve feme minute
Circumftances, the Importance of which they had not yet perceived,
clilFcred greatly from one another, and almoit all of them erred from
The real Meafure. N

Of this there cannot be given a better Example than that fimple and
eafy one, which has generally been a Foun<Jation to all the rtft, and is
what we have now undertaken to handle diligently, v;hen Water runs
out thro* acircular Hole made in the Bottom of a VciTel conftantly full,
with a conflant Velocity. Pekni alone has given the true Meafure of
the Water flowing out, or at leaft very near the true one; and Sir

L Nivjton alone has laid the Foundation ofdifcovering that Meafure &
tlio*
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tbo* nwd: have rejeflcd ir, and fome, concealing the Author*s Name,
have pretended it to be their own.

We fliall therefore make our Attempt under the Condud of thefc two
Leaders ; and in the firil place propofe under the name of Ph<enomena
fuch things, as either appear from iixperimcnts, or arc confirmed by
certain Reafonings drawn from them and in the laft place, we iliall

attempt the Solution of thofe Phaenomena.
r. The Depth of the Water, and the Time of flowing out being THt&aa of

given, the Meafure of the effluent Water is nearly in Proportion to the

Hole. N H U in ihe
1. The Depth of the Water, and alfo the Hole being given, the Bottonc/a
Meafure of the effluent Water is in Proportion to the 'J'ime. rrjjiUonftant-

The Time of flowing out, and the Hole being given, the Meafure
of the effluent Water is nearly in a fubduplicato Proportion to the
Height of the Water.

4. 1'hne Meafure of tlie effluent Water is nearly in a Ratio compounded
of the Proportion of the Mole, the Proportion of the Time, and a
fubduplicate Proportion of the Depth of the Water.

5. The Meafure of Water (lowing out in a given Time is much lefs
than thi\t, which is commonly afTigned by Mathematical Theorems.
For the Velocity of effluent Water is commonly fuppofed to be that,
which a heavy Body would acquire in Vacuo in falling from the whole
Height of the Water above the Hole; and this being fuppofed, ifwe
call the Area of the Hole F, the Height of the Water above the
Hole A, the Velocity which a heavy Body acquires in h\WA% in Vacuo
from that Height VV, and the Time of falling T, and if the Water flows
out with this conftanc Velocity V, inthe Time T then the Length of
the Column of Water, which flows out in ilut Time will be 2 A i and
the Meafure of it will be 2 A F. But if we calculate from the moft
accurate Experiments of yv/i/;/*, wc ihall find the quantity of Water,
which flows cut in that Time, to be no more than about of this
Meafure 2 A F.

This lluftrious Perfon’s Experiments, arc in my Opinion prcfet™Nblc
to all others, not only becauiéof hisextraordmary Diligence and Accuracy,
but on other Accounts alio. He found, that the Quantity of Water
flowingoutof a Veflcl thro* acylindrical Tube far exceeded that, which
flowed through a circular Hole made in a thin Lamina™ the Tube and
Hole being of equal Diameter, and the Height of the Water over both
being alfo equal. And he found it to be fo, when the Tube was in-
ferted, not into the Bottom, which others had obferved before, but
into the Side of the Veflcl.

Now a Hole made in the thinned Lamina mud be confidered as a
Oiort cylindrical Tube. Whence it appears that a greater quantity of
Water runs thro’ a Hole made in a thin Lamina”™ than would liave run

Pchnm ai M tllis, Art. 35, 3P, 39. 42. 43.
U o 2 out.
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out» if the Thicknefs of the Li7?;///ii had been infinitely fmall, as they
exprefs thcmfelves. But as fuch a Lamina can neither exift, nor even be
conceived by the Imagination, it remains that we incrcafe the Diameter
of the Hole, that the Thicknefs of the Lamina may bear the leafl: Pro-
portion poiTible to the Diameter of the Hole.

Poleni performed with great Judgment, when he made ufe of
u Diameter of 26 Lines, and a Lamina not quite a Line thick ; where-
as before him hardly any one made ufe of a Diameter of above 6 or 7
Lines, or ever attended to the Thicknefs of the Lamina or Bottom of
the Veflel, except Sir L Newton™ who mentions his making ufe of a
very thin Lamina,

But Poleni exceeded all others, in confidering not only the Size of
the Hole but of the Veficl alfo, that the Water might defcend toward
the Hole with the greateft Freedom and leaft Impediment, fo that there
can be no doubt but that the Meafures taken by him come much nearer
the Truth than any other.

6. Since, as we have juft now feen the Meafureoi the Water running

. . . . ~N( 1
out in the above-mentioned Time T, IS2A F 1600 the Length of the
N\
Column of Water, which runs out in that Time, iIS2 A X /IOHO . There-

fore if each of the Particles of Water, which are in the Hole in the
fame Space of Time, paffes with equal Velocity, it is plain that the com-

mon Velocity of them all is that with which the Space 2 A X 1000

SN
1000
fhis is the Velocity with which Water could fpring in Vacuo to neari of
the Height of the Water above the Hole.

7. But when the Motion of Water is turned upwards, asin Fountains,
the Fountains are feen to rife almoft to the entire Height of the Water
in the Ciftern. Therefore the Water, or at leaft fome Portion of the
Water, lIpoucs from the Hole with almoft the whole Velocity V, and

would begone over in the Time T, or the Velocity V x But

certainly with a much greater Velocity than V x :
1000

8. Hence it is evident, that the Particles of Water, which are in the
Hole at the fame Point of Time, do not all burft out with the fame
Velocity, or have no common Velocity. The Mathematicians have
hitherto taken the contrary to be certain,

9. At a fmall Diftance from the Hole, the Diameter of the Vein of
Water is much lefs than that of the Hole. For Inftance, if the Dia-
meter of the Hole is i, the Diameter of the Vein of Water will be
or 0,84 according to Sir/, Meafure, whofirft obferved this

wonderful
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wonderful Pb<enomenon; according to Poknih Meafure %06 or 56 that

Is, 1If you take the mean Diameter, 0,78 nearly.

We ihould now proceed to the Solution of thefe Phaenomena; but
before we do this, it will be convenient to acquaint the Reader with the
following Particulars.

1. We confider Water no otherwife than as a fluid, continuous.
Body, the Parts of which yield to the leaft Force, and are thereby
moved amongil themfelves,

2. By effluent Water we underiland that Quantity of Water, which
adually pafiTcs out of the Hole: and tho’ it may icem unneceiTary, yet
| have tliought it proper to mention, that in my Dijferiation on the
Motion of running WaterSy inferted about 24 Years ago in the Pbilofophical
TranfadionSy by defluent Water | underftood that whole Quantity of
Water, which is put in Motion within the Veflel, and defcen”s towards
the Hole.

3. We confider the Amplitude of the Veflel as infinite, or at leaft
fo great, that the Decreafe of the Depth of Water therein in the whole
Space of Time, in which the Water flows out of the Hole, is im-
perceptable.

4. We confider Water as running out with a conftant Velocity, At
the beginning indeed of the Motion it runs out for a very fmall Space
of Time with a Icfs Velocity than afterwards. But we pafs over the
very beginning of the Motion, and inveftigate the Meafure and Motion
of Water, when it has acquired it's utmoft Velocity. Now this muil
neceflarily be conftant, as long as the Height of the fupcrincumbcnt
Water remains the fame.

5. We conceive the Bottom of the Veflel no otherwife than as a
Mathematical Plane, or at lealt as fo thin a Lamina™ that it’s 'I'hickncfs
Is hardly any with regard to the Diameter of the Hole,

6. By the Meafure ofefiuent Water in the following Pages we always
underiland that Quantity of Water, which flows out of the Hole in
the fame Space of Time that a heavy Bbdy falling in Vacuo would rake
in pafling through the Height of the Water above the Hole.

7. By the Motion ofeffluent Water we underftand the Sum of the Mo-
tions of all the Particles of Water, which run out of the Hole in the
above-mentioned Space of I'ime. But the Motion of every Particic
Is as the Fa6fttm of the Particic itfelf, and of the Velocity with which ir
burilsout of the Hole.

8. That what we fliall fay hereafter may be the more eafily conceived™
we fliall firil propofe the more fimple Cales, and then proceed to thofe
which are more compound, but nearer to the true ftate of things.

Thus in the firft Problem, that the Solution may be the more fimple,

wefuppofe the Water to run out of the Hole into a Vacuunt™ and the
Particles

285
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P.irticlcs of Water, whilft they defcend towards the Hole, tobe with-
our any Rtfiibncc arifing from a Defe6t of Lubricity.

In tht: iccond and third Problem the Efflux of the Water is ftill fup-
noll-d to be in yacuo, but we conceive the Particles of Water, whilft
tIk*y dcfcecnd towards the Hole, to meet with fome Refiftance for want
cl lAibricity, but fo fmall, that the Decreafe of the Moiion oi the
Water running out of the Hole occafioned thereby, isto be accounted as
nothing.

In the fourth and fifth we ftill retain the the Suppofition of the Vacuum *
but the decrcafc of the Motion of the effluent Water for want of Lubricity
Is fuppofcd to be Itnfible.

l,atlly, in the fix.h and following Problems, we confider the thing as
it really is, when it is trani)\<Sed in the Air, To that the Partick-s of
Water* fulFcra fenfible Refiftance, not only from each other for want of
| .ubricity, within the VciTcl, but alfo after their going.cut of the VeHll,
from the Attrition of the ambient Air.

'To acurmim the Motion, Meafure, and Velocity of IVater running into
~Vacuum thro* a Hole in the Bottom of a VeffeU ~Yhere the Particles of
JVater meet with no Refiftancefor want of Lubricity,

So long as the Hole is ftopped, the Stopper fuftnins' the Weight of
a Column of Water lying perpendicularly over it. On rcniovh”™g the
Stopper, the Column of Water, which lies perpendicularly ov”r ir,
being no longer fuftained, by it’'s PreiTure caufcs the Water to run ouc
thro’ the Hole, and after having brought it to it’s due Velocity, keeps
the Velocity of the effluent Water conftant by it's conftant Prellure.

It muft be conceived indeed, that UNo. Motion of the Water runninor
out of the Hole is derived not only from the Weight of the perj>endicular
Column, but pardy from the Prciiure of this Column, and p;.rtly from
the Preflure of the furrounding \\'acer. But this makes the Motion of
the effluent W;iter neither greater nor lefs, chan if it arofe from the
Prefiure only of the perpendicular Column : not lefs, becaufe the PreiTurc
of the perpendicular Column, if it is not obftruifled, will generate a
Motion proportionable to icfelf, and it cannot be hindered but fo far as
the furrounding Water urges the effluent Water: not greater, becaufe
the PreiTure of the furrounding Water can add nothing to the Motion
of the effluent Water, unlefs it takes away as much from the PreiTure of
the perpendicular Column.

Therefore the adequate Motion of the Water flowing out of the
Hole is the PreiTure, or Weight, oftheCo’'umn of Water over the
Hole. But a given Force, howfoever applied, generares a given Quan-
tity of Motion in a given Time, towards thofe Parts whither the Force
tends. Therefore the Weight of the incumbent Column generates a
like Quantity of Motion in a given Time in the effluent Water, as it

could generate in the fame Time in the Column icfelf falling freely thro’
a Vaciium. °

I " Now
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Now becaufe, by the Hypothefisy the Particlcs of Water find noRcfiftance
for want of Lubricity, and all thofe Particles, which arejuit going out in
the very Hole, are urged by an equal PrciTure of the fupcrincumbcnc
Water, it is plain that the Velocity of all chefe is equal.

Lefy be that common Velocity ; a the Height, in falling from which
In Vacuo that Velocity would be acquired ¢ A the Height of the Water
above the Hole i V the Velocity acquired by falling in Vacuo from the
Height A1 T the Time of dilling from the fame Height; ¥ the
Area of the Hole; and let the Water flow out of the Hole in the
Time T.

Now becaufe inthe Time T, with the Velocity V, the Space 2 A

2 A-r;
will be run over, the Space — will be run over in the fame Time,

with the Velocityu Therefore this will be the Length of the Column
of Water, which flows out of the Hole in the Time T ; and the Mag-
nitude of this Column, or the Aleafure of the Water flowing out in the

Time T, will be — ™ and the Motion of the fame will be N o

But the Motion™ which can be generated in the Column of Water
over the Hole, in the fame Time T, if carried by it’s own Weight thro*
a Vacuum is thus.

It's Velocity will be V, and as it’'s Magnitude is A F, it's Motion
will be A F V.

But that Motion™ from what h;is been faid above, is equal to the
Motion Ol the Column of Water flowing out in tlie Time T, or A F V

2 A Ft"

2 V * V
HenceV =i ~, or”™ and N N
V 2 N 0

Moreover the Meafure aillgned above of the Water running out in

the Ti T 2A FN 2AF V 2AF n N,
e Time , or —é— X\<772-: ~ = A F XWV2.
Q. E. L
Since 1 : A ::V :V*i therefore a= * %» that is, 8 — X CoroU. |.

171

Therefore the Height /7, which the effluent Water
Can reach by turning the Motion upwards, is half the Height of the
Water in the Veflel above the Hole ; which is the very Height deter-
mined by Sir /. Newtony Princip. Ed, 3. Lib, 2. Prop, 36

| f
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CooU i* I f wc afcribc to the effluent Water that Velocity, which is acquired by
f.flitjig frani the whole Meight of the Water above the Hole, that is, if
wj fuppofc the Velocity v = V, then the above determined Motion of

i« Water 2—"\’/\\{7— = 2 A FV, or double that Motion, which can be

generated by the Column over the Hole, and therefore not to be ge-
nerated but by double this Column; as we arc taught by Sir /.
Ed. 2and 3. Lib. 2. Prop. 36.

L This Meafure here determined Z-A’E, or 2A F x 0,707, as it falls
icliotiam,

far fliort of that which is generally determined by Mathematicians,
namely 2 A F, fo it far exceeds that Meafnre which is fliewn by PouniN>
Experiments, or 2 A Fx 0,571, and no wonder, for what is fuppofed
in this Problem, that the Particles of Water find noRefiftance in running
down, the llypothbgjis is far from the true ftate of things.

To determine the Motion, Meafure, and Velocity of Water rtiming out
into a Vacuum thro* a circular Hole in the middle Part of the Bottom of a
cydindrical \effel™ where the Particles ofJVaterfindfome Refifiancefor want
of Lubricity™ but fo fmall™ that the Decreafe of the Motion of the effluent
Water occaftoned thereby cannot be accounted ony thing.

Let A BC D be an immenfe cylindrical VeiTel, E F a circular Hole
made in the middle Part of the Bottom, and the Water being perfediy
at Reft and unmoved in the Vciicl, let the Stopper be removed from the
Hole» thata Pailage may be opened for the Water thro* the Hole.

Then becaufe the Water has been hitherto unmoved, and now begins
to runout thro’ the Hole, and the Water placed abov;' follows that which
runs out, and the natural Motion of the Water is not difturbed by
pouring any over it, and the Hole is in the very middle of the Bottom,
that Portion of Water, which is in Motion, and defce:ids towards the
Hole, will neceiTarily aflume fome regular Figure A HE F K B, of
whidi the lower Bafe is the Hole itfelf, and the upper Bafe, the upper
Surface of the Water A B, and all the horizontal Seftions are circular.
We call this a CataraEl”® but we do not yet examine what is the Figure
of the Catara”™ ; it is fufficient for our prefent Defign, to obferve that it is
regular, and that the fame Quantity of Water paffes in a given Time
thro* each ofit's horizontal Se<&ions.

Now becaufe all that Water which tends downwards, is contained
in the Catara™ it follows that the reft of the Water AHEC, BKF D,
which is without the CataraSi® has no Motion at all, and is perfeftly at
Reft. Therefore in any horizontal Sedlion of the Cataran H r K,
whofe Centre is ¢ the Points H, K ihall reprefent the Bounds
between the Water defcending towards the Hole, and the furrounding

quiefc#nt Water.

Prob. 11.

Fig 99.

Moreover

unebD
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Moreover, as the Point K is the Bound of Motion and Ren-, and the
Particles of Water, whilft they are in Motion, find a Rcfiftance for
want of Lubricity, the Particle of Water a within the CataraSly and
next to the Point K, muil be carried downwards only with the Icait
Velocity, Otherwifc it would necefiarily carry with it the next Particle
¢, placed without the CataraEl™ contrary to the Hypothefts, But the
Particle @, which is contiguous within to the Particle «, will not dcfcend
but with the leaft relative Velocity with regard to the Particle a; becaufe
otherwifc ic would carry the Particle a away with it by accelerating ir,
and this Particle a, being now in a quicker Motion, would carry away
with it the Particle a. In like manner the Particle y being placed more
within, and contiguous to the Particle B, will deicend with the lead
relative Velocity with regard to the Particle @, and the other Particles

£, &c. being placed one more within than another, will defcend with
the leaft relative Velocity with regard to each of the Particles lying next
to each of them without. And by this means the abfolute Velocity of
the Particles muft necciTarily increafc gradually from the bound toward
the Centre r, that the Velocity of the Water may be greatcft in the very
Centre, and leaft at each Bound K and H.

But it is neceiTary that the Refiftance, which each quicker Particle
finds from the Frixion of the adjacent flower Particle placed without,
fliould be perpetually equal thro' the whole Sedlion of the CatarakEl,
Otherwife that Particle, which finds the greater Refiftance, will acce-
lerate the adjacent flower Particle, till the Rcfiftance is by this mean?
diminiflied, and becomes equal to that Refiftance, which is found by
the other Particles. But if the Refiftance is equal every where thro’ the
whole Scétion of the Catarabi™ the relative Velocity of the Particlcs
will be alfo equal everywhere, when one of them neceiTarily follows
another.

Therefore the abfolute Velocity of every Particle, which is the Sum
of all the relative Velocities, from the Circumference of the Se¢lion
to that very Particle, taken ail together, is in the Ratio of the
Diftance of the fame Particle from the Circumference of the Cataract.

Now let r be the Radius of the tlole, vi to i inthe Proportion ofthe
Circumference to the Diameter, writhe Area of the Hole, v the
Velocity with wdiich the Water defcends in the Centre of the Holtf,
a the Height by falling from which in Vacuo the Velocity v is acquired.
A the Heiglit of the Water above the Mole, V the Velocity acquired
by falling in Facuo.from tJie Height A, T the Time of falling from the
fame, 2 the Diftance of every Particle from the Centre of the flolo, and
let the Water runout inthe Time T,

« Now the of the Water, which goes oilK of the Hole in the
Time T, will be found after this manner: z will be the Radius of every

Circle within the Hole, 2wzthe Circumference of the fame, 2mzz
V OL. VIII. Parti. P
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200
XfF— N
the anmlus nafcens adjacent to that Circumference,------ -—---- the Vcio- J
ciry of the Water in the annulus nafcens,
_ r— z ZAVXr — 7 2AVXININAN
SinceV :vXxX — - ::2A  -————- 17--——- .therefore —-
r VvV ? V r

wili be the Space, which the Water makes in Bowing thro’ the annulus
itdfcens in the Time T, and the Meajure of the fame Water will bo i

2\ VXr — z c"mh.vxrzz — z' z

Vr * A

But the Meafure of tlie Water pairing thro’ the amuilus nafcens is the
Fluxion of the Meafure of the Water palilng thro’ a Circle whofe Radius
IS z. Therefore the Meafure of the Water, which pafies thro’ this
Circle in the I'ime T, is the fluent quantity of the Fluxion juft now

_ 4«<AYy T T ~AAV3r z
mentioned , 2 xrzz—z z, thatis , » X N

~ — X 2rz'— 22'. And fuppoling z = r, tlie Mcafure oi

iV r
the Water paffing thro’ all the Hole in tlie Time T will be found,
2 mA V
namely

But the Motion of the fame Water will be found thus.
The Meofure of the Water running thro* the annulus nafcens in the

Av
TimeTis, as we havejuft now feen, N 2., andas
: : . _ 4. fi AV

k’s Velocity V X -------- , It's Mciion will be » v " Xrzz— 22Nz

r r

4 A ZN e T

X—r XT— 2= vy — X zz—1z7112 zZ Xz z, the fluent

4 « A t» r z 2 rz* zZ* m Av/?

uantity of whieh is —------=- G e e H— =

Quantiy Vs Q O NPT
XornNz* — Sr 3 which is the Motion of the Water flowing

thro’ a Circle whofe Radhts is z. And fuppofing z = r, we have the

Motion oiu\t Water running out in the Time T thro’ all the Hole,
A Ll'y*r

3v 7'

But this Motion™ by the Solution of Pi‘ob, I, and by the Hypothejis
Cf ibis, isequal to tlie Motion™ whicli the Column over the Hole can
I acquire-

tm ea
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acquire in the rimcTimeT, by falling with it's own Weight thro’ a
Facurwj, that is to the Motion A 1*V, or A'V x wr*. Thereiore

m A r*

3V
Hence = 3V*andv =V xV
Moreover the above-mentioned Meafure of the Water running out
2 wA r*
thro’ the Hole in the TimcT, namely - = - — XV
3V 3
Since V» :‘t* :: A :j, thereforea = = — X 3V* = 3 A. I

Therefore the Height, to which the Water can rife with that Velocity,
with which it runs out in the Centre of the Hole, istriple the Height of
the Water above the Hole.

The Figure oi the Calaratl will be determined after the following
manner.

Let H K be any Seftion ofa whofe Centre isf, and let it's pjg. ,ol.
Radius be I'K the Height of the Water above that Seilion, or
lc= X, / the Time of falling in Vacuo from the Height and, as
before, ittL F=r, and I L = A.

Now the Water palles thro’ this Sedion H K in the fame Quantity
as it runs out of the I loilc E F.

But if the Vciiel is iliortened, fo that it's Height is reduced from | L
to Ir, and fo that Seelion H K now becomes the very Hole in the
Bottom of the Vcffel, the Water will pafs in a given Time, thro’ this
Scolion, in aQiiantity neither greater nor lefs than it paiTed before
thro’ the fame, before the VeiTci was ihortened ; not greater, Ixcaufe
that Scclion is preiTed only by the fame Weight of the fuperincumbent
Column, bv which it was preflcd before; not lefs, becauie the lower
Water H k F E does not hinder the Motion of the Water, as it pafles
thro' the Scdion H K.

Now the VeiTel being ihortened, the Meafure of the Water running
out of the Hole H K in the Time /, by the preceding Solution, is

, and the Meafure of the Water running out in the 1 imc V

V3 N V 3

But from what has been faid above, the Meafure of the Water running
out of the Flole H K, when the VeiTel is ihortened in the given
Time T, is equal to the Meafure of the Water paffing in the fame Time

1* *oo* F p z thro*
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thro’ the Seilion H K, when the VeiTel is entire, or to the Meafure of
the Water running out of the Hole E F inthe fame Time. There-

v/ A 2 A w
., OrV*VAX=r*\/A, ory™x = r"\A,
fore 3 Y 3 y
which is the very Equation of the hyperpolical Curve, by the Ro-
ration of which | formerly iliewed the Figure of the Catarai to be

generated *.
The Meafure of the Water now found - or 2 A rir

X0,577350 is a fmall matter greater than the Meafure2 A >=r’ x 0,571,
which is obtained from Pdetii’'s Experiments. But thisdifference, at
leaft in fome Part, proceeds hence, that in this Problem the Decreafe
of the Molten of the Water arifing from Rcfiftance is accounted for
nothing.

The Meafure of the effluent Water determined by this Solution is
right, if we confider the Height of the Veflel as infinitely great with
Regard to the Diameter of the Hole. But as this Height has a finiti
Proportion to the Diameter of the Hole, the Meafure will be fomething
lefs, fo that, when the Height is 5 times greater than the Diameter, it
will differ from the truth only 7 ~ , and when it is double, only about

which Differences are Iniailer than can be difcovered by any
Experiment.

But this very fmall Difference proceeds from this, that the above-
mentioned relative Velocity, and therefore the abfolute Velocity of
the Particles of Water, which we have confidered as in a Diredion
perpemlicular to the Horizon, are really in a Diredtion fomething ob-
lique, when every Particle comes nearer to the Axis of the CataraEi in
defcending.

But ifany one defires to obtain a true and accurate Solution, when
the Altitude of the Water has any Proportion whatfoever to the Diameter
of the Hole, it may be done after the following manner.

From the property of the caiaradic Curve explained in Cor. 2. of this
Problem, by which &= r* A, the Subtangent ofthis Curve will be
found to be to the Circumference of the Hole 4 A, and to the Circum-
ference ofany Scilion the Subtangent will be 4 that is, equal to the
Height of the Water above thatScdlion taken 4 times.

But fuch a cataraSiic Curve is difcribed not only by the outer Water,
which flows beyond the Circumference of the Hole, but alfo by that
Part of the Water, which flows thro' any Annulus of tlie Hole; that is,
every Particle of Water defcribes fuch a Curve.

Now let z be the Diftance ofany Particle placed in the Hole from
xhe Centre of the Hole, and let this Particle defcend thro* the leaft

[ Vol. IV. Part. 1. Ch. V, i. iy.
Spac?



H r D R ~ U L I C K S
Space imaginable ina Tangent to the cataranic Curve. Hence it*s Ve-

locity will be in the Diredtion of this Tangent, or the Velocity v x ™ -

Perpendicular to the Horizon as 16 A* ™ z* : 4 A,
Therefore the Velocity inaDiredion perpendicular to the Horizon
N\
isy Xr— z X— —-- L — ,
N 16 Ax»-f-2"
Hcnce alfo, by following the Steps of the above Solution, you will
have for the Mafure of the Water paifing thro’ the annulus nafcm

rv V/IiOA*-1-**"
Now the fluent Quantity of this Fluxion will be found, by the
Cotefian Meafures of Ratios Form. V. and VI. to be 16 WVA* v
r.
N 16 A* 2» -j- 8 A*
by making firft 2= 0, and then 2 = r, you will have Ly

_ 16 A»+ m™» ~ ]
X — V'ISA™N-j-r* — 4Ar-}-8A

Meafure of the Water paiTmg thro* all the Hole inthe Time T.
Moreover, by proceeding after the fame manner, you will have for

_ _ 64 m ANV*
the Motion of the Water paiUng thro* the annulxis nafcens——-—f———\}r;—
» )
X AN 21 2%z , Of which Fluxion the fluent Quantity,
_ _ 64w A* < 2*— 4rz
by the Cotefian Form. | and 11, willbe/ound — — I
16 A*+ 2% 6 A* 16 A* -{-2» .
16 A’ To'A? 2rv— 16A
g + 16 A% 64 m A’ v
1 4-2% " by fuppofing2 = r, you will have
; Q/A» y Tupp g v Y rV

«9|
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6 AT T, eas oA
n 16 A . > 16 A- -j- r*
N i1, which is U\cMcHono[ the Water paffing thro’ the Hole in
Z
the TUne T.

Now let M = “r" 16 AN -J- r*

r-~y/ 16 A*
N = 8 A* or
4 A
116 A*+ 2r* H-2r Vv je A"
N = 4 A* i6**A/\
6 A»
FAN » and
s/— 16A*
L = 2 r Vl — 16 A‘ N 16 A*_{_r* ]
ILe=2rX4 A (Rad: Tang:Sec;:4 A :r: 16 A’ ) and the

V/iij/«ai of the Water pafling thro* the Hale in the Time T will be
16 m

r V

64 m \V*
be V

VXM-fAN — 4 A rj but the Motion of the fame Water will

V
r+ \/»

2 r-, and the Meafure of the Water running
64 A* XL -j- K —

itiro* the Hole inthe Time T iIs2 » A r X
LH-K

But if inftead of the Meafures of Ratio’s and Angles, you would rather
make ufe of infinite Senes™ the above Meafure of the Water running thro*

the annulus nafoere™ A N -- X _ reduced to
’ rv \(I6A»-hz*

V i6 A*
m o | J and by reducing
i/ 16 A 22 .
°
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*

- * C | ) )
N to 30 innnitc Series™ you will e X r 7 .
vV i6 A* -}-z* , rv
in 4 A 8A r 8 A* 4 X 14 rs aT»—

Meafure of the Water running thro’ the amulus nafctm mand by the

fluent Quantity of this Fluxion, or by in N
20 X 8 A
SO>_ 4
14 X g 36 X 8 A" Ta s A &c. we fliali have

the Meafure ofthe Water running out thro’ all the Hole.
Moreover the above M otim of the Water PpAITinp; thro’ the annulus

64. m z2— 2r2'2 A *
jiafcens -~rsj— "N —- 6 A . 2 _ m A V
» —p Z r* Y_r
16 A* ‘
X Z Z — 2 r zN 7 N 7 _ - 4w A t*
6 A* "J- 2» rnyY
Xr*22— 2r202-j-2"2 In i — f-
16 A+ 163 AN
, 20
S oA A &c. and by the fluent Quantity of thia
* 164 A* y Q y
4 w A V» r rd
Fluxion, or by ---—-- Y — in
b2 60 X16 A* 168 X TSh
/0

360xi6°' AN * 660Xi6*AN &c. we (hall have theAfc/;V;i of

the Water running out thro* all the Hole.

* — ‘ r4
ThereforeAwr* V = In 19— rG_G")_("].-br,rA:I;_ +, 8fc. or
V* = in JL — n
V*
W= —
15x16A* 1= &C
andv ~ ---————--
3 15X16A»

Whence the Meafure of the Water running out thro’ tijc Hole, or

‘2SS
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tnv, 2ATr* sore
N a 20 X 8A 14 X 8*A"  36¥EAY TV &L
m, 2A 46 2
.. 20X8 A 14 XA 36x8/~ AN ¢
V
N1
— 15x16 AN
2 Ar’
=Zmm 20 X8 A -j- &c.
/ » __u_ &c.
7 — 15 X 16 A»

Whcnceat length the Msafureoi the Water running out of the Hole

T 2 A w ]
's found to be mi - ¢(0x 16AN

Hence by fuppofing A infinite with refpeft to the Diameter of the Hole,

rtie Meafure eomes out = we have determined in this

Problem.
O\ ffoft
When A = 10 r, the Meafure = | ) G R ——— . or
~ 3 32000
thereabouts,
. When A = 4 r the Meafure = X 1 — or
\"3 5720
thereabouts.

Therefore inftead of the true Meafure™ we may take the Meafure

£ *

—A ! r_ , without Danger of any fenfible Error, even in fo fmall an
AltitudCj and much more in an Altitude many times greater, as it is
ufually m Experiments; and by this means the Computation, from be-
ing very laborious and intricate, becomes moil eafy.

p e fame being fuppofed, and negkmng the Acteleraiion of the Water
mlboutthe Hole™ to determine the Diameter of the Vein of Water to the
fmall Diftance. without the Hole™ where the Vein is mofl coyitra™edy and
the Velocity of the Water in the Veinfo contracted.

In the Solution of the former Problem it was ihéwn, that the Particles
of Watec™buriling out of the Hole, do not come forth with one Velocity
wmmon to them all, but with the greater Velocity as they are lefs
T)iftanc from the Centre of the Hole; and that the relative Velocity of

the
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the inner Particles, with regard to the Particles that touch cach of them
on tlie outfide, is conilantly equal tliro* all the liolc; and that this
relative VcloGity proceeds from the Rcfiftancc, v.l-.ich tlic Water iind.s,
as it dcfccnds toward the 1lole, from the furrcundiug \N'atcr.

But after the Water is gone out of the Ilolc, and ii’'s outer Surface
no longer finds any Rcfiftancc from tl»e furrounding Water, nor from
rhc ambient Air, being carricd thro’ a/ by the liypotbefily that
relative Velocity, or Inequality ofabfolute Velocity, can no longer remain.
For now the fwifcer Particles mull neceiTarily accelerate the flower con-
tiguous Particles, and mud allb themfclvcs be retarda! by the flower,
till they have all acquired one Velocity common to all the ParticlcM
Which will happen within u final! Space after their boin”y comc out oi
the Mole,

Blit whilft all the Particles arc acquiring this common Velocity, ilie
Diameter of the Vein mutl neceiTarily be L-ontraded. | his happens in
the liime manner, as when a rapid River is joined with a flower, it)r
Inrtance the Rhone with the Saone. In the common Channel the Vclo
city of the Water brought from both Rivers is equal, and the Water is
tranfmitttd thro* a Section of this Channel in like Quantity as it was he-
ibre tranfmitted thro’ the Seftions of both Rivers; Buta Sodion of the
Rbcne™ after it has received I Saone, is far leis than the Sum of the
Sctflionsof the Rboue and of the Snoney before their Conflux.

Therefore let the Radita of the contraded Vein of Water, where all
the Particles in the fame Sedion of the Vein have acquired an equal
Velocity, be and let that common Velocity be called u

Now the Meafiireof the Water flowing thro* a Sedion of the contraded
Vein in the Time T will be thus.

2A U
V u: : 2A which is the Length of the Vein of Water

2A U
pafling thro’ thisScdion in the Time T. And X 5, Is the

juve of the Waiter pafling thro’ thisSedion in the fame Time.
And the Motion oi the Water pafling thro’ the Sedlon of the Vein

_ _ 2A
in the Time T iIs—" X X u, or

But the Meafurc of the Water pa/Ting thro’ the Sedion of the Vein
IS equal to the Meafure of the Water running out thro’ the Hole in tlie

_ , . 2A wE£Eu 2Awr' 2 vV
lame Time, that is, -------- — = — , " or2f*o =

Moreover the Motion of the Water buriling out of the Hole, /sit

IS not altered by the Adion of the Particles on each other, will he

<gu.il to the Motion of the Water running thro’ tlie S/dion of the Vein.
V O L. VIII, Part. O ¢ rha
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2 A mO-u
that 1Is A V « cor 2 f*u= rr» Vo».

29

It 4/0 ] V 4/ 2
— Y% X ----- N that is u = ————2—— suid V*

Andr = = X and p= 5

E. L

Since VW= -—-- , and the Altitudes are in a duplicate Ra//o0 of

the Velocities generated by falling from thence, it is manifeft, that
this is the Velocity of the Water in the contraéled Vein, by which
it can rife upwards in Vacuo to i of the Height of the Water above
the Hole.

Sdc! I This wonderful Contra<8ion of the Vein of Water was firfl: of all
difcovered, about 30 Years ago, by Sir /. Newton™ when he was con-
fidering the Motion of eiHuent Water more attentively, on Account
of fome Difficulties propofed by Mr Cols™ who was then taking care
of the ftcond Edition of the Principia \ and Poleni”™ afterwards con-
firmed it by many Experiments. From that Time this Phienomenon
has more than enough exercifed the Wits of Philofophcrs: But the true
Caufe of this Contraftion has hitherto tfcaped them all.

The Radius of the Vein determined by this Problem rl 1, or r X
0,8165, is a little lefs than the Radius r x 0,84, delivered by Sir Ifaac:
anda little greater than ihz Radius rxo,7¢, according to Poleni's
Meafure, and is almoil a mean between them both.

: : v 3 -
But the Velocity above determined--—-- by whicli the Water can

rife upwards to + of the Height of the Vefiel above the Hole, dif-
fers very far from the Experiments, by which Fountains are found
to rife to almoil the entire Height of the Ciftern, Now that DiiTe-
rcnce of VeJocity, proceeds from the Refiilance of the ambient Air,
which is To far from diminiihing the Height of the Spout, as is com-

monly believed, that it does not a little increafe it, as will appear from
tile Solution of Prob. VII.

sM. Ji, From what has been faid above in Prob, Il. SchoL 2. it appears

that thefe \ alues of ™ and u, cannot be accounted accurate, unlefsche
Altitude of the Water be accounted infinite with regard to the Dia-
meter of the Holej but that they approach very nearto the true Values

if
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if the Altitude of the Water is double, or more than double tlic DL.i-
rnctcr of the Hole. But if you would accurately determine the fame

\"alues, you nuy ufe the A/Cijyi/ri determined in the fume Sci?olium or

M N—4ATr rv

275 A\ g -whence you  will have u = 2

M -f-N— 4Ar
II'o
make ufe of the infinite Sericfes in the fume Scholium.

The IFater running oui from a circular Hole in the Middle of th,
Boitcm of a cylindrical Vepl”™ v:hcre the Particles of IVatcr in running
doivn vcithin the Veffel find fo great a Rrftftance from the (Vant of Lu-
bricity, that tre. Motion of the Water is thereby remaricahly diminidJjed™
f.s affo thegiven Meafure of the effluent Water™ to determine the Motion
of thefame™ and the Velocity with which it goes out through the Middle
of the Hole,

Let the given Meafure of the Water running out in the I'ime T
be 2mr* A j. 1 hcrefore the Meafure aiTtgned by Analyjis in the

Solution of Prob. Il1. will be equal to it, namely that is
3V

But tlie Motion of the fame Water aillgned by the Analyfts in the

.. m A N _ :
fame Problem is rou and by fubllituting inftead of v* it’s

: , : vt r* A
Value juft now found, U\zt Motion becomes— y— "9 V*

~»AV. Q. E. I

If from the Motion™ wliich can be generated in the Time T by the
Column of Water over the Hole, or from wr» A V, be fubtrafled, the
Motion of the Water running out in the fame Time, 3w A V,
there remains the Motion loft in the Time T by the Refiftanccwr* A V

<— 3
It you defire an accurate Solution, you muft have Recourfc to Prob. I,

Schol, 2. after this Manner \2 mr™ A q = NN x RT"~p~N

ri

— 4 A r, whence*y=V — v/mmm 'WeANd the Motion
A Y=V R saxM -t-N 2 TAT

Q"~g 2 of

Prob

cw/.
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of ti€ Water running out in the Time T will be w AV x
r - [

~00

whence the Motion lofl by the Refiftance in the

4Ar

Tihv IViih the fame Pofaions and Dita, and negU”ing the Acceleration of
ihe IFater 'ivithout the Hole™ to determine the Diameter of the Vein of Wa-
ter at ajmali Dfiance ivithout the Holey *wohere the Vein is raofi contradied™
and the Velocity of the JVaUr in the Vein fo contrasted

By Prok Ill. the Mcafure of the Water pailing through a Seftion of

the Vein in the Time T is But this is equal to the given

R Meafure 2mr*A g\ whence u= VvV dJ
Moreover, by the lame Prob. Il1l. the Motion of the Water pafilng

through a Sedlion of the Vein in the Time T is to which

IS equal the Motion determined by the former Problem, 3 mr* A V,
wherefore 2~ =3 r* V2

- N 3 3?7V

But — —
u 2] r~v

2 2r* | T r N~ 2

and = TV - VX iorco "D
J 39V 3 ywncrcmrcP - -

v'3
Q, E. L

Cortil, te The Tame Proportion remains between the Ratitus of the Hole, and

<< ] ; .
the RaJius of- the contrafted Vein, whether the Molion of the effluent
Water be in any Manner diminiihed by Refiftance, as in this Prob. or

not diminiihed, as in Prob. Ill. feeing it is either way f

Coroll 2. When the Motion of the eiRuent Water is diminiihed by Refiftance,
the Velocity is at the fame Time diminiflied in the contrafted Vein,

: \Y
| For when in Prob, HI. it had been u= -, Ic now becomes u

oqY
” diminiihed from V x 0,566 to V x 0,736,
taking™ — 0,571, according to Pokni™ Experiments.

. K
SM. Accurately it will be v= V xr™ gx & >=VN2

M N— 4Ar
M-|-N — 4A T
rm" ilike Pinner as it was found in Prob. III.

Schol™ 2*

Uaea
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he IVVater rmnmgout through a circular Hole in the Middle of the f*fob. VI.

Bottom of a cylindrical Fejfel™ u'nen the Particles of Water™ as they flow
down'wards within the Vefje™ fi great a Refiftance from a IVant
of Lubricity™ that the Motion of the PP"ater is notably diminifhed therehyy
and alfo /i& Meafurci?/ the”™uent IValer beinggiven™ todetermine /i Motion
of thefamCy and the Velocity with which it goes out through the middle
of the Hole, '

J”t the given Meafure of the W;Uer running out in the Time T be
2wWr* Ay, as in Prob. 1V, and by help of the iame Problem we ili.ill
have iI\\t Motion of the fame 3 r'A V, and the Velocity, with
which it goes out through the Centre of the Hole, or-i — 3y V.

F. L

When qis given, laas V, that is, as A. r,Wwi;.
You will find thefe accurately determined in Prob. V. j\chal. Siat,

~he IFater running out into the Air™ and negle;fing the Acceleration of
the IVater without the Hole proceeding from Gravity™ if any 2 of the 3
following are given™ namely the Meafure of the ~uent JVater™ the Velo-
city in the Axis of the contraHed Vcin™ and the Diameter of the fame Vein®
to determine the remaining one.

When the Water burfting out of the Hole is carrifd through a
Vacuum™ it is ithewn in the Solution of Prob. Ill. that the Velocity
of the Particles of Water becomcs equal through the whole Scélion
of the contrafted Vein : But now, when the Vein is carried through
the Air, that Equality of Velocity muil neceffarily be taken away.
For the outer Parts of the Vein ilir the furrounding Air into Mo-
tion, and are retarded by it, fo that they cannot acquire an equal
Velocity with the reft. But the outer Parts, when they are retarded
by the Air, retard the inner contiguous Parts, and they the next ;
and by this Means every inner Particle is carrie<l fwifter than the con»
tiguous outer one, fo that the Velocity is greatcft in the Axis of the
Vein, and lead in the Circumference. And as the outer Parts are
carried more flowly through the Air, than they would be carried througli
a Vacuunm™ it thence comes to pafs, that the middle Parts arc carried
more fwiftly, the Air furrounding the Vein, than they would be car-
ried, on the Removal of the Air. For which Reafon the middle
Parts of the Water in Fountains rife much higher in the open Air,
than they would rife in VacuOy as we obferved at the latter End of
Prob. I11l1. SchoL I.

Moreover, thofe Parts of the Air, which are contiguous to the
Vein of Water, when they are ftirred into Motion by the W-atcr,
llir others into Motion, that He near them on the outfide, and theic
the next outer ones, ar.d thole the reft fucceiTivcly to fome certain
Diftance from the Circumference of the Vein.

But the Velocity of the Particles of Water, muft neceiTirily fo*
dccreafe from the Axis of the Vein to it's Circumference, that the
relative Velocity of every Particle whcrclbcver fituatcd, may be \i\,ﬁry#

ere
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w’iye o™ nA the fame, with reipeft to the Particle lying on the

for :hc Caufcs mentioned in the Solution of For-
ir any Parciclchas a greater reLitive Velocity than the reft, it mufl
illiJ a grcact'r RcfitLincc ironi the Attrition of the adjacent Particle
U.itwarJs, and hy that means will be brought to an equal relative
A'ciocicy witii  tlie roll:. In like Manner every Particle of the
furrounding Air, which is ilirred Into Motion, will have one, and
the fame relative Velocity with Rcfpcit to the adjacent Particle of
Air outwards.

But the relative Velocity of the Particles of Water among them-
fclves, is very ditTcrent from the relative Velocity of the Particles

Air, which may be conceived in this Manner.

Any Particle of Water in the outer Part of the Vein is follicited
by the next Particle of Water inwards to accelerate the Morion ;
and is alfo retarded by the next Particle of Air : And when that
outer Particle has acquired thedue Velocity, thefe two contrary Forces
muit needs be equal, one¢ ofwhich retards the Particle, and the other
acceleratcs it. But that cannot be done, unlefs the Faclum of the re-
lative Velocity, and of the Denfity of the accelerating Particle of Wa-
ter is equal to the Fa~um of tlie relative Velocity, and of the Den-
fity of the retarding Particle of Air. But the Denfity of Air, is to
the Denfity of Water as i to 900 nearly. Therefore the relative
Velocity between the outer Particle of Water, and the next of Air»
Is to the relative Velocity of the 2 next Particles of Water as 900 to
1 nearly.

Moreover, that inmoll Particle of Air is follicited by tlie next
contiguous Particle of Water to accelerate the Motion, and retarded
by the next Particle of Air outwards. Andas here two contrary
Forccs are equal to one another, the FU6lum of the relative Velocity
and Denfity of the accelerating Particle of Water, will be equal to
the Fablum of the relative Velocity and Denfity of the retarding Particle
of Air.  Wherefore the relative Velocity, which is between thofe 2 Par-
ticles of Air, will be tothe relative Velocity, which is between the inmoft
Particle of Air, and the next of Water, as 900 to i nearly ; and it
will be to the relative Velocity, which is between the 2 next Parti-
cles of Water, as 900 X900 to 1 nearly: And this fo great relative
Velocity will always be conilant through the whole Thicknefs of the
Ring ot Air, which is ilirred into Motion by the running Water.

Now let the fame be fignified by the Letters r, w, vV, AT,
as in Prob, Il. Alio let ube the Velocity ofthe Water in tht Axis of
the contrafted Vein of Water, ~the Radius of Uie fame Vein, R the Ra-
dius ot an imaginary Vein, by which the Velocity y, by decreafing
gradually, in like Manner as it decreafes in the true Vein, is reduced to
nothing.

Aiib let xh~Miafure of the Water running out through the Hole
in the Time T, be 2g r* A.

Now
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Now the Meafure of the Water running in the fame Time through
the contradted Vein, by the Method laid down in ProK H. will be

r ,2WAuUup' ™A
"YrV N3K— 2

But theic Meafures are equal, that Is, igmr”™ A = 3
\Y%

X3R— 2 or3jr*RV=u X3R-—2

Moreover, as the Meafure of the Water running through the Hole
in the Time T, is 2] w r* i1\, the Motion of the fame, by Prob. VI.
s 3 w AV,

And the Motion of the Water running through the Vein in
the fame Time, by the Method ufed in Proh. II. is found

mA G X N3
3VW
Now thefe are equal, thatis, 3 wr* AVrr
mAv* X6R*g*— 8R

t*X6R* p*"'8R fi* "*3fl*
Thefe 2 Equations being rightly reduced, in order to extirpate It
we come to the following Equation, uw=22~vV r* -i-12j'V*

V.r>
— gg-t V* wherefore i— X T 6 =2

uV -j- 95 V» — 2 w/ and hence is obtained ~ itfdf, or the
Radius of the contradled Vein, feeing ~and uare given.

Moreover from the fame Equation is drawn u= X r -i- 2
V *
V — 2r*
L.»iy ?2= — | E. L

W e fuppofed above, that the m oiim of the Wartr running through S(tu 1.

the contrafted Vein is equal to the Motion of that which runs through
the Hole. But this is not true in Mathematical Striétnefs. For
the Motion of the Water running through the Hole is equal to the
Motion of the Water running through the contraiVed Vein, and to
the Motion of the Ring of AIM the Vein, which Air is
flirred iitto Motion by the Water running through the Vein, tai<en
together. But we look upon the Motion of the King of Air as no-

thing, fincc it's Thicknefs is not greater than and it’s
900 X 900

Denfity is not greater than ~ Part of the Denfity of the Water
and*

303
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uiid by doing this we render tho Equations f;ir more fimple than other-

wire they V/ 1uld DI, , <
I Hy Pronh. V. Cor. i. when the Water,runs out into a Vacuum,

34

ILiJais cf the conrraded Vein, whether the Motion of the effluent
Water be in .my Manner diminiflied by Refirtance or not. Where-
fure. as in aPliyf'Cal Matter, we think it very near the Truth, that
the Ratio between thefe Radii fliould be contidered as given, even
when the Water riins through Air, liowfoever the Motion  tne efflu-
ct Water may bs diiiiinithcd by Refift™nc*, or at ieali, tlyit this
Ratio iliould be clianged as litile as poffible. And as this is found to

ai'rcc with the F.xj>crimcnts hitherto nwde, as will more plainly ap-

pear below, we look upon it as true, till we fliall be informed
of fomttliing more ccrtain by mt>re accurare EXxperiments.
Moreover, if a Ratio is given becween r and a Ratio is alfo

given between r and R, or a Ratio between the Radius ot the
and lhe imaginary Radius™ by which the Velocity u, by gradually de-

creafing is reduced to nothing.
For by tliminacittg u from the 2 above Equations, 9 r- R" \t

= Uxse li" — 8Rf7-3fS and 3? RYV= ux 3R — 2
we comc to the Equation x 9*— ~M 4T XB6RNe QN7
*r 372 >wherefore R= , x 2AN/~ — ¢

Bcfides, from one of thefe Equations, 3i**R V=:~"'u x 3R — 2%;
we have 3 R : X3R— 2f ;y:i V,and fince the former Ra-
tio is given, 'the latter Ratio is alfo given, that is, the Quantity

u
Jy is given.

We ihall afterwards demonilrate, how great thefe 3 given Ratios

are.
faint (o 2. Before we procccd any farther, we mu(l confider that Refiftance of
tinutd. No.  Fluids, which arifes from the Motion of the fame Parts among them-

453.1.65. fe’vt-sh i5 calkd by Sir /. Newton™ a Reftftancc arifing from a
Apr* o N r .
»739- iAibricity,

0/ thi Refi- He makes it of two Sort®, one arifing from the Tenacity of the

jtunct™be™  Fiuid, the ocher from the mutual Attrition or Fri6lion of the Parts
of the P'luid bctwetn themfelves.

iLnritives, He thinks the Firft is uniform in a given Surface, or that it pro-

fro™tiMng duces an Effect proportional tothe Time j which Opinion is favoured-
[jy Experiments: He isof Opinion that the latter is increafed in Pro-

vV * portion to the Velocity, or in a Proportion fomething lefs. But he
does not determine any Thing about this, for want oi fuitable Expe-
riments.

But

RED
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But thcfc two Refiftanccs have a different Proportion between them-
felvcs, not only according to the diverfity of the Fluid, as for inltance,
there is a greater Tenacity and Icis Attrition in Oil or melted Suet than
in Water; butalfo inthe fame Fluid, according to the different Velocity
with which the parts of the Fluid are moved among themfelves. Butin
a given Fluid there muil nectflarily be fome certain Velocity, where
thefc Refiilanccs are equal between themfelves; and if we could find
that Velocity by Experiment, their Proportion might be determined in
any other Velocities. But we have no Experiments, that | know of,
nor is it cafy to contrive any, by means of which that Velocity may be
known, which may ferve for a Foundation to the reft.

We fufped indeed, nay we think it probable, that the very leaft of
that fundamental Velocity is not in Water from one Caufe, v/here the
Refiflances arifing from Tenacity and Friction are equal between them-
Jclvts.  But this being granted, when, as the Velocity incceafes, the
Kefjftance irom Friction in like manner increafes, but the Refiftancc
from Tenacity in no wife increafes, it is plain, that this laft Refiftance
has but a very fmall Proportion to the firrf, where the Parts of the Fluid
are moved among themfelves with any notable Velocity; and there-
fore, that it may iafely be neglcifled.

However, whether we negleft this, and take only the other Refiftancc,
which arifes from Friélion, or comprehend both under the name of Re-
Jiftance arifing from want of Lubricity, certainly the Laws, by which
dNis Rcfiftanct increafes or is diminiihed, are to be fought only from EXx-
perience. Therefore when we afcribe to it the following laws ofin-
creafing, tho* after a diligent Confideration of the Ex|)crinient$ hitherto
made, they may fecm to have a great Probability, and this we do with
an Intent, that if future Experiments ihould tcach any thing more
certain, we may not unwillingly change our Minds.

The Rejjftance™ which arifes from a want of Lubricity of the Water,
IS in a Ratio compounded of the 3 following :

1. Oi the Ratio of the Surface of the Parts which are moved. This,
| think, all Philolbphers admix.

2. Of the Ratio Ol the relative Velocity, by which the Parts of Water
are moved among themfelves. This, if [ miftake not, is admitted by
the reft, Nor does Sir L Nfwtoi much dilfer.

3. Of the fubduplicate Ratio of the Altitude of the Water. For wc
aiTume this, being led by Experience, and in fome Meafure alfo by
Sir LHe'ivtotly who thinks that the Attrition of the Parts becomes
ftronger, and their Sep.uatiun from cach other more difficult by greater
Prtllurc *.

To espiain the Rtftfiarue of the Parts of the Cataraft, which arifesfrcm prob. ViHI

a av/7;/ of Lubricity,

= Princip. Li~. 11, Ptop* lii. Schol.

'VOL. VIIL PartU R b La*
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| et » be the Radius of the Hole, A tlie Altitude of the Catarall, y the
Radius horizontfll Section, X the Altitude of t\\t Cataraa ihav®

tlut S«aion, 2the Radius of any Circle in thacScaion, v the Velocity
of the Water in the Centre of the Hole.

Now :&I\';I' will be the Velocity of the Water in the Centre of the

Seftion, whofe Radius is For the Velocity in the Centre of the
SL-<tion, is thefame as if that Sedion was a Hole in the Bottom of a
ihortened Vefll-1whofe Altitude is x ; and therefore isas« i by Proh. V I.

Cqawoll Alfo ’ >x A will be the Velocity of the Water in the
S

Circumference of the Circle, whofc Radius is z ; ’;/ XK the relative

Velocity 2 mz 'xiht Surface of the nafcent Cylinder, whofe Radius is z
and Altitude y, and by our 3 Pofitions the Rejiftance of the Surface of

Z VX i A2 MVXNXZZ
this Cylinder, as2 mz x X AN e y A ‘

Now let x, x, and _ybe confidercd as conftant Qiiantities, whilfl: z
flows till it becomes equal to;>; and the fluent Quantity of the Fluxion

will be _ or (making 2=")
y A, zy Ai yA,

111~ , asthe ReGilance of the nafcent Cylinder, whofe Radius isj,
A »

and Altitude x.

But by the property of the catara™k Curve y* x =-r A, andj X —

=r A Whence the Reftftance of this nafcent Cylinder will be as

4
WVA'ArfAl— mVr Xs
+ Oor as— — 1, and the Reftfiance of the whole
k L x I A -
2 4 4 -
mvr
Catara”™ will be as the fluent Quantity of this Fluxion, or as N
A —
4
X
1
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X or,making *=Aas *m © r A—. Andfince by Prob. IV
7 : 7 2 N
) 12 JwVrA —
U yV, theRejijiancc in theCatara will be, as
2
orasj VrAA E. I

Since V isas A, the Refiftance in the CataraEl will beasgr A".

307

In the Solution juft now made, inftead of the Surface of the caiaraSlic SM,’

Taleola™ whofc Radius is 2, according to which the Particles of Water
pafs by each other with an equable relative Velocity, we made ufe of

the Surface of the nafcent Cylinder, whofc Radius is 2, and Altitude i-,
or of the Surface 2 mz when really the Surface of that Takola is
2mz Xy/xX* ,

But if that is corrcdled, the Rcfiftance of the Surface of this

|
- J ZV
Takola will be found as 2 m z 4- 2% X X L

N J_K\ _*
2

2Mv Xz z

And fince hy Prob. Il. ScboL 2. the Sijbtangent of GitcataraEfic Curve
iIs 4 Xf and the Tangentitfe lfi6x™-~zy therefore 4x17 1

V/"n \ A\/16 X » 2»

X :

Therefore the Re/iftance of the Surface of the Taleoh will be as

2mV Xz z Ve Sen WYX s
------------- — » = = ——————— v—16 XK
A T ax x> -h AR
WA X2 2 . 2* _ N ?2@
e PR — in4X"- —— — =rr -f-—~n
CYAL 2 X4.X 8.4ATI ' 16x4 x» *28x4x"
1A « _mvX . m2 2
256 X 4 x' sy A 22X 4X 8 X 4
| 2z 522 722'* 2122"
r — =M --——m — = e — e — &¢C.
lUX4X i28x 4X 256 X 4 x” io?74X4X**
m Yy

Rr 2 - But

’é 2 ]

Of =
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But by taking the Quanticics .v, and for _coniant_ ones, thp

ffivxX , an 1 g

Fluent of this Fluxion will be A N r 3N
72
m ~-48x~a;" 8 x i 6x 4 A 256x 4 ~; 12x 256x 4 -
&cC.
And by fupiiofing z = h this Fluent will be in a
4" xa.X 48 X 4 8 X 16 X 4 X 256 X 4 X’
/ — &c, which will be as the Rejijiance in the ca-
1 iz X256 X4 X
taraflic7i12/i~;/, whofe is”, and Altitude x.

But this is as the Fluxion of the Rejiftance in the whole CalaraH”™ and

"o * 2TrxA — % A —
YA L mv X, 4
by putting® = — Z", it becomes -----—--- m
X — 2 A - i — 8x4X:f-?
4 2 4 4
r’ rran
+ &cC.
48 X4’ X X — 8 xib x4’ xa;, — 256x 4 Mxa; N
A—Xxn rA XX — PAA -5 —
R T ;-2 4 4 |-24
/\ *
5 AL 418 X 4 8xl1l6x4
mVr
— &c. But the fluent Quantity of this Fluxion is -------- —in2x2. x £
A —X2. " Ax-AN
4y = + X -
32 48 X 4 13 8 x 16x 4 23
_ _ mvT /2
— &c. And this, fuppofing x = A, becomes -------—--- in -
2 7
r*
A+ . &cC.
3X8A]. m «X.3X4-Al
or

1Jael
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‘ 4 Vra’ N N NN« N
or - Y N 3x4* A 6 X 13 X4™ A" 23 x4 A’

-j- &c. which is as the Refiftance thro* the whole Catarail,

But if the Altitude be accountcd as infinite with rcfpeft to the Diame

2
4 Vr A —
ter of the Hole, the Rejiftance will be as as
7
in the former Solution.
4 MVr A
IfA = 10T, the Refiftance will be as ---------—---- A x i
7
nearly.
4 mvir A 1
IfA =14 the Refiftance will be as----------------- ? X 1 —
/ 439
nearly.
2
4wVr A —
We may therefore ufe --------------- I. for the Mcafure of the Refi-
7

ftance,. witliout Danger of any fenfible Error, even when the Altitude of

the Water does not exceed two Diameters of the Hole, and much more
In a far greater Altitude.

The Meafure bchg pvcn of the Water running out thro* a given circular
Ihk in the Middle Part of the Bottom 6f a Cylindrical V/cl of agiven
Dcpibj to determine the Meafure of the IVater running out of another Veffel
of aity given Depths thro* any given circular Hole whatfoever.

Let r be the Radius of the given Hole, A thegiven Depth, t gmr” h.
the given Meafure of the Water running out in that Time, in which a
heavy Body would fall/w Vacuo thro* the Altitude A.

Hence by Prob» IV. 3 mr* A V will be the Motion of the Water
running out in the fame Time; and by Proh. IVV. Cor, the Motion loft in

the fame Time by the Refiftance will bew r* AV x i — 3 e« Tliere-

forc the equal Force of Refiftance can generate this Motion in the fame
Time.

But the Motions are generated in the fame Space of Time with Forces
generating the fame proportional.

Therefore the Motion mr™ A V, which thc\Vcightofthe Coluoinof
Water w;r* A can generate in this Time, by Prob, i. when all Refiftance

is away, isto the Motion w r* A V x i — 3 » which the Refiftance

\ can»
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can generate in the fame Time, asthe Weight« r* A to the Rejiflanct
o - WIr™NAVXi—
irfeif. Wherefore the Rcfiftance =mr- hx. - - N ='m

r- AXIlI— 3 o

After the fame manner, by putting s and E for the Radius of the
Mole, and the Altitude of the new VciTel,and 2 pm E for the Meafure
ot the Water running out in the fame Time, in which a heavy Body
would fall in Vacuo thro’ the Altitude E, you will have the Rejiftance in

the new VifTcl=w E x1— 3/>.

Rut by Prob, VIII. Cor. thefc 2 Rcfifianm are to each otherasj r A*
toNJE™.

orrXl—3 :Jxi — N :gA :pE,orprEx1— 3
~Ngs Ax I — 3/>°, which Equation being rightly reduced we come to
T . * re x1l— o re xi—,3g\
ihe T’onowm, = v . L2
3 P 3 6gs A 6q9sA
or makingr E = » J A.
— | — s r .

Whence we have px z m E, which isthe Meafure of the Wate**
running out of the fecond Veffel, in the Time that a heavy Body falls in
Vacuo thro’ the Altitude E. E. L

I f the Diameters of the Holes fhail be ina Rr2lio of the Altitudes of the
Water, the Ra/iooithe Meajures will be the fame, as if the Water ran
out w'lthout any Rejiftance,

For if r : |j A E, rE =7jA, and » = 1, wherefore

- — Rcduftion p = g7

wherefore 2gmr- A :2pm E ::2m A :zm E, which isthe
Ratio of the MeafureSy when all Rejiftance is away.

It E isaccounted for nothing v/ith Regard to the Altitude A, then n

alfomufi be accounted for nothing, whence /7 = Therefore, the

fnialler the Altitude E is taken, the nearer p comes to
V3
IF
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If s is tobe accountccl infinitely great with refpcft to the RaJm r,

thenp” . Therefore the greater the J Is taken, the more

I
p verges to™-".

The Water runmn” out into tre™Alr™ to determine tie Proportkyj betwem
the D:cm etcr ofthe floie and th e Diameter of the contracted Vetn,
This Proportion cannot be determined without the hel!pof L'xX[x*ri-

mcnts. By/’/i/-.VII. -j-0jV — zv'sjuV -i-9«'V 2— 2v*’

whence j and ubeing known " is determined.
But we have no Exjx:rin»cnis, diac 1 know of, by which we may

mcal'ure q and'u.

Voleid\ Experiments exiiibit the Meafttre of th" efTluent Water whencc
g is known j but they do not lliew the grcateft Dill.ince, to which the
Water is carried that comes horizontally out of the Hole, or the
Diftance to which the middle Part of the Vein reaches, that comes out
with the Velocity u

But Experiments mcafure the greatcft perpendicular Height,
to which Water rifes, when it's Motion is turned upwards, or the
Height, which the Water coming out irom the middle of the Vein
readies, whence u* is known * buc they do not exhibit the Meafure of the
efiluenc Water.

Therefore for want of fit Experiments, we ihall hardly be able to
determine the Proportion fought any otherwifc than probably; and this
we fh;ill do in the following manner.

In Prob. VII. SchoL 2. we (hewed it to be probable, that the Ratio
Is conilant between thefe Radii™™ or at leaft that it is very little changed.

It is manifeft from Mariotte% Experiments, that the difference between
the Altitude, which the Water fpringing upwards reaches, and the Altitude
of the Vcflei, has nearly a duplicate Ratio of the Altitude of the VciTcl.

Therefore let a be the Height, to which the Water running thro’ the
Axisoi the Vein with the Viocity ucan rife; then, by MarioUe*s Ex-

A*
periments, A — «as A» , and will be the given Quantity.

But in one Experiment, which Meriotte reckons a fundamental one,

A was = 60 Paris Inches, and he found a— 59 Inches, the
Diameter of the Hole mcafuring i an Inch. Therefore in this calc

-"/2— rr 3600, and as this Quantity is given, it will always be 3600

= 3600 A — AS LA i D
- B - e 3600

Therefore

P'ob. X.
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Therefore IfA = i Inch, or is double the Diameter of the Hole,

- — L . Butu :V-::iJIA 2 i— :
3600 3600

Therefore as tl»e .Mtitude of the Vefle! is double the Diametfr of the

Ilolf. wc may have u' ~ V» , or u= V.
Moreover, by Prob. IX. Cor. +. E decreafing, p tends to
Therefore when the Altitude of the Vcffcl is very fmall, as if it does not
exceed 2 Diameters of tiic Hole, wc may have Sor N

But by P/i¢. VII.

»=1—-" XU-i-6jV— 2%W3juVv 9 V*x— 2 and
» > U

é fubftituting inilead of vand q the Values of the famejuft now found, or

Vand”™,itbecomesx V-{-2v 3— 2v'V'V3--JV'— o’
V'S

*
"X i 4-2v3— 2v/i -pvn3, or X 2 %

| V' 3 = X 0,6687553907 whence = r x 0, 81777466.

Here therefore is the Value of  when the Altitude of the Water is
double the Diameter of the Hole ; and as by Prob. VII. Schol. 2. ~ob-
tains a conftant Proportion to the Radius of the Hole, it will obrain the
feme Value In any Altitude of Water. E. I

Cc,u. u VII. R = XJn > and by the Value of fjuft
0 "o% O
now found, we have R = r x 3,98877150, which is the Value of R,
when the Altitude of the Water is double the Diameter of the Hole;
and as by Scbol. 2, of the fame Prob, there is a conflanc Proportion
between r and R, therefore R will obtain this very Value, whatfoever
may be the Altitude of the Water.

cn//. 2 Beeaufc v isalmofl: = V, and s isalmoft= 3 when the Altitude of
y -
the Water is double the Diameter of the Hole, therefore it will be to this

Altitude of the Water ~ =r ™ 2 very nearfy. And as by Prob, VII.

8M . 2. the Proportion 15 conftant between uand qV, therefore —
?7V

= 3> whatfoever the Altitude of the Water may be*

0

UnED
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3*3

neater running out of a given Vejfel always fully thro* agiven llole™ Pd> Xt.

into the Aify and any one of the 3 following ~antities being given, namelyy
tie Meafure ofthe effluent IVateVly the Velocity in the Axis of the contracted
Veiny or the Altitude, to which the middle Part of the Vein can rtfe™ the

Motion being turned upwards™ to detei'mine the reft,

l,et A be the Altitade of the Veflcl, r the Radius of the Hole,
2gmr™ A, the meafure of the effluent Water, vthe Velocity in the Axis
of the contradled Vein, j the Altitude, to which the Water running
out thro’ th'e Axis of the Vein can rife, and firft kt 2 g mr* be given,

whence q is given.
By Prob, X. Cor. 22~ = Vv 3, whence u= ~V > 3. llcnce
= 3?2V

_ bA 30 V» A _
But V* : u*:: A :a=

V* V*
U
If, fecondly, uis given, then g = and 2 gmr* A =
y g q q v A3
Moreover a = "yT"
Laftly, ifais given, fince a = 3 A, therefore j» = ~ and
a
3 A-
avn
Alfo u' A whence u = V E. 1

The Altitude being given”™ to whichy when the Motion is turned upwards,
JVater rifes ifjuing thro™ the Air from a Vejfcl ofa given Altitude thr(f a
given circular Hole, to determine the Altitudey to which, when the Motion
IS turned upwards™ IVater will rife, when it iffuesfrom a Vefj'el ofanygiven

Altitudey thro* anygiven circular Hole,

Let the lettersr, s. A, E, q, p, exprefs the fame as in Prob, IX ; and
let a andf be the Altitudes to which Water can rife, iffuing out of
Veflels, the Altitudes of which arc A and E refpeclivcly.

a
Now by Prob) XI. «= 3y'A, 1 = 3 £ E, whence 3 j» -
A — a a
37 = —A~-=2Y- Ma3/vi= | | = TE-
i And

VOL, VIII. Parti. Ss
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_ rExi —
And fince by Proh. IX. =
»X1— 3 rii
or nuking r” ni.A, f—V 2 i" 6 q m :
A d
henee by lubili:uting ftir i — 3?%“> 3
iciny * for A ' 'IIb/>_V,4AJ~r " e
wricinjy or — it wi e — - 3A P
and P' = 6 A a
e 2A P~ o*— 2*VM4 A Z a*
2 A a
ori=EX~» A~ fe* s gV4 A" ~whence by writ-
2 A a
. _ « E a
ing | for E — fit becomes e= TA/\\_a X 4A"|-«* — ««. Now

eor E — Pbeing given, iaifo is given, or the Altitude to which the
Water is carried, when it ifiucs out of the new VefiVl.

Ifthe Holes in both Veflels ihall be equal, orj—r, then E = « A,

E (3 ] S
or« = e whence 1= — x 4A — «a.
| f the Altitudes of the Veflels fliald be equal, or E = A, then r — fiSf
r no. — "R
or » = —, whcnce 1 = 55X 4 A 2-H — N«

If the Diameters of the Holes ihall be in a Ratio of the Altitudes,
the Waters widl fpout to Altitudes proportional to the Altitudes of the

Vefllls. Forifr : ™~ :A:E, ri= 5A, and«= 1, whence j= EACI
orf:a:: E:A, orE— e\K— «;: E:A, or :¢:: E:A.

_ - o — NE it
Since"X2V3Aij= 4A -j- — ?a, therefore «=

/><E av™ 3 o _
X2/WV3AD= 5 whence by fubftituting for a it's
W Aa
above-
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alMjve-mentioncd Value q 3 A, and by a due Reduction, »Jsecomcs

>] E « _pr

_ y II* A _ _
Menee, by making ? = J, «= >ori:a ::rE* i1 A-CW. 5

That is, the Dcfefls of fpouting Waters, or the DiiTcrcnces between the
Altitudes of the Spouts, and the Altitudes of the Vciicls are in a Ratio
compounded of the duplicate Ralio of the Altitudes of the Veliicls dircdly,
and of the R¢iiio of the Diameters of the Moles reciprocally. And this
Rule is cxatflly true, whenj A —=r E by Prcb. IX. Cor. i. and comes
very near the Truth, when E and; arc increaled or diminiflicd in the
fame Proportion nearly ; and it cits but little irom the true Altitude of
the falient Water in any cafc, provided E be not greater than 50 Fcec,

and at the fame Time s be not Icfs than 3 Lincs.

*

When j=r, f= 2 nearly, that is, when the Moles are equal, Cad/. 6.

theDefeils of the Altitudes of fpouting Waters are almoft in a dupli-
cate Rai:o of the Altitudes of the Vcffels, which is the very Rule of
Aliiriotie.

N\

a
W*hen E = A, i = — nearly, that is, when the Altitudes of the G&//. 7.

Veffels are equal the D/feds of the fpouting Waters are almoft as the

Diameters of the Holes reciprocally.

If any one has a mind to examine the Truth of this Theory by Ex-
pcnmecents, | would defire him,

1. To ufe a VeflTel that is very large, at leaft in the upper Part, that,
during the whole Time of making the Experiment, the Altitude of the
Water may not fcnfibly be changed. But if the VeiTe) is not fo large,
but that during the Efflux from the Hole, aremarkable Decreafeof the
Water is found, then the juft intermediate Altitude between the greateft
and the leaft Altitude of the Water is to be taken for the conftant
Altitude; which is better than difturbing the natural Motion of the

Water, by pouring freih Water upon it.
2. Letthe Vcflcl beoffuch aDcpth, that if you would let out the W a-

ter thro* a Hole made in the Side, the Velocity of the Water going out
thro’ the Centre of the Hole may be fafely taken for any Velocity, with
which the Water will ifiue thro* all the Hole, when there is no Re-

fiftance,

3. Let the Lamina™ in which the Hole is made, be fo thin, or at
leaft have fothin an Edge in the Circumference of the Hole, that the
Thicknefs of that Edge may be accountcd as nothing with refpeft to the
Diameter of the Hole. But the Thicknefs of the Lamina fliould be fliaved
on the outer Face of the Lamina™ leaving the inner Facc next the Water

Ss 2 plain ;

bcbmum.
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plain ; and rhc Angle of this Edge ihould be fo acute, that the Water
liTutng thro* the Hole may not adhere to the outer Side of the Lamina,

I'nefe things being prepared, the follo%ving Experiments may be
made, by which, as by Ib many Criitria™ we may judge of the Certainty
of the above Dodrinc.

. xp: f WIit-n the Water is let our thro’ a Mole in the Side of the VeiTcl, let
the Diameter ot the contracted Vein be meafured very diligently, ol>
fcrving whether it remains always the fame; howfoevcr the Altitude of
tlie Water may be changed.

jmp. 2 Let it be obfervcd, whether this Diameter has always the fame Pro-
portion to the Dianiecer of the Mole, when Moles of different Magni-
tudes are ufcd.

Exp. 3 The Water iffuing, either ftrait down thro’ the Bottom of the Vcfiel,

I or horizontally thro’ it's Side, let it be very carefully obfciVjd how much
runs out in a given Time, ufing diiFerent Altitudes of Water, but one
and the Hime Hole.

£:tp. 4. Let the fame be obferved, when Holes of a different Magnitude are
ufcd, but keep the fame Depth of Water.
Exp. 5. Obferve how much runs out in agiven Time, in 2 different Cafes, in

each of which there is the fame Proportion of the Diameter ol the Hole
to the Altitude of the Water. For if the Meafures ihall be found in a
Ratio compounded of a duplicate Ratio of the Diameters, and a fimple
Raiiooi the Aititudes, as in Prob, IX. Cor. 3. you will have a great
Confirmation of our Theory.
X0. 6. In the Ume 2 Cafes, the Motion of the Water being turned upwards;
¥ by means ofa large Tube fitted to the Side of the VeiTel, and perforated
at the upper Part, obferve to what Altitudes the Water will rife. For
ifthcfe Altitudes are fouid proportional to the Altitudes of the Water
in the V<.itl, as in Proh. XII. Ccr, 3. you will have another moll
certain Confirmation ofthis Theory.
t Eip. 7. The fame Hole continuing, but the Height of the Water being
changed, obferve to what Height the Water is carried.
£xp. 8. Let the fame be obferved, when the Magnitude of the Hole is
changed, the Height of the Water continuing the fame.
Bur of all thele Experiments thofe are to be preferred, by which- the
Height, to which the Water riles, is noted, when the Motion of the
Water is turned upwards. For this Height may far more eafily be taken,
chan the of the running Water, and the Error, if there is any,
in taking the Altitude, isof far lefs Moment, than- that which is com-
mitted in eftimating the Meafure. P'or as by Prob. X1. the Altitude of
falient Water is3 " A, it is pliin that the lead Error admitted in the
Meafure., or inj, will be almoft doubled in and fo it will be doubled
in the Altitude of the falient Water.
But the kaft Error admitted in the Altitude of the falient Water,

orin 3j* A, is reduced to almoft half in eftimacingj, that is in the
Meafure of the effluent Water,

£
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In the mean Time, till thofe Experiments are made by fuch Perfons SecondGintrai
as have Leifure, as well as aDcfire of knowing the Truth, wc muft ufe»
as far as we can, thofc Experiments, with which we have been furnifhed
by the Diligence of ourPredeceflbrs.

Thcfe are of 3 kinds: For they meafure either,

1. I'he Diameter oi the contraded Vein ; or

2. The Meafitre of'tlie effluent Water ; or

3. The Altitude to which the Water rifes.

1. The Radius the comrailed Vein, as meafuredby Sir /. Newton,
r X0,84, when the Diameter of the Hole is1 ofa London Inch.

The fame, as meafurcd by Poleni™ is rxo,;”™ nearly, when the Dia-
nv-tcr of the Hole ¥ 2 5 Paris liichcs.

By our Calculation it is r x 0,818 nearly, whatfoevcr is the Diameter
of the Hule, which is about the intermediate Magnitude between the
Mcafurcs of Newton and Polcni. »

2. It happens very unluckily, that none of the Meafures of effluent
Water, cxccpt thofe taken by A~-w/areof any Ufe to our Purpofe. For
as he informs us, this Meafure™® when the Water ifluesthro* a Tube,
Is far greater than \vhen ic ifflTucs from a naked Hole. And as Holrs
made in Lamina are tobe looked upon as iliort Tubes, at lead if the
Thicknefs of the luimine is not as Imall ns pofflble with refpcdt to the
Diameter of the Hole, and thence it comcs to pafs, that all the Meafurn
of effluent Water taken before him are found to be greater than the
Truth.

Therefore we muft ufe only the Meafures taken by Poleni. And
thefe*, which were taken with that great Hole of 26 Lines, are 10 in
Number, namely by fuppofing a heavy Body to fall in Vacuo thro’

15 Feet, | Inch, 10 Lines Paris Meafure, in the Meafure is
| = 2 r*A X 0,5772 Of all which the intcrmec-
2 — — — 0,5772 diate is 2 mr™ A X0,571 nearly.
3 - - 0,5731 Tnereforewe have this for Pi?-
N —  — 05710 Meafure of effluent Waccr,
A — 0,5690 when the Altitude of the Veflel
6 — — — 0,5675 is 33 Paris Inches, which is the
y — — 0,5689 intcrmedi.ite  Altitude between
8 — — — 0,5703 cnofc which wecrc ufcd by Po--
9 — - — 0,5732 kni.

10 — — — 0,5613
N 5*7/\2;

B\xt\\\t Mtafure™ which is taken to this Altitude by our Calculation:
&om Mariotte'c fundamental Experiment, which wc flull yroduoc*

* Pslhid ce Cajltlii, Art. 35, 3 39# 4o +3§ A Uarihonium.
prefcntly. »
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prcfently, is 2 « m» A x 0,5768, which exceeds Polfiti's Meafure
about Part. But fo fmall a DtfFerence might arife either from an
Prror oi' tit: Pt of an Inch in eftimating the Diameter of the Hole ;
or from the°Veffcl that receives the offlusnt Water being about 4 Part
greater than in Poleni’'s Computation; or partly from both. Add, that
this DitFerence is twice as little as what is found between Poleiii’'s own
Experiments.

3. We fhewed before, that Poleni has rendered all the Experiments of
his PredeceiTors ufclefs concerning the Mcafure of effluent Water, bccaufe
they took no Account of the Thicknefs of the Lamina™ thro’ which the
Water iiTucd. Whence fome may not unreafonably fufpc6t, that there
Is the fame Fault in thofe Experiments, by which the ileight of tiie
falient Water was difcovered. But Poieni has removed this Doubt by
another excellent Obfervation. For he difcovered the Mcafure of the
Water to be greater in flowing from a Tube than from a naked Hole;
but, what is wonderful, that Water iiTuing thro’ Tubes* of; or 13
Paris Lines in Length, reaches only to the fame, or very little Icfs
horizontal Diftance, than it does when it iiTues from a naked Hole.
Therefore the greatefl: Velocity of Water is very little lefs after it’s Exit
from a Tube, than after it's Exit from a Hole, when the Tube is not
veryiliorc; but when the Tube isvery ihort, fuch as a Hole in a
that is not very thin, the greateft Velocity of the Water may be ac-
counted the fame after it’s Exit from this Tube, as after it's Exit from
a Hole in avery thin Lamina,

Therefore, to find out the Certainty of our Theory, let us make ufe
of Mariotte% Experiments concerning the Altitude of Fountains, in like
manner as if the Holes that he made ufe of had been made in very thin
Lamina,

Let us therefore aflume ibme one of his Experiments, which may be
taken as a Foundation for finding the Altitude in the reft of the Expe-
riments by our 12th Problem.

He indeed propofes that for a fundamental Experiment, where the
Depth of Water in the Veffel is exactly 5 Paris Feet. But fince ever
fo iittlc an Error, fuppofe of 2 Lines, in this Experiment, may pro-
ducea confiderable Error, namely of more than 8 Indies, ina 7 times
greater Depth, which Mariotte ufes afterwards; we will choofe that
Experiment for a fundamental one, in which that greateft Altitude,
7 times greater than the firft, isapplied,

Therefore let that Experiment of in which the Diameter
of the Hole is 6 Lines and the Depth of Water in the VefTel 34 Feet,
Il i Inches, or 419 ¢ Inches, Paris Meafure, for the Foundation of
our Inquiry.

When he applied this Altitude, he found the Water iffuing from the
Hole to rife to the Height of 31 Feet, 8 or 9 Inches, that is, to the
Height of 380.5 Inches.

* Epif’* ad Marmnium»
Therefore
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Inch. Inch,

Therefore A = 4>95 -« = 3M0,5 . and « = 39 Inchcs,

In another Experiment, where E, or the Depth of Water in ths
Veird, is 26 Feet 1 Inch, the Water rifes thro’ the fame Hole, accord-
Ing to Mariotte, to the Height of 24 Feet, 2 i Inches, But i, or the
Height ofthe faiient Water, by Prob. XI11I. Cor. i. is 24 Feet 3 Inches.

But, for the better comparing of the Altitudes, which Mariotte found
the failent Water to reach, with thofe Altitudes, to which it ought to
arife by our Calculation, we have thrown both into Tab. I. where you
fee the Calculation to agree fo with the Obfervations, that nothing can
be better. And as thefe Experiments are made with the fame Hole with
the Diameter of 6 Lines, the Altitude only being changed, it can fcarce
be doubted, but our third Pofuion, by which the Refinance, catcris
faribus”™ is in a fubduplicate Ratio of the Altitude, is right.

TAB, 1.
Diameter of the Hole of 6 Lines,

Altitude oI Water Altitude of the faiient

in the Veflcl. Water, according to Calculation.
Mariotte,
Feet Inches Feet Inches Feet Inches
34. n,b Si- Si- 85
26. 1 24 NG 24. 3
24, 5 22. 10 22. 10
12. 4 12. 0 21. 11
5- 6 5- ANT5 5- 5 «
5 4. 11 4. 11,2 Itn.
35. 5 A 0 32, 1
TAB, Il -

%

Diameter of the Hole of 4 Lines.

Altitude of Water Altitude of the faiient

in the Vcflel, Water according to Calculation.
Mariotte,
Feet Inchcs Feet Inchcs Feet Inchcs
32- 30. 0 30. 0
24- 5 22, 5 21. 11
5- 6 5- 4>7 5- 44

ir E
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Diameter of the Hole of 3 Liaes.

Altitude of Water Altitude of the falient

in the VciTcL Water according to Calculation.
Mariotte,
Feet Inches Feet Inches Feet Inches
11,5 28. 0 23S.
26. 1 22. 0 22. I
24- 5 22. 2 20. 11
5- 6 B 447 5- 3,7

When inRc.id of the Hole of 6 Lines Marioite made ufe of the Ilole
of 4 Lints, he found the Water ifiuing from a Veffcl of the above-
mentioned Altitude, 34 Feet 11 linches, to reach the Height ot
30 Feet. Ic ought to have reached by ?roh, XIl. Cor. 2. to 30 Feet
2 ™ Inches nearly.

Afterwards when he ufcd the Hole of 3 Lines; the Water liluing irom
the fame Veffc! reached the Height of 28 Feet. It ought to have rifen
by the fame Corollary to 28 P'eet 9 inches nearly.

s ut thefcdiffiTcnccs between the Altitudes from Calculation, and thofe
obfcrved by Mariotte might proceed from a fmall Error in taking the
Diameters of fuch fmall Holes.

For if the RtiMus oi the great;:ft Hole, which Marhffe makes equal
to 3 Lines, exceeded 3 Lines by Part of n Paris Inch*, or ii the
Radius of the fccond Hole, which Mariotte makes equal to 2 Lines
wanted Parc of Paris Inch of 2Lines ; in either Cafe the Wat™r
vili rUV’'by the Calculation to the Height of 30 Feet, Mariotte
obfervcd.

A\io\f the Ratlins of iUe leaft Hole was lefs than i1 i1 Line by Part
0?Si Paris Inch, and at the fime Time the Radius of the greateft Hole

exceeded 3 L.incs by Part ofan Inch, the Calculation will give the
Altitude of the falicnc Water 7.8 Feet, as Mariotte found it.
The Calculation biding thus corrected Tab. Il. and Ill. exhibit the

Altitudes of Afi.'m/Zi compared v;ith our Calculation.

But here it muft Ix* obfcrved, in Tab.Yi. that the Altitude of die
Water fpouting from a VeiR | of 24 Feet 5 Inches, according to Mariotteh
Obfcrvation, readies to 22 Fett 8 ' Inches, and in Tab. IIl. that the
Altitude of the Spout from the fame Vcflel is 22 Feet 2 Inches, both
which greatly exceed the Altitudes aiTigned by our Calculation.

But it is maniftft, t h a t A Numbers are corrupred. For,

r. The above-mentioned Rule of Mariotte™ which, as he himfelf
t (tifies, agrees well enough with the Obfervations,” exhibits “nuch
fmalJer Numbers, which come pretty near to our Calculation.

1 2. Ic
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2. Ic can never I>e, that the Water ifluing from the Mo!c of 4 Lines
ihouLl rcacli the Mcighr of 22 Feet 8 5Inchcs, nor that the Water
iifiiing from the Hole of 3 Lines flioiild reach the Height of 22 Feet
2 Inches, for Water illuing from a Hole of 6 | ,ims reaches only to the
Heightof 22 Feet 10 Inches, which will cafily appear from the Analogy
of jVLtnoiit's Obfcrvations.

5. It the true Height is 22 Feet 2 Inches inTat. Ilf. the W.ucr iilli-
ing from a Vclfcl 24. P'eet 5 inches deep, rifes ro a greater Height thin

when {C iiTues from 3 Yeird 26 Feet i Inch deep, which is manifciHy
abfurtl.

Hence | am ind™Niced to believl', thnc when he fpakc of
the firit of thele Experiments, wrote in iiis Alverfariay Lr jc! dc quafre
Upics ft'a €'¢ pius has que d’onzc pouces ou onze pouces & dcmi, w
celui iionl Wyutage éioit di fix lignes ; whence D: la Hire tranfcnbcd fius
has ~wfd’'iin pouceouun pouce&dcmi. Now this Correction being
made, the Altitude obftrved by MariotU will be 21 Feet 11 Indus,
or ro i which agreesexaclly with our Calculation.

It will not feem itrange that fuch Miilakes fliould iiappcn, if wc con-
fider, that Dela Hire hinifelf, \™ho, after Mariotu*s Death, had the C;irc
Ol printing his Tapers, m the Freface to this Woik fp~aks in the fol-
lowing manner : La moi:ié de cet oiivrage ilvt ajjcz an net pour J/re impn-
mie ; mais le reftena Jonfié beaucoup dc peine ii rajjejnblcr far le mewoires qui
Vi'en onl etc mis entre jes nuuns apresfa mori.

Bur, evrry thir™ being well weighed, our Calculation agrees fo well
with the Kxpcrimentsof this famous and diligent Obferver, as alfo with
iVit;7/’s Meafure of efflugjiC Water, and witii the Meafurcs of the LN\.I-
meter oi the contradled Vein taken by Sir /. Neivton and Poleni™ that
it can hardly be doubted, bur that the above I'heory is either tiuc, or
very near tne I'ruth.

It is cafily extended to Water ifluing thro’ any fquarc or redangu'ar
Hole, and alfo to an annular Hole, luch as furrounds S:r /. Ncv)ton*%
Lirceilus*™ wliencemany things deducetl from the Contemplation of this
Circclhis™ in the Refinance of continuous i*Juids hiuil be altered * which
leems necciTary to be mcntionetl to the Learntd, to excite them to a more
accurate lixaipination of what has ba-n faid.

II.  The Animals all draw horizontally, and in a flrait 1Jne, and at An “ccounof
right AngU's, whereby they exert their utmoft Force. Bythcfe Advan- "
tages a far greater Power is gained from the Strength of Plorfes,
than by their going round in a Circlc, for by the Twill and Acutcncfs
of the Angles, they draw in towards the Cci-tre, whereby they waile AamasJa
fheir Power, and alio (horren their levers: Brfides their Mukies and
Tendons from their hinder l.-egs all along their Sides to tlieir Nocks are f

%

lineqiially ilrained, as the Duty is hardeiV on :or.e Side, even di(/ ilicir irdn"
Walk is large. 7'hcrefoic each of thole Incoavcnienccs niuft be~ttcndcd A
\4 >
. Lib. 1J. Prop. XKxvr. Cor. i, g,'ip. i
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Engine for raifing Watere

with Pain to the Animals when at Work, and a great Lofs of their
Strength.

rioure is made by the IMlon’s iMotion m every uyimaer, wmcn occalions
great I-'riclion and a L.ois of Water, and every Arm of it is continually
in it’s I'owcr whiift working, as it's Lever is diftant from the
jvrpcndicular ljinc, and i of the Arms (fupj”fing ita quadruple one) as
they crois the Perpendicular are always drawing to and from their own
Centre, by which tlie Power is not only loft, but the Time alfo ; and
farther yet, by the ihortnefs of the Strokes, all the adjacent Water is
frequently contrarily moved, and by the often opening and ihutting of
the Valves, there is alfo a great Walk of the Water, befides the many
heavy Bearings, Friitions, Surges, and Repairs, belonging to it; all
Impediments being thoroughly confidercd,

muft certainly be required a much greater Power to work the fame

than by my Method. For, hereby, a Stroke of 24 Feetwill rife, and by
enlarging or diminifhing the fixed Wallowcr, you obtain aStroke of any
required Height, even to the extent of the Atmofphere’s Preflure. By
this great Advantage, the Water rifes freer, and with greater Velocity,
and as the Lifters or Forcers rife and fall exadlly perpendicular, and with
an equal continued Strain, and as the Bearings alfo are fewer and lighter,
confequently the Fridion in all thefe will be a great deal lefs than with
the Crank, Uc. And, Laftly, i of that Water which is always loft by

the flow opening and iliutting o™ the Valves will be faved.

From the above Confiderations, and by the many Experiments | have
made on this Occafion, in order to know the real Difference between
thefe different ways of Working, | find, that near twice the Quantity
of Water will be raifed to the fame Height, in the fame Time, with the
fame Power, by my Method, more than with the beft Crank-work that
has ever been ycc erefted.

Fig. 102, a,a a. a. Is the great Frame, the ends of which under the
Pine-apples are to becontradled to the place of the little Frame, fo that
the Crofs-piece at 111. may fupport the 3 Bearings now ihewn in the little
one, for a better view only.

b. The little Frame on which the Cap BrafTes are, which receive the
turned T Gudgeons in the 3 horizontal Shafts,

c. f. Theftrong Supporters by the loofe Wallowers*

d.  The loofc Wallowersj whofe turned Rounds geer truly with the
Goggs in the great Wheel,

e. e. e. The Regulator, which has a circular, diren, and retrograde
Motion-, fee Fig, 103, 104.

/./. The ftrong Shoulder or Stud fixed to the Shaft clofe by the Wal-
lower, which ftops this loofe Wallower, when the End of the Regulator
comes againft itj thereby confining it for 2 Revolutions > after which it

quits.

JE.
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quits this StuJ, and does the fime on the oppofire Side of the Wheel,
and fo m alternately to reverie the Motion of the Stems in the
difftrcnt Cylinders.

g. The Wheels with their Coggs, wiiich alternately work tlie
fixed Wallower lying between them.

h. The fixed Wallower fuppofed to be of 4 Feet in Diameter (on a
very iliort Shaft) whofe Rounds muil be ofcalV fofc Iron, and truly
turned, to elevate and deprels che Racks to the Height of 24 i'eec by
I[*s 2 Revolutions. 0

r. 1./, i. The 4 Lifters or Forcers, behind each of which muft be a
fmall Leverage back Wheel, truly fitted to diredt the fame to rife and fall
cafily and exadlly perpendicular, to avoid Friftion and Lofs of Water in
the Cylintlers.

k. k 1'ne large vertical Wheel, a fmall Segment of which comes
through the Floor in the Dome for the 4 Horfts ty ftanJ and Draw on.

/. w. The Arms, and the main Shaft of the fame.

n. The turned T Gudgeon, with ii's CoWar and Shoulder, both of
which mull clafp the Rim of the under Leverage Wheel i to keep all firm
and ileady wYen in working.

0. The Leverage Wheel of about 4 Feet in Diameter, with a Brafs
Iron Rim fuppofed to be truly turned, and to have a ilrong ihort Iron
Spindle through ii’'s Centre, and at each End a turned Steel Collar and
Shoulder bearing on 2 cail Cap BraiTes exaftly level, and funk intoa
ftrong arched piece of Timber well -braced and iupportcd for tiiis
purpofe.

p, p. Two fmall fide Leverage Wheels exnflly fitted to the turned
Part of the great Gudgeon, between the Collarand Shoulder: they arc co
be fo placed and keyed, that their Fiidlion from the Gudgeon may be
alike when at Work.

g g The Steps which the Horfes Feet prefs, about 8 or 9 Inches
broad, 2 Inches thick behind, and declining to an Edge, beingdefigned
to make level Ground and good footing for their hinder I”gs when
they draw.

r. r. Four Horfes only inview to avoid Confufion, all drawing hori-
7ontally in a ftrait Line, and at right Angles, whereby tliefe ufeful
Animals will foon be taughta new and pleafant way of working fo them
felves, a more advantageous one to their Mailers, and of greater Utility
to the Publick.

J. The faftening places behind the llorfcs, fuppoled to be ilrong
Arms below in the Supporter, and a Crofs-Bar above, at both of which
you may place fmall Sheeves or Rollers ; the upjHT I'ari of them to be
level with each Horfc*s Bread fwhen drawing) and the Ro[x: or Strap to
come over the fame, in order to keep a Weight fufpended ofjoo ih
more or lefs one or two Inches from a Plank. By this Method you will
be ex-iftly informed of the Strength of each Horfe, how long it continues,

T t2 and

or
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and when to relieve him, as alfo when juftly to corred the flothful one.
whofe Weight rtftingon the Plank will always difcover his Lazineis.

/. The fadcning Places before, being clefigncd to direft their Heads.

n. The Dome merely for Ornament ; in the place of which, credl a
Worklofr, over thata horizontal \Yindmii ; on the lower End of ii’s
upright Sh.ifc, fix a Spur-Whce! to work with the Coggs t)f the great
Whrel, thereby toaiTift the llorfes, or when there is a fufHcient Force
of Wind to do their whole Duty.

w. The Coupling Srapks witjjj~their BraiTes.

v. The Strong Catch which'confines the great Wheel to the Frame.

V. The Screw or Key-band to confine ail clofeand tight.
“ir. I'he Cylinders which are fcrewed together at their Ends out of

S'ghr.
All the fame lbrt of Work chieily for Uniformity in the Draught.

V. A fingle Shaft with the loofe and fixed Wallowers, will be
of great Simplicity and Advantage to the Publick, as being ereded for
lefs Expence, and as it will work plcafantly any Number of Racks for
lifting or forcing, 7t either of it*s Ends, or at both together; But
chiefly, as it is eafily adapted to the difierent forts of Windmils,
Waterwhcels, &c. of all Denominations already in Ufe. It alfo ferves
for fmall Purpofes, Vid. Fig. 103. The Pins 4, 4, and the Arms 5, 5,
which clafp the BraiTes 6, 6, with the oval Figure 7 and it's 2 Teeth,
make this Regulator, which is worked by the Stud in tile main Shaft.

In large Engines and Machines where the Motion is regular, every
heavy Bearing ihould have one of thefe Wheels, for they fave Power
by greatly abating Friction, Upon the Principle of thefe Leverage
Wheels, Capt. Rows has publifhed what I* calls his Fri6tion-Wheels,
tho’ Subfequen: to my Specification thereof.

CHAP. VIL
GEOGRAPHTand NAVIG AT:1 0 N.

I, rr™c H E Centrifugal Force, arifing from the Diurnal Rotation cf
J| the Earth, depreflcth it at the Poles, and renders it protuberant
at the Equator ; as has been lately advanced by Sir I, and long

on the ago by 'Polybius™ according to Strabo in the 2d Book of his Geography,
Suface, By But although it be of an oblate fpheroidical Shape, yet the kind of that

it James
S:irling,

f. R, S, No.
438. p. 98.
July, Tii.

1/35

Spheroid is not yet difcovered mand therefore | fliall fuppofe it to be
the common Spheroid generated by the Rotation of an Ellipfis about it's
IcfTer Axis ; although I find by Computation, that it is only nearly,

and not accurately fuch, | fliall alfo fuppofe the Denfity to be every
J where
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Figure of the Eartb,

where the fame, from the Center to the Surface, and the mutual Gravitation
of the Paniclcs towards one another, 10 dccreafe in the duplicate Ratio
of their Diftances: And then the following Rules will follow from the
nature oi the Spheroid.

1. Ljcia D B E be the Meridian of an oblate Spheroid, D E the
Axis, A B the Diameter of the Equator, and C the Center. Take any
Point on the Surface, as F, from which draw E C to the Center,
e g, perpendicular to the Surface at E, meeting CB in.G, and E H
cutting the Line C G, fothatC 11 may betoG M as 3 to2 | fay that
a Body at E will gravitate in the Diredion E Il ; and that the mean
Force of Gravity on the Surface will be to the Excefs of the Gravity at
the Pole above that at F, as the mean Diameter niultiplicd into the
Square of the Radius is to yof the Difference of the longcft and fhorteih
Diameters multiplied into the Square of the Cofine ofL.acitude at E.

2. The Decrement of Gravity from the Pole to the Equator is pro-
portional to the Square of the Cofine of Latitude; or, which comes to
the fame, the Ir.cremcnt of Gravity from the Equator to the Pole is
proportional to the Sine of Latitude. Hitherto 1 have confidered the
Variation of Gravity which arifcs from the fpheroldical Figure, while it
docs not turn round it's Axis i but if itdotli, the Direction of Gravity
will be in the Line EG, perpendicular to the Surface ; and it's Variation
now arifing from both the Figure and centrifugal Force, will be 5 times
greater than what arifes from the Figure alone ; as will tar irom the
Proportion of the l.incs F M and F G, the former being to the latter,
as the whole Force of Gravity at F, while the Spheroid is at Reft, to
the Force with which a Body dcfcends at E, while it turns round
AXIS.

3. From this lail Article ic appears, that \ of the Variation of Gra-
vity isoccafioncd by the Figure oi the Spheroid, and the remaining > by
the centrifugal I'orce. And whereas the Earth could not be of an oblate
fphcroidical Figure, unicfs it turned round it’s Axis; nor could it tutn
lound it's Axis, widiout putting on that Figure: |1 fay, that the Dimi-
nution of Gravity towards the Equator, known by the t'xperimcnts
with Pendulums, prove both the Rotation and oblate fpheroidical Figure
of the E.irth.

4. The mean Force of Gravity on the Surface is to the centrifugal
Force at ai:y Point F, as a Reftangle under the Radius and mean Dia.-
xi'ictcr to a Reclangle under the Cofine of Latitude,, and i of the Diffe-
rence of the iongeil and ihortcil Diameters. And at the Equator, where
the Cofme of Lautude becoincs equal to the Radius, the mean Force ot
Gravity is to the centriiug.il Force, as the i*can Diameter rot ot the
longtft and ihortell Diamcters. 'Fhis Article is found Irom the Propor.
lion of the Lanes E H and G | I ; the former being to the latter as tI™
Force of Gravity to the centrifugal Force.

325

Fig. 105*

5 The Proportion of the Diameters of the Earth will be lound in thc

foJlowing manner: The Moon revolves about the Eartii in 27", 7™4j/>

ot*
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or in 39J43 Minutes: And her mean Diftance is about 59 | Serrf-
diameters oi the Karth, according to La Hirers and Flcmftead's Tables;
but near 60 i by /M<y’s Tables. | ihail therefore take 60 for the
n~an DiHana*, till it be better known : Then according to the Nature of
liravity, asthe Cube of the Moon’s Diftance to the Semidiameter of the
Earth, or as 216000 to Unity, fo is 1547870000 the Square of the
ptrioditk 1‘imc of the Moon to 7166, the Square of the Number of
Minutes in which another Moon would revolve about the Earth at the
I™Niftance of it's Scmidiameter, And as this laft Number to 2062096,
the Square of 1430, the Number of Minutes in a Sydereal Day, fo 5
Unity co 287.7 * which would ihew the Proportion of the centrifugal
Force at the Equator to the mean Force of Gravity (by Ccrol, 2. Prop. 4,
Lib, 1. Princip.) were it not for the Ailion of the Sun on the Moon.
'I'herefore (by Carol. 17. Prop. 66. Lib. i. Princip,) | fay, As the
Square of the Sydereal Year, to the Square of the periodickTimc of the
Moon, that is, as 179 to Unity, So is 287.7 to i.6; which being
added to 287.7, makes 289.3. And therefore. As Unity to 289, ne-
glefting the Fradion which is uncertain, So is the centrifugal Force at
the Fxjuator to the mean Force of Gravity on the Surface. And thence
(by Article 4.) As 289 to  So is the mean Diameter to the Difference of
the longcil and fliortell : And therefore, As the Axis is to theequatoreal
Diameter, Sois 2307t023i7, or in fmaller Numbers, AS231 to 232,
the fame as Sir/. found in a different manner, for he makes
It as 230 t0231, and as 230 to 231, Sois 231 to 232.004.

6. In the fame manner the Proportion of the Diameters of any Planet
may be found, ifit has a Satellite : For Inftance, in Jupiter™ he turns
about his Axis in 9™ 567 or in 596Minutes, and his third Satellite
revolves about him in 72 3* 427~ 36' orin 10302.6 Minutes, at
rhediilance of 15.141 of his Semidiameters. Therefore, | lay, Asthe
Cube of 15.141 to Unity, So istheSquare of 10302.6 to 30579, the
Square of the Number of Minutes in which a Satellite w'ould revolve
about him at the diftance of his Scmidiameter: And as this laft Num-
bcr is to 555216, the Square of596, fo is Unity to 11 or the cen-
trifugal Force at his Equator to the mean Force of Gravity on his Sur-
face. There iIs no need ofcorrefting this Number, as in the former
Articlc, becaufe the periodick Time of Jupiter round the Sun is vaftly
greater than that of his third Satellite round him. | have chofen the
third Satellite 1"eforeany of the reft, becaufe it's greateft Elongation was
obferved by Dr Pounds with a Micrometer adapted to a Telefcope 123
I'ect long mand he alfo took the Diameter of Jupiter by the Tranfit of
the Satellite, which isa n™Nch moreexaft Way than with a Micrometer.
Blit (®bthe Planes of Satellites almoft coincide with the Plane of
his Equator, the Diameter, determined by the Tranfit of the Satellite,
IS his greateft; and the Diftance of the Satellite, which ought to have
wen given in his mean Diameters, is afligned in his greateft: For which
Kcafon the Force of Gravity already found, muft be augmented in the

triplicate

—\
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triplicate Ratio of lus grcateil Diameter to his irean one; that is, if a

reprefcnts the mean Diameter, and d the Difference of riie Jongeft and

fhorteft, in the Proportion of 2,17~ 3/it0 2i3 very nearly. } lence,

as the centrifugal Force at his Equator, to the mean Force of Gravity
2 (1 9¢

on his Surface, fo is Unity to 11 JXx ----- — . And (by Article 4.)

Xl J X , 1l :: =t or 20 P= 186 & “p 279dd
a

which makes atod”™ as 108 to 10; and thence the Axis isto the cqua-
torea! Diameter, as 108 — 5 to 108 5, oras 103 to 113 j that is,
as 12 to 13 «: Which agrees nicely with the Obfervatlons of both
Dr Pound 2%\aMT Bradley™ made with Long Tclefcopethe
former making it as 12 to 13, and the latter as 25 to 27, which isvery
nearly the fame. And if this Theory agrees fo well with Obfervations
In Jupiur”™ there is no doubt but it will be more cxait in the Earth,
whofe Diameters are much nearer to Equality.

7. By Experiments made at in the Latitude of 18® with a
very curious Clock, contrived by Mr Graham™ it was found that the
London Pendulum went flower there by 2' & in a Sydereal Day, tha»
at Jjondon. But it was fowndby Experiments made with TJiermometers,
that 9 were to be allowed for the lengthening of the Pendulum by
Heat; and therefore it was retarded only 1' 57' by the Decrement Ol
Gravity. So that while a Pendulum of London makes 86164 Vibrations,
the Number of Seconds in a Sydereal Day, the fame at Jamaica only gives
86047 Vibrations, Therefore the Force of Gravity at London is to that
in the Latitude of j 8®)as the Square of 86i 64 to the Square of 86047 >
IS, very nearly as 1106 to 1103. And (by Article i, and 2.) if denote the
mean Diameter of the Earth, d the Difference of the greatcft and fmalieil;

a— will denote the Force of Gravity in general in any. Latitude,

whofe Cofine isto the Radiusasc tor: Where, if in the Place of c there
be fubftituted the Cofines of 51® : 32 and 18® : o', that is of the
I™MtitudesofL<j«¢ /¢ iW and Jamaica”™ we ihail have the Force of Gravity at
the former to that at the latter, asa — [3870 dtoa — (935 dy that is as

1106 to 1103. Whence the mean Diameter of the Earth will be to*
the Difference of the Axis and equatoreal Diameter, as 191 to Unity;,
and thence (by Article 4,) as the mean Gravity on the Surface to the
rentrifugal Force at the Equator, fo is 191 to  or fo is 239 to Unity,
In order to fhew that this cannot be, 1 ihall obferve, that when the
Moon’s Diilance was fuppofed 60 Semidiameters of the Earth (as in;
Article 5.) jt was found that the mean Force of Gravity was to the cen-
trifugal Force at the Equator, as 289 to i. But if the Proportion now
found be true, the Moon”s Diftanceof 60 Semidiameters muft be aug-
fiitDied in the fubtriplicate Proportion of 289 to 233, and tben it will!

o See Chap. V. J. IlI. becODBIX-

—~+
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bcconic 64. S'.'niiJunictcis.  Im the like manner, if v;c compute thj
JCiCio O ih: mean Forcc of Gravity to ti)e cencrifugal Force, by prc-
luppofing the MagnitinJe of the I'arth, as Sir /. Ncwion and Mr Huygtns
d:d, v;c nuiil fuppofc a Degree to be above So Englijb Miles to bring it
out 29 to Unity. Now whereas ic is certain that the Diftance of the
Moon i»about 60 S“midiamcters of the EUrth, and that a Degree is lefs
than 70 Miits V therefore, | fay, that the Conclnfion which
I;"ms to follow from the Jamaica Experiment cannot be aliowc'd to be
true. AN the I:'x[>eriments nuile by Richer™ in the. lil.ind of Coy™nna™
would Nill make a greater DifFerence ‘ betwixt the Diameters of the
V.arth, than thofc made in Jamaica. And the L.éiigth's of the Paris
M\A Louden Pendulums compared together, would make ic greater than
one 231 Part of the \Vhole, as it was/ound in Articjc 5.

K. Fron) ali the r.xjxrmUn_“Ms made witli Penduluii-'.s, it appears that
ihc Theory n'.akes them lorigor in IAands, than they are. foiihd in Faift.
'Vhe 1j))jdon Pendulum fliould be longer when compared to the Paris
cue, than it really is: The Pendulum, when compared to the
Imdon one, which vibrates in"a greater Ifland, ihanld be longer tlian is
found by F.xperience * and the Pendulum in Cayenna (a fmalkr iiland
than JtmmiCii) Jliould ildl be longer. 7 Defedl of GravTry in lilands
IS very probably occafioned by the Vicin'ity ofa great Quantity of Water,
whidi being f™Kcificaliy lighter than.Land, attrafts iefs in Proportioa
ro it“Bulk. And Innd by Computation, that the Odds in the Pen-
dulums betwixt Theory and Practice is not greater than what may be
accounted tor on that Suppolition. | ilial! alfo obferve, that although
the Matter of the Earth wereertircjy uniform, yet the Hypothefis of it's
being atrue Spheroid is not near enough the Trurli to give the Number
of Vibrations which a Penduluni mikcsin 24 Hours. And fuppofe the
true Figure were k-fiown, the Inequalities of Mountains and Valles;
J] am and Water, Heat and Cold, would never allow Theory and Ex-
periments to agree. Bjf after the French Gentlemen who are now about
mcafuring a Degree, and making Experiments with Pendulums in tiie
North and South, iliall have fuiiihed their Defign, we may expect new
Light in this Matter,

S,melnvtp- 11 According to Sir I. Yeafon's Principia (Cor. 3. Prop. XCL
Mhkhit"s ifan elliptic Spheroid, confifting of
that lipmogenous Particles mutually attrafting each other, in an

tht Rgut & / R al i o Ol the Square of the Diilances be revolved round it's Axis
theEarthmufi A rt, that tlic Columns C C N, C A, of which that Spheroid is

TrZXZan”™' compofcd, may be placed in /Equililrio., and fo the Spheroid may

FUpfu, acoor- tbe.iime Figure, theCiravity in any Point of the Surface N

Jrigtoihi __ntceflariiy be inan inveife Ratio of the Radius C N.-
laius tf At- 1 hat. we may know therefore, whether the Spheroid has this Propf iy
i“fATAltlo | now fcek what Atcraclion is fuiiered by every Corpufcle N, of the

9/thiSijuareo/VVVYW\ ophcroid accordiiig to the Diredion CN ; and from that At-
$t Djiann™  traCtion let B take that Part oi the centrifugal P'orce, w'hich proceeds

from
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from the Rotation of the Spheroid ailing according to C N, and Jet us h W AV™n

Clairaur,

feck whetlier the remaining Force is proportional to C N Therefore | S

we will firil invcftigate the following ; and as our Intention is to apply

our Difcoveries to the Spheroid of the Earth, which ail agree to be very Jan. iec,
little different from a Sphere, our Computations mud be adapted to thole *757-
Spheroids, the greater Axis of which excccds the leiier by the very
fmalleil Quantity.

Prob. 1. To find the Aiira£lion, ewhich theSphsroU A E differing pip. 106
very little from a Sphere, exercifes on a Corpufcle fituatcd at the
Pole A.

For the Solution of this Problem we ihould repeat; Cor. z. Prop. gj.
AVW/. Princip. by which you may learn the manner of finding the
Attra6lion of any Spheroid, if you fubftitute in the general Value for C E
the Quantity which differs infinitely litrlefrom A C \ but as in that calé
the Problem comes out much eafier, wc ffiall folve it after the following
manner.

Let AM D be a Sphere, ofwhich the Radius is A C : We will
feck the Attraftion of the Space which rifes from the Revolution A Da E,
which AttraAion, being added to the Attradion of the Sphere, gives
chc Attraftion fought.

To find the Attradlion of the Space arifing from the Revolution
A NEJIDM, let ACber, DE, «r, A P, then from the Nature
ofthe Ellipfe NM = «\/ 2r u— ««*, but from the Nature of the
Circle AM = 2r ftt But the Space arifing from the Revolution

. ot C . . .
N «w M will be r Zzru— ««.I1/k, forris the Circumference, and

r the Radius,

Becaufe of the Smallnefs of N M, we may account all the Particles of
Matter contained in that Space as equally attrading the Corpufcle in A ;
wherefore you will make but little account of the Attraflion of chat
Space, if you multiply it's Solidity by the Attrailion in M. But that

Attraftion in M ought to be———l——— X A—f—-, You will therefore have
AM* AM

analytically ------- 7. = = . 2ru—uu.du?” -—--—-- Nl mmeem

y y Zr XTu r 2 rrw r

CcC

(2 rduy/u — udusju)ti{ which the Integ@ral2 C oy 5t

IS the Attraction of the Space arifing from

the Revolution A N M. In which Value, if you nuke «= 2 r, yo>j

.V OL. VII Partl ° N~ ot U ’ - will
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will have by Rcduftion :5 ca whence the Attradllon of the whole

2
Space A E C isexpvcfied, and by adding afterwards — c¢ for the Attrac-

2
lion of the whole vSphcre, you will have  c-j- — the Attradion

of the Kilipioid.
If you would have an oblong Spheroid, a will be negative, but the

2
S:im of the Attrailion will be — ¢ ------- C a,

If the above Spheroid, inftead oi circular I'Jcments arifing in P N,
confilled of crhcr Elements, for Inftance, Elliprical, which ihould
differ from a Circlc no more than the Ellipfis A E, and fliould have the
fame Surface as theCircles P N, the Attraduon would manifcilly be always
the fame, becaufc in thofe Elements P N, whatfoever the remaining
Force ihould be, the Circles P M being taken away, it would be as ic
were compofed of Parts which would have the fame Attra6tion as upon
that of the Eliipfoid, having regard to the Smallnefs of N M, and the
Quantity of equable Matter.

Let K L be aCircle, H the Centre of the Circle, V HaPerpendicular

in the Area of the Circle, and N H a Line equal to the Perpendicular V H,
which ihali make therewith an Angle infinitely fmall or very fmall,
| fay that the Atcradlion ofthe Circle KL in N, may be taken without any
fenfible Error as the Attradion of the Circle in V, or, which is the
fame thing, that one Attradion does not differ from the other but by a
Qilantity infinitely lefs with refpcil to both, than V N s lefs in refped
toHV,

To demonftratewhich Propofition, itmuft beHiewn, that, 2 Cor-
pufcles being placed atthe extremity of anyDiameter KL ,there isone
attradive Force in N, and another Force in V, of which the Sum may
be reckoned the fame. But ne”leding the Computation to have the
Attradion of a Body placed in K to the Corpufcle N, you may eafily
fee, that it will be the fame with the Attradion in VvV, to which a fmall
Quantity ihould be added, which N V ihould enter. In like manner
aifo you may fee, that the Attradion of the Body placed in L to the Cor-
pufcle N will be the fame with the Attradion in V, taking away the
fame finall Quantity, Therefore the Sum ,of both thefe Attradions is
one and the fame.

li inftead of the Circle K L there was a certain ElUpJIs™ or any other
curve Line, which ihould differ very little from a Circle”, by the fame
Aiguments, which were ufcd in. the it is eafily gathered xbat there
vouW always be place for the foregoing Projiofition.

= ..M -1 Let
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Let A E ~ 1 be an Elliptic Spheroid, of which let A 7 be the Ants 'I'.corem k

of Revolution. J fay that the Attraction, which this Spheroid cxercifes
to the Corpufcic placed in N, is the fame with that Attraftion, which
every Spheroid excrcifcs, whofcPole fliould be N, Axis of Revolution N;/*
and fecond Axis the Radius of a Circle, which fliould have the fame
Superficies as the ElUpfis F G, a Sedion of the EllipfoidA .M a¢ thro’ a
Plane erefted perpendicularly on F G, it*s conjugate Diameter.

To Demonftrate this, imagine innumerable Elements K L, p4ralicl
to the EUijfu F G, that is, all eredled upon Ordinates to the Diameter.
It is evident, that the Spheroid hM ae will ditfcr from the aforcfiici
Spheroid only in this, that in the firft all the Elements make an Angle
with C N differing from a right Angle by an Angle infinitely fmall,
but in the fecond all the Elements make a right Angle without any
Difference, whereas in both Spheroids the Elements have the fame
Superficies. But, by the preceding Propofition, the Attra(8ion of every
Element K L to N is thought in a manner the fame in both Cafes * but
as for the Thicknefs of the Elements, /L, we may take H h for the
Pcrjicndicular b/, becaufe of the Smallnefs of the Angle i h H mathere™
fore the total Attraftion of both Spheroids may be taken one in the
Room of the other.

10find the AttraSlion of the Spheroid A E a e to a Corpufcle placed in Prob. |f

any Point N.

Let A C = CE = C N = r, CG the conjugate Diameter, C N
will be ~  (fince a and b differ very little between themfelves) we muil

(by the preceding Propofition) feek the Attraction of the Spheroid,

whofe greater Axis isr, and Icfler » or bsi— .
- r r

To this we mull apply tlic Formula which we foiind in Prah. |. ~

3
8 2 8 : . N _
cC— = elt or—6 pr- " prtK (putting p r for ¢) but inftead of d
r— bns ,
in this Formula, wc muft fubftitute - T =1— s — of
r r=

2
—«— O ifyouput « + «afor¢id-|-«o0 forr,and in the Cora-

U u?2 | f

N\
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I f therefore you put — m— «lin the place of «, the aforefaid Formula

: 2 4. 18 .
will become — pr — — prn -r —jrm,, pan +

3 5 15" 3 *5 15
pam \ which is the Exprefllonof the fought Attraflion of the Spheroid
in N.

2 8
If ff= o, then youmay have3— pa — p am for the Attraftj’%n
in Qy that is,to thePole.

But if w= w;, then you may have ~p a 5 p a mior the Attrac-

tion to the Equator.
TKeorem I1. Let A E a f be a Spiieroid as above, whofe Axis differs by a very
Fig. 106. fmall Quantity, which, for the greater Perfpicuity, lihallcall infinitely
fmall. If this Spheroid is conceived to be of a fluid and homogenous
Matter, and turned about ihtAxis A In a congruent Time, that the
Gravity of the Column C E may be equal to the Gravity of the Co-
lumn A C, thatis, by Sir LNewtonh Principles; the Attradtion in E,
the Centrifugal Force being taken away, may be to the Attraftion in A,
as CJA toCE: 1 fay, that all the Columns C N, wanting an infinitely
fmall of the fecond Order, will preferve an jEqilibrium with thofe 2
Columns; that is, the Attraftion in N, taking away the centrifugal
Force made fimple according to C N, is to the Attraction in A as C A
to C N.
Let the fame Denominations be preferved for the Demonftration,
which were ufed Iin the preceding Propofition ; firft let the centrifugal
Force in E be fought, which may agree with the jEqiiilibrium of the
Columns C E, C A.

Therefore fay 7\ p ———f—%\p am — f x,—2 p a --—i—ﬁpamiii ri-f-w,
\VMence isdrawn/ = — pam
*5

Then to apply the Gravity in N compounded of the Attrailion™
taking away the centrifagal Force, the centrifugal Force in N is to be
fought, or, which is the fame thing, in M above the Sphere, becaufe
they ought to differ from each other only by an infinitely fmall of the
fecond Order, if D E is fuppofed to exprefs the centrifugal Force fm E,
M N will exprefs the centrifugal Force in N, but the centrifugal Forces
are as Radily when the Times of Revolutions are the fame, but by the
property of the Ellipjis it becomesasDE:NM ::CE:M P.

But if thecentrifugal Force afts according to N P, it muft be reduced
according to N C, and NO will be the remaining Part, Therefore

the

ijjn ED



— Figure of the Earth. 333

the centrifugal Force in N or in M is to the centrifugal Force in E or
in D, as N O isto D E. Therefore the Exprelfion of the centrifugal

g
Forcc in N will be— patty and confcqucntly the Exprcflion of the

*5
Gravity will ht — pa— ™~ pan — pam— — pna,or pa
3 *5 3
-——————2—p n a -i—t—————8—p am
> 3 N 15

Now to find the centrifugal Force in N, which follows from the
JEquilitrium of the Columns, the Gravity in A muft be to the Gravity

Z 8
iINN, asN CtoA C, the Gravityin A is—; -j-— p a w, which

ExprciTion being drawn into - or i — », after Rcduftion will

2 2
become p a--—--- ang is the fame Expreifion with

that above. Thence we may fee, that there can be but an Infinitely fmalli
Difference between the Figure which the Earth ought to have by the
Newtonian Ifypotbe/tSy and the EHipfoid. For as the Quantity Il E is

about ;30 Part of AC, intlie preceding Computation, we negleft only

the Quantities of the fame Order with

1. 1. That the Figure of the Earth is Spheroidical is agreed upon AnAcc/~hf
by all: But whether it be an oblong or oblate Spheroid, /. e, whether John Eanxi,
the Axis be longer or (horter than a Diameter at the Equator, has been » S. «/a
for fometimea matter of Doubt. Three ftveral Methods have been
propofcd to determine this Controverfy by Experiments; as by the “arhupontht
di“rent Lengths of Pendulums vibrating Seconds, in different Ohfmiiti9n$
Latitudes; the Figure of the Earth*s Shadow in Lunar Fdipfes; and "»
by the aftual Meafurement of the Lehgths of a Degree on the Meridian
in different Latitudes.

It iscertain, ifthe Lengths of the Degrees of I”titutle dccreafc as we the Earth, hy
go from the Equator toward the Poles, then the Axis isgreater, and the
Figure an oblong Spheroid ¢ but, on the contrary, h thcfc Lengths
increa(e as you remove towards the Poles, the Axis is Icfs than a but pioPigma-
Diameter at the Equaior, and confequently an oblate Spheroid. leliurij dnrr-

M.Caffmi and others, judge the Earth to be of an oblong Spheroidical
figure; and the Obfcrvations made in/>«<mm: ifentirtlyio be depended otiquiiitio."”
upon, prove this Hypothtjis to be a Matter of Faft. Our late iiludrious Autior* A

Prcfidcnt, Sir Jfaac Newien, Mr hu”™gtns, an(J Qthers, make the Fjrtl» aiji», in.
ta.

m»UP
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?>'V. to b.' au obUc Spheroid, higher at the Equator titan at the Poles;

Aittoiom
I'ror. Rfg.
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(hisTigure of the Earth is undoubtedly the true one, if the obfcr-
N.jrops lately made near the Ardlic Circle be admitted as certain and
N So that fincc both Sets of Obfervations have been taken by
I'erfons Cf known Skill, Dexterity, and Integrity, it is now become
nbfolutely ncceirry to in”ire into this Matter, in order to find out the
C>ccalion  fo great a Difference in their Conclufions.

Mr Celf-Sy in the Treatife before us, propofes to confider tliis Mat-
ter more clofely, and begins with a Dcfence of the Obiervations made
at ~ontcay near the North Polar Circle ; and then takes Noticc of fomc
'rhings, proper to be confidcred, relating to the Inllruments, Aitrono-
mical Obfervations, and Trigonometrical Operations, performed Iin
France-, which, in his Judgment, render the Obfervations uncertain;
at lead fo far as not to be accurate enough to be depended upon in de-
termining the Matter in Queftion.

To begin with the Defence of the Obfervations made at Tornea:
Perhaps it may not be improper to premife a fliort Account of them.
They were undertaken at the Charge of the King of France™ by 5 ikiU'
ful Gentlemen; g of them Members of the Royal Academy zt Paris™
who were joined by Mr Celfms, and the Abbé Autbier, The Trigono-
metrical Part of the Work was performed near the River of Tomea™
whofe Direction is the fame with the Meridian of Tornea 5 the Coafts of
the Gulph of Bothnia being found very inconvenient for that Purpofc.
By the favourable Situation of 5 Mountains they formed 8 Triangles,
which rook in Space enough for their Defign. All the 5 Gentlemen
obferved, one after another, each Angle of thefe Triangles, fetting
them down in writing feparately.

I'hey afterwards determined the Diftance between Tornea and Mount
Kittis™ under the iiime Meridian, by a Bafis, meafured on the River
when frozen over, whofe Length was 7406 Toifes 5 Feet, by the firft
Meafurement; and when meafured again, was barely 4 Inches over.
This Diftance between them they found to be 55,234 Toifes.

The firft Part of their Work being thus finiihed, the next was te
find the Difference of Latitude of thefe two Places: This they did by
the Help of a Telefcope, fixed to a Sedor of 9 Foot, made at London™
by the Care and Diredion of Mr George Graham, The Star they ob-
ferved at Tontea was Draconis: They repeated their Obfervations
3 Times, and the greateft Difference between them was but 2™ Re-
moving to Mount Kittis™ they took the fame Number of Obfervations,
of the fame Star, without finding more than Difference. The Re-
fuit was, that the Amplitude of the Arch, in the Heavens, between
Tornea and Mount Kittis™ (allowing for the Preceflion of the Equinox,
and the Time elapfed between the 2 Obfervations, according to Mr
Bradley* w a s 57' 26", Hence the Magnitude of a Degree,
on the Earth, interfering the Polar Circle, was found to be greater
than a mean Degree of France 377 Toifesi and to differ 500 Toifes
* from
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mfronwhat it fiiould have been, according to M. Cafjinih ilyjxithcfis :
And if the Correftion, according to Mr BradleyH Thtoryy were omit-
ted, the Difference would have amounted to above loooToires: The
Confequence of which, fay the curious Obfervers, is. That the Earth
is not only flatted towards the Poles, but that it is much more fo than
Sir I. Newton or M. Httygens thought it. This unexpefted Difference
being fo very great, made them refolve upon a careful as well as new
kind of Verification of the Whole. In the firft Place, they repeated
their Aftronomical Obfcrvations 3 feveral I'imes, at Tomea and Kittis™
with the fame Inftrument, but on another Star, viz. S Draconis: The
Difference of Latitude between the 2 Places was found to be the fame,
within 31", with the Firil. They then not only examined the Truth
of their Meridian Line, the Exaitnefs of the Scdlor, in the different
Divifions upon the Limb, chiefly in the 2 imployed in obfervinga ¥
Draconis”™ but fuppofed that, in their Trigonometrical Operations, they
had erred in each Triangle, by 20" in each of the 2 Angies, and 40"
in the Third ; and that all thefe Errors tended to diminiih the Length
of the Arch ; the Calculation, upon this Suppofition, gives but 44/~
Toifes for the greateft Error that could be committed.

When a particular Relation of all thefe Obfei-vations was read before
the Royal Academy of Sciences at Paris™ and inquired into; the main
Exception taken to them was, That the Obfervers, omitting to make
a Proof of the Line of Collination, by Means of double Obfervations».
with the Face of their Inftriiment turned contrary Ways, have thereby
not duly afcertained the Truth of their Obfervations. But this Objcili-
on was fully anfwered by M, MauperiuiSy as Mr Ceffius hopes and be-
lieves, to the entire Satisfailion of M. Caffini”™® who made it. He al-
lows M. Cajpni had very good Reafon to mention this, as a Thing pro-
per to be done in Inftruments of common Ufe for this Purpofe, which
generally ftand in Need of fuch a Method of Verification: But it was
not at all neceffary in the Inftrument ufed at Tornea and Mount Kii/is:
The very Make of it was fuch, that no Alteration could eafiiy .be made
In it, fo as to create any’ perceptible Error in the Obfervations. | ’hc
whole Apparatus of the Telefcope and Sc6lor is all framed together;
the Objeft-glafs and Crofs-wires, as well as the l.imb, fo firmly fixed
to the Tube, as not to be diilocated without great Violence. Notwith-
ftanding all this, the utmoil' Care was taken in tranfporting it from one
Place to another ; being placed in a Cheff, that the hnfiandtrSy to nib
his own Words, inilia cifta idolim quoddamfervari facilefibi fnfuadcrnu.
He adds, the fame Objeflion may be made to M. Picard*s Obfervaxi-
ons, who does not fcem to have ufed this Precaution, as M. Caffini him-
fclf acknowledges, who neverthelefs approves and extols hij Oblcrvaii-
ons for their Accuracy : So that thofe at the Arflic Circle may be very
good, notwithftanding the Want of this, foppofcd ncceiTary, Operation.
And indeed, that they were fo, fufficiently apprafs from fhis Fad;
The Difftrrencc of Latitude between Tornca and Mount A/7/;V, found in

Se¢r
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Scpicmher, was obfcrved again in March following, by the Help of the
fan>e Star i DraconiSy and did not diiTer from the former above Y/
though the Inftrument had been twice carried from one Place to the
ivlier. This is a Degree of Exailnefs not eafy to be met with i no not
in M. Obfcrvations, made on different Stars, which differ
Jometimes 40™ in determining the Amplitude of an Arc in the Hea-
vens, though their Inftrument was carefully examined in the Way above-
mentioned.

The Author then proceeds, in his Turn, to inquire into the Accu-
racy and Certainty of the two Sets of Obfervations made in the North
and South Parts of Frana”™ in refpeitof the Royal Obfervatory at Paris,

As to the Meafures of the Degrees in the Northern Parts of France™
between Paris and Dunkirk™ he owns they cannot be much out of the
Way ; being in fome Meafure confirmed by M. D¢ la IUre”™ in the
Year 1683, and M. Caifmi himfelf. Yet Mr Celftus obfcrves, that the
Bafis on the Tandy plain Shore, near Dunkirk™ when meafured again,
differed 3 Feet from the former Meafurcment; which is a much great-
er Difference than that Mr Cefjtus and the other Gentlemen found, in
meafuring a much longer l.ine twice over, which was but 4 Inches.

As to the Aftronomical Obfervations taken by the 6 Foot Sector,
whofe Limb of 12® was divided only at every 20™;, it is true, M,
Cajfmi examined the Inftrument feveral Ways at Paris”™ after his Re-
turn thither; but that a Correilion, owing to the Change of Centre,
might be fafely applied to the Obfervations at Dunkirk”™ the Examen
of the Centre (hould alfo have been taken at Dunkirk ; it being uncer-
tain, whether this Alteration or Aberration of the Centre was caufed by
the Journey to or from Dunkirk.

The Difference of 41'" between the Obfervations taken to fettle the
true Meafure of the Arc of the Heavens, feems to be enormous. Per-
haps the Stars were not lucid enough to be well obferved by the 3 Foot
Tube; but might they not, for a due Degree of Accuracy, have been
viewed through the 9 or 10 Foot Telefcope ?

Our Author prefers the Obfervations of 1719» made after the Return
to Paris, to thofe made before; becaufe made at the fame Time of the
Year with thofe of Dunkirk, and fo not ftanding in Need of Mr Brad-
ley'% Correflion: Though this Caution, perhaps, may be thought not
lieceffary here, where the Errors of the Obfervations are greater than
the Correftion itfelf. Mr Celjius remarks farther, if the Difference of
Latitude between Dunkirk zX\a Paris ht fuppofed t6 bea® 127
which is a Mean between 4 others he mentions, the Length of a De-
gree will amount to but 56,395 Toifes. And if the Obfervations at
Malvoifint and Amiens be counted, according to Mr Bradley's Theory,
for the Interval of a Month between the Obfervations, the Length of
a Degree will come out to be 56,926 Toifes ; which is 135 Toifes lefs

than the Length of a Degree, found by meafuring the whole Length
of
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of France ; and 134 Itfs chan that of Mr Picardy  highly approved of
by M. GjErti™ as confirming his own.

2. Mr Cgjfiits having finiihcd his Remarks uj>on the Obfcrv.irions /amf e
made in the North Parc of Frahce™ extending from Par-sro Dinktrk™
proceeds ro examine thofc taken in tlie South, from Parisro Ccllicun\ *
near the Borders of Sfaift™ and the Pjrirtau Mountains. By the for-
mer, a nuan Degree was found toconfift of 56.960 Toifcs, by the Lit-
ter 57,097 ; and conft*quently the Earth is an oblong Sphi-roid.

Mr Cilfius™ in examining thcf™ Obfervations, which were taken un-
der the Condtifl and Direiflion of the late M. Caffmi in 1700, lirll
confideis thj Strudlure and Goodnefs of the Inflruinenrs ufcd ; th.cn
the Accuracy of the ARronomical Obfervations for finding the Diile-
rencc of Latitude; and, in the )aft Place, the Trigonometrical Opera-
tions for determining the Diftancts of Places ; efpecially the two Hx-
tremes under the lame Meridian.

The principal Inllrument M. Cajfmi carried with him, was, a Limb
of 12°, whofe Radius was indeed 10 Foot, but divided only into De-
grees and Minutes*, the other Parts were added to it at Perptgnan,
Here Mr Celfms obfcrves, tliac the finding the true.Centre of this Limb
was and ilill is a very difficult and troublcfome Problem to a good Ar-
tiil ; that no Mention is made, whether the Pofition or Placc of this
Centre, and the Divifions of the Limb, were ever exammed at Paris or
Collioure™ though the Carriage of the inflrument through fo long and
rough a Way, could not but make fome Alteration in the Place ot the
Centre,

It is true, the Zenith Diilance of Capella™ taken by it at was
confirmed ro be right by another Iniliumentbut it cannot be conclu-
ded, that the Zenith Dillancc of the fame Scar, taken at CoUtourc by
this Inilrumcnr, and not confirmed there by another Inilrument, miiib
be true alfo. P'or the Point of Divifion, anfwering to this Diflance in
the Limb, was no: examined ; and a Centre wrong placed may by Ac-
cident give the true Zenith Diflance, r/2. when the true and erroneous
Centre happens to lie in the fame Perpendicular to the 1Torizon.

The Exceptions taken to the Agronomical Obfervations for finding
the Difference of I™atitude between Paris and CoUioure™ are, in the firlt
Place, That though 5 Stars were obferved at Cclliourc and Paris™ yet
| only was mjde ufe of, viz. Capelin : That the Difference of Latitude
by CapfUa is 6® 18™ 5/« if Lucida Lyra had been ufed, the Difference
would have been but 6® 17~M7~; but by the Right Shoulder of Auriga®
6° 19' 25'"; Hence ariftsihe Uncertainty or Difi'erencc of 2' 18"' be-
tween the greatcft and leaft of their Obfervations: That the late M.
Cajfini makes the Difference 577" lefs than M. who accounts
for this Difference from the Obfervations being taken by nn ordinary
Inilrument; but the liiilrument is the r\me which was uild to take the
Altitude of the Pole of Amitns™ which was very near that found by Mr
Picard.

V O L. VIII. Part i. X X V
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As to the Trigonometrical Operations for finding the Diftance of
Places, Mr Celjius chinks they labour under confiderable Uncertainties-,
not only on the Account of the many Difficulties they met withal, viz.
mountainous Countries, want of proper Signals, is’c. fo that conveni-
ent Triangles couki not be formed ; but add to all thefe, feveral of the
Trian<rlts had but Two Angles obferved, and fome of thefe Angles too
acute r whence, as M. Caffmi himfelf very jullly obferves, in his Exa-
mination of SucUm and RKkciolin Obfervations, great Errors may
arife. M. Picard thinks all Angles lefs than 20 Degrees ought to be
avoided i as alfo that the Triangles lliould be contrived fo as to have
Sides of a due Length, neither too great nor too fmall: Then follow
16 ™'rianglcS] wherein one or more of theie Inconvenicncies are to be
found. : D "

It may be faid, the Whole of thefe Obfervations and Meafures of M.
Caffmi feem to be fufficiently confii med, if not afcertained ; fince the
principal Bale in Rotffillcu was found, when computed, to differ but
mJhree Toifes from the fame as it was aftually meafured; and that, af-
ter fome due Correftions, it was made to agree with the greateft Exaft-
nefs. Mr Celjius replies, Why are we not told what thofe Correélions
were, that we may fee whether they were really neceifary or no? Why
were tliey not taken Notice of in the Calculations of each Triangle ?
Befides, the real Length of the Safe, or the fundamental Line, iIn
Roufftllott, is not fully afcertained, it not being meafured more than
once; whereas that at Dunkirk & that of M. Picard were meafured
twice ; and there was more Reafon for doing fo here than at Dunkirk,
on account of the uneven and almofl: ever changing Shore in Rotiffillon,.
from the reftlefs overflowing Sea.

The great Number of the Triangles, joined with the numerous
fmall Errors of the Angles, is another Ground of Uncertainty ¢ for the
Errors in the Angles, though fmall, may make the Diftance of the
Parallels of the 2 extreme Places greater than it ought to be and yet
the principal Sides, that is, thofe that are made Bafts to the following
Triangles, continue the fame. This made it neceifary to verify the
Sides, at lead at every fecond Degree, by meafuring the principal Bafe
twice over with due Care ; which might have been done, and therefore
ihould have been done, in a Matter of fo much Nicety as an Attempt
to find the Difference between Two Degrees fo near one another, under
the fame Meridian.

To lliew what bad Confequences may arife from fmall Errors com-
mitted in obferving the Angles of feveral Triangles, Mr Olavus Hiorter,
a curious and ingenious Friend of Mr Celfius, has taken the Pains to
form the Triangles of M. Caffmi between Bourges and Collioure ; fothat
the Diflance between their Parallels fhall be confiderably lefiTened ;
and yet the Bafe in Roufftllon, found by Computation, fhall not, after
due Correnion, differ fenfibly, if at all, from the fame adtually mea-
lured. In confequcnce of this, Mr Celfius concludes with obferving”
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tliat the Diftance between the Royal Obfervatory and the Perpendicular
to the Meridian of Collioure™ deduced from the I'riangles of Cojfini™
correilcd after M r M et h od, will amount to but 358,980
Toifes, This, divided by the mean Difference of their Latitudes, 6*
J9' 11'', will give 56,803 Toifes.'for the Length of a Degree, one
with another, between Paris and Collioure™ which is lefs than the Length
of a mean 13egrce found by M. Picardy and pretty near the IVuch; So
that the Degrees decreafe as you go towards the Equator j and conic
guently tiie Earth is higher ac the Equator than at the Poles, as Sir /.
"iMvjtcn and Mr Huygens believed.

The Diftance of the Parallels of Parts and Collioure by this Method
Is indeed lei's than that computed by M. Cajfmi\ but this cannot p.a-
fonably be complained of, fince thefc computed Meafures of M. Caffwi
feem very capable of being leflencd ; and it is no more than what M,
Cajfini himfelf hath done to the Meafures publiflied by his Fachei,
which he has ihortened by 3251Toifes. But however that Matter be.
whether this particular Corrcétion of M. Diftance, and, confc-
guenily. Length of a mean Degree, be admitted or no, Mr Ccptn is
fully perfuaded, upon the Whole, that he hath made it plain to every
unprejudiced Reader, that thefe Two Sets of Obfcrvations in Frame arc
not taken with fuch a Degree of Exaftnefs as to be depended upon, in
determining fo nice a Matter, in Difpute for 50 Years, as the true Fi-
gure of the Earth * whicli was the Thing propofai to be done by them.

IV. The Mentlon of the French Endeavours to difcover the Figure of Conctrfiin? n

the Eartli by Obfervation, puts me in Mind, That a very exndl Obfer-
vation for that Purpofe might be made here, becaufe llugjon% Rlver
here is frozen over Kom N;w~204k up to Albany™ and it*s Courfe Is ve-
ry ftrait, almoil true North, and the Diftance between Nrj;~2'ork and

Albany is above One hundred and Fifty Miles * Ncw-2"ork is in Lati-
tude of 40° 40', nearly ; fo that the Length of above 2 Degrees of La-
titude on the Earth might be meafured here, with much more Exa£l-
nefs than it was poirible in England or France™ becaufe of the Afcents
and Defcents, and curved Lines, which, | think, they would continu-
ally be obliged to make Allowances for.

From all which Difficulties the Menfuration here on the Ice would
be entirely clear.

V. NeceiTity, or the Exigencies of Geography and Navigation, put
Mankind very early upon the Enterprize of meafuring the E;uth. For
how is it poilible to conftruft the Charts of each Kingdom or Empire,
without fetting down all the Places in their true Diftances, by the Mc”-
fures made ufe of in each Country: Such as were the Stadia of the /An-
cients, and fuch as arc our Miles, Leagues, Werfts, And how
could different States be compared with one another, fo as to comc at
the Knowledge of the Spaces they feverally occupy on the Earth’s Sur-
face, without knowing the Number of thefe common Meafures contain-
ed in a Degree, or in the whole Extent of the Earth ? Henee proceeded

X X 2 the

Place in Ncw-
Yofk for mea-
ur|n a De ree
0 Lat|tude
Mr 3. Alexan
der. 6U.f,

453

Prof'cHa|fa [
the MeMure-
tnent of the
Earth in Ruf-
Tia, lead at a
hUtting of the
Acacenm'ifA.n
fitces of S\, pe
tcribjurgjan.
21, 1757, hf
M Jof. Nic.
tic Vidc.firjt



» {r. RS.

UJIED

ivanpttd

f'.
LTtVcCr
bourgh,i-3-.
47, iti r. s.
~ND.FKS
2 ]1d ¢v.
'7}:-

J

Figure of the Earll\

the twofuM Mcchoil of determining the Situation of the different Parts
of the F-iith, cither by their mutuiil Diftances fct down in the Meafures
m.ulc \ift U in each Country, or expreiTed in Meafures common to all,
as Degrees, Minuses, and Scconds, by marking the Longitude and

Latitude of e Kh Place*.
Upon ™ firi\ IXtcrminiUion of the Magnitude of the Earth in Geo-

M.-afurcs, as in Siadia and Arnlian Milts, the Ancicnts did
not employ any great D gree of I'xatfiitudc. 1'hcy \wre content to fee
clowmn the Circumf«.Tcnce of tlie Karth, and of it's Parts, in round
Kumbtrsj probably, bccaufc they did not cxpcil to be able to attain
much Prccifcnefs in a Rcfearch of this Nature. Buc according as their
DTircs of improving Geography incrcaicd, by entering into a Detail of
ir, they found it neccfTary to have a more exad Knowledge of the Mag-
nitude of each Degree, not only in great Meafures, as in Miles and
Le:igucs, but alib in Perches, Toifcs, and Feet; which could not be
done otherwife than by Geometrical Operations and Aftronomical Ob-
fcrvacions, more cxaé”, and confequently more operofe, than had been,
or indeed could have been, undertaken before.

| iliall not enter here upon a Detail of the immenfe Labours of mo-
tlern Mathematicians on this Head, as thofe of Firnel in France”™ of
Snellius, Blaew™ and Muffcbenbroek in HoUtind\ Norwood in ENgiand™
Father Ricdoli, and late y Movfignor Bmnchini in linjy \ and the Gen-
tlemen of the Academy of Sciences in France \ to get only the precife
Magnitude of a Degree in the Meafures of their refpeclive Countries.
But | will anfwer an Objeélion which might be raifed hereon, viz.
That it was needlefs to undertake thefe fame Operations in fo many dif-
ferent Places, fince the Magnitude of a Degree once determined in the
Meafures of any one Country, may be eafily reduced to the Meafures of
any other, by the cxatEt Knowledge we now have of the Proportions of
modern Meafures. Whence it might be inferred, that after all the Kx-
aftnefs which the Artronomers of the Royal Academy of Scicnccs of Paris
have obtained by their Labours, in drawing their Meridian from one
Sea to the other, it is unneceiTary to enter upon a new Undertaking of
the fame Thing any where elfe : Since, in order to reap the Advantage
o( that Work for the Geography of each particular Country, nothing
more is rtquifice than exaolly to compare the Meafures of thofe Coun-
tries, with rhofe made ufe of by the French Aflronomers in their Ope-
rations and Calculations.

Now, taking Ruffia for the Example, the Geographical Meafures oF
*which are divided each into 500 ScgeneSy and each Sagene fup-
pofed to be exaftly fevcn Feet EngUfh; this Relation once known, as
alfo the cxail Relation of the UgUflo to the Fnnch Foot, or to the
Toife of fix Feet, which the French Aftronomers employed in their
Meafurements, and of which they found a Degree of a great Circle con-
tained 57060 * what more is requifitc for concluding that a Degree of a
great Circle contains 104 jVcrfts?- An”™ what remains towards the Per-

fection
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feilion of the Geography of Ruffia™ in the moil minute Detail that can
be entered upon, but to employ this Meafure of iVerJISy Sagencs™ and
EugUflj Feet, (if you plcafe) in aftual Meafurements j and to conilrufl:
the Charts b the moft cx.idt Methods of Geometry 5 taking care to fcc
them down right, as to their true Bearings, and to regulate them by
the moil cxaft Ailronomical Obfervations of Longitude and latitude
that can pofTibly b'j made.

It mud be confeiTcd, we ihould be very happy, if in the Gfography
of Ruffta we were arrived at this Pitch; not only in the general Mj[\
butlikewiie in that of any particular Dlilriél whatfoevcr, the ne;ircil
and of moil Concern to us. But bcfidcs that we are as yet far from
pretending to this; 1 will now make apjxrar that it is nor pofTibli to
attain it, without undertaking an equal and even a gmcer Work than
all that has been hitherto done in Francc and cllcwiTCre, towards the
Mcafurement of the li*arth. 1 am myfelf affrighrcrl at the very Thought
of what | propofe, and am under Apprehcnfions that it will give the
fame Pain to thofeof the Company, who know, as well as I, the prodi-
gious l.,abour in which tiiis Work muft engage the Undertakers. But
what is not a Perfon capable of undertaking for the Glory and Intereil
of her Imperial Majefty, when ex'cited by the Benefits ihe heaps on the
Acadcmy, and by the fingular Proreftion her Miniilers grant to this
Body and the Sciences therein cultivated! Sufficient Motives for under-
taking Matters of the utmoft Diffiailty.

When | faid above, that an exadt Knowledge of the Magiitude ofa
Degree of the Earth in any known Meafures of one Country was fuffici-
cnt for connruflingexaifl Charts of all other Countries, o-ly having 1
Regard to the different Proportion of the Meafures; that is to be un-
derflood upon a Suppofition of the Earth’s being perfe¢slly fphcrical:
Seeing it iswell known, that in a Sphere the Digreea of all the great
Circles arc every where equal ; and that we likewife know, in a Sphtre,
the Proportion of the Degrees of the fmall Circles to their great Paral-
lels, according to their Diilance from them.

Hut if the Larch be not pcrfcftly fpherical, the Cafj is quite altered :
All the Degrees of the great Circles will not be equal to one another;
and thofe of the fmall Circles, taken at a certain Diflancc from their
parallel great Circles, will not have the fame Relation that the Degrees
of the Imall Circles, taken at the fame Diilance, woul | have on a
Sphere. In all this there might poiTihly arife an infinite Variety, ac-
cording to the Figure the FPharrh might have * and as it is not yet dccided
what is the Forth's true Figure, and that there is no better Method oP
afcertaining it than by Obicrvations made in fo great an Extent as that
of RuJJia: For thefe Reafons | hive advanced, that the Pcrfef~ion of
the Geography of Rujfta Hands in Need of this great |”™*ndertaking ;
which, bcfidcs the Ufeiulnefs of it, will acquire much Honour to the
Academy of Pelersbitrgh \ if that Body can, by Means of this Work,,
contiibute towards the deciding the celebrated Qucilion of the Earth’s

Figure,
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Firrure. But before | enter into a Detail of the great Advantages of
tl'.it Rcfearch, and ihc Nature of the Operations | propofe, it is necef-
f.i'rv to explain in what Manner | mean that the Queftion of the Earth’i
f igure and Magnitude is not yetdccided.

Tilere have bi”en fome who liave long fince fufpeiled, and even
thout™c they were furniilaed with Proofs of the Earth’s not being ex-
adly”fphericah | here entirdy abftraft from the UnevenneiTes of it*s
Surtke, which arc not fenfibk in regard of the Earth’s whole Bulk
feeing the Tops of the highcft Mountains, and thofeeven few in Num-
bLT, are fcarce more than a League above the Level of the Seas.
Wherefore, | fuppofe the Earth to be bounded by a Curve Surface,
fuch as it would be by the Level of the Sea carried quite over all the
FArth. It is in this Manner, the Earth being confidered as covered
with a Fluid, that Sir Ifaac Neivion™ in the firft Edition of his Princi-
pia, publillied in 1686, has demonftrated, that fuppofing this Fluid
homogeneous, and the Earth to have been at Reft at the Time of it's
Creation, it muit have alTumed the Figure of a perfeft Sphere : But af-
terwards, fuppofing it to have a Motion on it’s Axis, as is wll known
it has in 24 Mours; this fpherical Figure mufl: have been changed into
that of a Spheroid, flatted at it's Poles, in which the Degrees on the
Meridian muil be greater drawing near the Poles, than riear the Equa-
tor.

Sir Jfitac confirms this Hypothefis of the Earth’s Figure, by Obfer-
vations of the Diminution of the fimple Pendulum upon approaching
the Equator: To which Dr Pound adds the Analogy the Earth has
with fome of the other Planets, as Jupiter™ which fometimes appears
oval, it's leaft Axis being that about which it makes it's Revolution.

This Opinion of Sir Ifaac has likewife been maintained by Mr Hicy-
genSy though with fome fmall Difference. But in 1691, Mr Eifenfch-
mid » having compared the Meafurements of the Earth made in diffe-
rent Latitudes, as that of Father Riccioli in of M. Picart in
France”™ and of Sneliius in Holland; and having found that the Degree,
which refulted from thofe different Meafurements, continued to grow
lefs in drawing nearer the Poles, (which is quite the contrary of whnt
follows from the Earth’s Figure fuppofed by Sir Jfaac and Huygens) Mr
Eifinfihnmid thereupon of Opinion, that the Earth was longer at the
Poles.

This Opinion of Mr Eifenjchmid was afterwards confirmed by the
late M. Cajfmiy in the Obfervations of the Meridian of Paris, For in
1701, having carried on thefe Operations to U\z Pyrenaan Mountains,
which is a Space of above 7!, he found, that as he advanced to the
South thefe increafed sso Part, or 72 Toifes each Degree.

* Jo. Cafp. Ei“enfchmidii Diatribe de /igura telluris Elliptic© Sphxroidc > ubi una ex-
hibetur ejus migniiudo per iingulas dimenfiones, confenfu omnium Obfervatxonum c»m-
probara. Jrienf/atif Jtb, FriJdtr, Speor, 1691. 4/0. (pag. 54. (umfig.)

Since
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Since the Meridian of Ptfr/Vwas, in 1718, carried on Northward to
the Sea, M. Cgfmi™® the Son, found, upon comparing more than 8%,
which this Meridian contains from Sea to Sea, that the Incrcafc, going
Northward, was but from 60 to 61 Toifcs.each Degree; as may bo
feen in the large Treatife publiihed in a feparate Volume, as a Sequel tQ
the Memoirs of the. Royal Academy of Sciences of Paris for the Year
1718. Theic Rcafons did not hinder Slv Ifaac from perfifting in his
firft Opinion of the Figure ot the Earth flatted at the Poles, as appears
in the 2d and 3d Editions of his Principia”™ publiihed in 1713 and
1726 : And it is very furprizing, that by this very Figure of the Earth
he demonftrates a ccrtain Motion it has, to explain in the Qopernican
Syftcm the Precefllon of the Equinoxes, or the apparent Motion of the
fixt Stars in Longitude. Sir Ifaac finds the Inequality of the Degrees
on the Meridian, in fo little an Extent as that of France™ not fenfiblo
enough to be poifibly determined by immediate Obfervations ; and he
Is of Opinion, that we ought more to rely on the Obfervations of the
fimple Pendulum, and on the other Principles which he has built upon»
to conclude the Earth flatted at the Poles.

In 1720, M. Mairan attempted to reconcile the two different Hypo-
thefes of Sir Ifaac and M. Caffini® by imagining that the Earth, at it's
Creation, being without Motion, was of a much more oblong Figure
than that which Cafftni thinks it has at prefent; fo that it might have
been reduced to that which it now has, by the diurnal Motion on it’s
Axis, i¢c. But Dr Defaguliers™ who is of Sir Jaac*s Opinion, has
made appear, that M. Mairan”™s Suppofition is contrary to the Laws of
Motion ; and has moreover propofed fcveral confjderable Doubts on the
Obfervations and Suppofitions employed by M. Cajfmi in his Determi-
nation of theEarth”s Figure in 1718.

As foon as the Meridian of Paris had been extended from one Sea
to the other, and M. Cafftni had thence deduced a Confirmation of the
Syflem of the Earth’s being longer at tiI>c Poles; | imagined a new
Method of deciding the Queftion, by the Obfervation of the Degrees of
the Parallel compared with thofe of the Meridian.

For that Purpofe | confidered, that as the Degrees of the Meridian
and thofe of the Parallel, at the fame Elevation of the Pole, had diiFc-
rent Relations, according to the different Figures afcribed to the Earth
nothing more was requifite for concluding which 1 Jypothefis was the
true one, than to determine this Relation by immediate Obfervation.

Having fuppofed, that there had been obferved on the Parallel of»
PariSy a Spacc nearly of the fame Magnitude with that on the Meridi-
an, that is, of about 13 Degrees, fince that on the Merjdian is about

; | found by an exaft Calculation, that according to the Figure
which M. Cafftni has given to the Earth, this Space ought to contain
xji ~of the Parallel more than in the Hypothefis of the Earth’s being;
%herical; which appeared to me confiderablc enough to be able to de-

cide between thefe two Hypothcfcs, and by a ftronger Rcafon betwg[en.
E.
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the Tiypoth;fcs cf Ke'ivon and Ccjfini \ feeing the Diifcrcnce ought to
bo Alli ir.ore coufudcrahle th™n that now ipecified.

I con'l'.Klijd, at lead, that, indrpendenc of the Figure of the v.'hole
lurth, wh:cli cdM not be determined by the foie Obfcrvations made
AU I'lcme, witho'it making Suppofitions, and admitting Principles,
which are ilil! liable to be contcilcd ; it would*bo of great Confcquence
lowirds conilruding cxaft Chiirrs of the Kingdom, to afcertain this
Krhition by Obfcrvations, wliich confided only in forming Triangles
along the P.irp.llel of Paris, and obfcrving at the two Ends the Diffe-
rcncc of the McriMlians, by the mod exaift Methods.

The Diftlrcnc;’, which | have now mentioned, feemcd to me to be
fo confiderable, that | was in hopes of being able to determine it by
Mcar.s only of two Placcs within Sight of one another, and fuuated to
the .Kait and Wed ; provided their Difference of Longitude were accu-
rattiy obfcrved, independently of Adronomical Obfcrvations, by Means
of lighted Fires; alter the Manner that M. Heart put in Pradice in
Denmark”™ for determining the Difference of Longitude of the Adrono-
mical I'owtr at Copntbagen™ and of Uranihurg in the 1Qe of Huen.
With this Intent, W\ April 1720, | went fome Didance from Paris
Southward, to the Places which | judged mod proper for my Purpofe;
but my Defign was not then executed, for Want of Ailidance, and
for other Reafons, which I ihall pafs in Silence.

Since that Titne, | faw with Pleafure, that the Marquis PoUni had
hit upon the fime Thought with me*, as may be feen in his Letter to
the Abbot dated Nov. 1724.

The Decifion of this famous Quedion of the Earth's Figure had
dop[x:d there, when in the Year 1733, the MIlnider oi France having
thought it neceifiry to condruft an exad Map of the whole Kingdom ;
and being infocmed, that the Work could not be better carried on
than by the Adronomers of the Royal Academy cf Sciences™ applied to
M. Caffmi on that Head ; who was of Opinion, that, in order to cxecure
it with the utmod Exa¢litude, the fame Method ought to be employed
as for the Mcrid'an, by taking through the whole Extent of the King-
dom, Triangles linked together by Means of Objeds feen fuccciTively
one from another, (¢c. This Projetft of making Map of Frjaice by
fuch I'riangles, had been already offered to M. Colbert by M. Picari in
1681, but was not then executed. However, M. Cajfini propofed,
that rhefe Triangles fhould be begun in a Dire<&ion perpendicular to
the Meridian; in order to render thefe Operations of Service towards
the Decifion of the Forth’s Figure, purfuant to the Method which I
fnoke of above : And M. Cgfm'u having in Perlon undertaken theie
Operations, and having carried them that fame Year, 17339 from Pa-
ris to St Malo, whofe L,ongitude from Paris M. Picart had obfervcd
in 1681; the Relations of the Degrees on the Meridian and Parallel
were found to be fuch as were required in the Hypothcfis of the Earth

Jcngthcned at the Poles, :vid even more lengthened than Cojfni liad
determined
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determined in 1718. For inflcad of the Diminution of” ‘Part/or each
Degree of the Parallel, which 1 had found according to the F«irth's
p'igure, as determined by Caffmi in 1718, he deduccd from his Opera-
tions in 17331 a Diminution of the 3bch Part of each Degree.

I'rue K is, that M. CnEjini™ in the Account he gave of th\$ Deter-
mination at the publick Meeting of Nov. 14, »733, docs not give it a»
entirely fure; becaule the l.ongitude ot ¢V ALt/oy with regard to Pans®
was collected but from one Obfervation only oi Jupiteres Satellite,
wherein there may poiTibly be iome t.rror ; But at ieaft M. Cafjmi lcems
certain, that there is a very confiderable Diminution in the Degrees of
the Parallel ot Paris™ whtcli confirms his Opinion of the Earth's being
jongcrt at the Poles. This we are likely to have a-better Certitude or
hereulter, Jceing we are informed that this Meai'uremcnt of the Parallel
or Paris”™ is carrying on m France by M. C Sons, M. Marald”™s
Nephew, and fcveral other young Mathematicians, inltrudlcd by
M. Cajftui in this fort of Work.

1 have already faid, that all thefe Operations performed in France™ for
the Figure and Magnitude of the Earth, could not ferve to determine
the Earth’s Figure out of France™ without the Alliitance of certain Hy-
pothefesunlels the fame thing were undertaken and carried on in thss
other Regions of the F'arth, more Northern and Southern than France,
*Tisupon this Confideration, that the Royal Academy of Sciences took up
the Ueiblution of fending Ibme Ailronomers to make the like Obferva-
tionsasncar the Equator and the Poles as polTible, which are the Places
where the difiéreme of the Degrees on the Meridian ought to be the
greateff, according to the diHerent Ilypothefcs.

In /ipril 1735, let out from France ] Mathematicians and Aflronomers
ofthe Academy, viz. MciTicurs Bou™bn\ and Dc !a Condamitie™
for the Province of ~itOy which is the moll Northern part 0? Peru in
America \ in order to obfcrve, juit under the Equinoclial Line, the *
Magnitude offome Degresof the Meridian and Equator.

As to the other Mathematicians and Ailronomers of the fame Acade-
my, viz. Mcliieurs de Maupcrluis™ Camus™ Clairaut the Son, and Monnicr
(he Son, who have been fent to the North, they departed from France
'mApril 1736, with Mr Celfius Protelfor ot A.ilronomy at Upfal™ wlio
acrnmpanictl them to Sueden™ as tar as the Bijttom of the Gulph ot
Bothnia™® where they might meafure about a Degree on tlie Meridian ac
it's crofling the Polar Circle. Butas, by the lalt News 1 received froiri
them, they had not finilhed their Operations, ’cis not yet known whe-
ther the Magnitude of the Degree meafured by them, favours the Opinion
of M. Caffitiv™ or that of Sir /. Ncwion. All we know is, that they have
found the length of the fimple Pendulum favourable to the latter, that is,
longer under the Polar Circle than farther South. My Brother De la
troycre™ had already found the fame Thing : For being at Archangel in
1728, he there obferved, in the moft exabl Manner he pofFibly could,
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the Length of the fimple Pendulum, which he found to be ™ Parts ofa
Line longer than at Paris.

We are likewifc informed by the other Ailronomers gone to Per
that in their Way towards the Equator, being at Si Domingo, in the
JNatitude of 18® 37", "'they there found the Pendulum Twinging Seconds,
to be about two l./uies fliorter than at Paris. Thus, all we as yet know
from thofc (k-nr'emcn, on the Expeditions to the North and the Line,
confirms the Opinion of Sir I. I”czviou and his Adherents: And yet
M. Mairan, whom | have already mentioned, pretends, that this
iliorccning ofthe Pendulum in drawing nearer the Equator, is in one
Scnfc entirely indcjx-ndcnt of the Earth’s Figure.

Thus it appears from the foregoing Account, that the Queftion con-
cerning the Earth’s Figure is not yet at an end. Nay, 'tis not impoilible,
that after finiiliing all the Oblervatiors which are aolualiy making, new
Pifficultics may arifc, and new Obje”/Nlions be darted, that may prevent
it's being entirely decidcd. However, all this Work cannot fail giving
great l.ight to this important Qutftion, and procuring confiderable Ad-
vantages to Geography, Ailronomy, and Natural Philofopliy.

*Tis with this View, and particularly to render fuch important Service
to the Geography of Ruffia, that I think it neccfiary to undertake a Work
of that Nature in Ru£ia \ towards executing which we have great Advan-
tages, which the other Nations have not. One of the principal of thefe
Advantages is the great Extent of Rujpa every way. For were the
Meridian of the Imperial Objervatory oi Petersbourg tobe determined,
it might be carried to between 22 and 23 Degrees; which Isa fourth
Part of the Diftance from the Pole to the Equator. The Meridians of
Mofto Aftracan are not of lefs Extent i and confequently we might,
by the Meafurement of fome one of thefe Meridians, determine more
cx.iétiy than could have hitherto been done, the Inequality that fubfifts
between the Degrees of the Meridian.

This is what the great wiHied, when, after having, in 170T,
determined this Inequality by the Extent of 7° obferved in France™ as has
been mentioned above, he fays, that this Fact might be verified by Men-
furations of greater Extent, if the other Princes of the Earth did contii-
buce as much as the King of France towards the perfefting of Sciences.

M. Caffmi was then ignorant of the Views which Peter the Great had
formed in the Efablithment oi G\ Acadmy of Sciences zx Petershourgs
nor could he then forefee that her prclent Imperial Majefty, wasdeftined
not only tgpurfue the Defigns projeded by that great Monarch, butalfo
to ripen them to Perfedion, by granting fuch Succours and A/liAancea
for the Promotion of Science, as were never yet aiiorded from any of the
greateft Princes of the Earth.

In the great Extent which might be given to the Meridian of Pelerf
bourgi as abovelaid, there would be the Advantage of knowing, by
Operations linked together, or uninterrupted, the Magnitude of ibme
Degrees equal to thofe which liavc been mealured in France™ and to that

which
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which the French Aftronomcrs have meafureci in Sweden; and not onl},'-
all the Degrees between the two, which the Frtmh Artronomers have
not had in their Power to obfcive, but alfo Ibmc Degrees farther North-
ward than that meafured by them in Sweden.

As the Ejcigencies of Geography require the Triangles, taken for the
Dftermmation of the Meridian, to be continued on every Side, ami
principally in Diredlions perpendicular to the Meridian, or according ut
the Parallels ; with how great Exaclitudo may we not then determine
the Proportion of the Degrees on the Parallels to thofe on tlie Meridian,
by means of the vaft Extent of the Ruffian Empire, which on it's
Wocftern Side extending as far as all the Dominions of Europe from the
moil Northern to the moit Southern, has no other Bounds to the Eall
than the Eaft itfelf, if | may be indulged the ExprefTion % feeing ii's
Extent that Way contains near half the Earth ?

Another great Advantage to be obtained by the Work | new pro-
pofe to be made in Ryfin™ is. That we, coming after others, ihall reap
the Benefit of all their Knowledge and Experience in the like kind of’
Meafurements: Whence we may expedito fucceed and execute it better
than could have been done elfewhere, by applying timely Remedies
againil the Difficulties that occurred in other Places.

I'nefe Operations are to be founded on a Bafis of the greateil length
pofTible ; which mull be aftually meafured, and with the greatcfl Ex-
ablnefs that may be * as it is to Icrve for a Foundation to the Meafure-
ment of all the Triangles. And in this Point too we have a very great
Conveniency near Petersbourg”™ feeing on the Ice here we may meafure
out a Bafis, greater than has been hitherto taken, namely, from the
Coail of Ingria about Petcrboffy to the Coail of Finland toward Syjler-
heck. There is not Icfs than 20 Werlls Diilance between tiiefe rwo Ex-
tremities, and this great Diilance may be meafured very exactly, tliis
Year efpecially, that the Ice is very even. Moreover, as this Bafis is
fituated between the lile of Cronftad and Petcrsloxirg”™ in a Direolion
nearly perpendicular to the Diilance from Petersbourg to Cronftad™ there
can be no better Method for inferring thence, by exadl Obfcrvation of
the Angles taken at the Extremities of this Balls, the Diilance from the
Centre of the Imperial Obfervatory to the Steeple of the new Church of
Cronftad \ which two Obje<3s are feen reciprocally from tach other, and
are not lefs than 30 Werfls afunder: And this Diilance once known
exaiHy, will fcrvc as a Foundation for all the I'riangles that are to be
taken * of which each of the>Sides may liave not lefs than from 30 to 40
Werfls, according as we fliall find Objeils advantageouOy fituated lor
that Purpofe. Wc have, to begin with, the Mountain of Doudei'bof™
which, with the Imperial Obfervatory, and theSreepl? of CVMW//?iJi/Church,
forms one of the mod convenient Triangles imaginable for the Sul”edt
we propofe.

In tuking Obfervations at thefe .three Plarcfi, wc fliall fee if we can
difcovcr others of the fame advantageous Situation ; but when no
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remarkable Objefis are found of the Situation and Diftance fought for,
they muft beerefted on purpofe, in the fame manner as was of neceflity
done in other Countries : And this may be done here with more Eafe,
feeing, in Places where the Woods intercept our Sight, fmall Towers
may be railed, at very little Expcnce, out of thefe fame Woods, with
Signals placed on them, which may be feen as far as may be required. In
O\Kt\ Maces, where conftgiiently Wood is not Ib common, Signals alone,

without I'owcrs, will iuffice.
The moll nccciTuty Inllruments for executing this undertakmg, are,

bcfides the ordinary Ailronomical Inflruments, a common Quadrant of
between 2and ™ Feet Radius™ tor obferving the Angles of the Triangles
that iliall bit taken « and a Portion of a Circle of the greateft Radius that
can be conveniently had, for obferving the Arches of the Heavens cor-

refponding with the Diflances meafurcd on the Earth.
| fay, the Quadrant ought not to hav'c a Radius of more than between

2 and 3 Feet: For if it be bigger, itcannot for the moft part be made ufe
cf in Steeples and other Places of confiderable Height, where cis rcquifite
toobferve ; but alfo if it be lefs than 2 Feet, it will not give the Value of
the Angles with fufficient F.xaélnefs.

As to the other Inftrument for obferving the Arches of the Heavens,
it's Radius ought not to be leis than from 12 to 15 Ieet: but 'tis not
neceflary that it fhould contain a large Portion ofa Circle, 'lis only
rcquifite to have this Portion fomewhat larger than the Arch of the
Heavens intended to be meafured. Thus, as the Meridians, which
may be traced in Ruffia™ can be extended but between 22° and 23®, as
already mentioned, itwill fuffice, that the Inftrument employed therein
be a Portion of aCircle of 30®.

M. Picarte for his firil Operation, got an Arch of a Circle made of

and of 10 Foot Radius, with which he thought himfclffure within
r/~or3'"': And no other Inftrument was madi ufe of in the chief
Obfervations for the Meridian of Paris. The Aftronomers who are gone
to America™ carried with them an Inftrument of 12 Feet Radius, and of
a Portion of a Circle of 30® But thofe come to Sweden™ contented
themfelves with a Portion of a Circle of 5 and 9 Feet Kadius : But
this Inflrument, made by Mr George Grahan™ a very able EngUp Me-
chanician, is by it's Conftru6tion fo exadl, that the Aftronomers who
have ufed it, tiunk themfelves fure to 2 The one we want for the
Obfervations in Rujfia ought to be made by the fame Artift, and of the
fame Conftruftion.

'Tis with fuch an Inftrument that Mr Bradley™ a celebrated Englifli:
Aftronomer, ha? difcovered, in the Meridian Altitudes of fome fixt
S:ars, certain conftant and annual Variations, which do not proceed
either from the Variation of the Refradions, or from the Parallax of
thefe Srars, or, in fine, from any Nutation or Wavering of the Earth’s
Axis * but which he accounts for by the fuccefllve Motion of Light.

Whatever
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Whatever be the Caufe of thefc Variations, (which Caufb, as wcli as
it*s Effeél, are not as yet, perhaps, entirely clearcc! up), as they may
pofTibly happen in the Space of Time requifiteto be ipcnt in making the
Obfcrvations for the Meridian, or in pafTing from one End of the Me-
ridian to the other; it is neccflTary, with the fame Inilrument, or fuch
another, that is of pretty near the fame Exaiftncfs, to examine the Varia-
tions of the Stars made ufe of: Wherefore it would be of confiderablo
Advantage, not only for the Obfcrvations of the Meafurement of the
Earth, butalfo for all the other principal Refearches in Aftronomy, to
have Orders given for procuring two mural Qiiadrants of Mr Grahant%
Make, and of the fime ConftiuBion, as | have already fpecificd for
which there are Walls already raifed at the Imperial Obfervatory, in the
Plane of the Meridian.

With thefc two Quadrants, which might be of 7 Feet Radius, and
the moveable Tclefcopeo or 10 Feet long, weihould be in a Condition
to make Obfcrvations of the utmoft Accuracy, fuch as the prefent State
of Aftronomy requires.

BcT|dcs thefc Inilrumcnts now mentioned, which arc of abfolute Ne-
ceifity to a folid Ertabliiliment of Aftronomy and Geography in this
Country, there are Itill feme other fmallcr Inftrumcnts, that may be of
great life in the Operations | propofe, or may fcrve to make other curious
andufeful ObfcrviUions at the fame time that thofe for the Meafurement
of the Earth are making.

When the Sides of the Triangles, taken for meafuring the E”rth,
terminate at very elevated Places, as on the Tops ot the highcft Moun-
tains, it is necefTary to reduce thcfc Triangles to what they would be, had
they beenobfervcd in horizontal Plains fituated upon a Lcvtl with theSea.
For this Purpofe, wc muft know the Ileight of the Mountains above the
Sea’s Level, which cannot always be determined geometrically, or would
at lead be too tedious to perform : Wherefore, in the Meridian of PariSy.
which croiTed very high Mountains, ”.Coffini was of Opinion, that he
ought to fix their Height by a ihorter Method, which is that of the
ricigiitof the fimple Baromctrr, obfcrved on the Top of each Mountain,,
and compared with that obl'crved at the fame Time in another Place,,
vhofe Elevation above the Sea’s Level was known. But as that Method
fuppofes the Knowledge of the Proportion which the different Fallings ot
the Mercury keep with the diffierent Heights to which the Barometer is-
carried * and as Natural Philofophtrs are not as yet entirely agreed on
this Mead, for want of Obfcrvations of iufficient Accuracy : Thence ic
happened, thxtDt DefoguvtcrSy making appear that M.Caffmi has not
em cloyed the moil exafl Proportion, found Reafons for correéling, or
at cait for doubting, of fome of M. Cqjjin?% Calculations. Thus it.
muft be by the Afliftanceof new Fxperiments, better circumftanced than
ihofe hitherto made, and purfuant to a Theory entirely agreeing with,
thcfc Experiments, that this Method may be employed with Certainty,,
fur determining the Height of Mountains by the Barometer, and reducing'

349

= i



Ao - Ftgm'e ¢f the Eiirth.

the Angles (ibfcrvctl Trom the,Tops of thcfe high Places, to what they-
would be, if they had been obfcrved on a PJane horizontal with the Level
of the Sea. Now thefe new Obfemtions can be made on our Way in
tracing the M idian * and for that Purpofe | have begun to conflruft
compound B.irometers, which, by their peculiar Make, being very nice,
will ferve to obfervc with Accuracy the Quantity of the Mercury’s Fall,
i at the different Elevations to which they fliail be carried, in order to fix
with greater Certainty the Proportion of that Fall. | (hall take particu-
] lar Care in the Conftruftion and Ufe of thefe Inftruments to provide a
! Remedy againft the Effcol: of HLat, which, as it is different in the
i different Times and Places of making thefe Experiments, may poiTibiy
praJuce apparent Variations, of which ’cis neccflary to keep an
Account.

, There is ilill another Method of determining the Elevation above the
[ I”evel of the Sea of all the Points, in which the Triangles terniinate,
I that arc m™dc for the Meafurement of the Earth. This may be done by
4 beginning thcle Operations near theS™a, as | propofe todo, and adually

" m'-afuring how many Toifes and Feet the Places of the firil Stations are
” elevated above the Level of the Sea. For if the Angles of the apparent

Elevations of thefecond Stations feen from the firil be afterwards obfcr-
A\\Y; ved, it will be an eafy Matter, from the known Diftances, to deduce the

true Elevations of the latter above the former, and confcquently above
: rhe S*a” Levi:!, making proper Allowances in the Calculations for the
Diflerence of the apparent Level from the true one. In this Method
nothing is to be apprehended but the Variation of Refractions ; but for
this a Remedy may bz found, for the moil part, by returning upon
one’s Seeps, that is, by reciprocally obferving the firft Stations fcen
from the fccond : For if it be found, that as much as tlie fecond Station
appears elevated above the firil, fo much the firil is deprefied below the
fecond, except the fmall Difference which muft arife according to the
given Diilance, it will be a Proof, that the Refranion has been of no
Prejudice.

The Obfervations and Determinations of the true Heights of all the
Places which are to be vifited, will not be the leail laborious of thofe that
are to be made in thcfe Journies; but then their UfefulntTs will be a
iufiicicnt Recompenfe for the Trouble; feeing they will afford us the
Means of knowing all the chief UnevennefTes of the Ground traverfcd by
thefe great Triangles, which being compared with the Length of the
Courfe of the Rivers, may give us room to judge of their Rapidity, of
the Eife or Difficulty of their Communications, £

The other confiderable Obfervations and Experiments to be made in
the Journies undertaken forfuch Enquiries, are, the Obfervations of the
Magnetic Needle, both as toit's Dip and Variation : But chiefiy the
Obfervations of the l.ength of the fimple Pendulum, which, at prefenr,
IS become rcquifite to be obferved with as much Exacflneis, and in as
many Places as is poffiblc; but alfo for which there are new Methods

1 " invented
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invented, that we are promifed the Com.nunication of, and which pro-
bably furpafs thofc hitherto made ufc of; in as much as, iince thofe Me-
thods have been found by the Royal Academy ofSciences of Paris™ it was
thought proper to notify them to the Aftronomers fent to Peru”™ in order
to put them in Pra<flice in their Obfervations.
Whereas all thefe Operations and Obfervations, which | have here propof-
ed, however arduous and difficult they may prove, have no other End than
the Benefit of Geography ; thofe who are to have the Management of
this Enterprize muft be attended by fcveral Surveyors and other Mathe-
maticians of this Nation, who are to be inftruétcd on the Road, and em-
ployed at the fame Time in lefler Operations with fmallcr Inftruments:
By which Means the Maps of the Countries, taken in by thefe great Tri-
angles, may bo verified * and thus, according as this Work advances,
the finilhing Stroke may be given to the Charts of Ruffin,
VI. Since my laft, | undertook to meafure the Bufis fpoken of*, and Tot aauat
had the good Fortune to meafuie very exactly on the Ice, by taking the
precife Dilhnce between her Imperial Majefty's Caille at PeUrboff™ and
the Caille of Ditf/'A:/, fituaccd oppofitc to it, on the Coait of Finland. |
found the Diftance between the oppofite Walls of thefe Cafllts to be W/, dt
74,250 Feet Englijh. This Bafis, being much greater than any ofthofc
employed hitherco for this Purpofe, gives room to expcct great Elxaft-
ncls in the whole Work, when it fliall Ije carried on in the fame Manner, X. s.
It will at once ferve to make a very exadl Map of the Bottom of the F. R. S.
Gulph of Finland. ’Tis for the lame Defign, and for better ordering P-
the Charts of the Coafts of, the Balficky that | intend (as foon as my
Proied ihall be approved here in it*s full Extent) to Begin to meafure
my Triangles along the Coafts of Ingria and IJvonia™ to the Iflands of
Dagho™ Ocfeh i”~c. And to the end that the Charts of the Places taken
in by thefe Triangles may be finiilied at the fime I'ime, 1 fliall take
with me all the Charts of thefe Parts, which can be had, in order to
verify and correfl them in my Way. According as thefe Charts arc
thus finiilied in the btrft Manner, they may be engraved. 1 likewife in-
tend topubliih, as foon as poiTible, all the Operations and Obfervations
| ihall have made in my Expedition ; that thus early Benefit may be
reaped from them, and that thePublick, at the fame time the Charts
rome out, may be acquainted with the P'oundation on which they arc
conftru6led. | once thought to have by this Time printed the whole
Detail of my Operations in taking the Bafis, that is, of the Precautions
| ufed in afcertaining it; but as it was meafured in Englijh Feet, which
| have a Dtfire to reduce to this Country Meafure, and that ’ris rcquifite
to confult the original Standards here on this Head, which | have not as
yet been able to procure * for thefe Reafons, 1 am obliged to delay the
Publication of thefe fiifl Obfervations.

VII 1'he Globe is juftly reckoned very ufeful and inftrudive, both as AnAu~untof-

a general Map, and alfo for explaining the firft Principles of Geography, Impwt.
and the fpherical Dodlrinc of Aftronomy. By this Inftrumenc it is eafy
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to find the Length ofihcDays, and their Increafeanci Decreafe, in all
PiacfP, and at all Times ofthe Year. Buc this is not ufually performed

A manner as at the fame Time to explain how thefe Phenomena
arife from the Motion of the Earth, which is the principal thing B~ gin.
ncrs elpecially flioulJ h:\ve in View : Nor an this be remedied, at Jcaft
but in few Cafes, as Globes are commonly fitted up ; for the Axis and
the horary Circle prevent the Brafs Meridian from being moveable quire
round in the Horizon, which it ought to be, and fo indeed prevent the
Globe fiom being univcrfally ufeiul, even in the common way of con-
fideringit.

It is now about 6 Years fince I is<*moved this Impediment, by placinfr
two horary Circlesunder the Meridian, one ateach Pole. Thefe Circles
arc fixed tight between two Brafs Collars placed about the Axis, but ib
chat they may be eafily turned by the Hand when the Globe is at Reft;
and when tiie Globe isturned, they are carried round with ir, the Meri-
dian ftrving asan Index to cut rhe horary Divifions. The Globe, being
thus fitted, fcrvcs readily for folving of Problems in South as well as in
North Latitudes» as alio in Places near the Equator. But the chief
Advantage gainvd by this Alteration, is, that the Globe is now adapted
forfolving of Problems upon the Principles of the Pythagorean Syftem,
or to Hkw how the ViciiTitudes of Days and Nights, and the Alterations
of their lengths, are really made by the Motions ofthe Earth. To ex-
paiite this, | had the Brafs Meridian at one of the Poles divided into
Months ani Days, according to the Sun’s Declination, reckoning from
the Pole. This being done, if we bring the Day of the Month to tiie
Horizon, and rectify the Globe according to the Time of the Day, the
Horizon will reprefent the Circle fepar.ning Light and Darknefs, and the
upper Halfof-the Globe, the illuminated Hemifphere, the Sun bein«> In
the Zenith. °

While we view the Globe in this Poficion, we fee rhe Situations of all
Places m the illuminated Hemifphere, with rcfpeft to the Horizon,
Meridian, i~c. and by obfcrving the Angles which the Meridians, cut-
ting any Pirallcis of Latitude in the Horizon, make with the Brafs
Meridian, we have the Semidiurnal Arches of thefe Parallels refpedlively:
And at the fime I ime (if the Sun be not in the Equator) we fee why
the Diurnal Arches of the Parallels continually decrcale from the Neigli-
bourhood of the elevated Pole, till we come to the opjiofitc Part of the
Horizon. If we turn the Globe Elafterly round ii’s Axis, we iliall fee
how all | laces change their Pofitions with refpect to the general Horizon,
the Meridian, by the Motion of the Earth round her Axis.

Ir yet remains tobe ihewed, how the annual Motion of the Earth in
her cMfcs the Change of the Sun’s Declination : This cannot be
done by the C”obe fimply taken, but is very well ihewed by the Inftru-
mcnts called Orreries: But to thefe their Coftlinefs is an Obicdion, not
mentioning others from a wantofdue Proportion in the things they ex-
hJt)it. i iiad therefore an Inftrument made, which confifted only of a
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Imprromtnt on the terrcjlrial Globe. 355

round Trencher of Wood, a Circle of Brafs upon the Face of ic, and be-
tween thefe 3 Wheels of the fame Dhncnfions and Number of Teeth :
I'he inncrmoil Wheel was 6xed to the Wood in the Centre, the tlui‘l
had it’s Axis come through the brafs Plate, round wliich was a brais
Circle having a Socket m.iking an Angh with it of 66 i Ly¥grees ; i.i this
Socket was fixed the Axis of a little Globe, having a Ilonzon about ir,
toreprefent the Circic fcparating Light Irom Darkncfs, the Sun being
fuppufed to be in the Middle of the Infirument. While the brajs Plate
is turned round through the Scale of Months and Days exprcfied on the
under Plate, the Axisofthe iVrri//ii is kept all the while parallel to it-
fclf, by means of the fccond Wheel placed between the two above-mention-
ed; and fo the Change of the Sun’s Declination, or rather, which comc5
to the fame Purpofe, the dilferent Pofuion of the Equatorial Axis with
refped to the Circic feparating Light and Darknefs, is exhibited all the
while the Earth is going round in her Orbit. By placing the Axis of an
ivory Ball having one half blacked, upright in the middle of the Circic
which carries the "Tcrrclla™ this little Inftrument will ferve toexplain the
Pktnomefta 0 1 Moon’s Phafes.

Having thus learned the Caufe of the Sun’s Change of Declination»
we may now have recourfe to the larger Globe, and moving it according
to the dillcrenc Seafons, we may obferve the Phaenomena thence arifing
more diilindly.

For a graduated Meridian, | had a ft-xible Slip of Brafs divided into
Degrees, which | could fix occafionally in the two Hour Circles; and
upon fuch another Slip I had a Scale of Months, anfwering to the Sun’s
Declination, reckoning both ways from the Equator. By means of this
graduated Meridian, the Globe being redified according to the Sun’s
Declination, if we gently turn it round it’s Axi?, we may prefently find
the Time of the Sun’s rifmg or fetting in all Places, by obferving the
Hour Circle, when the feveral Degrees of Latitudes refpedively come to
tliii Horizon.

After the fame manner, if the Globe be elevated to any particular La-
titude, and the Meridian having the Scale of Months be fixed in it’s Place,
we may foon find the Time ofthe Sun’s rifing or fetting in that [*ititudc
throughout the Year, by obferving the Hour Circic when the refpedlivc
Days come to the Horizon. This Method is not only ufcful on the Ac-
count of it’s being expeditious, but alfobecaufe it intimate*:, why at the
fame time the Days are of different lengths in different Latitudes, and
in the fame I.atitude at different Times of the Year.

The Globe-makers might fave us the I'rouble and Expcnce of having
thefe graduated Slips of Brafs, by dividing fome Meridian, which goes
over the leaft Land, into Degrees, which might be marked with roumi
Dots, and every 1 enth numbered. 1I'he Scalc of Months might be en-
graven upon fomc other Meridian. It would be of Ufe likewife, if the
Parallels and Meridians of every Degree between the Tropic? be drawn
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J The Ufe of Spherical Maps.

in faint Lines, which I think might be done without obfcuring the

to the Horizon, and i8® below it, | had a Circle fixed for
iliewingthe Limits ofthe Twilights : This is ufeful, as it ihews at one
View the State of the Twilights, and alfo why they do not lengthen or
n~orten, as the Days do. The Semi-Circle of Pofition is a thin narrow
Plate of Brafs as ufual, but made fo that ii’s Axis is moveable quite
round the Horizon. | had alfo a narrow licxible Slip of Brafs, which
might begirt round the Globe in any Pofition, and fo be made to re-
prcfent any great Circle whatloevcr: This occafional Circle may be in-
Itruilive to Beginners on fcveral Occafions.
If the principal Horizon be of Wood, or made fo as to obfcure the
Globe below it, the Twilight Horizon had beft havefmall Feet ofa pro-
per ixingth, fixed fo chat it might ftand in it’s proper Place upon the
other, occafionally ; then inverting the Pofition of the Globe, the fame
thing will be ihewed as before.
The farther Ufe and Application of thefe Contrivances to different
Projedlions of the Sphere, ac. will be obvious to thofe who are acquaint-
ed with thefc things; and wichout dwelling any longer upon this Sub-
je<fl, it may feem, that | have already faid more than was needful in this
Place. But the Globe being in every body’s Hands, and in reality a
very ufeful, entertaining, and inftrudtve Inftrument, | thought an At-
tempt to render it more fo, would not be altogether ufelefs, or yet un-
worthy the Notice of the Curious.
7¢eConjiruc- VIH. Geographical Maps, and Hydrographical Charts, though they
tnnAniVft are Reprcfcntations of a Convex Spherical Surface, yet were firft de-
Nl Planes, as being the moft eafy and obvious, tho' not the
ttiarlddintat- moft natural and accurate Rcprefentations : And they will befufficiendy
idufon Per- near the Truth, when the Part of the Eartli or Seas to be defcribed is
ttBJuefaSpbt’ Extent. Such as thefe have been ufually called Cho-
ByMAQ\\n f't*graphical and Topographical Maps; but when the Map is any thing
Colfon."M.A. genera), or is to contain any large Trafn of the Earth or Seas, fuppofe
F. R. s. No. (for Inflance) one of the four Quarters ofthe World, as they are called ;
ian projected, or reprefented upon a Plane, the Parts
i7j6. 7~ ncceflarily be diftorted, one way contraded beyond the Truth,
another way dilated, fo as to give no juflr Idea of the whole. Nor can
this Diilortion Dbe poffibly avoided, when any confiderable Part ofa
Spherical Surface, by any Projeftion whatever, isto be reprefented upon
aplane. °Tis true, this Diftortion isalways regular, and according to
certain Laws; fo that knowing the Nature of the Projeftion, it may
tolerably well "pbe allowed for. But to do this fcientifically, and as it
ought to be done, requires much Skill and Accuracy in the Maker, as
well as good Proficience and Experience in the Perufer; and therefore
not fo proper for an Introduction to Learners, in the Rudiments of Geo-
graphy, Young Minds are apt to* receive wrong Notions and Pre-
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judiccs fi“om them, at Icaft cannot be rightly and eafily inilrucled by
them.

To obviate this Inconvenience, Geographers have contrived and con-
flruited ihcTcrreilrial Globe, on which they endeavour to delineate all
the Parts of the Earth’s Surface in their natural State, as to Longitude,
Latitude, Diftancc, Bearing, Magnitude, which being a true and
genuine Reprefentation of the whole Superficies of the Earth, as far as ic
is yet known, isthe beft adapted for conveying juft Notions to young
Minds, and for preventing all falfe Conceptions and Prepolfcinons.
After thefirft Rudiments of Geography have been imbibed from hence,
they will be then prepared for the Ufe of plain Maps ; and they will after-
wards find, that large Projedlions of particular Countries, Kingdoms, and
Provinces, in piano * will be of excellent Service to them for their farther
Improvement in this ufeful and nccefiary Science. Nor will they now be
in any Danger of being miiled by fuch Maps, tho’ they are not I'o juft
and natural Reprefentationsof the Earthly Globe.

Now the fame Conveniences that may bo derived from the whole
Globe, may, in Proportion, be had from any notable Portions of itv
as an Hemifphere, a Qiiadrant, a Seilant, an Octant, or other Part.
But w'ich this Advantage befides, that thefe partial Spherical Maps will
notonly be much lefs cumberfomc, and more manageable than a whole
Globe, but may be made much more accurate and particular, as being ca-
pable of being formed to a much larger Diameter than a Globe can conve-
niently be made to. The Maps may firil be printed upon a Plane, as is
ulual in the common Globes, and then parted upon thin convex Shells
of Paileboard, formed to the intended Radius. The forming of thefe
fpherical Coats of Pafteboard will be a Matter of no great Difficulty,
even to as large a Diameter as ihall be defired * but the chief Art will be
required in proje<ding the Maps in flano™ after the fimpleft and exadleft
Manner, Ib as that they may adapt themfelves, with as little Error as
poiTible, to a fpherical Surface. For a plane Surface cannot be converted
intoa fpherical Surface without fome Error. The beft Method ofdoing
this, with the leaft poiTible Error, | think will be as follows.

Inftcad ofthe ufual *Slips or GufTets, as isthe manner of Globe-makers,
which are comprehended between two Meridians at fomc Diftance, and
arc formed only tentatively and mechanically, without the Help of any
juft Theory, we may divide the whole fpherical Surface into parallel
Portions, or Zones * that is, into Parts terminated by two Parallels to
the Equator, at the Diftance (fuppoie) of ten Degrees. As if the firft of
thefe Portions, or Zones, were at the Equator itfelf, and extended to 5
of Latitude on cach Side of that Circle, the fecond Zone would be at tiic
Parallel of 10® of L-atitude, and would extend to of Latitude on one
Side, and to 13® of Latitude on the other Side of that Parallel, and fo

of the fucceeding Zones.
Now we may conceive the firft of thefe Portions, or Zones, to be

converted from a fpherical Surface to a plane Surface in this manner,
Z 7 2 without
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without fcnfible Error. Let the middle Line of this Zone, that is the
Equator, continue in it’s Situation, and let the Segments of the Meridi-
A on each Side be conceived to unbend themfelves gradually, ’cill they
arc extended into right I>ines perpendicular to the Equator: Then will
that which was beforea Zone, or Portion ofa fphcricai Surface, with a
fmall Alteration become a Portion ofa cylindrical Surface, circumfcrib-
ed about the Sphere ; whofe Breadtii is every wherc”equal to lo”™ of the
Sphere, and wliofc Circumference is equal to the I'.quator. And thus
every Parallel to the Equator, as far as that of 5® of Latitude on each
Side, will btr ftrctched and extended into a Circle as large as the Equa-
tor; but tlu*y will all kccp the fame Diftance from one another, and
from the Equator, th.it they had before. 1 his Extenfion, or Alteration,
will bj every where rej*ular and uniform, and will be but very little,
even where it ismoil: For ihelealt ofthcfe Circlcs, which is the Paral-
lel ofj'~ of I-atitude, has the fame Proportion to the Circle it is ftretched
to, or the Equator, as the Sine of 85~ has to the Radius, or as 99"*947
to 10000000 ; which approaches very near to a Ratio of Equality. And.
now it will be eafily conceived, that without undergoing any other Al-
teration, or Diftortion, this Portion of a cylindrical Surface may be
reclified, or extended into a plane Parallellogram, whofe Length will be
equal to that of the Equator, and whofe Breadth will be equal to an Arclv
of ID® of the fame Equator,

And confequentiy, by an Operation that will be juft the Reverfe of
this, ifupon a Plane we delineate fuch a Parallellogram as this, we may
then lay down all the Places that are contained in it very exaiftly, in their
proper Situation of Longitude and Latitude ; and then apply ii*s middle
Line, or Equator, to that of a Globe of a due Magnitude, which will'
then become a Portion of a cylindrical Surface, circumfcribcd about the
Globe. Then by prefling it clofe to the Body of the Globe, we fhall.
caufe it to contrail itfelf a very little, but regularly, which Contradion
will be only according to Longitude, and not at all according to Lati-
tode; and then the cylindrical Surface will be changed into that ofa
Sphere, and will become the firil fphcricai Zone before defcribed, with
a’ it"s Delineations in their-due Pofition, without fenfible Error.

in like man.ner in the itcond fpherical Portion, or Zone, compre-
hended between the Parallels of five and fifteen Degrees, whofe middle
r.ine is the Paralle! of ten Degrees, we may conceive the Segments of the
Meridians to unbend gradually on each Side, and to extend themfelves
jato Tangent right Lines, which therefore will form a Segment ofa
conical Surface, ilill touching the Globe in the Parallel of ten Degrees of’
Latitude. The Axis of this Cone wiil coincide with the prolonged Axis,
ot the Globe, and the Side of the Cone, which is to be eftimated from
the Vertex to the Circle of Contadl, will be the Co-tangent of the Lati-
tude, or the Tangent of 80”. Now this Portion of a conical Surface-
may eafiiy be conceived to be unrolled, or to be expanded into a plane.
Surface, without undergoing any other. Alteration, then it will be-
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come a Portion ofa Se6lor of a Circle : whicli Portion will have for it's
Length, or middle Line, an Arch of a Circle dcfcribed with the afore-
..« Tangent, as a Radius, whofe Length will be the fame as the Pa-
... of Contail, and it’s Breadth will be equal to an Arch ofthe Equa-
tor of 10® as before. This Segment ofa Scdor of a Circle fo produced,
may therefore be eafily defcribed in flano™ and within it may be infertcd
.- the Places belonging to it, according to their Longitude and Lati-
tude. Then it muil be applied to the Globe, Ib as that it’s middle
Line (hall coincide with the Parallel of 10° * then by preiTing it may be
U-lUto the Surface of the Globe, every Meridian to it’s refpcdlive Repre-
icntJtive, by which it will uniformly contract a little according to Lon-
gitude, but not at all according to Latitude. And thus the Globe will
be covered as foras 1  of Latitude.

The next Zone, or that belongi*ngto the Parallel of 20®, may be thus
conrtruiled a priori. U()on a plain Paper, with Radius equal to ths
‘laniJcnt of 70 Degrees, defcribc an Arch, whofc Length is equal to
that ot the Parallel of 20™ ¢ asalfo two other concentrick Arches on each
Side, at a Diitance from the middle Arch equal to an Arch of 5%
This will be the required Segment of the circular SeéVor, in which an;
@ be inferred ail the Places belunging to it, according to their Longi-
tudt-and L7 uitude. Then the middle Lirte or Arch is to be applyed to
the Parallel of 20® u|)on the Globe, and the Segment of the con cal Sur-
face thence arifing is to be duly contraded as before, or prefTed clofe to
che Globe; by which Means this Zone will allb be compkated. And
in the fame manner we arc to proceed to the i'uccceding Zones, ‘till thr
whole Globe is covered. And the Method will not differ in any materi:.!
Circumflance, if inilead of a whole Globe, wc are to conftruft any Parc
of it only, or what | here call a Splierical Map.

To reduce this Theory to Prailice, and as a Specimen of Spherical
Mjps, | have conilruited a Ttrreftrial Hcjnifpl~re to a Dinmeter of
ntar 15 Inches; To which I have given tl'.'e Name ot the Hriiijh IIm t-
fpbcri\ becaul'e it has GreatsBniain in the Centre, or r.ithcr at it’s Vertex.
It is therefore adapted ro the Meiidian and Horizon of Londcn™ and ex-
hibits one halt of the Larrh™ Sviriace, as it lies round about this City ;
uhich is vallly the moll confidernble Part ot the whole Earth’s Sjper-
ficiess. The Longitude and I. atiende of Places are here eafily known by*
iTifpeldion, and their Bearing and Dlilances may be nearlycllimared :
And ail the Delineations arc as accurate and particular as this fmall R:idiu.s'-
would permir. lconceive tiiérefore it may be no unfit Inftrumrnt for
initruding Beginners, or for initiating young Minds in the fitit Rudi-
menta ui Geographv. *

IX. 'I'hne Ncix'ility of feeing fA\e I Tori/on, in oVdcr to find the La-

357

titude o.”aShip-at Sea, has always been fo gre?t an Inconvenience, that 'vrhohffixai

u\y Method tor determining it without the Help of' the Horizon, wiH’/ji»

of Gonfidorable Ufc, although it I>e liable to an Error of a few
Mu;utfs: Arui.asii .r ginera!”~'-tigrfvd.ty ScflrReny tlr«t they urc.miirh
oftcncr.
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orcuerrenfibleofthis Inconvenience %, >Im Weathcf, than in rough* \f
is hoped that the following maniu -of conitruding and ufing a Spiric
Level, may, in that Cafe, becapabi- of fo much Exadlnefs, atleaiV, as
may render it acceptable to the Pu:Jick. *

This Level is compofcd ofa Gi:uj 'i'ube A B, benr into an Arch ofa
cjfcle, and containing fuch Xumb-. of Degrees as will be moft fult.
able to the Degree of lixadnc;-. vii': which the Obfervation can be made*
The Bore of ic muft not be v.-Jxr than ~ ofan Inch in Diameter, that
the Liquor in ic may the betrir together, and the two Ends of it
iland Perpendicular to the Tu”-c i. Poilures: Nor iliould it be much
izfsy Jeail the hanging of tht; Spiric to lae Sides hinder it from fettlinefo
truly by it’s Weight to the lowcH Pajt of the Tube. This Tube isce-
mented into another Brafs one C D E F, of the fame Curvature, the
outer Half of which is taken off, fo as to ihew the Glafs, leaving only a
fma]] Parr in the Middle D F entire, in which a fmalJJ Stop cock G is
placed. Tiie Glafs Tube is divided in two in the Middle, to make room
ior this Stop-cock, the Key of which muil be pierced through with a
Hole of only about ~ Parcof an Inch, for the PaiTage of che Liquor
The outer Ends of the Glafs Tube muil have a Communication with one
another round about by Means of two fmali Pipes | and K, and the
Tube FI, the manner of which is fufficiently ihewn by the Figure.

Each halfof the Glafs Tube A B muil have a Scale ofDegrees anfwer-
ing the Curvature of the Tube, fubdivided at Pieafure. They maybe
numbered either as the upper or under Scale in the Figure ; and obferve
that in the under Scale two Degrees are numbered as one; the Reafon of
which is, thatthe Motion of the Spirit in the Tube increafing the Num-
ber on one lland, and at the iameTime as much diminiiliing that on
the ocher, their Diilerence' is altered thereby, fo as to anfwer to double
chat Motion. The Divifion of the Scales are cut on the Edge of the
Brafs half Tube, or Trough, which is made thick for the greater
Strength.

In one of theimall Pipes lor K, jufl: againft che Return of it, which
enters the End of the firft-mentioned Glafs Tube at A or B, is a fmall
Hole, by which to introduce into ic fo much Spiric of Wine as may fill
It from the Middle of the Scale on one Hand to the Middle of that on
the other ; this Hole may be afterwards flopped by a Skrew-pin.

The inner Ends of the two Halves of the Glafs Tube A B fhould be
-fixed into the entire Part ofthe Brafs Tube D F with a Cement made
with old hard Bees-Wax, or fome other Materials not diiTolvable by
S”piritof Wine, as ihould alfothe Ends of the fmall Pipes I and K into
this and the Tube H : Thofe Halves, as to the remaining Parc of their
Lengths, may be failned down with any ftrong Cement.

This Level may be fet on to one ofthe Limbs ofthe Quadrant, fitted
up for this Purpofe, in the manner expreiTed in the Figure. It hath
an Index moveable on the Centre, and a Spring at the other End to keep
It fteady, when itisdireiled to any of the Divifions on the Arch, which

needs
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needs no other Divifion than into whole Degrees. The Index may be
furniihed either with plain Sights, or may carry a fliort Telefcope, with
a Vane in it's Focus, to receive the Image of the Sun, when itis bright
enough; but if the Sun be hazy, or the Moon, or a Star be obferved, a
Aiding Shutter may be drawn out to tranfmit the Rays of Light to the
£ye-glafs. The Vane has alfoa Thread fixed on it perpendicular to the
plane of the Quadrant, The whole Inftrument (for the eafier managing
it) may be fupported by a Staff, refting with oneT.nd on the Floor.

The manner of ufing it is thus: Holding the Quadrant in a vertical
Pofture, with that Limb to which the Level is fixed parallel to the Hori”
zon, raife the Index to fome Divifion of the Arch, as near as you can to
the true Height of the Objeél * which is fuppofed to be near the Meri-
dian, and confequently to alter it’s Altitude but fiiowly ¢ Then turning
the Key of the Stop-cock, fo asto letthe Spirit of Wine pafs through the
fmall Hole in it, keep the Image of the Objcél as clofe to the Thread
on the Vane as you can, endeavouring that the unavoidable Vibrations
of itabove and below the Thread, may be equal, both in refpeét of their
Length, and the Swiftnefs of their Motions, Continue this ’till the
Spirit feems quite fettled to fome Part of the Scale, and fomething lon-
ger. This it will do flowly, but without any fcnfible Vibrations * for
the Stop-cock allowing it no Paflage but through the fmall Hole in it’s
Key, will give fuch a Check to it’s Motions, as not only to flop thofe
Vibrations, but alfo to hinder it’s being thrown backwards and forwards
in the Tube by any Shocks of the Inftrument ¢ and yet as far as | have
obferved will not prevent it’s fettling (with fufficient Truth, though flow-
ly) to the loweit Part of the Tube. About half a Minute of Time or
more may be neceflary for this, according as the aforefaid fmall Hole is
greater, or Icfs in Proportion to the Bore of the Tube. When youjudge
the Spirit quite fettled, turn the Stop-cock again : It isof no Importance
that the Image of the Objedl be exactly on the Thread at the Inftant that
this is done. Obferve againft what Degree, and Part of a Degree, each
End of the Spirit in the Tube ftands. If your Scak* be numbered like
the upper one in the Figure, and the Quantity of Spirit be exail, both
Ends will agree, and the Dega’C and Parts marked m”ft be added to,
orfubftradted from the Altitude ihewn by the Index, according to the
Direélions: If the Ends do not exactly agree, take the Mean between
them. Ifyou ufe the under Scale, fubftradt the lefs Number from the
greater, and add, or fubftradl the Excefs, the Number refulting v/ill
fhew the mean Elevation of the Index during the latter Part of the Ob-
fervation, and will differ from the true Altitude of the Objedl about half
fo muchas the Vibrations ofit’s Image above and below the aforemen-
tioned Thread on the Vane fail of compenfating one another during that
Time. Ifeither End of the Spirit leave the Scale, the Index mufl; be re-
moved three or four Degrees, and the Obfervation repeated.

Inftead of the Curve Tubes A and B, two ftrait ones might be ul'ed,
fet together fo as to make a very obtufc Angle in the Middle but ihen-
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jc will be convenient tojiave the Qiv,intity of Spirit more exaitly fitted to
ihc Scale, bctauic the :illov;ini¢ lor the Difi'crencc will bt; foinetliing niore
troublcfome.

If the Ohferver haw an AiTiilant to attend to the l.evcl, while he him-

of-—-—-- e = A A
fl.uii:;g the GlInfs 't'ubc in half in the Middle may likewife be avoided, if
jiillKad or'the Scop-cock at G, there be one iixed in one or both of the
Pipes I and K, to open and ilop the PaiTageof the i\ir, havlnga larger
Hole In their Keys, there being nlfo a Plug with a imall Hole, thruft
down into the Middle of the 'lube, as beiore.

'I'ne Bore ot tlie imall Pipes | and K, and the Tube H, mufl: not be
fo narrow as to nuke it difficult to reduce the Spirit into it’s Place, ifby

I any Accident either End of it fliould get into them.

'e | have been informed, that an Objeél may by kept in View v/ithout

i much Difficulty, even in pretty rough Weather, thro’ a Telefcope mag-

1 juiying about ten times. Now as ilich Teleicopes feldom comprehend
an Area of much more than in Diameter, or at moil 20" it follows

that the Axis of the Telefcope is always kept v/ithin 40' at moil of the
Object, and tliac is the greatefl Vibration of the Image above and below
5 the Thread on tne Vane, If this be allowed, it feems rcafonable toex-
! pe¢l that the Medium of the Vibrations one \\'ay ihould not excetd the
r Medium, of thofe the other, more than by about \th or ith Part of the
o greateft Vibration; /. e. about 7 or 8" the halfof which will Ix*the I'.rior
u of the Obfcrvation. In itill Weather it will probably be much lefs, if
the Inflrumcnt be in the Hands of a Perfon moderately ikiiful in ob-
lerving.
AVtfripthn X. ['he Sea-Qiiadrant now in Ufe, called CaptainQtiadrant
c-'airaur- being invented by that ingenious Gentleman, for taking the Sun's Alri-
Is an Inilriiment well known, iiniverfally npprovtd, and fiifRcirnt-
ly accurare ; | fay fufficicntly, becaufe it is well known to all ArtiAs at
Vo -,vhtnly an Sca, that 5 01'Iti’ Error (which is generally the mofl', ifthe Inilrununt
; obj,ruatim ( be gooti, though the Motion be great) isa Trifle fcarce worth the noting,

TL' r ” 3 Meridian, or parallel Circlc. This, together
i thick fitid vazy long LJle of tliis Inilrumcnt, has, to my Knowledge, (havin<T
had the Experience of 17 Years in the Roval Navy) occafiwied jlich a

to it, that it would be no eafy matter to dillliade the Navigator
from the Ufe of it, to any other.

Ctm, is true, that when the natural Plorizon isobicured by thick and hazy
' No. 45.. p. Weather, (which is very frequently the Cafe, cfpecially offof our Chanel,
i fiov. J.T717. Banks of Src.) this Inftrumenr, as it now Hands, is

of no Ufe ; which too often occafions melancholy Coniecjuences, iuch as

and Cargoes, and, what is ftill more valuable, our Sea-
mens Lives. |f therefore, to this Inftrument, an Apparatus were added,,

fuch
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A T>cfcription ofa Water-Level™ &c.

fuch as an artifici:il or portable Horizon, that couid be as efFcdually re-
Jiecl on, as that of the true or natural i and at the fame Time plain, eafy,
and obvious*, 1am of Opinion” it would be needlcis to about proving
"u’s Ulefulncfs.

To this End, fome ingenious Gentlemen have, within thefe few Year.c,
very commcndably employed their Talents this way ; among which, |
humbly offer my Mite.

| fliall now procced to the Principle on which this Apparatus is
founded, viz,

~hat the Surface ofall Liquids ("ahenfree from any external Caufe) tkai
have a Communication with each oihcr”™ though divided andfepurutcd tn
tbdr Surfaces™ 'njill be truly in a horixonial Plain.

I'he Quadrant, and it’s Conilruilion, being well known, theri: re-
mains but little to be laid to it; the principal Parts that 1lhall take No-
tice of, are the two Scdions of two different Circlcs that are conccntrick,
as A B, C D, on which the Degrees and Minutes arc graduated ; E.
thecommon Centre, through w'hich goes a brafs Fin fixed to the Appa-
ratus F. F, which is an Index or Radius to the Sedion C 1), on which In-
dex is fixed a brafs Tube 15 Inchcs long, in the Extremities of which
are fixed p.rpendicularly two Glafs Tubes E b and d b, 4. Inches long,
with brafs Ferrels on the l'ops.

On the Central Pin, which is fixed in the Itidcx, is alfo fixed the brafs
horizontal Vane E z obliquely, in which there isa Hole tor the central
glalsTube E to come through i of it’s Length, clofe to which, and
from the common Cunre, comtsa\lyhite fine Thread, the End being
fixcu in the Vane E s ¢ and in the lame manner isa I'hread fixed dole
to the glafs Tube d b.

To prepare this Inilrumcnt for ObfArvation, you muff pour Water
(for that is always to be had) into the»Tube E -6, till it’s little Surface
rifes to the central Thread ; then to keep it fixed there, fliut the Slide or
Stop that is fixed on the Top of checentral Tube, and there it will con-
tinue ; then you may at Plcafurc pour or drop Water into the Tube dbj
till it’s Surface alfo riles to the Thread fixed there; and if too much
Water is dropped in, dip in a Wire with a fmall bit of Spung or Cotton
fixed to the End, till you exadly trim your Tubes ; for in this lies the
greatefl Nicety and Exadtnefs, to trim your Surfaces true to the
Threads.

This being done, you are prepared for Obfervation ; and placing
yourfcif conveniently, where there is the leaft Motion, fitdown on a
Stool or the Deck, and having the Qiiadrant in it’s proper Pofition on
your Lap, open the Slide on the Top oi the Tube E by that the Water
may have it’s natural Tendency, which will be truly horizontal, con-
formable to the above Principle ; then keeping your Eye on the central
Thread, bring that and the litde Surface inio one, which will bccffeded
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with the fame Eafe as if you obferved by the natural Horizon 5 then
keep moving the End of the Index F, till you bring the Speculum of the
Sun in the little Hole on the Horizon-Vane that is clofe to the Thread,
fo that you have, as it were, but one Obje6t to look at during the Time
of Obfervation: But ifyou ufe theShadow-Vane, you mud bring the upper
Edge ofthe Shadow on the central Line, drawn on the Horizon-Vane, as
vfual; remembering as often as you red, waiting the Sun’s rifing, to
clofe the Slide, .i.» prevents the Water’s running our, ir then remain-
ing immoveable. And thus continuing to do, till the Sun is on yodr
ANlcridian, cail up the two Sums as is ulual, that is, the Degrees cut by
the Shadow-Vane, and thole cut by the upper Edge of the Index on the
greater Arch, which Sum will give what is required, riz, the Sun’s
Diftance from the Zenith. On the End of the Index is fixed a Sight-
Vane N, by which you mayobferve by the natural Horizon, the very
fame way as with the common Quadranti fo that the one will be the
Proofofthe other.

JV. B, There are of late Invention, large Glafs LfwjV, veryufeful
for collcéling the v/eak and fcattcred Kays of the Sun into
a Speculum ; but if the Rays are even too weak to be col-
leded by that, and that you have any Sight of the Sun, let
another look through the little Hole on the Horizon-Vane
above-mentioned, and the upper Edge of the Shade-Vane,
to the Sun, and it will give what is required : | he fame
Rule is to be obferved in taking the Altitude of a Star.

7heDe/cripiitn XL | had the Honour fome time ago to communicate an Invention
firdV/tefan rnuch upon the fame Nature and Principle with this; iince which | have
~dTTaTan Alterations and Improvements thereto, as have rendered it
%provemcnt Complete and perfeél for the Ufe intended, and have been confirmed by
19 Davii*s repeated Experiments, as well on board Ships, ason Shore. An Inftru-

Nacirant, nifnt of this Nature we greatly want at Sea, and it would be a great Sa-
~MerwiSu- ~'sfadion to me, if any Thoughts and Inventions of mine fhould contri-
njtl, for taking to the removing of this grand Impediment, that fo frequently

ihe Co aititude happens.
ifSutt orStar 'J'q arriv'e to the utmoft Perfeélion in Navigation, three things are ab-
‘ folutely regnifire, viz. The Variation, the Latitude, and the Longi-
jjfijiancitftht iucie; which laft is, as yet, concealed from us. The two former indeed,
jenfifu Hart- we have a tolerable Certainty of, efpecially the firft which may be found
by Obfervation, almoft at anytime the Sun ihall be vifibls in or above
thfcure/Z” By i’fi“rinion, either by an Amplitude or Azimuth; but unhappily as

the Jame it is not fo in regard to the Latitude, by any certain Method, but
Ilhid. p. 417. what is looked on as tooabftrufe for common Pra6bice * for it is but once

in 24 Hours that an Obfervation can be made from the Sun, and even
that Space of Time fo very fiiort, that if the Horizon ihould then be
obicurcd, or a Cloud intercept the Rays of the Sun, the dead Reckoning

S
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An Imprtriement io Davis’j Naaranf™ &c,
isthen the only Guide, which, in Faf£t, is Jittle better than groping in
thti Diirk.

Since the Latitude then isour principal Guide at prefent, and liable to
thefe Obftru¢tions, it would be unnecelFary to enlarge on the Advantages
that would accrue to Navigation from Improvements tending to obviute
them. As this Invention removes a very material Obilacle, viz, an ob-
icure Horizon, there remains another, which, | hope and believe, is not
altogether impraClicable to remove; and that is, being confined but to
one ihort Space of Time for Obfervation, as already mentioned ; and
doubtlefs it would be of great Advantage co Navigation, could an accurate
Method be found for diTcovcrmg che Latitude as frequently in the Day,
as you may that of the Variation.

But to return to the Inilrument under Confideration, which is found<*d
on this obvious Principle, viz, That the Surfaces of all Liquids,
“ that have a Communication with each other, though feparated at anv

Diftance in their Surfaces, will be in a true horizontal Plane,**

The firil inilrument that | made conformable to this Principle, was
with a Water-Level * but finding that Water was fubjcdt tofome Incon”
veniencics, jaltered the Apparatus, and changed the Fluid from Water
to Mercury ; This Alteration and Improvement will more intelligibly
appear by the Figure of the Inilrument, where A B, CD, reprelcnts
the Segments of two different Circles that are concentrick; E, the
common Centre, in which moves the Pin or Axis fitted to the Index or
Label E F:; on which Label is alfo fixed the horizontal Tube G/,
which has a Communication with the Two Glafs vertical Tubes EZ>,
in which moves the Mercury. On each Top of the vertical Tubes are
fixed a large hollow brafs Cylinder h by having in their Tops a Pin, by
clofing of which, the included Air is prevented from any Communication
with the External; by which means this Advantage is obtained, that it
prevents, in a great meafure, that too quick and vibratory Motion, that
is natural to the F'luidity joined to the Gravity of Mercury when moved,
and at the fame Time, by having a fufficient Space and Quantity of Air
in the Cylinders at Top, does not in the lead impede the true Level;
but notwichftanding this Precaution, the Mercury ilill would be fubje<fc
to a tremulous Motion, were it not that the Diameters of the vertical
Tubes, to that of the horizontal, areas 2 to i, and confequently the
Area 4 to i ; by which means this Inconveniency is alfo removed, with-
out any way affedling the horizontal Level.

The firil trimming or preparing the Tubes with Mercury is fufficient,
and when the two little convex Surfaces of the Mercury appear juft vifiblc
above the level Rings Ef, then is the Inilrument correftly trimmed;
if they appear much above or below the Rings, move the Tubes a little
up or down, till the Surfaces are adjufled to the Rings; which is cffeifled
by means of the regulating Screw /, fixed at the End of the Bafo
Tube,

AaA?2 Ac

Fig. no.



‘An Improvement 10'Dvii”N's Sluadrant, Sac.

As | well know the Fondnefs our Navigators have to Davh”s Quadrant,
e Apparatus to this litAirumcnr, which is fo flir from being
pcrpliTxing, that it Ixrcomes obvious at firft View, and by which an
Lbicrvation can be made with great Facility ; for the Obfervcr may place
himkli in the moR convenient Part of the Ship, where there is the leaft
Motion and Wind to difiurb him, and fitting on a Stool or the Deck,
holding the Inftrument w:th his Icit Hand under the Horizon-Vane liz,
and his Right at the hi.d ot'ihc Label F, with his Thumb thereon,
1 kftping the I.abci on tht fame Height or I.xvel with liis Eye, bring the

left convex Surface of ti.c Mercury to appear jull: vifible above the central
King F, and the SImdo or Speculum of the Sun from the Solar Vane k, to
coincide thercwiih on the central Line \Lz\ and the Sum of Degrees and
Minutes cut on the two Arches by the Vane and the End of the La-
bel F, will give; as ufual, the Angle ofthe Sun’s Co-altitude. Asthe
Sun riles, the Shade wUI fall below the central Line (the Surface in it’s
proi>cr Place); and when it pafies the Meridian, and falls, it will appear
above, fo that the End ofthe Label muil be moved in the fame manner
astheSight-Vane ufuallyis.
[ To obferve by a Star, another Perfon muil look through the Slit on
the Horizon-Vane, and over the upper Edge of the Shade-Vane, and
| bring the Star to coincide therewith, proceeding in the fame manner as
before, with the Sun.

There are two very oppofite Caufes of an obfcure Horizon * the one
proceeds from thick ha/y Weatiier, and the other from fine clear and
calm Weather, as | have often experienced at Sea : | have been running
with a Freili of Wind, fometimes five, fix, and feven Days together,
the Diftance of z or 300 Leagues, without an Obfervation * and on the
fixth, fcventh, oreighth Day, 1 has proved ftarkcalm and clear Weather,
but the Sea fo fmooth, and ib like in Colour to the Sky, that the Edge
or Circle of the fenfible Horizon coukl not be dillinguiflied therefrom,
and confequently no Obfervation to be made by the Inilruments then in
Pradice.

By this Improvement to Davish Quadrant, the above Obflacles are
entirely removed * fo that an Obfervation can be made off of Headlands”
in Harbours, on Shore, and, in lhort, any where that a Sight of the
Sun, i~c. can be obtained, without any regard had to the Horizon *

.and, what is peculiar to it, is, that the true Level will be prefcrved, as

well on the Top of the higheft Mountain, as clofc to the Surface of the

Horizon. The Apparatus is fo contrived, that an Obfervation can be

made with the fenfible Horizon as ufual, by means of the Sight-Vane N,

- fixed near the End of the Label for that Purpoie, fo that the one will be a
Y Proof to the other.

As theSuccefs of Inventions in all things of this kind muft be con-
firmed by Experiments only, among many others, two were eiTcdtually
made on board his Majeily’s Ship the Oxford at Spithead”™ in a high
Wind when the Motion was fliorc and quick, and confequently, a greater

Dilidvantaga
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Pifadvantage than if on the high Sea, where the Motion is grave, flow
and regular, occafioned by long Waves; but notwithftanding this quick
Motion, the Obfervation made, exaélly agreed with the Latitude of the
place ; as will more evidently appear by the Report hereunto annexed,
fjgned by all the Principal Officers that were then on board.

I E new Improvement made by Vix Charles L,dgh x.o0T}avh\

Qiiadrant, confifting ofa Mercurial Level, for taking the Sun or

Stars Altitude at Sea, when the fenfible Horizon is obfcured cither by
thick and hazy Weather, or in fmooth Calms, when the Sky and Ho-
rizon are not diftinguifliablc, ~as tried on board this Ship, when the
Latitude by Obfervation made with thefaid Inftrument agrees, as appears
by the following Calculations i ~/2.

J~Urch the 9th, high Winds,

_ : March loth, ditto Weather.
and a quick Motion.

/[l /:
Sun’s Zenith Did. - 50 30 Zenith Diftancc - - 50 38
Sun’s Declination - - 15 S. Declination - - - - 9 N,
Latitude by Obferv. 50 45 Latitude by Obferv. 50 47

From which Experiment we judge this Inftrument fufficiently accurate-
for difcovering the Latitude, and removing that grand Impedimenc
tliat frequently happens by an obfcure Horizon, and confequcntly to bft
of great Ufe in Navigation.

From on board bis Majefty”s
Ship Oxford, at Spithead,.

March 10. 1738.

Signedy
Thomas Strachey, Firft LieuUnanK
Thomas Griffin, hieuttnanty
James Irving, Mafter.
William Slanning, fecond Mafter*

NoiCy The I-atitude of Spithead the neareft is"
about A~

otth.

H E Alteration made in this Inftrument is greatly for the better,
for the Level of Water required to be trimmed every time of Ob-

ikrvation, bcfidcs the Hazard of Ijpillingthe Water from a great Motion *
but ’
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but in this Level ot'Mercui'y, the firft Trimming fcrvcs always, and with-
out hazard of fpilling, being dote confined, as will be ieen in the Inftru-
jncent.------- The Cylinders are made large enough to receive the Air that
will be condenled and rarefied alternately by the vibratory Motion of the
(Mickfilver through.the I'mall glafs Tabes, without affeding the true
Level Line, as will be found upon Trial: Notwithftanding, the included
Air has no-Communication with the External, it’s being clofe confined
giv'cs this Advantage, that it prevents the Mercury, in ii’s vibratory
Motion, from being quick and tremulous.

The Bottoms of the brafs Cylinder that the ghfs Tubes are fixed in,
murt in the infide be made Tunnel-wife, that the Mercury may not
lodge behind. The Hole at the Top, and the Pin, is for taking out
or putting in Mercury, ifOccafion; as alio to clean the Tubes with a
Wire. The perpendicular Tubes muft at lead be twice the Diameter
of the long Bafe Tube, for this Realon among others, that tlie dilating
and condenfing of the Mercury, from Heat or Cold, may not be fenfible
in the perpendicular Tubes ; and alfo that the Bafe Tube muft be as long
as the Index or Label will admit, and the Tube thereof to be as fmall
as can be, but foas to admita PafTage for the Mercury, This P/ iffage
fliould be through a fmall Glafsl'ube inclofed in Wood, The Cy-
linders muft not be foldered with foft Solder nor Silver; The Mercury
mwill aiFeft it.

Noieylf the Mercury ihould be feparated by an Air-Bubble in the
Tube, incline the Inftrument till the Mercury difappers in
the Tube below the Bafe, and it v;ill take it out. The true
Level is when the little convex Surfaces of the Mercury juft
appear above the Level Rings; then itis rightly trimmed;
and when you obfcrve, you look onlyat one of tliem, viz.

that at the Centre, the Shade-Vane co-inciding at the fame
Time on the Horizon-Vane.
March 11, 1738.

AnAcctuntof XI11. Bclng informed that this Improvement, propofed \W*nomas
/m Thomas  Godfr™of this Place, for obferving the Sun’s Altitude at Sea, with more

P Qvermt A Expedition than is praéticable by the common Inftruments in
ufe for that purpofe, was laft Winter laid before the in his

dranfy tranf own DefcHption of it; and that fome Gentlemen wiihed to fee the Be-
intended by it more fully and clearly explained : I, who have here

lemmU Opportunity of knowing the Author’s Thoughts on fuch Subjects,
Hlicaed to the perfwaded in my Judgment that if the Inftrument, as he propofes
KoyaJSociety, it, bebrought into Praftice, it will in many Cafes be of great Service to
Is/ii therefore thought it proper to draw up a more full

p. 441.//W than the Author himfelf has given, with the Advantages

Phiiadclpha attendingit; which if approved of by better Judgments, to whom what
Jubci8.j734. ~ ofrer is entirely fubmitted, ’tis hoped the Ufe of it will be recommend-
ed
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ed and further encouraged, as alfo the Author. The Rift of the Improve-
ment with it*3 Conveniencies, asalfo a Defcription ofit, are as follows.
~bo. Godfrey™ having under the greateft Difadvantages (as | obferved
in my firft Letter to Dr Hailey™ giving an Account of his Invention of
the Refleiling Inftrument) made himfelf Mafter of the Principles of
Aftronomy and Optics, as well as other Parts of Mathematical Science,
applied his Thoughts to confider the Inilruments ufed in that moft mo-
nientoiis Part of Bufinefs, Navigation. He faw that on the Knowledge
of the Latitude and Longitude of the Place a Ship is in, the Lives of
thoufands of ufcful Subjcds, as well as valuable Cargoes, continually de-
pend ; that for finding the firft of thefe, certain and eafy Methods are
iurniihcd by Nature, if Obfervations be duly made: But Davii™s
&uQdrant™ the Inftrument generally ufed by Britith Navigators, (tho*
fcldom by Foreigners) he perceived was attended with this Inconveniency,
that the Obfervcr mull bring the Shade or Spot of Light from the Sun,
and the Rays from the Horizon, to coincide exaillyon the fiducial Edge
of the horizontal Vane ; That tho’ this can be done in moderate Wea-
ther and Seas with a dear Sky, and when the Sun is not too high, with-
out any great Difficulty j yet in ocher Cafes it requires more Accuracy
thancm in fome Juniiures pofiibly be applied, and more Time than can
be allowed for it. In European Latitudes, or tothofc nearer the Northern
Tropick, when the Sun is in the Southern Signs, and near the Meridian*
he rifes and falls but flowly : Yetin Voyages to the Eaft and H”Veft-Indtes™
of whicJi very many, efpecially to the latter, are made, he is at Noon*
often and for many Days together, in or near the Zenith, and when
approaching to. or leaving it, he rifes and fiills, when he has Declination'
iafter than even at the Horizon ; for it is well known to Perfons acquaint-
ed with the Sphere, that when his diurnal Courfe takes the Zenith, he
there rifes and falls a whole Degree or 60 Minutes, in the Space of 4/
Time-, fo that the Obferver has but >, to come within 15'of the Truth
in his Latitude: While in a middle Altiiude, 3545” he isat Noon above
571 inTime, inrifing or falling one fingle Minute of Space, the Odds

between which is more than 80 to i. And vyet, perhaps, no Parts of
the World require more Exa6tnefs in taking the Latitude than is ncceflary
in Aoyages to the . For it is owing to the Difficulty of it,

that \ efirls have fo frequently mifled the Ifland of BarinJoes™and when
got to the Leeward of it have been obliged to run down a loo® Miles-
iiirther to Jamaica”™ from whence they can fcarcc work up again in the
Space of many Weeks, againft the conftant Trade-Winds, and therefore
generally decline to try for, orattempt it.

But farther, as the Latitude cannot be found by any other Method”
ihatour Mariners are generally acquainted with, than by the Sun or a
Star on the Meridian: In a cloudy Sky, when the Sun can but now and
*hcn be fcen, and only between the Openings of the Clouds for very fhorc
lj"tervak, which thofe who ufc the Sea know frequently happensr As

in high tcmpcftiTous Sens, when tho*'theSun ihould appear, the-
I Obfcrv/ir
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Obf~rver can fcarce by any Means hold his Feet * it would’Ceminly
of vail Advantage to have an Inltruinenc by which an Obfcrvacion could
alib be, as it were, fnatched or taken in much lefs Time, than is gene-
rally required in tlu- LTc of the common Quadrant.

~ho. Godfrey tlierefore confidering this, applied himfclf to find cue
ibme Contrivance by which the NcccOity of. bringing the Rays from the
'Sun, and thofe from the Horizon to coincide (wnich is the moft diiTicult
part of the "Whork.) on one particular Point or L"ine from the Centre, might
b;; removed. In order to which he confidcred, that by the 21.
of Eucl all Angles at the Periphery of a Circle, fubtended by the fame
Swgment within it are equal, on whatever part of the Circumference the
angular Point falls ¢ and therefore, it inftead oi a Quadrant, a Semicircle
were <“raduatcd into 90 Degrees only, accounting evt;ry two D.-greesbut
one ; *ihis would eficctually anfwcr : For then, if an Arclv of the fame
'‘Circle were placed at the End of the Diameter of the Inftruincnt, every
| ’art of that oppofitc Arch would cqu;illy ferve for taking the Coincidence
pf the Rays above-mentioned. But fuch an Inftrument would manifcftly
be attended with great Inconveniencies; for it would in groat Altitudes
be much more unmanageable, and the Vanes could not be framed to
ftand, as they always ought, perpendicular to che Rays. He therefore
further rcfolved to cry whether a Curve could not be found to be placed at
the Centre ofa Quadrant, which would, at lead fora Length fufficient
to catch che Coincidence of the Rays, with Eafe fully anlwer the In-
tention.

A Curve that in all the Parts of it would in Geometrical Scriclncfs
efFedl this, canoot be in Nature, any more than that one and tl:e fame
Point can be found for a Centre to different Circles, which arc not con-
centric. It iscertain that every Arch on the Limb may have a Circle that
will pafs through the Centre, and bea Locus or geometrical Place for the
Angle made by that Arch to fall on : but then every Arch has a diiferent
one from all others ; as in the Figure. Let ABC be the Quadrant, and
A B, EF, G H betaken as Archesofit: Circles drawn through each
two of theié refpedively, and through the Centre C as a third Point, will
manifeiliy be fuch Loci or Places ; For every Pair ofthefe Points ftand
in a Segment of their own Circlc, as well as on a Segment of tlic Quail-
rant i and therefore by the cited 21. 3 EIm. the Angles fanding on
thefe firft Segments will every where be equal at the Periphery of their
refpeolive Circles, and their Radius will always be equal to half tiie Se-*
cant of halfthe Arch on the Quadrant. For in the Circle C E D F (for
Inftance) the Angle C E D is right, becaufe’cis ina Semicircle, CE is
the Radius of the Quadrant, E D the Tangent'of the Angle D CE =
the Arch E F, and C D is the Secant of the fame = the Diameter of the
Circle CEDF, and therefore it*s Radius is half that Secant.

Now from the Figure *tis plain, that in very fmall Arches the Radius
of their circular Place will be half the Radius of the Quadrant,* that is,
putting this Radius = lo, the other will be 5. And the Radius for the

| Arch
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Archofpo, thehiglien to be ufecl on theQuaclrant will be theSqiurr Roue
of half the Square of the Radius — Sine of 45 Degrees = 7.07 r, anti
Arches at the Ccnrre drawn by rhcfc two Radii are the Kxtreams, th*
Medium of which is6 0355. And ifacircular Arcli be drawn with tl)is
Radius —t!) Parc of the Lxngth cf ir* that is, in an Inftrument of 20
Inches Radius, the Length of one Inch on each Side of the Cenrrc
affording 2 Inches in the whole, to catch the Coincidence of tUe Rays on,
which muil be owned is abundantly ililHcienc, ihe Error at the greacdl
Variation of the Arches, and at the Excreniity of thefc‘2 Inches, Wiil
not much exceed i”

But in fixing the Curvature or Radius of this Central Arch, fomething
flirther than a Medium between the Extreams in the Radius is 10 be coii-
fidered : For in iniall Arches the Variation is very fmall, |iut in greater
it equally increafes, asin the Figure, where it appears the DiiTerence be-
tween the Angles ARC and A D C is much greater than the Difference
between V,BC and K D C, thougli both are fubteniieJ by the fame
Line BD : for their Differences are the Angles B A D and HK D.
Therefore this Inequality was likewife to be coniidcrcd ; -and compound-
ing both together, TIlw. Godfrey pitched on the Ratio of 7 to 11, for the
Radius of the Curve to the I*adius of the inflrument, which is 6.3636
to 10. But on further Advifemcnt he now concUides on 6 J anda
Curve of this Radius of an Inch on cach Side of the Centre to .an Inftru-
ment of 20 Inches Radius or of —th of the Radius, whatever it be, will
in no Cafe whatever, as he has himfelf carefully computed it, produce an
Error of above 577"; and *tis very well known that Navigators (as they
very fafely may) in their Voyages entirely (light a Difference of one Mi-
nute in Latitude.

This Radius is the true one for the circular Place toan Arch of77'~ 15/
and the Variation from it is nearly as great at 90 Degrees as at any Arch
below it, the greateil below being at about *4**, which is owing to the
Differences cxpreifed by the laft I'igure above, and not to thofe of the
Curvatures or circular Places. Yet this Variation of 57~ arifes only when
the Spot or Coincidence falls at the Extremity of the horizontal Sight or
Nane, orawhole Inch (in an Inflrumentof to Inches Radius) from the
Center, and then only in the Altitudes or Arches of about 44 or 90®.
And in thel'e, at the Diilance of kan Inch from the Center, the Variation
isbuti fomuch, viz, about 147"; and ati of an Inch, not 4~"; at the
Center *tis precifely true. Therefore as an Oblervation may be taken
'vith it ini of the Time, that DiiXi/i's Quadrant, on which three Things
muil be brought to meet, in a general way requirei: | fay, confidering
this, and the vail Importance of fuch Difpatch, inthe Cafe of great Alci-
Ndes, or of tempeiluous Seas, or beclouded Skies, ’tis prefumed the la-
ftrument thus made will be judged preferable to all others of the kind yec
known. Some Mailers of Veffels, who fail from hence to the Weft-Indics™
nave got of them made as well as they t:an be done here ¢ and have found
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Godfrcy'i Imj>rovemefH of Davis'i “ladrant.

fo great an Advantage in the Facility and in the ready Ufe of them, in
thofe Southerly Latitudes, that they rejed all others. And it can fcarce
be doubted, but when the Inftrument becomes more generally known,
it may, upon the Royal Sodeifs Approbation, ifthe Thing appear worthy
of it, more univerfally obtain in t'radlice.

*Tis now 4 Years fince ~ho. Godfrey hit on this Improvement; for his
Account of it, laid before the Society laft Winter in which he mentions
two Years, w.\s written in 173"- fame'i ear, ly~o” after
he was fatisfied in this, he applied himfelf to think of the other, viz. tiie
reiloiflinglnilrument by Speculums, fora help in thcCaie oi Longitude,
though ’tis alfo ufel'ul in taking Altitudes, and one of thefe, as has been
abundantly proved by the Maker, and thoie who had it with them, was
taken to Sea and there ufed in obfcrving the Latitude, the Winter of
thar Year, and brougiit back again hither before the End of F(;bruary"

and was in my keeping for fome Months imniediately after. It
was unhappy indeed, that having it in my Power, feeing he had no Ac-
cjuaintance nor Knowledge of Perfons there, that | tranfmitted not an
Account of it fooner; But | had other Affiiirsof more Importance to me:
And it wasov/ing to an Accident which gave me fome Uncafinefs, viz.
his attempting to publifii fome Account of it in Print here, that I did it
at that Time, viz. in M&y 1732, when | tranfmitted icto Dr/i?% ;
to whom | made not the leaft Doubt but the Invention would appear en-
tirely New. This, on my part, was all the Merit | had to claim, nor
did | then, or now ailume any other, in either of thefe Inftruments. |
only wifh that the ingenious Inventor himfelf might by fome means
be taken Notice of, in a Manner that might be of real Advntage to
him.

There needs not, | fuppofe, much more of a Defcription of the Inflru-
ment than has been given : 1 ihall only fay, the Bow had bed be an Arch
of about ICO Degrees, well graduated, and numbered both ways; the
Radius of 20 or 24 Inches *the Curve at the Centreto be ¢th of rhe?
Radius on each Side, that is,Y”th of it in the whole ; the Radius of that
Curve Parts of the Radius of the Inftrument; that the Glafs for the
Solar Vane lhould not be lefs, but rather larger, than a filver Shilling,
with it’s Vertex moft exaéliy fet. And that the utmoft Care be taken to
place the Middle of the Curve at the Centre exadlly perpendicular to the
Lineor Radius of 45 Degrees. As the Obferver muil alfo take Care
thk the two Vanes on the Limb be kept nearly equi-diftant from that:
Degree; towhich I iliall only add, that it may be beft to give the hori-
zontal Vane only one Aperture, and not two. The reft | fuppofe may
be left to the Workmen,

Note™ That the Radius of the Quadrant being divided into 20 equal
Parts, the Centre X of the Curvature of the Horizon-Vane

(A B) muft be 12 of thofe Parts from the Centre (C) of
the
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the Qiiadrant. The Breadth (A Bor” h) of chat V'anc fhould
be 7~ ol” the whole Rudius, chat is, on each Side of the
Centre (C).

XIIl- The neceiFuy of finding the Latitude a Ship is in, is too well
known tobe infilled on ; Frequent Opportunities of obferving the Lati-
tude muft conftquently be of very great Advantage to Navigation. The
Method ufually praclifed, is by taking the Sun or Star’s Meridian Alti-
tude or Zenith Diftance: la this Cafe, if the Sun does not lliine but for
feme fmall Tinae only, before Noon and after, though it be clear all the
reft of the Day, itisof no ufe for this Purpofe. Mr Fat:Oy F. R. S. (in
the Year 1728) proiMDftd a Method for finding the Latitude, from two
or more Obfervations of the Sun (or Stars) at any Time, the Diftance of
the faid Obltrviiiions in I'iine, being given by a Watch ; but as his
Method requires a vail Number of Computations, and & great deal of
Skill in Spherical I'rigonomeiry, it has very fcldom been made ufe of,
and never but by good Mathematicians. The Inftrumcnt here defcribed
will anfwer the fame Lnd, and has thefc Advantjges ¢ viz,

ijlly It may be very eafily underllood by Seamen.
It immediately fhews the l.atitude ot the Place.
It gives the I'imc of Day at Sea when no other Inftrument can.
It may be made as large, and confequently as accurate as is

defired.

A B C reprefents part of the llemifphere of a large Globe {half the
Globe, and the Part below the 'lI'ropick arecutofl', that it may take up
the Icfs room). A C, half the I'.quator, divided into 12 Hours above,
and 180 Degrees below, and fubdivided into Minutes, as is likewife the
lower Tropick D D. K E, a fiioveable graduated Meridian, turning on
the Axis F F. G an Index to fix it (by the means of the Screw H) to any
Hour. 1/ 1, acircular Beam-Compafs, the Centre | /to be fixed on the
Meridian to any Degree and Minute of Dcclinatlon, by the Method com-
monly calledDivifions: ”~ the Point for drawing Arches,- whidi
is likewife nxed to any Degree and Minute by the fiime Method. As the
Meridian is at fome Diftance from the Globe, L isa piece of Brafs to
fix on the Meridian, marked wvitii Nonius'% Divifions, with a Point reach-
ing down to the Interfedlion ofthe Archcs, by which means the Diftance
of the faid Interleftion from the Equator, or it’s Latitude is found.
The Degrees and Minutes may likewife be (liewn by diagonal Lines,

Prop. I. From two Ohfervations of the Height of the Sun™ the Dijlance of
the faid Ohfervations in TimCy being given by a JVatd\ as like-
wife the Declination of the Sun \ tofind the Latitude of the Placcy

and 'Hour ofthe
N B bb 2 I. IVhcn
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Mr GrahamV Inftrumentfor taking a Latitude, &c.

I. JRjen the Ship is at Reft, that is, at Anchory or in a Calm™ fo as to
have little or no progrejfive Motion,

Su'ppofe the Sun in the Equator, on the Day of Obfcrvation ; Fix the
Centre ofthe Beam-Compalli at o Degree (or at the Equator,) and move
the Point k fo the Zenith Diftancc, (the Complement of the Altitude,
taken'-by the ufual Inftruments,) and from any Hour, as from C, de-
fcribe an Arch of a Circle >with the f.iid Point, as h ¢ {Ex, i.) Suppofe
eight Flours after, by your Watch, you have another Obicrvation; move
the Meridian 8 Hours farther, to and fix it there v and with the Ze-
nith Diilance then obferved, dcfcribe another Arch asi/, the Point where
it cuts the former is the Place of Obfervation, and it’s Diftance taken oa
the Meridian from the Equator fiiews it’s Latitude; and the Minutes
reckoned on the Equator from the Meridian to C and d (the Times of
Obfcrvation) fltew what thofe Hours were.

When the Sun has Declination : Fix the Centre ofthe Bcam-Compafs
on the Meridian, to the proper Degree of Declination for the D¢y of
Obfervation, and proceed as before.

| f the Obfervations are at a greater DIftance than twelve Hours, bur in
the fame Day: Make ufe of the Complement to cwenty-four Hours of
the Diilance in Time, and take the Declination on the contrary, or
lower Side of the Equator ; and infteadofthe Zenith Diftanccs, take the
Nadir Diilances or Altitudes increafed by 90"

Thus you will find the Latitude, and Time of each Obfervation
from Midnight, In this Cafe the Beam-Compafs muft extend to more
than 907,

i f Obfervations are more than a Day afunder * as for Inftance a
Day and 2 Hours (26 Hours): Place the Centre of the Beam-Compafs
2 Hours farther than it was the Day before*, but in different Declinations,
according to the Table of Declination for the feveral Days.

WHien the Obfervations are made by a Star: The Centre of the Beam-
Compafs muft be fet to the Declination of the Star \ then proceed as be-
foi'e. To find the Hour in this Cafe, the right Afcenfion mud be like-*
v;ife given.

1 he fame Method may be ufcful at Land, when na Meridian Obfcr-

vation offers.
IL The Ship in Motion.

Suppofe the Sun in the Equator: TheDiftance between the two Ob*
fervations 8 Hours, as before, and the Arch aa a 2.) defcribedby
the Zenith D iftance of the firft Obfervation, from the Centre C * and
the Angle c ah™ 40 Degrees, is the Angle between the Ship’isway, and »
theAzimuth of the Sun continued, (given by the Azimuth Compafs)
and that during the eight Hours, the Ship has made 1®a or 6oMrom
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ato hyor ~ Radius is to the Cofine oic a h 40®, fo
isgl3 60" toiJf 46”1 add 46' to the Zenith Diilance C ~; and with ky
the Point of the Beam-Compafs fet at that Diilance, dcfcribe (he
Arch cbe\ then with the Zenith Diilance of the laft Obfervation, whofe
Centre is draw the Arch//*, the Point where it curs the Arch cben
is the Place where the Ship was lail; and it’s Diftajice taken on the Me-
ridian from the Equator fhews it’s Latitude*, the Minutes reckoned on
the Equator from the Meridian 10d (the Time of the laft Obfervation)
ihewthe Hour, or it’s Diilance from 12 0’ Clock.
If the Ship had failed from a top or towards the Sun : The Cofine of Cafe 2,

the Angle 3a or ofthe Angle between the Ship’s Way and the Sun,
muft be fubilradted from the Zenith Diilance of the firil Obfervation.

N. B, Only the two Arches cbe™ f arc to be drawn on the Globe,
the reft being added here, to Illiew the Reafon of the Con-
Aaruglion.

To find the Latitude of the firft Place: From the Equator, with a Cafe 3.
piir of Compafltrs, take the Diftance failed 60" and with one Foot in
the Interfedlion of the Arches b //, the Place found before, put the
other in the Arch aaa”™ the Zenith Diftance ofthe firft Obfervation, and
in this Inftance, on the left Hand of the Azimuth of the Sun, this is
the Place fought; and it’s Diftance taken on the Meridian.from the
Equator, ihews the Latitude ; and the Minutes reckoned on the Equator
from the Meridian to C, the Time of the firft Obfervation, ihew the
Hour.

The Interval in Time or Degree between the two Places, fliewn by
the Index G, is the Difference of Longitude.

N. B, Thofe Obfervations are beft, whofe AFches crofs each other
almoft at right Angles.

Prop. Il. Zenith 'Dlftances of two Stars™ ohferved at the fame ~NmCy.
their Declination™ and ri;ht Afcenfton being knoivn, tcfind tbs
Latitude cf the Place of Obfervation,

Fix the Centre of the Beam-Compafs to the Declination of either of
the Stars, and with the Zenith Diftance of that Star dcfcribe an Arch :
move the Meridian as many Hours farther as is the Diftcrence of righc.
Afcenfionof the other Star; and fix the Centre of the Beam-Compafs to
the Declination of it; and with it’s Zenith Diftance crofs the firft Arch ;
The Interfeélion ihews the Latitude of the Place of Obfervation ; and
aJfothe Diftance of the right Afcenfion ofthe Zenith from that of cither
0l the Stars, by which means the Hour may be known.
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If a Ccleftial Globe is made ufe of, then place the Centre of the Beam-
Coiiipafs over the feveral Stais.

Tne Latitude and Mour being given, the Variation of the Conipafs
is eafily known.

A" 5. In order to draw Archcs on the Globe; rub fome Black-Lead
powdered on a Piece of Paper i lay the Side which is blackcd
next the Globe, where you imagine the Inrcrfcdlion of the
Arches will be : Then draw them on the ckan Side with the
Point of the Bcam-Compafs, and they will appear on the
Globe; and if the Globe is well varniihed, they may be rubbed
out with Bread, or wailied out with Water.

As Altitudes at Sea are now readily taken, v’itli great Exadnefs, bv
the Quadrant invented by 'John Hadky™ Eig; V. P. R. S. and as the
faid Altitudes are the Principles on which the Operations above d.lcribed
are founded; the previous Uieofthat Quadrant cannot bur be of the
utmofl: Importance to thofe who iliail have Occafion tor this Inilru-
ment.

The Defcription and Ufe of this Inilrument was laid before the Royal
Socieiy, Dec, 9. 1731 ; but as | knew Mr Retd was contriving one for the
fame Purpofe, | delayed making mine Publick. His Method not yet
appearing in Print, | have thought proper to communicate my own
(cfpecialiy as ’tis now improved) conceiving it may be of fomc Advan-
tage to Navigation,

TheUjio/a XI1V. To difcover the Dcclination of the Magnetic Nccdlc, orVaria-
ittwJzimuth- Qf the CompafsatSea, with fomc tolerable Degree ofCertaincy and

finding\I7va- Exadnefs, is a thing of great Ufe and Importance in the Art of Na-
riatkn ofthe vigation.

Cotrafs or The Inftruments and Methods hitherto ufed for this Purpoie, (aswe
Sia demonftrate, ifit were needful) are fubjcct: to feveral Inconve-
JU grLtr’ niencies, Errors, and Defects; to remedy which, tliis nc\sAzimujh-Comfafi
Zafe andirx- was contrjved, and has by Experience been found efFeftiial. It woiild
armifitban be neediefs to give a Defcription to fuch as have the Inilrument before
by anyeveyii therefore Only fliew the Manner of ufing it, and
tiriefly as may be, which take as follows:

by Captain
I/~> The Inilrument mufl be redtified, or fitted for Obfervation, by
f\ No if about till the four Cardinal Points, that are hung upon the
450. p. 395. with the fourCardinal Points on the Chart, at the
Oil. Bottom ofthe Box: Then will the Needle, that ihews the Magnetic
1735. Meridian, ftand at no Degrees, and the Eaft and Weft Points at 90%

on the graduated Circle within the Box*, and in this Situation it

muft be kept, as near as may be, during the whole Time of the Obfer-
vation.
I
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~iy™ Let the Index of the Quadrant be placed to that Degree of the
Arch, *on the Rim ofthe Box, which the Obferver judges to be nearly
equal cothe Height of die Sun or Star whofe Azimuth is fought * for by
this means the ODbjeft will be more readily found,
7~y Turn the Quadrant round towards the Sun or Scar, till it appear
upon the vertical Hair within the Telefcope, to an Eye looking through
the fmall Hole or Sight ¥ and then Aide the Index a little upward or
downward on the Arch, till the Objeél by this means be brought to
coincide or touch the vifible Horizon,
The Degrees and Minutes then marked by the Index upon the
Arch oftlie Quadrant, will fliew the Altitude of the Objedt, which will
always be the fame, whether the Inftrument is in Motion or at Reft ;
at the fame time the Degree cut by the Index on the horizontal Rim or
Circumference of the Compafs-Box, will give the magnetical Azimuth of

the Sun or Star.

N, B» All this may be performed by oncPerfon, whereas the old
Compafs requires fcvcral to manage it, which alfo makes it
fubjefl to many great Errors.

How the Variation of the Needle is found by means of Magnetical
A zim u th Altitude thus obtained, is taught in every Treatife of Na-
vigation, and we have no need to repeat thcfe Rules in this Place. But
as the Refolution of this Problem is fomewhat troublefome, and requires
fuch a Knowledge of the Doftrine of the Sphere, as every Seaman has
not attained, we fliall here exhibit an eafy Method of difcovering the
Variation of the Compafs without any manner of Calculation, whjch
cannot fail to render this Inftrument ftill more acceptable : To this End,

17?, Let the Magnetic Azimuth of the Sun (or any Star, when it is
near the prime Vertical, and confiderably elevated above the Horizon)
be found according to the Diredlions already given, before it arrive at the
Meridian, and note well the Altitude, or let the Index remain fixed at
fame Point on the Arch.

tdly™ Find tiic Magnetic Azimuth of the Sun or Star in like manner as
before, when ic is exadly at the fame Degree of Altitude, after it has
paiTcd the Meridian : And,

3i/, If thefe two Magnetical Azimuths are equal, the Needle has
no Variation : If unequal, add them togcfther, and half their Sum will
be the true Azimuth \ or fubtraft the lafs from the greater,, and half the
Difference will be the Variation required. The Circumftances of the
Obfervation will the more readily difcover whether the Declination is
Eaftcrly or V/cftcrly.

375
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A Nenv Azimuth-Compafs.

N. B. Though it would be very commcndahle in Gentlemen who ufe

XV.

IfFIED

the Sea» to learn the Names of moil ofthe principal Fixed
Scars, yet even that Knowledge is notnccefTary in the Ufc of
this Inilrument: Neither is it needful in this cafe to know
exniftly the Latitude of che Place of Obfervation, provided the
Difference of Latitude between the Obfervations be NOlvery
great: It is fuiiicient, that Care be taken to obferve the felf-
ilime Star, before ic comes to the Meridian, and after it has
p.iiTedit; and for the fake of greater Exa<f?i:ners, the Caution
before given ihould be regarded, to wit. That the Star be at
fome confiderable Height above the Horizon™ and alfo near
the prime Vertical,

(See the folded Sheet.)

ne End ofthe FIRST PART.
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hfcrvatiom made of the Latitude, Variation

Magnetic Needle, W Weatlier,'Chriftopher Middleton, in a Poyage from London /A
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Y
h in every Day at Nobn, by Account, from the Meridian of London (except Where otherwife expreflcd).

arc the l.atitudes obfcrvced at Noon by four fevcral

new Inftruments ;
Air Caff™ Smith and Mr IIVilliam IVard\ the next Column is the Wind for the moil

mRinurka.

Oi((o, Gales uJ Snow.

Strong Gale» ao<i iquall> ; grea
SCz from the North-Weft.

.Moderate, «nd fair; four Leagues
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Fair 9ir,d plraUnt Weatiicr- In
~Night oi 4 Mile».
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WMajiMham s w 6 Leagues.

Frequent Showers oi Hail an<
Snow.

Moderate and fair Weather.

S W Much Sqow, with thick W'ca-
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WNW
N W/ 1Paf|ed fereral large 1Qes of Ice ;
to Gales and Sleee; thick
N by KI  Wcaiher with Snow.
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U::er moderate. At N'ooo Cape
NN F /?2c'"~/a/.NE6L.S.Pi.NWbN4L.
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North'Eall.
Mciierate. but dark ar.d cloudy,
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The Column Varlatlon
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['fie 7'hermolcope which | made uie of in the Voyage, was made by Mr ~ohn Pairicky together with the Barofcope » in his Thermofcope he places

Heat vind«r the Lir\e, and fo the Figures incrcafc downwards, with the Increafe of Cold.
This Prifmatic Quadrant of Mr CaUb Smith | find to be of very great Ufc at Sea,

when you can but fee the Horizon i and his other is of great Ufe,

Weather,
/ji":hcSun.

UnED

in tolerable fmootli Water,

Temperate is placcd at 25.
In particular for the Stars, as | have experienced feveral times in my Voyage to Hudfon's Bay\ m the worft o'

when there is no Horizon to be feen, yet have the Ben”

in foggy and hazy Weather,

Lii~
tude
by a
Seg?ne Winds. Remarks,
Had
Smiit
~n
NEbE Hard Gales, with Rain' anJ
to Fog».
XbyW
N NW Frdh Gales, and Raia.
NWbN Hard Galei* wléh Sgaalh And
to fmall Raio.
SWbW
S W Mru Karchard Ualet, mtddleaml
to lattet moderate and hazy.
___ SWhbS
South Preih Gale>, aod srnch Rain
to h42y Weaiher.
N N F
I-'rcth Gales, and much Raid;
N E hazy Weather.
N E FreihGaics and Dazy, withlbdie
€9) Rain the firft two Parcs, the
beW latter moderate.
N W Moderate and fair; W'indr va-
to riable.
S by E
Mooeraie, with a gresc tiex™*
SS E Sea ft 001 the Eailward.
Clcudy, with a great Se*
SEbyS the Eaftwatd.
SSfC H ard Stoitn o f W in ~ w U i «
to great Sea.
S by E
S S \V ModcratcGalcs. with Caiall Rato.
—_—»
S S W
to Ditto, fiii/aod iD9de:H(c.
Weft
South Saw fe\*eral SHip», fuauded too
Fathom. Moderate.
SSE
SSE Two ildt Par's litrd Cxlefc and
heavy Squ”™lb» ihe latter mo
W NW deraiu.
xt jr J ~f N r/>inr««.

Is the Varlatlon of the Needle; aua the next rour v-oumns
the firft is Mr Smith""% Prifmatic Quadrant, the fecond is Mr Hadl™?™y the third by Mr John Elton, and the tourin by
Parc of the 24 Hours.
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Philofophical Tranfaclions

P HY SI OL . G I

PimiOLOGT,

niember w.is given me in my Youth for the true Caufe of ir.

indeed, that ’cis thefe Vajiours,

tiofe Bodies, when very near to the Horizon™ appear

C

METEOROLOGT,

I A P. 1

C A L

PNEUMATICKS.

N T may, perhaps, be needlcfs now to add any thing in

Confirmation of Dr,
appearing fo much Ilarger ac
when in a greater Altitude;

ff/Zl)’s Solufion ofthe S/w and Moon'%
rifing or fcCtinp:, than
tho’ibmc have very abfurdlv

nill gone on to account fbrittrom V'apours, which | re-

orm, Dby retracting, and
™rc thantlie upper, yet thefe can be noCauicofihe other. The Stni

VOL.

IntD

i'ubtcnding about halfa Degree,

VIIlI.

Partili.

thereby raifing (to Sight),

udd»

or the Atmoiphere, alone,
in a fpheroidal

the

"Tis true,
that make

lower Limb

appear ia the Meridian
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Sun attH
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37n O f (he ImpoJfibUity and Infufficiency ¢/* Vortices.

ofcheBrcadch of 8 or 10 Inches, to fomeEyes more, and to others ]efs;
and in the Horizon to be 2 or 3 Foot, more or lefs, according to the
Extent of Ground they are fcen over: But if one can have an Opportunity,
as | have here frequently had, of feeing U\t Sun rife or fet over a fmall
Eminence at the Diftance of a Mile or two with tall Trees on it ftanding
pretty clofe, as is ufual in Woods without Underwood, his Body will
then appear to be 10 or 12 Foot in Breadth, according to the Diftance
and Circumftanccs of the I'rees he is leen through > and where there has
been fomc thin Underwood, or a few Saplings, | have obferved that the
Sun fetting red, has appeared through them like alarge extenfive Flame,
as if fomc Houfe were on Fire beyond them. Now the Rcafon of this is
obvious, tvz. that being well acquainted with Trees, the lIdeas of the
Spacc they take up arc in a jManner fixed, and as one of thofc Trees
fubtends an Angle at the Eye, perhaps not exceeding 3 or 4 Seconds,,
and would fcarce be diftinguifliablc, were it not for the ftrong Light be-
hind them, theto;’sDiameter ofabove 30' takes in fcveral of them, and
therefore will naturally bejudged vartly larger. Menee ’tis evident, that
thofe Bodies appe*ar greater or lefs, according to the Objefts interpofed
or taken in by the Eye on viewing them. And to this only is that PhiE-
nomenon to be imputed.
| am fenfible this Method ofarguing isnot new, yet the Obfervations
here given may probably rend toilluilratethe Cafe beyond what had been
advanced on the Subjeft.
A Pfn/u9ma- 1. That natural Philofophers of an inferior Clafs, who confider only
thimaU?U'Di' the Outfide of Things, areobftinate in the Defence oiVonices” is, in my
?hoin;r:?()l:[](;r”ci)/fy Opinion, not to be wondered at: The ldea of them ilrikes the Mind
4Kt Iftjujidin- very agreeably at'firft, and even feems to promife the true Mechanifm.
aefVonKQi: But that Perfons verfed in the moll profound Geometry, and in the moft

;iy A/.dc fuplime Calculations, able Academicians, who inccifantly apply them-
*Ilggrr]?i;ftd fclves to the Study of Nature, ihould plunge headlong into thefe Notions,

from the and fuftain the Vortices fro arts focis”™ is to me Matter of unaccount-
Kfcnch”T.S. able Surprize.

It has beenJong fince faid, that according as Vortices fhall be multipli-

No. 457. p, _ : : L

4C9 Julyupv ed, they will degenerate into Lictlenefs and Puerility : And thefe are the

1740. Sentiments even of the good Carief.ans of our Days. But might it not
be faid, that the great having the fame Origin with the little,

the latter fhew the Meannefs of Extraftion of the former ? As Matter is
divifible infinitum ; as to Vorticity, there isno Difierence between the
Great and the Small: And confequently, w% have a Right to reject the
large Vortices™ fince proicribe the fmall.

it is on this Confideration that I am refolved to attack the Vortices:
For | mull own, to the Shame ofour Nation, that the Spirit of Party is
fo predominant therein, that feveral Perfons, who by aclofeStudy have
found the Infufficiency of Vortices™ for explaining the Pbanomena of tlie
Heavers, ytt have not dared to publiih their Notions on that Subjcfl.

I But



O f the hnpoffibllity and Jnfujiciency \ortices.

But as at prefent the Syflem of fmall Vortices is freely attacked, I thinic,
that 1 have a Right to attack the large j and to this Purpofe | hope to

prove,

I. That the mcchanical Formation of a Vortex is impoiTible.
II. That the Vortex™ were it iormcd, cannot be oflong Duration.
I11. In fine, that it is not fufEcicnt for explaining the 'Pbanomoia,

*Tbe mechanical Generation of the Vortex is impo£ible. b e 1

Il the Hypothefis ofaperfca Plenum, God at firft created Matter Dcmonftn-
indefinite, uniform, homogeneous, and at Reft. This is allowed by all tion.
Cartefians”™ and follows in their Principles from this alone, that Matter
was created at Reft, Now, from this pcrfeft Homogeneity of Matter
ic evidently rcfults, in my Opinion, that the cannot be mechani-
cally formed. Suppofe, fay u\t Cartcjians™ that while Matter is as yet
at Reft, God imprints a Motion in aftrait Line on one ofit’s Particles;
This Particle will every Inftant meet with Obftacles to the reftilinear
Motion in the encompailing Matter; this Motion muft therefore be
turned afide, and will by this means become circular.

But why iliould the encompailing Matter, which is at Reft, be an
Obftacleto the redilinear Motion ? Bccaufe, fay they, it happens tobe
in the Line defcribed by the Particle, on which Motion is fuppofed to
be imprinted. But this very Reafon would alfo prove, that the Body
fuppoled to be in Motion could not circulate round a Centre at a Diftancc
from it; bccaufe it would conftantiy meet with Matter at Reft in the
Sides of the Polygon which it was to have defcribed.

Ina Word, it isa received Principle, that a Body which moves in a
homogeneous Medium, never quits the Line of it’s firft Diredlion : Ic
does not refradt, or deviate on one Side or the other of this Diredion,
except when it paiTes from an eafier into a more difficult Medium, or from
adenfer into a lefs denfe Medium : And even then it’s Diredion muft be
oblique on the Surface of this Medium.

Now, the Body in Queftion would move in a Medium entirely homo-
geneous ; feeing all the creatcd Matter is i'uppofed to be fo, and that all
but one Particle of this Matter is at Reft, It is moreover evident, that
as all the Matter is uniform, every Direftion, of what kind foever, ofa
Body which moves in the midft of this Matter, will be perpendicular to
the Surface which correfponds to it; as is demonftrated in Mechanics.
The fuppofed Mobile will therefore always move in the Line of it’s firft
Diredlion, until ic has communicated all it’s Force ; or rather it will re-
main at Reft after the leaft Shock, if Regard be had to nothing more
than what | have hitherto faid.

But there ftill remains a very important Remark to be made on this
Subjeft, to wir, that as it is univerfally agreed at this Day, that Reft is
not a Force, all this Matter created at Reft will be infinitely foft; It’s

D dd 2 Parts
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Parts will have no Tenacity, no Connexion, noVifcofity; they will be
but contiguous, and will not have more Acihefion to one another,
than Two Globes which would touch out of the Bounds of the World
without any reciprocal Attradlion ; fince Tenacity, Vifcofity, are,
in the Cartcfum Syftem, but the Effecls of CompreiTion every Way.
Wherefore thcfe Parts will he divided at the Icafl: Shock, in the fame
manner as if Quickfilver be thrown againft a Wall, it isinilnntly feeri to
he divided into a Million of Parts, to be rcflcftcd on every Side, and
be again divided as foonas icfalls on the Floor. | know my Comparifon
isnotexaft, but the Advantage is on my Side ; becaufe Qiiickiilver is
not without Vifcofity, or a certain / cnaciry b;.tween it’s Parcs; whether
it proceeds from AttraiUon, which is my Opinion, or that it be the
FfFe<G of the PreiTure of the ambient Fluid. Therefore the Cartejtan
M atter will have more Facility to divide than Qaickfilver, and will not
be fufceptible of any regular Morion ; which aione demonilrates, that
the mcchanical Generation of the Vortex is impoilible.

There is however this Difference between the Vortex imagined by
Defcnrtes™ compofed of hard Globules; and that of the infinitely fofc
M atter of F. Malebranche™ whofeSyftem is revived by his Difciple M. de
Molieres * that if the Ctir/ij/iiTWjadmitted Gravity as a Principle ; befides
that it woufd give the true Caufe of Hardnefs, it’s Combination with the
ftrait or projectile Motion w'oukl produce a Motion in a Curve ; as Sir
I. Newton has demonilraccd. But until they will return to this Idea of
primitive Gravity, and further while they will make ufe of no othtT
Matter than one infinitely foie, i>nd really unintelligible, it will not be
poiTible to conceive a fingle Vortex formed ; far from having this infinite
Numl)cr, which, by-the-byc, ol*!;ht to be diilipated as Waves railed in
fhe Water, upon account of their ptrrfed Homogeneity.

1 he f;imOMS Carteftan™ always rciufing to allow this primitive Gra-
vity, and at the fame Time plainly feeing, that this firft Manntr of
forming the/V/f.v was impofiible, have had recourfe™ in order to it’s
Formation, to the Motion of Rotation ofafolid Sphere at the Centre of
a fmall Particle of Matter at Reft, tie. and they have pretended, thac
rhi.s Sphere in it’s Circulation ought to carry along with it the circumam-
bient Matter.

But this Notion is certainly as unfuflainable as the Firft. For,

‘17, They muft explain to us the mechanical Formarion of this
Sphere; they muit account for it's Solidity ; But all tliis manifeftly fup*
pofes the Vortex already formed ; ail this fuppojvs a PreiTure equal on
every Side, uniform and concentric.

This Sphere would never iraprint an equal Velocity on all the
Points of the concave Surfacc which touches and inclofes ir, feeing itfell
Jus not an equal Velocity in every Point of it's laft Surface *¥ and there-
tc;re the Vortex would not have as much Force to dtfend itfeif co®vards the
Poks, iu towards the Equator 5 as we ihall flaew hereafter.
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This Sphere, in ftriking againft the ambient Matter, would but
divide it ad infinitum \ becaufc it is infinitely fott, and that it’s Parts have
no Adherence with each other.

Aftbly™ It is not fufficient, that a Sphere turns round it’s Centre, to draw
into it’s Circulation the ambient M atter: It is moreover requifite, that to
prcfson this Matter “na Dircflion from the Centre to the Circumference*
(which a foHd Globe either cannot do, or can hardly be conceived pofli-
ble for it to do) and further ftill, it is neccfTary there ihould be Unevcn-
neiles on this Sphere, and on the concave Surfacc of the ambient M atter;
becnufe otherwifc, though the Spliere iliould prefs this Surfacc by it’s
centrifugal Forcc, it would only raife it up, or tend to raife it> and it
would Aide along the Surface without dragging it away with it: On
which Head there is this Particularity to be remarked, that, for the uni-
form Circulation and Confervation of the Vortex™ and ilili more for the
preferving of Keplcr*s Laws, tlie Spheres and Surfaces muft be ftridly
Mathematical, as wefliall foon fee ; and for it's Formation they muft be
rough, and full of UnevenneiTcs: But what can be more whimfical
And further, though thefe Surfaces were full of Prickles, yet could not the
Vortex be formed in the Ilypothefisof F. Makbrtvicbt™s fott Matter-, be-
ciiufc the Parrs which would form thefe Eminences and Unevenneffes on
the concave Surface of the Matter furrounding the Sphere, not being con-
iieeled with the other Parts of the fame Matter, would be carried ofl
without Difficulty by the Rotation of the Sphere; and the reft ot the
Matter would remain at Reft. And thole who would prc'tcnd, that thefe
Unevenneffes, thefe Parts which form the Millocks wc are Ipeaking of,
could nor, in confequcnce of God’s Decree, loofe themfelves from the
other PartsoftheM atter, woul.l evidently abandon Mechaniim, withou:
reaping any Advantage : R ’caufc, luppoiing ittrue, that by this Means
the ambient Matter would be compelled to circulate, yet could if not form
a fluid Vortexy wherein Keplsr*St Laws coullJ be obferved ; bccaufe both
the Sphere and thefe Surfaces being by thefe UnevenncfTcs wedged into
each other by folid hard and inflexible Parts, they would ncceffarily move

mall of a Piece, as the Parts ofa Sphere do.

5/¢ly, By means ofthis Sphere one could have but a great Vorkx form-
edand not that infinite Multitude of fmall/'vr/wJ, with which the
great ones are at this Day fuppofed to be filled, and in the Centre of alf,.
or moft Part of w'hich, People will not allov/ that there are hard Globules,
and fo of the reft: For | am perfijaded, that the Reader, by a little
Meditation on this Subjen, will find almoft as many Reafons againft
this Syftem, as there are fmall Vortices fuppofed to exift.

It may be objcfled, that we do not pretend to form Vertex: We
fuppofr that God formed it in the Beginning, and'in Confequence licrc-
of we account fur it’s properties and Confervacion.

But, befidcs that the ImpofTibility of the mechanical Generation of a
Icrtfx isa ftrong Pvejudice againft it’s Confervation i T pretend, in th¢

iI“rincipWs oi our Adytrfdries, God couldnot ibrm a fingle
I: ddfir?
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| dcfire Attention may be given, thatacircular Motion isa redoubled
and forced Motion ; and not, as Mr PerauU thought, a natural Motion,
Now the redlilinear Motion cannot be redoubled thus, as againft j[»3
Nature, in order to become circular, but upon a Suppofition that it
meets in the ambient Matter invincible Obilaclcs to it’s Direction ; or
dut by a primitive Law it is carried towards a Centre by a Motion of
Gravitation, at the fame Time that it receives a Motion in a ftraitLine.
Therefore, fince on one hand this univeriiil and primordial Gravity is
obilinarely rcjeded ¢ and on the other, as itis folidly proved above, that
the ambient Matter is no Obftacle to the rciilincar Motion ; it remains
certain, that the Formation ofthe Vortex is impoiBble. » E. D,

Vortex, though onceformed”™ cannot laft™® and it is not fujjicientfor ex—
plaining the celcjlial Phsenomena.

The cylindric Vortex cannot long fubfiil', and is not fuiTicient for ex-
plaining the ccleftial Phtnomcna: This Principle is allowed by all Car™
ttfians in both it’s Parts. Ic cannot fubfift ; becaufe not having Force

to defend itfelf towards the Poles, if it happened to hit on that Side
againft another cylindric Vortex™ that prefented it’s Equator, it would
iqgon be broke into, and burft to it’s very Centre. If, on the contrary,
it’s fame Side touched anothercy lindricby thePoles, they would
both mix together, and would compofe but one Vortex,

It is notfufficient for explaining the celeftial Phaenomena \ becaufe it is
allowed, that the tranflative Velocities of it’s Points cannot be in an in-
verted Ratio to the Roots of the Diftances, and that it’s centrifugal
Forcc docs not diminifli in the inverted Ratio of the Squares of thefe
Diftances,

Therefore the fpherical Vortex™ in order to be of Ufe, muft have other
Properties than the cylindric: That is to fay, it muft have a relative
Force to one and the fame Centre ; for it is by this Force alone that it
can be different from the cylindric Vortex.

This Force, moreover, ruuft be equal in all the Points of the fame
fpherical Superficies; bccaufe otherwifeit might be burft and broke into
in it’s weak Parts, as well as the cylindric, i~c.

Even in the fpherical Vortex there is no relative Force to one and
the fame Centre: hat is to fay, that it has properly but an axifugal
Force.

The fpherical Vortex is compoied, as well as the cylindrical, offeveral
parallel Circles, bur with this Difference, that in the fpherical Vortex the
Radii of the parallel Circles are not all equal, but on the contrary diminiih
according as they recedc from the Equator, and approach the Poles,
Now it is manifeft, that all the parallel Circles circulating round difterent
Points of the Axis in the fpherioil Vortex™ as well as in the cylindrical,
rend to recede only from thefc different Points of the Axis, round which

they circulate; bccaufe a Body cannot tend to recedc from any Centre
but
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but that of it*s Circulation. In aWord, in order to make a Vortex fphc-
rical, which was cylindrical, they have but proportionally fhortcned the
parallel Circles. But let the Radius of a Circle be ever fo much ihortened
or lengthened, that will not change the Direftion of it’s dilative Effort.
| am miftaken! An imaginary Line is going to change the Dircilion of
the axifugal Force. This Force, as all agree, has for it's Dircflion

Radius I C, in the Circumference whereof itis tht Radius % but the
Direction I C is oblique to C E the Tangent to the Sphere; therefore it
changes, according to the genera! Law of an oblique Shock, into the
Determination | Eor O C relative to the Centre O.

But if Lines may be imagined, and that nothing more is requifite to
realize them, than Points that correfpond to them*, we ihall have fome
of all forts in the Vortex : We ihall have oblique Lines on the Radius
O A, a perpcndiclar one, and fome more or lefs oblique, on the Ra-
diiisl C, and by that means we ihall be able to determine nothing. ],et
us grant however, that there isa Tangent to the Sphere C E, at the
Point C, and let us fee if it will be a fufficient Reafon for decompofing
the centrifugal Force I C into a centra! Force | E or O C. For that
Purpofe laik, What are the Points that compofe this Tangent ? It is
evident that it can only be the Globules ofthe upper Stratum that anfwer
thereto. The Line C E is therefore compofed only ofa certain Num -
ber of Points feparate one from the other, and which confequently can
move one without the other. Therefore if the Line | C is perpendicular
to the Globule thatoccupics the Point C, and that it pafles through it's
Centre ¢ there will be no Decompofure, and the Force I C will not
change into a Force that has the Radius O C for it’s Direflion.

Now it is infinitely probable, that the Radius | C pniTes through the
Centre of the Globule C ; and it is eafy to demonilrate, chat it is actually
fo even in the Principles of M. Saurin™ who firft invented this central
Decompofition. For what has been the caufe of the Dccompofition of
the circular Velocity into the centrifugal Force | C ? It feems plain to
me, that no other Caufc can be afligned than the Point or Globule C *
feeing there is but that one at the Point where it happened. The Line | C
pafles then through the Centre of the Globule C ; fince the Dccompo-
iition is always made in a perpendicular Line to the Point that caufecl
it.

And indeed, either tht Radius | C paiTes through the Centre of the
Globule C, or the Centre of this Globule is on one Side or the other oi
this Radius™ but fo as that this Radius cuts the Point C i or elfe, it is:i
Space intercepted between two Globules, which direilly anfwers to the
Point C. In the Firft Cafe, there isno Decompofition ; In the Second,
and in the Hypothefis, that the Centre of the Globule C happens to bfi
between the Radius | C and the Equator, there will be aDaomi)ofition v
but it is manifeft, that it will not be a central one : It will, on the con-
trary, be relative either to the very Pole, or to one of the polar Circles,

in the Third Cafe, wherein it is. i®jppofed that it is a Spiice intercepted
betwee»

Fig.

I*
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between two Globules, which anfwers to the Point C; there may be a
Drcompofirion, but ic will be double, the one relative to the Centre O,
anti rhe oth™.T reiaiive to tiie Pole Z,

Now the Cartifian's can never draw from this Decompofition the Ad-
vantage they prcpolc ; bccaufe there will not be more Reafon for heavy
Bodies precipitating to the Centre ofthe Sphere by means of the central
Force, than to the very Pole by the AfiUlance of thepolifugal Force;
or rather, the Complication of thefe two Forces will compel the Mobxk
lo precipitate to the Centre lof the Parallel ic happens to be in.

Wherefore, in order to defend the fpherical Voriex™ they mufl: fay,
that the Centre of rhe Globule C iscomprehended between the Poles and
the Radius | C. Buton what Foundation will they aflure ic? W hat are
the Proots they will give for it? One muft certainly be a very bold
(iamefter, to hazard this Point-, becaufe befides the Appcarance of
Truth, the Adveriaries of Vortexes may wager Three to One, that it
does not fo happen. But in cafe it be ailow”ed, will they ever find in the
foft Matter of F. Malchramhe and M. de Moliere™ a fuificient Caufe of the
Dccompofition? There muft be a Rcfiilance to produce a Decompofition,
and an infinitely foft Matter does nor refill:. And further, in rhe Hy-
pothefis of the Decompofition of I C or O C, the Vortex would not be
in Safety i becaufe there would bea Remainder of the centrifug;il Force
1 C, that would be parallel to rhe Tangent C E, and would evidendy
jpread Confufion in the Vortex™ by driving all the parallel Circles towards
the Equator.

I'his feems to me fufHcient to difcredit, in the Minds of rational
People free from Prejudice, this central Force, which is attempted by
all means to be introduced. But let us not be tired of examining this
Point thoroughly : It is of Confequence, and UxtCartcfiayis w'ell dcferve
the Trouble ofan abundant Refutation. Wherefore let us fuppofe, that
God forms a A(?r/rx cylindrical and fluid ; it is a received and evident
Principle, that it’s Points will have but an a>cifugal Force. And ifa Sphere
be conccived to be infcribed inthis Cylinder, the Points that compofe it,
will not in like manner have any central centrifugd Force, according to
the Axiom : Noftrum intelUgere nihil fonit in re. Now let us realize this
fpherical Vortex™ w'hich before we had but cenceived; thatis, let us fup-
))ofe, that Gon has dcdroyed the tranflative Velocity of the Points that
form the angular Spaces intercepted betw