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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 o f 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 dif̂  
charging it fevcral times voiih and without B a lly  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 
(Ájulyy near the Artillery-Ground, before the Prefident and fome of 
the Fellows of the Societŷ  with a finer fort of Powder, in a Barrel of 3 
Feet 9 Inches in Length, and I of an Inch Bore, with 12 dwl, ofPow* 
dcr the firft time, and 24 d-wi. 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 Q u a n t i t y  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. In a 
fourth Experiment made withaihort Screw-barrel Piftol, with a Charge 
of I dzvt. 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 o f 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 o f the fevcral 
Experiments were as follows :

The 3 firft Experiments were made with a Barrel ^  o f  an Inch Diame
ter of the Bore, and the Length o f the Chace 5 ¡^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 B all; the Quantities o f Powdev 
colleded were rcfpeélively, idw t, 19 Grains} id w t ,2 i  Grains j and
I 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. 2 i  Grains; and 4 dwi. 22 Grains.

The next 3 Trials were with the fame Piece, the Charge 6 dwt. with 
a Ball weighing one 0 \inct j[. 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; idw t, 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, 1 2 Grains; i dwt. 9 Grains; 
and I dwt. 8 i Grains.

T he 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 o f Po\vder, and W eight 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, 
refpeflivcrly. In the 3 next Experiments, with twelve dwt. Charge, 
without Ball, the Qiiantities oí 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 collcñed was 2 Grains;
3 Grains ; and 2 Grains.

The laft P.xperiments were made w'ith 12 ¿/a;/. Charge and Ball as 
before ; the Qiiantities ol" Powder colleíled 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 o f  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 Elm-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
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Whereas upon removing the Funnel, and difcharging the Piece, as 
before, i d-yjf. 11 Grains was colleéted, agreeably to ibrmer Experi. 
nients *, ic feems that the Funnel had a like EíFeá: as lengthening the 
riecc.

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

The Barrel being further filled up, fo as to leave but 2 7̂  Inches for 
the Chace, and charged as before, the Ball rifing about 5' o f  an Inch be
yond the Mouth of the Piece, the Powder collided, after the Difcharge, 
was 2 dzvt, 6 Grains. Upon a fecond Trial, the Ball being as much 
within the Mouth, i d-wt. 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 to b e  made of the 
EfFeft of a Touch-hole near the Forepart o f the Charge. They found 
upon difcharging the fliort Piece of 5 -¡̂  of an Inch Chace, the Charge
12 d'lvt, 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 Í 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 co!le£led was i dz:̂ /. 9 Grains.

The Eifed of firing with S/û s was alfo examined; The
W eight of riie Slugs and Quantities of Powder colle¿i:cd, were as 
follows; the Charge in the fliortBarrel being 12 dẑ /.

4 ' •
I

U b c i i -

Difcharge. Weight of Sluffs. Powder collefted.

I. _ _ _ .
Ounces. dwt. dwt, gr.

— 2. 0. —  —  I. 3.
11. —  —  —- 2. II. 14. —  —  —  0. 17.
III. —  —  —-  2. 12. 0. —  —  0. S,
IV . — 5* 5- 6. ~  0. 13.

'—  — ■ 0. 8 i.V. 5* 3- 0.

The Powder ufed in all thefe Experiments, made before the Com- 
riiitteee, wasprelented to them by Mr JValton  ̂ and is fuch as he makes 
lor the King’s Service. T o  afcertain as nearly as poiTiljle, that the 
lowder had not undergone any confiderable Alteration by Damps or 
othcrwife, a Standard Experiment was previoufly made at every M-et- 
ing, with the fiiort Barrel charged with 12 dwt, o f Powder, and with 
a Ball or 24¿fcí/.; and the C^iantity of Powder collcfted was from i dv)t 
8 Grains, to i dwK 12 Grains; which is as great a Regularity as can

well
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veil be cxpeíled.This Powder of Mr f^alton ŝ hcing^fied^ and divided 
im ozfifie znd :i large Sorfy the following Diicharges were made with
12 dwt* of caclij and Dull as ufu l̂ •

257

Difcharges with 
fine Powder.

I. —  —
II. —  —
III .  —  -

Powder collciled. 
d'lvt, gr,

— I .  4.
—  o. 21.
— o. 12.

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

Difcharge with 
large Powder,

l i .  —  —  - 
¡II. ^

Powder collcñed. 
dwt, gr,

—  ]. II .
- 1. 16.

1. 21.

And the Powder being bruifed in a Mortar, and fifted through ¡¡. 
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.

• 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 0Í the Quantity of Nitre he had feparated from them, viz.

Separated from 9 iw l, of freih Powder —  —  —
Nitre —  — ■ —  -

* Refiduum — * —  —  2.

Lofs —  —  —1 -

From 9 á<Lótj'xÁ Powder colleñed after having been ) i*. . 
difcharged with Ball —  —  —  —  —  — . —  X

Nitre —  ~  ----

dwL
6.
2.

2.
#9/•

0. 1#,

15.

%

4 - 18.
2. »5«
0. 1 1.

1. 14.Ix)fs — —  —  J -

■ Twelve Grains of the Powder gathered and put* into fepafntc Boxes, 
after firing with Ball out of the íhort 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.
V O L .  VIII. Part. i. L  1 I'lom



• I

t!
I

i . J'

I i'■Mil

' 4 \ ‘ 

I

. I ^

L .
I-

I

I

I • •
;t

J-
It

♦

'I
if

I

m e c h j n i c k s .

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 is fired, be fired before the Btdiet is fetfjuly moved from it*s Place.? ,the 
Commitcce arc of Opinion, fhat the Bullet isfenfibly moved from ii*s 
Placê  before all the Pozvder that is fired  ̂ has taken Fire. -

Tiiis, indeed, has not been determined by any direft Experiment, 
but Teems a Confequena' of the Determination o f the firft Parc of the 
Qtieilion, that the whole of the 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 o f 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 of the Gun: But before any Part, how fmall foever, o f 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 thrown̂  may not beeome greater or lefŝ  by changing the Form of the 
Chamber  ̂ though the Charge of Powder and all other Circumftances con
ii mte 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 upon the following Experi- 
rtients, in which the longejl Chamber o f equal Capacity drove the Bull 
fartheft.

Three brafs Chambers were made, whofe Depths were refpeclively 
5 Inches; i a Inch ; and i  of an Inch ; ib turned as to fit the Cham- 
ber ol Mr Hauksieeh 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 Bill 1 touched 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 diñercnt Trials were found to be,

* Suppofmg 14 Ouncci 11 ííHví. and 15 Gcaina aod an half, 7r<n', equal to i Pocnd
Aveirdŷ cijs

S k i.



M E C H A N I C  K s. »59
Chains. U n is,

j _ _  —  —  II .  ^̂ 9. or nearly 752 Feet.
I j  —  —  —  —  —  10. 38, 685.
IIÍ. —  —  —  —  —  II. 17. 7i 7-
IV. —  —  —  —  —  II . 10. 733.

In the Second of thefe Experiments, the brafs Cham lw, 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 of an iron Screw, and a vaft Force applied to iron Wedges. This 
was doubtlefs the Caufe o f 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  o f an Inch deep, 
with Ball, Powder, and Elevation, as before. T he Ranges were,

•
SboL Chains, Links,
I. —  —  —  — --------7. 6. or 466 Feet nearly/
l i .  —  —  —  —  —  7. 2. 463.
III. —  _  —  —  —  7. 2. 463.

The mean Diftance to which the Ball was thrown in thefe three E x
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.
I. —  —  —  —  —  10. 40. or nearly 686 Feet.
II. ----  —  —  —  —  9. 6. 598.
III. —  —  —  — --------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 o f Powder, is commonly 
known ; and the Committee found by an Experiment, That Powder 
dried by means of a Phial in Balneô  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 Account of
of Gunpowder, and the Velocities communicated to Ballets by it’s Ex- // ‘'íí
plofion: The iecond confiders the Refiftance of the Air to Bullets and 
Shells moving with great V elocitiesan d  endeavours to evince, ry, containhg 
this Refiftance is much beyond what it is generally efteemed tobe-, and Dmrmina-
confcquently that the T ra il dcfcribed by the Flight o f thefe Proiccfliles,

T  I _ , oj Quntoxtfdtrt
•* ' J “ ■ t.S
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iindan Jn'vtfii- is vcry different from what is ufually fuppofcd by the modern Writers
%atknofiher$- Subjcft. r n
jiftingPô îrrf principal Points endeavoured to be eflablifhed in the firlt Chapter
\ndñX/uIii are theft-, “  That the Force of'fired Gunpowder is no more than the 
cm \ hy li R- “  A¿lion of a permanent elaílic Fluid, which is produced by the Lx- 
F. R S. as far ti, pjofjon; that thls Fluid obferves the iiime Laws with common Air 
Msthifafyf- Exertion of it’s PrcíTure or Elarticity and confequently,
9fGunblwdn. “  That the Velocities communicated to Bullets by the Explofion, may 
i?Mi/Aprili4. “  be cafily computed from ihc common Rules, which are eftabliíhed 
und%\. 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 eílabliíhcd, 
at leaft he has never yet met with any who have queüioned 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, that a fingle Experiment is too (len
der a Foundation on which to build fo material a Principle, fince ail 
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 

S fingle Experiment on account of the great Quantity of Powder made ufe
“  of in it, which was ^  of an 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 M r Hauhbee before this 
Sociciŷ  though with a different V iew ; where, by the firing of 26 Quan-

f i B é

I*
s
I

I

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

Í 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 Tim e of M r Boylt,

have

£
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have examined the faftitious elaftic Fluids produced by Burning, Di- 
ftillation, tíc , have carried this Analogy much farther, and have fup- 
pofcd chefe Fluids to be real A ir, endued with all the Properties of 
that vve 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 A ir ;  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 oí 
thefe Principles hath been aíTerted, as contained in the Third Propo- 
fition i 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 a£tual Velocities communicated to Bullets by known Ciiarges, 
ailing through B.irrcls of different Dimenfions. The firft is the moit 
eaiy 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 o f 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 o f 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 oí- 
whit it really wjs in the Inftant o f Explofion *, and therefore, to obtain, 
that ELifticiry, which is the Force fought, ic is neceíTary to make fome 
Filiniateof the Increafc of the Elafticity o f tJie Fluid by the Fire aiuli 
Fiaine of the Ej î l̂ofion. For tins Furpolc it is examined in the Fifth.

Propofiuon^
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Prüpofition, bow much the Ebñicity o f  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 
tiian 4 Times; whence, as the Fluid produced  ̂by any Quantity of 
G u n p o w d e r  takes up, when compreiTed by the W eight of the incum- 
ben t  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 xooo 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'hoic 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 
impradicablc ; amongft the reft ic muft beremembred, thaj fome Air 
is conftantly left in the Receiver, which is heated by the Biail, and 
unites it’s Effcfe in the firft Inftant with the A<5lion 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 
o f  the Fluid produced from fired Gunpowder, when contained in the 
Space which was taken up by the Powder before the Explofion, is about 
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 o f 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 o f efFe<5lin<̂  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 projcóled at a gi- 
vtn Angle, and thence computing their Velocity on the Hvpothefis 
OÍ their parabolic Motion. The firft; o f thefe Methods vvas often 
impraiticabfc, and in all great Velocities extremely inaccurate, both 
on account ot the Shortnefs of the Tim e of their Flight, and the 
Refjftanceof the Air. 'I'he fecond is ftrill more exceptionable, fince, 
by reafonof the -A4r*s Jlcfiftiince, the Velocities thus found may b̂ -

 ̂ lei$
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Icfs in nny Ratio given, than the real Vtlociry füuglit. Now, to avoid 
thcfe Difficulties, the Author has invented a Method o f 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 o f the Bullet is i'ound in any 
Point of it’s Track, independent o f the Velocity it had before it 
arrived at that Point, or of the Velocity it would have after it had 
pafled i t ; 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 V e
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 i f  a Body in Motion Jlrikes on another at Rejly and 
they are not feparated after the Strokê  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 o f 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 g i
ven Ratio  ̂ by it’s being made to impinge on a Body of a W eight 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 a given Relation to them. Hence then, 
if a heavy Body greatly exceeding the Weight of thcRullet, whofe V e 
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, as is largely explained in the 
iith 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 o f O f. 
dilation and PercuTion from the Axis of Sufpenfion > but this only 
afíeds that particular Number, for it was remembered in the Com
putations ot the fucceeding Exj'>eriments, the Numbers of which arc 
truly ftared.

It̂  being explained how the Velocities o f  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 
i’owder, luppofing i:'s Force to be rightlv afTumed by the Procefs in 
1.1c precê .̂irg Parti that is^ruppofing the Eiafticity of the Fluid thence-

axifuig

nn6%



mm

I
I

5
I
I

I J '  «

I  I

W'i

iWi

u

264 M E  C  I I  J  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 oí 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-
rc¿led. • t .

PrcpAratory to this Computation, the Author alTumes m his 7th
IVopoiiC'on thcfe T w o Principles;

TIku the Aálion of the Powder on the Bullet ceafes as foon as
tne Bullet is got out of the Piece.

■zdly. 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 o f 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- 
Jt'fs 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 oí Bodies, have 

jig: never been found abfolutely to coincide either with the I'heory, or*
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 

' Í made by Sir /. Ncwlon  ̂ for the Confirmation of his Theory of Re-
fiftances j in which, though they often differ from each other, and irom 

 ̂ xhat'J'heory b y -ttí ttj even fomctimes í Part, yet thofe finall
Inequalities have never been urged as invalidating his Conclufions,

1!̂ lince, in Experiments of that Nature, it was rather to be wondered
li 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 
A ft ion 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 íénfiblc Variations ; and it in Faft ap- 
jpears, that in the Table oí 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 yr-»

I pi the Whole •, and yet the Author does not conceive, that thefe fmall
L .piijuenc^'s are any Exc.*ption to the Conclufivenefs o f  his Principles j

but



M E C H A N I C  K  S.  265

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

I f  then the Action o f the Flame on the Bullet aftí̂ r 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 o f 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 ¡mpr)írjble to have pro
ceeded one Step in Natural Philofophy, fince no Mechanick Problcni 
hath been ever folvcd, in which every real Inequality o f 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- 
gle<5led, although the Impulfe oí 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 o f Experiments, have determined,
* That all the Powder is not fired before the Bullet is fenfibly moved from 
it*s Place ; and they have at the flime time ¡líTigncd the C^.mtities re
maining unfirtd under different Circumilances.

Thefe Determinations of the Committee are mod true ; but the A u 
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 o f Powder, the Deficiency o f 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 
wMs impelled through was not five Inchcs, and where of courfe this 
Deficiency of Velocity ought to be the greateft, it cannot amount to 
■a P^rt o f the W hole; 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,

• See the preceding Paper.

V O L. VIII. Part i. M  m I'hofc
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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 Tim e was em- 
pioycd in thefe various Communications : For M r Daniel Bernoulli  ̂ in 
his excellent Hydroilynamtca  ̂ has concluded from fome Experiments 
made at Petersbii^ b̂  ̂ 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

fij 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 o f 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 
o f it’s Expanfion, was, at a Medium, near 8 times greater than in 

JTi the laft 2 Feet of the Barrel ; he concluded from all thefe Circum-
r'" fiances, that the Time employed by the Powder in taking Fire was
 ̂ not neceíTary to be attended to in thefe Computations*, but that the

1 1 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-

greíTive 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, dí\á not exceed by J 

j i ;  Grains, at a Medium, what was colleded from 6 dwt. a l t h o u g h  the
Bullet was a lefs Time in paffing through the Barrel with i id ^ 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 
°! fince, when the Piece was charged with 12 dwt. the ad
ditional 6 dwt, -̂ as confumed in a íliorter Time.

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

Mouth of the Piece, fo that ic had not more than half an
incli

UnED
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Inch to move before the Flame would have Liberty to expand itfcJf; 
yet, even in this fiiort T ranfitofthe Bullet, only 2 ¿iwf. i i gr. was 
colletfled unfircd,ac a Medium ; which is about z o f the whole Charge, 
or, if  properly reducetl, not more than 7  ̂ o f  the Charge : An ob
vious Confutation of the gradual firing o f 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 
^  of the Charge, is — of that Velocity only.

I iliy, that the i  o f  the Charge, which remained unfircd, amounts 
to no more than -¡4 when it is reduced as it ought. This Redudion 
is 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 o f 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 0Í 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
ing 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 o f  9 to 7 : Thefe two Pro
portions compounded make the Proportion of 1 5 1 0 7 ,  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 i 2 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 o f Bullets placed in the fame 
Situation vary in the fubduplicate Proportion of the Charges, the De
ficiency of Velocity arifing from the Lofs o f  the o f the Charfre 
would be about f ;  o f 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 low er; but it is thought, that this is fully

2 fufficicnt
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f u f l i c i e n t  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 oí Powder, it may be lafely fuppofcd, that the 
whole Charge ks lired bifore the Bullet islcnfibly moved from it’s Place; 
at leaft there is no Foundation, from the Experiments made on this 
Subiea by the Committee, to jiifi>ec1: 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 o f this Socúíy, 
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 C aufeofit; 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¿¡nô  that the Part which thus efcaped, was
fcattered in the Barrel, and not rammed up with the reft, or elfe that 
it was of a 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 colleáted 
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 leaft a Dozen rimes fucceffively ; and he will undertake 
to repeat the Experiment at any time, ifitlhould be doubted of.
’ ; /  The
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The Poftulates hitherto difciiíTed are preparatory to the 7th Propo- 
fuion. That Propofition is employed in computing the Velocity which 
would be communicated to a Bullet in a given Piece by a given 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, mad̂ 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 E x 
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 o f the Length o f 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 o f Powder were above 100 times 
greater than what are ufed by this Author, and in thefe Trials this C;r- 
ciimüance 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 aíTigncd •, 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 oí 
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 ñ.uters 
liimfclf, that whatever Judgment may be formed of his Succefs in thefe 
Knquiries, he will not b̂ * denied the Merit of having employed his 
Thoughts and Induñry on a Subjt'6l, which, though ota moil fcientific 
Nature, and of the greatcil Confcquence to the Publi*-lc, hath been 
hitherto almoft totally neglcdled •, or, at lead, fo fuperficially confidcrcd, 
•as to 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, unlcfs 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 thoíc 
Experiments before úv.s Socie!y\ in order that any Exceptions or Diffi
culties relating to them, may be examined and difcuflcd before they are 
publiflied to the World.

An A<eourA of VIII. 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 
Ritom the Centre, but wanting 9 Inches of reaching the Centre, being open 

pfJsikPe$̂ lcin 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  PL.
Hox̂ bithfuc- From the Middle of the Cafe on the other Side behind A , there

comes out a IVunk or fquare 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 l>e near or far from the Place where the Machine ftards, in
Â r V /  upper or lower Story, above or below the Machine. There is a cir-

 ̂ cular Hole in one of the circular Planes of the Machine of 18 Inches
Mg. 9̂ . 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 Iwiltly round, the Air which comes from the fick Room, is 
taken in at the Centre of the \\ heel, and driven to the Circumference, 
fo as to 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, maát hy a Scale of an Inch tc a p90f, <wai the Royal 
Socicty June 13. 1734. B y D r j , T .  Dcfagulicrs. F, R. S.

^ which

I
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yí Machine for changing Air, &c. 271

<vhich «0 to the fick Room  to the Blow ing-Pipe B , while the Sucking- 
P i t i  receives it's A ir  only from the Room  where the M achine ftands 
By^his means freih A ir  may be driven into the fick R oom  after the foul

has been drawn out. ,, t t  r  • 1 a ■ r
T h is  Machine would be o f  great ufe in all Hofpitals, and in P n fo n s:

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

Fig 9 5 - reprcfents the Infide o f  the Flat o f  the W h eel which is Fig. 95. 
fartheft from the Handle, and next to the Suckm g-Pipe.

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

ggg^  denotes, by a pricked Circle, narrow Ring of thick Blan- 
kctting,' which (by preíTing 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 o f the Cafe, may have no way out, but 
at the Blowing-Pipe at B.

There is on the outfide of the other Flat o f 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 W ood 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. 96*. 
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 , ¿7, 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 into the 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. I. When the Wheel revolves upon it’s Axis, which is performed ACaUulaU,.,
in this Machine every Revolution in about half a Second, the Air may of the Velocity
be confidtred as divided into as many concentrical Circumferences as there 9Í
are Particles of Air contained between the leaft and the greateft Circle,
confcquently the centrifugal Forces v̂ ill be as the R ad ii; that is in an cUntñfugal
arithmetical ProgrtiTion. of 7

Fut in Diame»
and I Faot thick *njhich a can ka^ in Motion nuith littU Labour, at the Rate oj tniv

Ktvc/uiicm in one By ¡  ’V. Dcíagaíiers, F. R. S. Ihid. p. 44,.
Let
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2^2 O f  the Velocity o f Air^ See

Feet
R =  Radius of the greated Circle 3.5 
r =  Radius of the Icaft Circle 0.75

fff =  Radius of the middle Circle 2.i25 =  r
 ̂ 2

V =  Velocity or Space defcribed' 
in in the middle Circle, 
upon tlie Suppofition that >26.21 
the Wheel revolves 2 Revo-1
lurionsinI^̂  J

S =  Space defcribed in by? ^
the Adlion of Gravity. Í

( Space that a Particle of Air receding from the Centre would
s =  sdefcribe in by the Aftion of the centrifugal Force at the

 ̂Circumference of the middle Circle»

2 w : V : : V : s i therefore —  =  by Hujgens*$ Rule. Let G and
2 7»

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 Force S : / : : G : and and fubftitut-

ir>g in this ExpreiTion inftead of we and put-<

R -f- r  V V G
ting -------- , inftead of it’s equal m, ~ — — — 1 =  c. So that the Ra-

2 R  -[^r X S

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

G to v; o of I to = = — Z j which being multiplied bvR - j - r x S  R - j - r x S  o r  j

the Number of the revolving Circles R —  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  X S

R —  r being a Fa<5lor 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

trifugal Force, asvTi^lor j t o /

I



O f the Velocity o f Air^ &c.
Lafih^ Since the Velocity proceeding from the A¿l¡on o f  Gravity 

upon a'Column =  R — r» is always a known Quantity ; it may be 
called := (equal in this Cafe to 1538 Ft. per Second) and confequenlly

the Velocity proceeding from the centrifugal Force will be^ x
V  V

r x S
a V

oror, a _________________
R  - } -  r  X  Si \ /  R - p  ;• X  S

15.38 X 26.71

That is, in this Machine

=  49.67 Ft. per Second. And if we add to this the
4.  ¿5 X 1 6 . 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 
/Jtr Sccond, we fliall have =  93 67 Fcet/> r̂ S '̂cond,

N . B. This Calculation fupppofts the B^rc o f the Surking-Pipc 
fufiicienlly great to furnifli as much A ir 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 o f Air of fuificicnc 
Height to give the Velocity oí 93.67 Ft. which is 145 882 Ft.) mult be 
divided into 2 equal Parts, one half employed in fucking, and the other 
in blowing; therefore the Half of 145.882 Feec, which is 72.941 Feet, 
will reprcfent the Height o f 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 W h eel; 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 A ir out o f the Blower of this Ma
chine, viz, 68,53 pir Second, which is at the Rate of a Mile in 
about 77^', or about 7 Miles in 9^

2. 1 fencJ 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 I fliewed the Sodeiy. The Machine may 
âlfo fcrvc in a Man of War, to take away the foul A ir between Docks, 
occafioned by the Number of Men in the Ship, and to give them frefh 
Air in a few Minutes. In every Part of the VeiTel every foul Hole may 

V O L .  VIII. Part i. N n be

i m



i

UnED

^  Defcription o f  JVater-Bellows.

be rendered wholefome, and even the Stench and foul Air from the 
Surface of t h e  Bulge-Water may be carried oiF. In regard to Mi nes,- 
the Machine muft prove of excellent Ufe ■, for 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, this centrifugal 
Wheel can in a little Time drive down Air through wooden Trunks 
( O f  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 P it ; 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 a very 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'I'op of the Hill over the A dic; botl\ which Methods 
are very expenfive, and (I dare fay) will, uponTryal, be out-done by 
the Application of my Machine.

ADffzrxpihn X. T h e f e A  and A , are made of Wood, not unlike the
of Diving-BcHs, in i\\t Conus Truncatus  ̂ and confe-

Talled wider bclow than at top, v;here they are furniilied with clofe

^ are made Jike the ulaps of other LieuGwŝ  with their Hinges, and the
¿taKíaVítJ themfclves covered with Hatters Felt, and are fliut by an eafy
MiliianAr- Steel Spring» til! the Air from above opens the fame, which happens 
cbitea'tohis only when thefe lUllows receive their Motion upwards; but are ihut by 

means of the Prcfiure of the Air within, when they fink down into the 
■p sŜ Ĵuiie Water. On the very fime Heads are two pliable Leathern Tubes R  

*̂̂ >/1738. and R, fixed one at the Top o f each JFaUr-Bclloms  ̂ wi)ich Tubes are1 I  « y *  •

I'i made and prepared in the fame manner as thofc ufed in Water-Engines
Ac-.v: ;viay 20. iorexcinguifliing of Fire. I ’hefe Leathern Tubes or Pipes reach from 
i'ig*97* 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 likewiíé provided with Iron Chains K, which are 

f.iilened to two Sweeps S, S, by which means they hang perpendicular 
irom the B '̂amof 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

as



A  Defcription o f Water-Bcllows.
as an Over-fhot, or any other Water-Wheel, and coit a great deal left* 
but give as even and regular a Motion, as any Pendulum  ̂ for mcafuring 
o f Time i for as foon as fo much Water runs into either o f the aibic- 
mentioned inclined Plains of the Gutters, fo that the Momen/um of thti 
Water excecds the Friñion 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 fP âier-BellowSy or that Bi'iiows 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 Bellowŝ  and 
that by means of the 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 Bellowŝ  
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 T op  and Bottom of the Belloxvs 
meet i 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 itfelf down 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 
l>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 Air t h e f e a r e  made to contain, 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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A  Dffcription ofJVúfcr-BelIo%vs,

performi muft be equii to that of Leathern or Wooden BeUov:s o f the 
jáme Capacity, in containing an equal Quantity o f 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 BcUít̂vs ufed at Iron Furnaccs, muft be fufficient not only to 
compréis the Bellozvŝ  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 neccíTary 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 IP̂ eight to be moved is, as berê  on the Balance in 
^Equilibrios fincc tht B l̂loivs 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 ■, ib 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 poíTible 5 all which may 
\vith good Keafon be applied to thefe JVater-Bellotvs,

And though it cannot be denied, but t]̂ AZ the Bellows which finks 
down into the Water-hole or Sump N, grows fo miTch Ii{»hrerj as it 
lofes of it’s Weight in Water, by which means the Jf-̂ ater-Bellows to be 
raift d 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 a failing Body ; which Power increa/lng in the fame Propor
tion as the Bellows to be raifed grows heavier, this Power fults admirably 
W e l l  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 grcM il Aionientum,

This fliews, I hope, very plain, that the Power required to work 
thele IVater.Bellows  ̂ is far lefs, and confequently lefs Water will be 
confumed in 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

i c



A  Defcnption ofWater-Bdhwu 277
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, in a wet and damp 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 nê  ̂ Invention 
o f BelhzaSy one may beat Liberty to place the Mouth o f the Furnaccas 
high iis.one pleafes, feeing it is very ealy to guide the Blaft by means of 
Wooden or I.e;idcn Tubes, as far as necefiary, and in a proper Diredlion 
into the Furnace *, which Advantage cannot fo eafily be obtained by 
thpfc Bellows in common uíe.

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 is able 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 ĝes-, 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 necefi îry they ihould be of the fame as the Figure de- 
■nóíeŝ ; for in caf  ̂ one would not bcftow Iron Hoops on the Bellows  ̂
they migfif b¿ made fquare, in a Triangle, orany other Shape, provided 
they be as wide again st bottróm 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 
■neCLÍT.iry to make them fink readily, when they are lowered down into 
the Water. i

Lnftly, I f  we. will confider the Charge o f thofe Bdlnvs 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 C0ÍI ot
thefe, we ihall eafily find a vaft DiiFerence, not to mention the valt 
Charges o f keeping the common B€Íiows '\'c\ Repair. Bur before I con- 
elude, I 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 and letting; in Plugs for that purpofc placed in Holts
near the T op  of the IVater-Bellows.

X I. When a long and heavy Body lying on the Ground is to be /fnA:-e.vt 
raifed up at one End, ilik ea  Leaver o f the fecond Kind) while ti e Ji'ne ftfiv
othcr End keeps it’s Place and beconiLS the Centre of it’ s Motion v Extni^wait, M j . I .
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B--ragu!icrf, the Prop, that is made ufe of to fupport it at any Point in it’s whole 
i n . D . F . R . S ,  Leni t̂h, fuftains a certain PreiTure from the Bv̂ am. Now the Expe-
6 ° riincTits which I 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 
o f 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 B̂ ram 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 
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 W eigh t: 
Is to tlie Diilance of the Line of Dircdlion of the Power. 

Y et 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 
o f  the Body fupported, but alfo the Determination, of the Matnimunn 
o f  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 fucceíTive 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 I contrived for the Purpofe, and got 
executed with great Nicety, not in Ornaments, but only where Nicety 
in a mechanical Inilrument ought to be oblerved j a Caution ufcful 
in many other Machines.

In this Machine, the Iron Bar, or Parallellipiped reprefenting the 
heavy Body, weighs 12 Drams, 12 dwt̂  12 Grains, or 6060 Grains, 
and it’s Centre of Gravity is at the Diilance o f 20 Inches and a half 
from it’s Centre of Motion.

The Props I make ufe o f are, the one o f five, and the other of 
ten Inches- T o  overcome the Friélion, allowed for by certain Rules 
in all Cafes, I 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,

F i r s t
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F i r s t C a s e ,\
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 añing 
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 í/cü/. 15 Grains, The Foot of 
the Prop is to be at 8 Inches and ^  from the Centre of Motion.

If  the iiime Prop o f 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. T he Foot of the Prop is to be diftant from the Centre of 
Motion 29 Inches

%
S e c o n d  C a s e ,

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 •o f 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 o f 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 o f the Prop in this Cafe is 13 
Inches from the Centre.

T he 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

II Grains and an halfi but with the proper Correftion, which I 
iliali explain hereafter, it mult be only 9 Ounces 17 d'^t, 15 Grains; 
the Fridioa 7 dwt, 7 Grains, Here the Foot of thu Prop is to be 26
Inches from the Centre.

I f  the End of the Prop is placed under a Point in the Bar, fo that Exp. Ill 
the Horizontal Diftance of the Foot o f 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 W eight of the Bar, vix, iz  Ounces, i z d ^  t, i i  

n Grains»

\a
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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 h i r d  C a s e .

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. I 
fuppofc the Angle made by the Prop and the horizontal Line to be 60 
Degrees; The Calculation of this Maximum íhews, 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 I n c h e s t h e  
B.ir itfelf nuking then an Angle of about 52 D '̂grees 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 PreíTure 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.

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

The F o u r t h  C a s e

i>, 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, I will only give one Example or Experiment ; and, for 
tne (greater Satisfaction of thofe that fee it, I chofe that, wherein the 
PreíTure is in it’s Maximum. I fuppofe, as before, the Angle made by 
the Prop, ('ftill 10 Inches long) with that Part o f the B;:am contained 

 ̂ between
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between the Point to which it is applyed, and the Centre of Motion, 
to be acute and o f 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 Prop is 1 2 Inchcs ; the Bar is then ele
vated about 50 Degrees 13 Minutes, and the horizontal Dirtance be
tw een  the Centre of Motion and the Foot o f the Prop is tiien 1 1

281
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I 0 0Inches __

j\T. B. ObfiTve alfo in 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 B̂ ram is obtufe.

3. The fccond Cafe is but a particular Cafe of this general one. 
For the Reafons of all thofe Things, the Corredtions neceíTary to be 
made on account of the Thickncfs of the Bar, the Nature and orga
nica! 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.

XII. The Advantage it would be to have Lenfes o f the fpherical 
Kind, Segments of a true Sphere, hath occafioned the .Invention of 
many Machines and Methods of Grinding, in order to produce fuch 
Segments: But nothing hitherto made pubhck hath anfwered the End 
propofed.

The beft Methods now in Ufe will only produce an Approxima
tion to a truly fpherical Figure, but demonilrably not one, though 
the Artificer ihould employ the utmoil Skill and Care in the Ufe of 
the beft Machines hitherto invented : And indeed, at prefent, Gen
tlemen have nothing to depend on, that their Lenfes nearly fphe
rical, but the Care and Integrity o f 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 o f 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 Coníequences 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 W ork in a Day, that a íkilful A r- 
cificer, without it, in two Days. And,

VOL.  VIII. Part ¡. O 0 zdly.

7he Figure 
of a Machine 
for grinding 
Icenles fpheri- 
caify, invtnt- 
id iy Mr Sa
muel Jenkins. 
No. 4C9. p. 
555. Jan.
&c. 1741.  
datid Nor. 
29. 1737,
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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 .x t h M t k n o f  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 ts fafiened 
to the Axis, and turns with the Wheel D. So ihat the Motion of this Cup 
C  is at Ri^ht Angles •mith the Motion of the Globe A.

C H A P .  V I .

'  H  T D  R  J U  L  I  C K  S.

O/il’tMee/urt J. H  E  Ancients had no other Meafure of running Waters, than 
Mitin if  Jl̂  uncertain and fallacious one, which having no Regard

to the Velocity, depended wholly on the perpendicular Seftion o f a 
Ejityl.fira- Stream. The firft, who opened a way to the Truth, was BenediSl 
Ur rKfming eut CqftilU, 'an Italian and Friend of Galileo. He having difcovered that

quantity of Water flowing through a given Señion of a Stream is 
; r  HtU, not given, as the Ancients thought, but that it is proportional to the

t f J o / i i ' )  Re- Celerity widi which the Water is carried thro’ the given Seftion, by 
jijianci arijitg (his noblc Dlfcovcry laid the Foundation of a new and moil ufcful 

In fiy^raulick Science. This Difcovery therefore engaged the Philofophers 
j«mcs jii'rin, 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 
No.492. p.$. to add fomething thereto, either by Experiments, or by Reafonings and
|2n* w ' A' 2̂ Arguments a pnort,
‘ ' But moft of them, notwithilanding their great Abilities, Jiad no

Succefs therein, becaufcj of the exceeding Difficulty of the W ork. For 
thofe, who ftiKÜtíd 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, 
cliiFcred greatly from one another, and almoit all of them erred from 
The real Meafure. ^

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 

j what we have now undertaken to handle diligently, v;hen Water runs
out thro* a circular 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 of difcovering that Meafure 51

tlio*
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tbo* nwd: have rejeflcd ir, and fome, concealing the Author*s Name, 
have pretended it to be their own.

W e fliall therefore make our Attempt under the Condud o f 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 T̂ ĥ tH&mena of 
given, the Meafure o f the effluent Water is nearly in Proportion to the
H o le .  ̂ 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 
o f the effluent Water is nearly in a fubduplicato Proportion to the
Height of the Water.

4. I'he 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 H ole; and this being fuppofed, if we 
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\Wv\% in Vacuo 
from that Height V , and the Time of falling T ,  and if the Water flows 
out with this conftanc Velocity V , in the 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 íhall find the quantity of Water, 
which flows cut in that Time, to be no more than about of this 
Meafure 2 A  F.

This Illuftrious Perfon’s Experiments, arc in my Opinion prcfet îblc 
to all others, not only becauíéof hisextraordmary Diligence and Accuracy, 
but on other Accounts alio. He found, that the Quantity of Water 
flowingoutof a Veflcl thro* a cylindrical 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 ái M tllis ,  Art. 35, 3P, 39. 42. 43. 

Ü  0  2 out.
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out» if the Thlcknefs of the Lí7?;;///íí 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
 ̂71

out in the above-mentioned Time T ,  is 2 A  F  — , the Length of the
1000

^7 I
Column of Water, which runs out in that Time, is 2 A  x ^ — . There-

1000
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

57^
1000

1000

Butwould begone over in the Time T , or the Velocity V  x

fhis is the Velocity with which Water could fpring in Vacuo to near i  of 
the Height of the Water above the Hole.

7. But when the Motion of Water is turned upwards, as in 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, Ipoucs from the Hole with almoft the whole Velocity V , and

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. A t a fmall Diftance from the Hole, the Diameter o f 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 o f Water will be ^  
or 0,84 according to S ir/, Meafure, whofirft obferved this

wonderful
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wonderful Pb<enomenon; according to Poknih Meafure —  or
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that
2 6 ”  26 ’ 

is, if  you take the mean Diameter, 0,78 nearly.
W e ihould now proceed to the Solution o f thefe Phaenomena; but 

before we do this, it will be convenient to acquaint the Reader with the 
following Particulars.

1. W e confider Water no otherwife than as a fluid, continuous. 
Body, the Parts o f 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 H ole: and tho’ it may ícem unneceíTary, yet
I have tliought it proper to mention, that in my Dijferiation on the 
Motion of running WaterSy inferted about 24 Years ago in the Pbilofophical 
Tranfa5iionSy by defluent Water I underftood that whole Quantity of 
Water, which is put in Motion within the Veflel, and defcen^s towards 
the Hole.

3. W e 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 Tim e, in which the Water flows out of the Hole, is im- 
perceptable.

4. W e confider Water as running out with a conftant Velocity,^ A t 
the beginning indeed of the Motion it runs out for a very fmall Space 
o f Time with a Icfs Velocity than afterwards. But we pafs over the 
very beginning of the Motion, and inveftigate the Meafure and Motion 
o f 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. W e 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 of efiuent 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 pafllng through the Height of the Water above the Hole.

7. By the Motion of effluent Water we underftand the Sum of the M o
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 Vacuum  ̂ and the

Particles
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P.irticlcs of Water, whilft they defcend towards the Hole, tobe with- 
o u r  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 
tlK*y dcfccnd towards the Hole, to meet with fome Refiftance for want 
cl lAibricity, but fo fmall, that the Decreafe of the Moiion o í  the 
Water running out of the Hole occafioned thereby, is to 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 It nfible.

l,atlly, in the fix'.h a n d  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
l .ubricity, within the VciTcl, but alfo after their going.cut of the VeHll, 
from the Attrition of the ambient Air.

Prab. 1. "To ácurmim the Motion, Meafure, and Velocity of IVater running into
^Vacuum thro* a Hole in the Bottom of a VeffeU ^̂ I'here the Particles of 
JVater meet with no Refiftance for 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 
t h e  Velocity of the effluent Water conftant by it’s conftant Prellure.

It muft be conceived indeed, that ú\o. 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 PreíTurc 
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, o fth e C o ’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 "  N o w
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Now becaufe, by the Hypothefisy the Particlcs of Water find noRcfiftance 

for want of Lubricity, and all thofe Particles, which are juít 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.

L e fy  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 A i T  the Time of ñilling from the fame H eight; ¥  the 
Area o f the H o le; and let the Water flow out of the Hole in the 
Time T .

Now becaufe in the Tim e 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 Velocity u  Therefore this will be the Length of the Column 
of Water, which flows out o f the Hole in the Time T  ; and the Mag
nitude of this Column, or the Aleafure o f the Water flowing out in the

Time T ,  will be —  ̂  and the Motion of the fame will be ^ ■ >

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 0Í the Column of Water flowing out in tlie Time T ,  or A  F V

2 A  F t;"

2 V *  V
Hence V = i ^ ,  or ^ , and ^ ^

V 2 ^ %

Moreover the Meafure aíllgned above of the Water running out in

2 A  F ^
the Tim e T ,  or 

Q. E. L 

Since /I : A  : :

2 A F  V  2 A F   ̂ ^ ,
—77— X «7- =  —  =  A  F X v/ 2.

V V2 ^ 2

V : V * i  therefore a = * » that is, <3 — X CoroU. I.

171

Therefore the Height /7, which the effluent Water

Can reach by turning the Motion upwards, is half the Height o f 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'.

I f
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If w'c afcribc to the effluent Water that Velocity, which is acquired by 

f.flltjig frani the whole Meight of the Water above the Hole, that is, if 
wj fuppofc the Velocity v  =  V, then the above determined Motion o f

2 W
i \k  Water —^̂ -7—  =  2 A  F V, 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. 2 and 3. Lib. 2. Prop. 36.
2 A  F

This Meafure here determined --  ̂ , or 2 A  F x 0,707, as it falls

far fliort of that which is generally determined by Mathematicians, 
namely 2 A F, fo it far exceeds that Meafnre which is fliewn by PoUnî i> 
Experiments, or 2 A F x  0,571, and no wonder, for what is fuppofed 
in this Problem, that the Particles of Water find noRefiftance in running 
down, the Ilypotbcjis 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 Veffel̂  where the Particles ofJVaterfind fome Refifiance for 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  B C 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» that a Paiiage 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 neceíTarily aflume fome regular Figure A  H  E  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. 
W e 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 o f  it's horizontal Se<5tions.

Now becaufe all that Water which tends downwards, is contained 
in the Catara^  ̂ it follows that the reft of the Water A  H  E C , B K  F D, 
which is without the CataraSi  ̂ has no Motion at all, and is perfeftly at 
Reft. Therefore in any horizontal Sedlion of the Catarañ H  r K, 
whofe Centre is c the Points H , K  ihall reprefent the Bounds 
between the Water defcending towards the Hole, and the furrounding 
quiefc#nt Water.

Moreover

u n e D
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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 Fig. loo, 
next to the Point K, muil be carried downwards only with the Icaít 
Velocity, Otherwifc it would necefiarily carry with it the next Particle 
¿Í, placed without the CataraEl  ̂ contrary to the Hypothefts, But the 
Particle (3, 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 /3, will deicend with the lead 
relative Velocity with regard to the Particle (3, 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 neccíTarily 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 neceíTary that the Refiftance, which each quicker Particle 
finds from the Frixión of the adjacent flower Particle placed without, 
fliould be perpetually equal thro' the whole Sedlion of the CataraEl,
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 neceíTarily 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 in the Proportion of the 
Circumference to the Diameter, w r i t h e  Area of the Hole, v the 
Velocity with wJiich 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 run out in the Time T ,
« Now the of the Water, which goes oiK of the Hole in the
Time T , will be found after this manner: z  will be the Radius of every

•

Circle within the Hole, 2 w z t h e  Circumference of the fame, 2 m z z

• « • J • • J
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mentioned y   ̂ x r z  z  —  z ‘ z,  that is y   ̂ x ^

~  —  X 2 r z '  —  2 2 '. And fuppoling z  =  r, tlie Mcafure oi
¡ V  r

the Water paffing thro’ all the Hole in tlie Time T  will be found,

2 m A  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

A v
T im eT is, as we havejuft now feen,  ̂ 2:, andas

k ’s Velocity V x -------- , it's Mciion will be ^ " x r z z —  2z^ z
r Y r

____ 4 A  *2;’  ̂ --------------------- T-
X —  X T '—  2 =  —  x r  z  z  —  z r z  z  x z^ z . the fluent

r  V r  ’

4. ffi A  V

^  . .  , .  , . 4 «  A t;» r z  2 r z *  z *  m Av^
Quantity of whieh is —---------  x ------------------------------------------ — -- H —  = ----1O  ̂  ̂ A \7 %V r *   ̂ 3 * ^ 3 V r

x ó r ^ z *  —  S r 3 which is the Motion o f the Water flowing
thro’ a Circle whofe Radhts is z . And fuppofing z  =  r, we have the 
Motion oíú\t Water running out in the Time T  thro’ all the Hole, 
OT A  1;' y*

3 V  7 '
But this Motion̂  by the Solution of Pi'ob, I, and by the Hypothejis 

©f ibis, is equal to tlie Motion  ̂ whicli the Column over the Hole can 
I acquire-

X f* —  ^
the anmlus nafcens adjacent to that Circumference,------------the Vcio- j

I

ciry of the Water in the annulus nafcens,
r —  z  z A v x r  —  z  2 A v x r^ ^ ^

SinceV : v x — -  : ; 2 A  : ------ 77------- .therefore----- ---------
r  V ? V  r

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

2 \  v x r  —  z  ¿ ^ m h . v x r z z  —  z '  z
2 m z z x ------ ------------- r r -

V r * ^
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 « A ‘y — :-------------------------------------------------------:- . 4 A  V 3 r z ’’ — 2z^
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acquire in the r im c T im e T , by falling with it’s own W eight thro’ a 
Facurwj, that is to the Motion A  1*’ V , or A ' V  x w r * .  Thereiore

291

m A  r*

3 V
Hence =  3 V* and v  =  V  x \/
Moreover the above-mentioned Meafure of the Water running out

2 w A  r* 2 w A 
thro’ the Hole in the T im c T ,  namely  r;̂ —  =  ------r:—  x V

3 V 3 V

Since V» : “ü* ::  A  : j ,  therefore a =  =  —  x 3 V* =  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, is triple the Height of 
the Water above the Hole.

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

Let H  K be any Seftion ofa whofe Centre isf, and let it’s p¡g. ,oi.
Radius be Í" K the Height of the Water above that Seilion, or 
1 c =  X, / the Tim e of falling in Vacuo from the Height and, as 
before, it't L  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 lolc E  F.

But if the Vciiel is iliortened, fo that it’s Height is reduced from I L  
to I r, and fo that Seélion H  K now becomes the very Hole in the 
Bottom of the Vcffel, the Water will pafs in a given Time, thro’ this 
Scólion, 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, becauíe 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

. 2 X w V  T
iS-------^  ,x —

V 3  ̂ V 3
But from what has been faid above, the Meafure o f the Water running 

out of the F-Iole H  K , when the VeíTel is ihortened in the given 
Time T ,  is equal to the Meafure of the Water paffing in the fame Time

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

v/ A  2 A  w

I I T D R J U L I C K S .

fore

or 2 A  r,i r

•, orv*v^x= r*\/A , ory^x =  r ‘̂ A,
3 v'' X 3

which is the very Equation of the hyperpolical Curve, by the Ro- 
ration of which I formerly iliewed the Figure of the Catara5i  to be 
generated *.

The Meafure of the Water now found -  ¡

X 0,577350 is a fmall matter greater than the Meafure 2 A  >« r ’  x 0,571,
which is obtained from Pdetii’s Experiments. But this difference, 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 Íniaíler 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 if any 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 caiara5lic Curve explained in Cor. 2. of this 
Problem, by which a* =  r* A , the Subtangent of this Curve will be 
found to be to the Circumference of the Hole 4 A , and to the Circum
ference of any 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 H o le ; that is, 
every Particle of Water defcribes fuch a Curve.

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

Í  Vol. IV. Part. I. Ch. V, i. ¡y.
Spac?

■!L
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Space imaginable in a Tangent to the catarañic Curve. Hence it*s Ve

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

’explained in this Problem to the Velocity of the' fame in a Direction
^  - - - - - -  I

Perpendicular to the H orizon as i 6  A *  ^  z*  : 4  A .
Therefore the Velocity inaD iredion perpendicular to the Horizon

—  ■ -  -  4 ^  .

is ‘y X r —  z  X — -----  . — ,
^  16 A » - f - 2 '

Hcnce alfo, by following the Steps of the above Solution, you will 
have for the M̂ afure of the Water paifing thro’ the annulus nafcm

r V  v / i Ó A * - ! - * * '

Now the fluent Quantity of this Fluxion will be found, by the
16 w A* VCotefian Meafures of Ratios Form. V. and VI. to be

r .V

^  16 A *  2» - j-  8 A *

by making firft 2 =  0, and then 2 =  r, you will have
r V

X — v ' l S A ^ - j - r *  —  4 A r - } - 8 A
16 A» +  r»  ̂ J

-----------------------------T a ---------------------------------I » '

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

64 m A^v*'
the Motion of the Water paiUng thro* the annulxis nafcens-------- r;—

f » V :

X ^  ^  2 r 2* z  , Of which Fluxion the fluent Quantity,

64 w A* T/* 2*— 4 r z
by the Cotefian Form. I and II, willbe/ound — —  *in

16 A * +  2* 6 A*
16 A ’

16 A * -{-2»

Tó'A ?
2 r V  —  16 A*

64 m A ’  v^'g  +  16 A^
16 A» 4 -2 * ’  by fuppofing 2 =  r, you will have 

¿ V  r  V

«9Í
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r ^í6 A* r

16 A
—  -j- 2 r  /  —  16 A*

16 Â
>/ 16 A - -j- r*

^  i l ,  which is ú\cMcHono[ the Water paffing thro’ the Hole in 
z

the Túne T.

Now let M  =  “r" 16 A^ -j- r* ,

N  =  8 A*
r - ^ y /  16 A*

4 A
or

N  =  4 A*
I 16 A* +  2 r* H- 2 r v' j 6  A "

i6**A^

L  =  2 r v' —  16 A-

.6 A»
F A ^  » and 

s/— 16A *

^  16 A*-{-r* ’
IL •= 2 r  X 4 A ( Rad: Tang : Sec ; : 4 A : r  : 16 A ‘ ) and the
JV/ííj/«rí of the Water pafllng thro* the Hale in the Time T  will be

xM -f^ N  —  4 A r j  but the Motion of the fame Water will.16 m V

be

r  V
64 m V*

V 2

V

r+ V»

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

itiro* the Hole in the Time T  is 2 »; A  r x
L H - K

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

the annulus nafcenŝ  ^ ^  -- x reduced to
’  r V  \ ( i6 A » - h z *

m V
I

i 6  A*

i/ i6 A* 2̂
j and by reducing

•i6

UÍ1JED
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A.* • c

 ̂ to 30 innnitc Serieŝ  you will h v̂c
v/ i6 A* -}-z* , r V

in 4 A  8 A  r  8̂  A *  4  X ÍÍ4 r  s  a T » —

M eafure o f  the W a te r  running thro’  the am ulus nafctm ■, and b y  the 

fluent Q u an tity  o f  this F lu x io n , or b y  ¡n ^

5 >-Í—  + L l h
T T T i r

: 20 X 8 A  

, & c .  w e fliali have" f ' 14 X 8’ 36 X 8’ A '  ■ 22 X 8 A

the M eafure o f  the W a te r  running out thro’ all the H ole.
M o reo ver the above M otim  o f  the W ater pAÍTinp; thro’  the annulus

64. m z  2  —  2 r  2 ‘  2
jia/cens - ~ r s j —  ' ^ ---- 2 _  ^ m A  V* 

r* Y- r

_  4  w A  tí*X z  z —  2 r  z^ z  z^ z  X -

16 A» - p  z*

16  A *
6* A *  “ j -  2»

I 2» 24
X r* 2 2 —  2 r  2  ̂ 2 -j-  2 ’ 2 In i —  -f-

r^ Y

2®

16* A+ 163 A^
2« 2*0. u ____________ _  _

* 164 A*
4  w  A  V» 

F lu xion , or b y ------y —

& c .  and b y  the fluent Q u a n tity  o f  thia

in
r"
1 2

r4
60 X 16  A *

+

•10

3 6 o x i6 ’ A^ * 66o x i6 * A ^  

the W a te r  running out thro* all the H ole .

T h e r e f o r e A w r *  V  =  ‘

168 X TS^ V 

& c .  w e (hall have theAfc/;V;i o f

in
r4

12 —  r ------- TTT- +  8fc. or60 X 16 A* *

V *  =  in JL —  ^

V* 
■Ü* =  —

1 5 x 1 6 A * - j-  &c.

and v ~ ---------
3 1 5 X 1 6 A »

W h e n c e  the M eafure  o f  the W a te r  running out thro’  tijc H o le ,  o r

'2 S S
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t n v ,  2 A  r* 
in - a

m , 2 A
=  V

20 X 8 A

20 X 8 A  

V

5  r ®  f t
w o< A 5“ *4* &C,14  X 8* A ’ 3 6 x 8* A^

4.6

14 X 8̂  A  36x8^ A^ & c .

^ 1 ,
—  1 5 x 1 6  A^

2 A r ’
:=z m m 20 X 8 A -j- & c .

/ » ___ Ü _  _

7  —  15  X 16 A»
&c.

Whcnceat length the Msafureoi the Water running out of the Hole 

. r , , 2 A  w
,s found to be m i -  ¿o x 16 A^

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

rtie Meafure eomes out =  we have determined in this

Problem. ________
O \  ff2 f t

When A  =  lO r, the Meafure = ,  X I --------- ---  .
>/ 3 32000

or

X I — or

thereabouts,

■. When A  =  4 r the Meafure =  „  *  -

\^3 5^20
thereabouts.

Therefore inftead of the true Meafure  ̂ we may take the Meafure 
A'fji 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 Holê  to determine the Diameter of the Vein of Water to the 
fmall Diftance. without the Holê  where the Vein is mofl coyitrâ edy and 
the Velocity of the Water in the Vein fo contracted.

In the Solution of the former Problem it was íhéwn, that the Particles 
o f 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 H ole; and that the relative Velocity of

the

UnED
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the inner Particles, with regard to the Particles that touch cach of them 
on tlie outfiJe, is conilantly equal t!iro* all the l io lc ;  and that this 
relative VcloGity proceeds from the Rcfiftancc, v.I-.ich tlic Water iind.s, 
as it dcfccnds toward the 1 lole, from the furrcundiug \N'atcr.

But after the Water is gone out of the I lolc, and ii’s outer Surface 
no longer finds any Rcfiftancc from t!»e furrounding Water, nor from 
rhc ambient Air, being carricd thro’ a /  by the liypotbefiiy that 
relative Velocity, or Inequality of abfolute Velocity, can no longer remain. 
For now the fwifcer Particles mull neceíTarily 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 ParticIcM 
Which will happen within u final! Space after their boinî r comc out oí 
the Mole,

Blit whilft all the Particles arc acquiring this common Velocity, ilie 
Diameter of the Vein mutl neceíTarily be L-ontraded. I  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; But a Sodion of the 
Rbcne  ̂ after it has received ih  ̂Saone, is far leis than the Sum of the 
Sctflionsof the Rboue and of the Snoney before their Conflux.

Therefore let the Radita o f  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.

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

2 A  u
pafllng thro’ thisScdion in the Time T . And x ;;; is the

¡uve of the Waiter pafllng thro’ thisSedion in the fame Time.
And the Motion oi the Water pafllng thro’ the Sedlon of the Vein

2 A
in the Tim e T  is —^  x x u, or

But the Meafurc o f 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

, . 2 A w £* u 2 A  w r '  2 V
lame Time, that is, -------- —  =  — , " ,  o r 2 f * o  =

V

Moreover the Motion of the Water buriling out of the Hole, .'.s it 
IS not altered by the Adion of the Particles on each other, will he. 
<qu.il to the Motion of the Water running thro’ tlie S/dion of the Vein.

V O  L. V III, Part i. O  q rha
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2 A m 0* u*

that is A  V  «  , or  2 f* u* =  r» V » .

i.tU * ’  _____

2 u

4/0 V  4/ 2
Y %  X -----^  that is u =  ------ suid v*

2 r* V ‘ 2

------------- X
'2

j  r \/2 and p =  —.—
 ̂ ^ 3

A J  V *A  nd ^  =  ___ =

E. 1.

Since V* =  ----- , and the Altitudes are in a duplicate Ra//o of
4*

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.

This wonderful Contra<5lion 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 eíHuent Water more attentively, on Account 
of fome Difficulties propofed by M r CoUŝ  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 Ph¿enomenon 
has more than enough exercifed the Wits of Philofophcrs: But the true 
Caufe of this Contraftion has hitherto tfcaped them all.

r sj 1
The Radius of the Vein determined by this Problem , 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 r x o , 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 diminiíhing the Height of the Spout, as is com
monly believed, that it does not a little increafe it, as will appear from 
tiie Solution of Prob. VII.

From what has been faid above in Prob, II. SchoL 2. it appears 
that thefe \  alues of  ̂ and u, cannot be accounted accurate, unlefsche 
Altitude o f the Water be accounted infinite with regard to the Dia
meter of the Holej but that they approach very near to the true Values

if

U ü l í i
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»

if the Altitude of the Water is double, or more than double tlic DI.i- 
rnctcr of the Hole. But if you would accurately determine the fame 
\'’alues, you nuy ufe the A/c’íjyí/rí determined in the fume Sci?oIium or

r V  
2

299

M N —  4 A r
2 / ; ;A ;* x  -r-j— r - - -----whcnce you will have u =V 1- - j - K  —  i r* ^

M -f- N —  4 A r
ll'o

make ufe of the infinite Sericfes in the fume Scholium.
The IFater running oui from a circular Hole in the Middle of th¿ Prob IV. 

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
brici ty, that the. Motion of the Water is thereby remaricahly diminiJJjed̂  
f.s affo the given Meafure of the effluent Water  ̂ to determine the Motion 
of the famê  and the Velocity with which it goes out through the Middle 
of the Hole,

Let the given Meafure o f the Water running out in the I'ime T  
be 2 m r* A  j. 1 hcrefore the Meafure aiTtgned by Analyjis in the

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

But tlie Motion o f the fame Water aillgned by the Analyfts in the

fame Problem is
m A

— «— , and by fubllituting inftead of v* it’s
3 ^

vt r* AValue juft now found, ú\z.t Motion becomes— y — ^9 V*

r» A V .  Q . E. I.
If from the Motion  ̂ wliich can be generated in the Time T  by the cw /. 

Column of Water over the Hole, or from wr» A  V , be fubtrafled, the 
Motion of the Water running out in the fame Time, 3^* w A  V, 
there remains the Motion loft in the Time T  by the Refiftancc w r* A  V

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

Schol, 2. after this Manner \ 2 mr^ A  q =  ^   ̂ x  ’RT"^p~Ñ

ri
—  4 A r, whence *y= V  q — v /■ ■■- r , '■ ̂ «

 ̂ ’ ^ S A x M - t - N — 4 A r

Q^q 2

And the Motion

of
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of tii€ Water running out in the Time T  will be w A  V  x

r - i
whence the Motion lofl by the Refiftance in the

4 A r
IViih the fame Pofaions and Dita, and negU îng the Acceleration of 

ihe IFater 'ivithout the Holê  to determine the Diameter of the Vein of Wa
ter at a ¡malí D fiance ivithout the Holey *vohere the Vein is raofi contradied̂  
and the Velocity of the JVaUr in the Vein fo contrasted

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

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

Meafure 2 m r̂  A q \ whence u =  V <7.
Moreover, by the lame Prob. III. the Motion o f 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 m r* A  V', 
wherefore 2̂  ̂ =  3 r* V^

—  ̂ _  3 _  3 ? VBut
e‘ u 2 j  r* V

. j  r̂  V  q , ,  
And = ------  ̂ =  r* V  j  X 2 2r* i r  r ^ 2y wncrciorc o — - "■ ■■

3 ? V  3 f v '3
Q, E. I.

The Tame Proportion remains between the Ratitus o f 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. III. feeing it is either way f

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

V  '
For when in Prob, HI. it had been u =  — ic now becomes u

2
o q Y

”  diminiihed from V  x o,S66 to V  x 0,^36,

taking^ — 0,5/1, according to Pokni^  ̂ Experiments. 

Accurately it will be v =  V  xr^ q x
K - Í L

M  N  —  4 A  r
&¿>=v^2

M  -|- N —  4 A  r
_I r̂  " iike P in n er as it was found in Prob. III.

Schol^ 2*
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l̂ he IVater rmnmgout through a circular Hole in the Middle of the f*fob. VI. 

Bottom of a cylindrical Fejfel̂  u'hen the Particles of Water  ̂ as they flow 
down'wards within the Vefjel̂  f i  great a Refiftance from a IVant
of Lubricity  ̂ that the Motion of the PP̂ ater is notably diminifhed therehyy 
and alfo /í&í Meafurci?/ the^uent lVa!er beinggivcn  ̂ to determine /¿i Motion 
of the famCy 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
2 wr* A  y, as in Prob. IV, and by help of the iame Problem we ili.ill 
have i\\t Motion o f the fame 3 r ' A  V , and the Velocity, with 
which it goes out through the Centre of the Hole, or-ü — 3 y V.

F.. I.
When q is given, ia as V ,  that is, as A. r,w;.
You will find thefe accurately determined in Prob. IV. ¡\chol. Schot,
^he IFater running out into the Air  ̂ and negle¿fing the Acceleration of 

the IVater without the Hole proceeding from Gravity  ̂ i f  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 Vein̂  
to determine the remaining one.

When the Water burfting out of the Hole is carrifd through a 
Vacuum̂  it is ihewn in the Solution of Prob. III. 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 Vacuum̂  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. III. 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,
Ilir 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 neceíTirily fo* 
dccreafe from the Axis of the Vein to it’s Circumference, that the 
relative Velocity of every Particle whcrclbcver fituatcd, may be every#

where
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w’î re on̂  n A  the fame, with reipeft to the Particle lying on the 

for :hc Caufcs mentioned in the Solution of For-
ir any Parciclc has a greater reLitive Velocity than the reft, it mufl

I'i ¡iiiJ a grcact'r RcfitLincc ironi the Attrition of the adjacent Particle
 ̂ ü'.itwarJs, and hy that means will be brought to an equal relative

A'ciocicy witii t!ie 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

4 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 a c q u i r e d  the due Velocity, thefe two contrary Forces 
muit needs be equal, o n e  of which retards the Particle, and the other

i acceleratcs it. But that cannot be done, unlefs the Faclum of the re
lative Velocity, and of the Denfity of the accelerating Particle of W a
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. A ndas here two contrary 
Forccs are equal to one another, the Fú6lum o f 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 to the 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, V , A , T , 
as in Prob, II. Alio let u be the Velocity of the 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 o f  the Water running out through the Hole
in the Time T ,  be 2 g r* A.

\ m

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

A

r  , 2 w A u p '   ̂ ^
" Y r V  ^ 3 K  —  2

But theic Meafures are equal, that Is, i q m r ^  A  =
______ _ 3 V

X 3 R —  2 or 3 j  r* R V  =  u X 3 R —  2 
Moreover, as the Meafure o f  the Water running through the Hole 

in the Tim e T ,  is 2 j  w r* i\, the Motion of the fame, by Prob. VI. 
is 3 w A  V.

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

m A  Ü-- X ^  3
3 V W

Now thefe are equal, that is, 3 j ‘ w r* A V r r  
m A v*  X 6 R * g>* — 8 R

t* x 6 R *  p * " ' 8 R f i “ "*3fl* 
Thefe 2 "  

we come to

* ■  V

Equations being rightly reduced, in order to extirpate It 
the following Equation, u* =  2  ̂ v V r* -i- 12 j '  V*

V  r* _________________
— gq-t V* wherefore i— X u 6  ̂ V —  2

u V -j-  9 5* V» —  2 u»7 and hence is obtained  ̂ itfdf, or the 
Radius o f the contradled Vein, feeing ^and uare given.

Moreover from the fame Equation is drawn u == X r  - i-  2
V  *

V —  2r*.

L .» iy  ? =  — I E .  I.

W e  fuppofed above, that the M o i i m  of the Wartr running through S(tu i. 
the contrafted Vein is equal to the Motion o f that which runs through 
the Hole. But this is not true in Mathematical Striétnefs. For 
the Motion o f  the Water running through the Hole is equal to the 
Motion o f the Water running through the contraiVed Vein, and to 
the Motion of the Ring of Ai^ 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 A ir  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*
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uiid by doing this we render tho Equations f;ir more fimple than other-
wire th ey  v/ lulJ b i .  , < _

II Hy Proh. V. Cor. i. when the Water,runs out into a Vacuum,
the i'.iiiie Ratio continues between the Radius o f the Hole, and the 
ILiJais c f  the conrraded Vein, whether the Motion of the effluent 
Water be in .my Manner dimini flied by Refirtance or not. Where- 
fure. as in a Pliyf'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- 
ci)t Water may bs diiiiiniihcd 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 Experiments.

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 I he 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

=  u* X  6  Ii‘ —  8 'R f 7 -  3 fS  and 3 ? R V =  u x 3 R —  2̂ , 

we comc to the Equation x 9^̂  * —   ̂  ̂ f “T  x 6 R  ̂ • 9 ^ ?
____________________  _ e  ^

* r  3 ? > wherefore R =  , x 2 ^ ^ /^  —  2r^'

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

u
J y  is given.

W e  ihall afterwards dem onilra te ,  how great thefe 3 given Ratios 
are.

faint (.on- 2. Before we procccd a n y  farther, we mu(l confider tha t  Refiftance o f
tinutd. No. F lu ids,  which arifes from  the M otion  o f  the fame Parts  a m o n g  them - 
453.^.65. fe’vt-s  ̂ ¡5 ca lk d  by Sir / .  Newton^ a Reftftancc arifing from a
A p r *  f *  r  \ * •

»739- iAibricity,
0 / thi Refi- H e  makes it o f  two Sort^, one arifing from  the  T enac i ty  o f  the 
jtunct t̂be  ̂ F iuid, the ocher from the mutual A ttr i t ion  o r  F ri6 l ion  o f  the Parts 

o f  the P'luid bc tw etn  themfelves. 
íLnrítives, H e  th inks the F irf t  is uniform in a given Surface, o r  th a t  it pro-
frô tiMng duces an Effect proportional to  the T i m e  j which O p in ion  is favoured-

[jy E x p e r im e n ts : H e  is o f  O pin ion  that the latter is increafed in P ro-
V * port ion  to the Velocity, o r  in a P ro p o r t io n  fom eth ing  lefs. But he

does not determine any T h i n g  abou t  this, for w an t  oi fuitable E x p e 
rim ents .

But

j e :
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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 W ater; but alfo in the 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 I 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.

W e 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 Friólion, or comprehend both under the name of Re- 

Jiftance arifing from want of Lubricity, certainly the Laws, by which 
d̂ is Rcfiftanct increafes or is diminiihed, are to be fought only from Ex
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. Oí the Ratio o f the Surface of the Parts which are moved. This,
I think, all Philolbphers admix.

2. O f  the Ratio 0Í 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. O f the fubduplicate Ratio of the Altitude of the Water. For wc 
aíTume this, being led by Experience, and in fome Meafure alfo by 
Sir I.He'ivtotjy who thinks that the Attrition of the Parts becomes 
ftronger, and their Sep.uatiun from cach other more difficult by greater 
Prtllurc *.

To espíain the Rtftfiarue of the Parts of the Cataraft, which arifes frcm Prob. ViHl 
a av/7;/ of Lubricity,

* Princip. Li^. II. PtOp* lii. Schol.

' V O L .  VIIL Part Ú R  b La*
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I et )• be the Radius of the Hole, A  t!ie Altitude of the Catarail, y  the
R ad iu s  horizontfll Section, Jt the Altitude of t\\t Catara a  ihav^
tlut S«aion, 2 the Radius of any Circle in thacScaion, v  the Velocity
of the Water in the Centre of the Hole.

Circumference of the Circle, whofc Radius is z  ; ^ v- r  the relativey i\ ^

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

♦  •  •  

z  V X Í   ̂ ^ 2  m v x ^ x z z  
this Cylinder, as 2 m z  x x  ̂  ̂--------- y  A  i  ‘

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 ,  z y  A i  y A ,

’1 1 1 ^ ,  as the ReGilance of the nafcent Cylinder, whofe Radius is j ,
A »

and Altitude x.

But by the property of the catara^k Curve y* x ’=-r'^ A ,  and j  x —

=  r  A  Whence the Reftftance o f this nafcent Cylinder will be as
4

. 1  ‘ 3
w v A ' A r f A  —  m V r X s

± ,  or as— — i ,  and the Reftfiance o f the whole

k L x l  A -
2 4 4 -

m v r

Catara  ̂will be as the fluent Quantity of this Fluxion, or as  ̂ “
A  —

4
X

1

I  *

Now -TT will be the Velocity of the Water in the Centre of the
A i  j

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

CqtoII Alfo >c will be the Velocity of the Water in they  A s

UtLED
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X or, making * = A a s  ^ m © r A —. And fince by Prob. IV
7  . 7 2   ̂ ■

12 J w V  r  A  —
Ü y V ,  the Rejijiancc in the C a ta rá  will be, as

7
or as j  V  r A  A  E. I.

Since V  is as A , the Refiftance in the CataraEl will be as g r A ' .
In the Solution juft now made, inftead o f 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 m z  when really the Surface o f that Takola is
2 m z  X y/ X'*' ,

But if that is corrcdled, the Rcfiftance of the Surface o f this
I

-____ _ j Z V
Takola will be found as 2 m z  4 -  2=̂ x x x _____L

^ A *J- A  -
2

307

j 2 VI V  X z  z  >/

m

And fince hy Prob. II. ScboL 2. the Sijbtangent of úitcataraEfic Curve 
is 4 Xf and the Tangent i t f e l f i6x^-^z^y therefore 4x 1^ : t

/ " n  \  A* \ / 16 X » 2»
X : V ------------ -----  .

Therefore the Re/iftance o f the Surface of the Taleoh will be as
m

2 m V X z  z  .V --------------  w V X • _____
------ ------- X —  lO X» - h  2“ = --------  2 2 v' 16 XK

J A  a 4X ' 2 ^ A i

W ^ X 2 2 . 2* z^ 5 2®
= ------------------------------------ . —  in 4  X " -  --- —  — = r r  - f - -—^  ̂

¿ y A i .  2 x 4 . x  8.4ATÍ ‘ 1 6 x 4  x̂  *28x4x"
.1 o

1  ̂ ___ « _ m v  X . ■ . 2 2 ’ ¿ 2 ’
256 X 4 x ’  2 y A i  ' 2 X 4 X  8 X 4.

I 2 z 5 2 2 ’  7 2 2 '*  21 2 2 ”  _
r  — = ■ - --------- — = : ---------- — = ---------:— &c .  k

I Ü X 4 X  i 2 8 x 4 X  256 X 4  x ’' i o ? 4 X 4 X * *  r
■ '* y ■

R r 2 - But 0
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But by tak ing  the  Quanticics .v, a n d  for _conñant_ ones, thp
ffi V  X , 4  ^  1 z *

Fluent o f  this F lux ion  will be ^  ̂ ’ r  3 ^

72

■ ~ 4 8 x ^ a ; ' ’ 8 x i 6 x 4 Af* 2 5 6 x 4 ^;' 1 2 x 2 5 6 x 4 * ’

&c.

A n d  by fupiiofing z  =  h  this F luen t  will be in a

4 "

1

X4.X 48 X 4 8 X 16 X 4 X* 256 X 4 x’

.—  &c, w hich  will be as the Rejijiance in  the ca-7
i z  X 256 X 4 X

w

tara£lic7Í2/í^¿/, whofe i s ^ ,  and A lt i tude  x.

But this is as the F luxion  o f  the Rejiftance in the whole CalaraH^ and

y A  "• *
4  . m V  X ,

by p u t t in g ^  =  — 7 ^ ,  it  becomes --------  m

2 r x A  — 
4

1
X —

4
2 A  -  

2

?•’ A  —

;í — 8x4X;f-?
4 4

r ’ r ’ A ^

+
48  X 4 ’ X X —  8 x i 6 x 4 ’ x a ; —  2 5 6 x 4 ^ xa; ^

&c.

m v r  , 3
-------------  in 2 X -------p

2 A - L

I

A  — X x ^  r* A  X X —  r '^ A  - ¿ 5 ^ —
- 2 4 4 _L- 2 4

48 X 4̂  8 x 1 6 x 4 *

V

iJaeü

m V r
—  &c. B u t  the fluent Q uanti ty  o f  this F lux ion  i s -------- — in 2 x  2. x £

A  Í  ~  3A — X 2.
4 y ±

r" A x - ^

32 48  X  4
± x - ±

13  8 x 1 6 x 4 ’ 23

m V T ^
—  &c. A n d  this ,  fuppofing x  =  A ,  becom es -----------i n _____-

 ̂ 7
r*

&c.7  +3 X 8 A j .  ■ . « X . 3 X 4 - A Í

or
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‘ 4 V r a ’  ̂  ̂ ^  7^ « ^

or - Y   ̂ 3 x 4 *  A ‘ 6 X 13 X4  ̂ A"̂  23 x 4’  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

ter of the Hole, the Rejiftance will be as 

in the former Solution.

2
4 V r A  —

If A  =  10 r, the Refiftance will be as --------------- J l  x i

nearly.

7
as

4 tn V r A
2

7

4 m v^r A 1
2If A  =  4 the Refiftance will be a s-----------------Í x i —

7 439
nearly.

2
4 w V r A  —

W e 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 
Ih k  in the Middle Part of the Bottom 6f a Cylindrical V^cl of a given 
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  the given Depth, t  qmr^ 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 m r* A  V  will be the Motion o f the Water 
running out in the fame T im e; and by Proh. IV. Cor, the Motion loft in
the fame Time by the Refiftance will be w r* A  V  x i —  3 • 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 Tim e, by Prob, i. when all Refiftance
is away, is to the Motion w r* A  V  x i —  3 » which the Refiftance

\ car»
. 1
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can generate in the fame Time, as the W eight«  r* A  to the Rejiflanct

_  .  w r ^ A V x i —
irfeif. Wherefore the Rcfiftance = m r -  h x .  -  -  ^  =  'm

r- A X I —  3 •
After the fame manner, by putting s and E  for the Radius of the

Mole, and the Altitude of the new VcíTe!, and 2 p m 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 VtfTcl =  w E x 1 —  3 />- .

Rut by Prob, VIII. Cor. thefc 2 Rcfifianm are to each other as j  r  A* 
to /i J E * .

or r X I •—  3 : J x i  —   ̂ :: q A  : p E, or p r E  x 1 —  3
^ q s  A x  I —  3/> ,̂ which Equation being rightly reduced we come to

T f  n • y * r E  X 1 —  Q
ihe following, p =  v — - ----------

3 6 q s  A
or making r E  =  » J A.

r E x i — ,3q\  
6 q s A

—  I — s r .

6q;  ̂ 3 6 q
1

Whence we have p x  z m E, which is the 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. I.

CW¿ I. If the Diameters of the Holes fhail be in a 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, r E  =  j  A , and » =  i ,  wherefore

- — Rcduf t i on p =  q-7

wherefore 2 q m r- A  : 2 p m E  :: 2 m A  : z m E , which is the 
Ratio of the MeafureSy when all Rejiftance is away.

Cfffl//. z. It E is accounted for nothing v/ith Regard to the Altitude A , then n 

alfo muñ be accounted for nothing, whence /  =  Therefore, the

fnialler the Altitude E  is taken, the nearer p comes to

IF
V3

u n E O

%>
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If  s is tobe accountccl infinitely great with refpcft to the R aJm  r, 5, 

th e n p ^  . Therefore the greater the j  is taken, the more

I
p verges to^-^.

The Water runmn  ̂out into thê  Alr  ̂ to determine tie Proportkyj bet’wem P'ob. X. 
the D:cm etcr of the floie and th e Diameter of the contracted Vetn,

This Proportion cannot be determined without the he!pof L'x[x*ri-

mcnts. By/’/i/-.VII. -j-ó jV  — z v 's ju V -¡-9«'V 2— 2v*’

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

mcal'ure q and'u.
Voleiú\ Experiments exiiibit the Meafttre of tĥ  efTluent Water whencc 

q 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 W'ater.

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 o f the Altitude of the VciTcl.

Therefore let a be the Height, to which the Water running thro’ the 
A x iso i  the Vein with the V io c ity  u can 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

A»2600 A  —  A ’  _ .
=  3600 A  —  A S  or a - ------------------- --- A  —

36CO 3600
Therefore
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Therefore if A  =  i Inch, or is double the Diameter o f the Hole,

- — I __ L _ . But u’ ; V - : ; iJ Í A ;:  i —  : i,
3600 3600

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

Ilolf. wc may have u' ~  V» , or u =  V.

Moreover, by Prob. IX. Cor. +. E  decreafing, p tends to
V 3

Therefore when the Altitude of the Vcffcl is very fmall, as if  it does not 

exceed 2 Diameters of tiic Hole, wc may have /> or ^

But by P/í¿. VII.

.» =  1 — - ^  X u -i- 6 j  V  —  2 %/ 3 j  u V 9 V* —  2 and
» > U*

é

U n E D

fubftituting inilead of v and q the Values of the fame juft now found, or 

V a n d ^ ,  it b e c o m e s x  V -{-2V 3 —  2v 'V '  v'3 - j-  J V ' — >■ V ‘
V'S

r* X i 4 - 2 v̂ 3 —  2v/i -pv^ 3, or x 2 *-¡-

I v' 3 =  X 0,6687553907 whence  ̂ =  r x o, 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 =  X J   ̂ > and by the Value of f juft
ó  ̂ ó % 0

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.

Ctn//. 2. Beeaufc v isalmofl: =  V , and s is alm oft= when the Altitude of
y 3-

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.

8 M .  2. the Proportion 15 conftant between u and q V , therefore —^
? V

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

0



H T D R A U L I C K  s. 3*3
neater running out of a given Vejfel always fully thro* a given Ilole  ̂ P̂ ob- Xt. 

into the Aify and any one of the 3 following ^antities being given, namelyy 
tie Meafure of the effluent IVateVy the Velocity in the Axis of the contracted 
Veiny or the Altitude, to which the middle Part of the Vein can rtfê  the 
Motion being turned upwardŝ  to detei'mine the reft,

é

I,et A  be the Altitade of the Veflcl, r  the Radius of the Hole,
2 q m r̂  A , the meafure of the effluent Water, v the 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 k t 2 q m r* be given, 
whence q is given.

By Prob, X. Cor. 2. ^  =  v' 3, whence u =   ̂ V  >/ 3. llcnce

=  3 ?‘ V

But V* : u*:: A : a =
_  b* A  _  3 q- V» A  _

V* V*
U

If, fecondly, u is given, then q =  and 2 q m r*.A  =
V ^3

Moreover a =  ” y T "

Laftly, if  a is given, fince a =  3 A , therefore j» =  ^ and

a

3 A-

Alfo u'
aV^

A
whence u =  V E. 1.

The Altitude being given  ̂ to whichy when the Motion is turned upwards,
JVater rifes ifjuing thrô  the Air from a Vejfcl of a 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 iffues from a Vefj'el of any given 1
Altitudey thro* any given circular Hole,

Let the letters r, 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) X I. « =  3 y' A ,  i  =  3 />’  E, whence 3 j» -

A — a
3 ?* =  — s— > y -  V

a
A - -  ■ 3 /V' f  = I I ' =  T E -

V O L ,  VIII. Parti. S s  i And
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Ĉ rotí» x>

C m ll. 3*

C o n Ü .  4.

I I  r D  R A  U L  I  C K  S.

And fince by Proh. IX. =
rExi  —

» X 1 —  3
or nuking r I*. ”  n í . A , f  — V 2 i" 6 q ■

r i i
;

A ¿l
henee by lubili:uting ftjr i —  3 ? “ > 3

_  v’ 4 A ¿í ~r 
wricinjy * for A  —  it will be /> — --------------

3 A  í?

;; a

and P' = ó A  a
e 2 A  Í? ^  O'-* —  ?¿ * v̂  4 A  ¿Z a*

2 A  a

or í  =  E X  ̂  ̂ fe* ;; g \/ 4 A <3 "p   ̂ whence by writ-
2 A  a

« E a
inc Í for E —  f i t  becomes e =  — —̂  x 4 A ¿ " | - « *  — « «. Now

°  1 A  a
e or E —  Í? being given, iaifo is given, or the Altitude to which the 
Water is carried, when it ifíucs out of the new VefíVl.

Ifthe Holes in both Veflels íhall be equal, or j — r, then E  =  « A ,
E  C6 ■ I ■ ■ ■■ ■

o r« =  — , whence 1 =  —  x 4 A  —  « a .
A 2  a .

If  the Altitudes of the Veflels flialJ be equal, or E =  A , then r — fiSf
r  n o .  —  "  ■ --------------

or » =  — , whcnce 1 = ------x 4 A  ¿2 -H —  n «.s 2 Ü ‘

I f  the Diameters of the Holes íhall be in a Ratio o f the Altitudes,
the Waters wiJl fpout to Altitudes proportional to the Altitudes of the

E  otVefllls. For if  r  :  ̂ : A : E, r í  =  5 A , and « =  i , whence j =  —
A

or f : a :: E  : A ,  or E  —  e \ K  —  « ; :  E  : A , or : ¿í :: E  : A.
___ —-  ̂E it

Since  ̂ X 2 \/ 3 A  ij =  4 A  -j- —  ?; a, therefore « =

/>« E  av  ̂3
X 2 / v̂ 3 A íJ =

y/ A a
5 whence by fubftituting for a it’s

above-

lunED
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alMjve-mentioncd Value q 3 A , and by a due Reduction, »Jsecomcs 

;> ;j E « _  p r

y II* A
Menee, by making ?  =  J, « =  -> or i : a : : r  E* : i  A - . CW/. 5-

That is, the Dcfefls of f p o u t i n g  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 Veiicls dircdly, 
and of the R¿iiio of the Diameters of the Moles reciprocally. And this 
Rule is cxatflly true, when j  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  c i t s  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.

F* a
When j  =  r, f =  nearly, that is, when the Moles are equal, Caro!/. 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.

 ̂Ct
W*hen E  =  A , i =  — nearly, that is, when the Altitudes of the C#«//. 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-
'  T  I  1  j  / •  L -  bcbm um .

p c n m c n t s ,  I w o u l d  delire  h i m ,
1. T o  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 VeíTe) is not fo large, 
but that during the Efflux from the Hole, a remarkable 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 o f 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

S s 2 plain ;

4 K K D
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plain ; and rhc Angle of this Edge íhould be fo acute, that the Water 
liTutng thro* the Hole may not adhere to the outer Side of the Lamina,

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

Wlit-n the Water is let our thro’ a Mole in the Side of the VeiTcI, 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.

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.

The Water iffuing, either ftrait down thro’ the Bottom of the Vcfiel, 
or horizontally thro’ it’s Side, let it be very carefully obfci Vjd how much 
runs out in a given Time, ufing diíFerent Altitudes of Water, but one 
and the Hime Hole.

Let the fame be obferved, when Holes of a different Magnitude are 
ufcd, but keep the fame Depth of Water.

Obferve how much runs out in a given 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 
R aiiooi the Aititudes, as in Prob, IX. Cor. 3. you will have a great 
Confirmation of our Theory.

In the üme 2 Cafes, the Motion of the Water being turned upwards; 
by means of a large Tube fitted to the Side of the VeíTel, and perforated 
at the upper Part, obferve to what Altitudes the Water will rife. For 
ifthcfe Altitudes are foui d̂ proportional to the Altitudes of the Water 
in the V<.ñtl, as in Proh. XII. Ccr, 3. you will have another moll 
certain Confirmation of this Theory.

The fame Hole continuing, but the Height of the Water being 
changed, obferve to what Height the Water is carried.

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, is o f  far lefs Moment, than- that which is com
mitted in eftimating the Meafure. P'or as by Prob. X I. the Altitude of 
falient Water is 3 q' A , it is pl.iin that the lead Error admitted in the 
Meafure., or in j ,  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, 
or in 3 j* A , is reduced to almoft half in eftimacingj, that is in the 
Meafure of the effluent Water,

Ixi
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In the mean Time, till thofe Experiments are made by fuch Perfons SecondGtntrai 
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 oí the contraded Vein ; or
2. The Meafitre of'tlie effluent Water ; or
3. The Altitude to which the Water rifes.
1. The Radius the com railed Vein, as meafuredby Sir /. Newton, 

r X 0,84, when the Diameter of the Hole is i  of a London Inch.
The fame, as meafurcd by Poleni  ̂ is r x o , ; ^  nearly, when the Dia- 

nv-tcr of the Hole î  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 Á^-w/areof any Ufe to our Purpofe. For
as he informs us, this Meafure  ̂ when the Water iflues thro* a Tube,
is far greater than \vhen ic iflTucs from a naked Hole. And as Holrs 
made in Lamina are tobe looked upon as iliort Tubes, at lead if the 
Thicknefs of the luimin ê 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, I Inch, 10 Lines Paris Meafure, in the Meafure is

I =  2 r* A  X 0,5772 O f  all which the in tcrm c-
2 .—  —  —  0,5772 diate is 2 mr  ̂ A  X 0,571 nearly.
3 —  _ — . 0,5731 Tnereforewe have this for Pí?-
^ __ —  —  0,571.0 Meafure of effluent Waccr,
^ —  0,5690 when the A lti tude  of the Veflel
6 —  —  —  0,5675 is 33 Paris  Inches, which is the
y _ —  —  0,5689 intcrmedi.ite A ltitude between
8 —  —  —  0,5703 cnofc which wcrc ufcd by Po--
9 —  —  —  0,5732 kni.

10 '—  —  —  0,5613

 ̂ 5*7^2;

B\xt\\\t Mtafure  ̂ which is taken to  this A lti tude  by our  Calculation: 
&om Mariotte'^ fundam ental E xper im en t ,  which  wc f lu l l  yroduoc*

* P<,Uniu4 de C a jltliii,  Art. 35, 3̂ 1 39# 4«» +3 ¡ ^  Uarihonium.
prefcntly. ^
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prcfently, is 2 «  r» A  x 0,5768, which exceeds Polfíti’s Meafure 
about Part. But fo fmall a DtfFerence might arife either from an
Prror oí' tÍt: P-i t̂ 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.

P 3. W e fhewed before, that Poleni has rendered all the Experiments of
|i his PredeceiTors ufclefs concerning the Mcafure of effluent Water, bccaufe
5 they took no Account of the Thicknefs of the Lamina  ̂ thro’ which the
4 Water iíTucd. Whence fome may not unreafonably fufpc6t, that there
f. 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 H ole; 
but, what is wonderful, that Water iíTuing thro’ Tubes* o f ;  or 13 
Paris Lines in Length, reaches only to the fame, or very little Icfs 
horizontal Diftance, than it does when it iíTues from a naked Hole. 
Therefore the greatefl: Velocity of Water is very little lefs after it’s Exit 

■Í from a Tube, than after it’s Exit from a Hole, when the Tube is not
veryiliorc; b u t  w h e n  t h e  Tube is very 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 a very 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 

|i 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- 

Í ducea confiderable Error, namely o f more than 8 Indies, in a 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, is applied,

f. 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,
II 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.

t  *  Epifl* ad Marmnium»
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Inch. Inch,

Therefore A  =  4>9.5 • =  3^0,5 . 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 of the faiient Water, by Prob. XII. Cor. i. is 24 Feet 3 Inches.

But, for the better comparing of the Altitudes, which Mariotte found 
the faiient 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 o f the Altitude, is right.

T A B ,  I.

Diameter of the Hole of 6 Lines,

Altitude OÍ Water Altitude of the faiient
. in the Veflcl. Water, according to Calculation.

Mariotte,
Feet Inches Feet Inches Feet Inches
34. n ,5 Si- Si- 8>5
26. 1 24. 2^5 24. 3
24. 5 22. 10 22. 10
12. 4 12. 0 21. 11

5- 6 5- 4^75 5- 5 * •
5 ' 4. 11 4 - 11,2 Itn.

35. 5 A 03 *̂ 0 32. 1

%
T A B ,  II.  ̂*

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, 8»5 21. 1 1

5- 6 5- 4>7 5- 4 ’4 '

i i f l c n ir 'É
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T A B .  I I I .

Diameter of the Hole of 3 Liaes.

Altitude of Water 
in the VciTcL

Altitude of the falient 
Water according to Calculation.

Feet Inches
Mariotte,

Feet Inches Feet Inches
11,5 28. 0 2S.

I26. 1 22. 0 22.

24- 5 22. -2 20. 11

5- 6 5* 4*7 5- 3,7

When inRc.id of the Hole of 6 Lines Marioite made ufe of the I lole 
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, XII. 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 f a m e  Corollary to 28 P'eet 9 inches nearly.

B u t  thefcdiffiTcnccs between the Altitudes from Calculation, and thofe 
o b f c r v e d  by Mariotte might proceed f r o m  a fmall Error in taking the
Diameters of fuch fmall Holes.

For if the RtiMus oí the great;:ft Hole, which Marhffe makes equal 
to 3 Lines, exceeded 3 Lines by Part of n Paris Inch*, or ii the 
Radius o f the fccond Hole, which Mariotte makes equal to 2 Lines 
wanted Parc of Paris Inch of 2 Lines ; in either Cafe the Wat r̂r 
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 i i Line by Part 
o?Si Paris Inch, and at the fime Time the Radius of the greateft Hole 
exceeded 3 L.incs by Part of an Inch, the Calculation will give the 
Altitude of the falicnc Water 7.8 Feet, as Mariotte found it.

The Calculation biding thus corrected Tab. II. and III. exhibit the 
Altitudes of Afí.'m/Zí compared v;ith our Calculation.

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



2. Ic can never l>e, that the Water ifluing from the Mo!c of 4 Lines 
ihouLI rcacli the Mcighr o f 22 Feet 8 5 Inchcs, 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 I ,ims reaches only to the 
H eightof 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 iíllí- 
ing from a Vclfcl 24. P'eet 5 inches deep, rifes ro a greater Height thin 
when ¡C iíTües from 3 Yeird 26 Feet i Inch deep, which is manifcíHy 
abfurtl.

Hence I am ind îced to believL', thnc when he fpakc of
the firit of thele Experiments, wrote in iiis Alverfariay Lr jc! dc quafre 
Upics ft'a é'¿ 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 
OÍ printing his Tapers, m the Freface to this W oik fp^aks in the fol
lowing manner : La moi:ié de cet oiivrage ilv t ajjcz an net pour J/re impn- 
míe ; mais le reftem̂ a Jon fié beaucoup dc peine ii rajjejnblcr far le mewoires qui 
Vi'en onl etc mis entre ¡es nuuns apres fa morí.

Bur, evrry thir^ being well weighed, our Calculation agrees fo well 
with the Kxpcrimentsof this famous and diligent Obferver, as alfo with 
íVít;7/’s Meafure o f effluejiC Water, and witii the Meafurcs of the I.̂ i.i- 
meter oí the cóntraóled 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 re<5langu!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 neccíTary 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 IJne, and at An ĉcoumof 
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 Tw ill and Acutcncfs 
of the Angles, they draw in towards the Cci-tre, whereby they waile /taimáis Jraî , 
fheir Power, and alio (horren their le v e rs : Brfides their Mukies and 
Tendons from their hinder I.-egs all along their Sides to tlieir Nocks are f  
iineqiially ilrained, as the Duty is hardeiV on :or.e Side, even di(/ ilicir ¡rJn'' 
Walk is large. 7'hcrefoic each of thole Incoavcnienccs niuft be^ttcndcd .I'.i

\ 4 ' >
• Lib. IJ. Prop. xKxvr. Cor. i‘ , g , ' i p .  j , .  ,
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Engine for raifing Water• 

h^fhiSirolo with Pain to the Animals when at W ork, and a great Lofs of their
6/ the P ijion j S tren gth .

Wihur, h  rioure is made by the IMlon’s iMotion m every uyimaer, wmcn occalions 
\h,tnfn- great l-'riclion and a L.ois of Water, and every Arm of it is continually
furti ¡n it’s I’owcr whiift working, as it’s Lever is diftant from the

jvrpcndicular 1 ,inc, and i  of the Arms (fupj^fing it a quadruple one) as 
t h e y  c r o i s  the Perpendicular are always drawing to and from their own 

ia¡cia!ic¿n‘xr Centre, by which tlie Power is not only loft, but the Tim e alfo ; and 
miu i lit Mi- farther yet, by the ihortnefs of the Strokes, all the adjacent Water is 

frequently contrarily moved, and by the often opening and ihutting of 
«•■// s. Nov. the Valves, there is alfo a great W alk  of the Water, befides the many

I .'8»^WaIwr heavy Bearings, Friitions, Surges, and Repairs, belonging to it; all
Churchman. Impediments being thoroughly confidercd,
u n T I u  muft certainly be required a much greater Power to work the fame
p.'401’. Sept. than by my Method. For, hereby, a Stroke of 24 Feet will rife, and by 

<734- e n la r g in g  or  diminifhing the fixed Wallowcr, you obtain a Stroke 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, üc .  And, Laftly, i  of that Water which is always loft by
the flow opening and íliutting of̂  the Valves will be faved.

From the above Confiderations, and by the many Experiments I have 
made on this Occafion, in order to know the real Difference between 
thefe different ways of Working, I 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.

unED

fhjeriptitn ^  Fig. 102, a, a. a. a. Is the great Frame, the ends of which under the 
thtV.ngint. Pine-apples are to becontradled to the place of the little Frame, fo that 
fig. io»,io3, the Crofs-piece at III. 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, direñ, 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.



Engine for raljmg Wafer,
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 íliort 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 
j[*s 2 Revolutions. o

r. Í. /, 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. I'he 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 ŵ hen in working.

0. The Leverage Wheel o f about 4 Feet in Diameter, with a Brafs or 
Iron Rim fuppofed to be truly turned, and to have a ilrong íhort Iron 
Spindle through ii’s Centre, and at each End a turned Steel Collar and 
Shoulder bearing on 2 caíl Cap BraíTes exaftly level, and funk into a 
ftrong arched piece of Timber well -braced and íupportcd for tiiis 
purpofe.

p, p. T w o  fmall fide Leverage Wheels exnflly fitted to the turned 
Part of the great Gudgeon, between the Collar and Shoulder: they arc co 
be fo placed and keyed, that their Fi idlion from the Gudgeon may be 
alike when at W ork.

q. q. 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 in view to avoid Confufion, all drawing hori- 
7ontally in a ftrait Line, and at right Angles, whereby tliefe ufeful 
Animals will foon be taught a 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 faftenlng places behind the Ilorfcs, 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 o f jo o  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 continúes,

T  t 2 and
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Engine fo r  ratfing Water.

and when to relieve him, as alfo when juftly to corred the flothfül 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, creól a 

Worklofr, over that a 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 toaíTift the Ilorfes, or when there is a fufHcient Force 
of Wind to do their whole Duty.

w. The Coupling Srapks witjjĵ 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 Ibrt of Work chieily for Uniformity in the Draught.

iV. 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, ?t 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 tiie 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 1̂  calls his FrÍ6tion-Wheels, 
tho’ Subfequen: to my Specification thereof.

4
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G E O G R A P H T a n d  N  A V I G  A T :  I  0  N.

I, r r ^  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
ago by 'Polybiuŝ  according to Strabo in the 2d Book of his Geography, 
But although it be of an oblate fpheroidical Shape, yet the kind of that 
Spheroid is not yet difcovered ■, and therefore I fliall fuppofe it to be 
the common Spheroid generated by the Rotation o f an Ellipfis about it's 
IcfTer Axis ; although I find by Computation, that it is only nearly, 
and not accurately fuch, I fliall alfo fuppofe the Denfity to be every 
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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 
o f their Diftances: And then the following Rules will follow from the 
nature oí the Spheroid.

1. Ljcí a  D B E be the Meridian of an oblate Spheroid, D E  the Fig. 105* 
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 C B  in.G, and E H  
cutting the Line C G, fo that C 11 may be to G M as 3 to 2. I fay that 
a Body at E will gravitate in the Diredion E l l ;  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 y of 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 E G , 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 oí the Spheroid, and the remaining > by 
the centrifugal I'orce. And whereas the Earth could not be of an oblate 
fphcroidical Figure, unlcfs it turned round it’s Axis;  nor could it tutn 
lound it’s Axis, widiout putting on that Figure: I 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 Laútude becoincs equal to the Radius, the mean Force ot 
Gravity is to the centriiug.il Force, as the i^can Diameter r o t  ot the 
longtft and ihortell Diamcters. 'Fhis Article is found Irom the Propor. 
lion of the Lanes E H  and G I I ; the former being to the latter as tl^
Force of Gravity to the centrifugal Force.

5 The Proportion of the Diameters of the Earth will be lound in th-c 
foJ lowing manner: The Moon revolves about the Eartii in 27"*, 7^4j/>

on*
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' 2 z(> Figure of the Earth,
or in 39J43 Minutes: And her mean Diftance is about 59 I Serrf- 
diameters oí the Karth, according to La Hirers and Flcmftead's Tables; 
but near 60 i by /M<y’s Tables. I ihail therefore take 60 for the 
n^an DiHana*, till it be better known : Then according to the Nature of 
iiravity, as the 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 
l^iftancc of it’s Scmidiameter, And as this laft Number to 2062096, 
the Square of 143Ó, the Number of Minutes in a Sydereal Day, fo Í5 
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,) I 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 2 3 0 7 t 0 2 3 i 7 ,  or in fmaller Numbers, A S 2 3 1  to 232, 
the fame as S ir /. found in a different manner, for he makes
it as 230 to 2 3 1, and as 230 to 2 3 1 ,  So is 231 to 232.004.

6. In the fame manner the Proportion of the Diameters of any Planet 
may be found, if it has a Satellite : For Inftance, in Jupiter^ he turns 
about his Axis in 9^ 56^ or in 596Minutes, and his third Satellite 
revolves about him in 7^ 3*', 42^ 36'^ or in 10302.6 Minutes, at 
rhediilance of 15.141 of his Semidiameters. Therefore, I 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 of 596, fo is Unity to 11 or the cen
trifugal Force at his Equator to the mean Force of Gravity on his Sur- 
face. There is no need ofcorrefting this Number, as in the former í 
Articlc, becaufe the periodick Time of Jupiter round the Sun is vaftly 
greater than that o f his third Satellite round him. I have chofen the 
third Satellite l^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 ■, and he alfo took the Diameter of Jupiter by the Tranfit of 
the Satellite, which isa m̂ ich moreexaft W ay than with a Micrometer.
Blit 05 the Planes of Satellites almoft coincide with the Plane of
his Equator, the Diameter, determined by the Tranfit o f the Satellite, 
is his greateft; and the Diftance of the Satellite, which ought to have 
wen given in his mean Diameters, is afllgned in his greateft: For which 
Kcafon the Force of Gravity already found, muft be augmented in the

triplicate

uneo



triplicate Ratio of lus grcateil Diameter to his irean one; that is, i f  a 
reprefcnts the mean Diameter, and d the Difference of riie Jongeft and 
fhorteft, in the Proportion of 2 ¿ i ^ 3 / í t 0  2í3 very nearly. } lence, 
as the centrifugal Force at his Equator, to the mean Force of Gravity

2 (I 9 ¿
on his Surface, fo is Unity to 11 J x -----— . And (by Article 4.)

XI J X ; I : : : t  or 20 ¿2 Í? =  186 á “p  279 d d
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2 a
which makes atod^ as 108 to 10; and thence the Axis is to the cqua- 
torea! Diameter, as 108 —  5 to 108 5, or as 103 to 113 j that is,
as 12 to 13 «: Which agrees nicely with the Obfervatlons of both 
Dr Pound 2̂ x\áMT Bradleŷ  made with Long T c le fc o p e th e
former making it as 12 to 13, and the latter as 25 to 27, which is very 
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 M r Graham  ̂ it was found that the t
London Pendulum went flower there by 2' 6̂  ̂ 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 
H eat; and therefore it was retarded only 1 ' 57'^ by the Decrement 01 
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 1 106 to 1 103. 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 is to the Radius as c to r: Where, if in the Place of c there 
be fubftituted the Cofines of 51® : 32  ̂ and 18® : o ', that is of the 
I t̂itudesofL<j«¿/¿íW and Jamaica  ̂ we ihail have the Force o f Gravity at 
the former to that at the latter, as a — [3870 dtoa  — (9 3 5  dy that is as 
1106 to 1 103. 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 íhew 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- j
trifugal Force at the Equator, as 289 to i. But if the Proportion now j
found be true, the Moon^s Diftanceof 60 Semidiameters muft be aug-
fiitDied in the fubtriplicate Proportion o f 289 to 233, and tben it will!

•  See Chap. V . J. I I I .  becODBiX-

Í
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bcconic 64. S'.'niiJunictcis. Im the like manner, if v;c compute thj 
JCiCio 0Í 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 2^9 to Unity. Now whereas ic is certain that the Diftance of the 
Moon íí» about 60 S^midiamcters of the EUrth, and that a Degree is lefs 
than 70 Miits V therefore, I fay, that the Conclnfion which
l;''ms to follow from the Jamaica Experiment cannot be aliowc'd to be 
true. An î the I:'x[>eriments nuile by Richer  ̂ in the. lil.ind of Cpŷ nnâ  L
would i\ill 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\á Louden Pendulums compared together, would make ic greater than 
one 231 Part of the \Vhole, as it was/ound in' Articjc 5.

K. Fron) a!i the r.x¡xrmUn_̂ ts made witli Penduluii-'.s, it appears that 
ihc Theory n'.akes them lorigor in lÁands, than they are. foiihd in Faift.
'Vhc lj))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, íhanld be longer tlian is 
found by F.xperience *, and the Pendulum in Cayenna (a fmalkr ííland 
than JtmmiCii) Jliould ílül be longer. 7 Defeól of GravTry in Iilands 
is very probably occafioned by the Vicin'ity of a 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 I
accounted tor on that Suppolition. I ilial! alfo obferve, that although 
the Matter of the Earth wereertircjy uniform, yet the Hypothefis of it’s 
being a true 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 Valües; 
j *anvi and Water, Heat and Cold, would never allow Theory and Ex
periments to agree. B jf 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- 1 1  According to Sir I. Ĵ êzvfon's Principia (Cor. 3. Prop. X C L f
^̂ hkhit̂ s ifan elliptic Spheroid, confifting of

that Iipmogenous Particles mutually attrafting each other, in an
tht Ftgurt e» / R a l i o  0Í the Square of the Diilances be revolved round it’s Axis 
theEarthmufi A  rt, that tlic Columns C C Ñ, C A , of which that Spheroid is 
TrZXZan^' compofcd, may be placed in /Equililrio., and fo the Spheroid may 
£Uipfu, accor- tbe.i îme Figure, theCíravity in any Point of the Surface N
Jirtg to ihi _  ntceflariiy be in an inveife Ratio of the Radius C  N.-
laius tf At- 1 hat. we may know therefore, whether the Spheroid has this Propf rtŷ
i^f^TÁltlo Í now fcek what Atcraclion is fuiiered by every Corpufcle N , of the 
9/thiSí¡uareo/̂ ^̂ ^̂  ̂ ophcroid accordiiig to the Diredion C N ;  and from that At- 
$ht Dtjianm̂  traCtion let US take that Part oí the centrifugal P'orce, w'hich proceeds

from
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I

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 Therefore
"  * * C  N êad. Sec,

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. iéc, 
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. I. To find the Aiira£Iion, •which theSphsroU A E differing píp. 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. g j .
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 A M  D be a Sphere, of which 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.

T o  find the Attradlion of the Space arifing from the Revolution 
A  N E<J D M, let A C be r, D E, «r, A  P, then from the Nature 
o f the Ellipfe N M  =  «\/ 2 r u —  ««*, but from the Nature of the 
Circle A  M  =  2 r ft. But the Space arifing from the Revolution

N  « w M  will be —  z r u —  « « . i/ k, for r is the Circumference, and

Figure cf tic Earth. ^29

o t C 

r
r the Radius,

Becaufe o f 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

I A  P
Attraftion in M  ought to b e ------  x ------, You will therefore have

A M ‘  A M

analytically ------- 7 = = .  2 r u —  u u . d u ^ ------^-4------
z r  XT u r 2 r r w r

CC C
(2 r d u y / u  —  u d u s ¡ u ) t í {  which the Integral —

'  ® 2 r r  2 r

is the Attraction of the Space arifing from

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

. V O L .  VIII. Part, I. ‘  ̂ '  U u  ’ ..will



Figure o f the Earth.

unED

will have by Rcduftion —  c a whence the Attradllon of the whole
 ̂5

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

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

Ó
of the KilipioiJ.

If you would have an oblong Spheroid, a will be negative, but the
2 Í

S:im of the Attrailion will be —  c -------c a,
3 *5

If the above Spheroid, inftead oí 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.

Lfroma. Let K L  be a Circle, H  the Centre of the Circle, V  HaPerpendicular
I'ig. lo;. 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,
I fay that the Atcradlion of the Circle K L  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 
Qiiantity infinitely lefs with refpcil to both, than V N is lefs in refped 
t o H V ,

T o  demonftrate which Propofition, it muft be Hiewn, that, 2 Cor-
pufcles being placed at the extremity of any Diameter K  L ,  there is one
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 V , 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.

l i  inftead of the Circle K  L  there was a certain ElUpJIŝ  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 -i Let
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' Let A  E   ̂ Í be an Elliptic Spheroid, o f  which let A ¿7 be the Ants 'I'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 Ellipfoid A . M a e  thro’ a 
Plane erefted perpendicularly on F G, it*s conjugate Diameter.

M T o  Demonftrate this, imagine innumerable Elements K L , p4rallcl
f  to the EUijfu F G, that is, all ereóled upon Ordinates to the Diameter.

It is evident, that the Spheroid h M  a e 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(5lion 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 ■, there  ̂
fore the total Attraftion of both Spheroids may be taken one in the 
Room of the other.

1̂ 0 find the AttraSlion of the Spheroid A E  a ê  to a Corpufcle placed in Prob. I f  
any Point N. ^

Let A  C =  C  E = C  N  =  r, C  G 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 is r , and Icfler ^ or b si — .
- r r

► To this we mull apply tlic Formula which we foiind in Prah. I. ~
3

8 2 8 , . ^
c — —  e It, or — p r - ~ — prtK (putting p r for c) but inftead of ot 

*5 6 *5
j  c

r —  b ^ ~  ,
in this Formula, wc muft fubftitute - =  i —  ^  sj — of

T r r *
2
— « — OT, ifyouput « +  « a f o r ¿ d - |- « o  for r, and in the Cora- 

putation ncglcft the fccond Degrees of the Magnitudes n and tjt,
•  ^  . A  * 1 - ^ *  • *

Figure of the Rarth, j j i

...........................  - r i i -  r  ^  • P i C

U  U 2 I f

J

■



332

TKeorem II. 
Fig. 106.

Figure of the Earth*

If therefore you put — m —  «1 in the place o f «, the aforefaid Formula

2 4. 1 8
will become — p r  —  — p r n  -¡r —j r m ,

3 5
pan  + 8

1 5 ' 3 *5 15
p a m  \ which is the Exprefllonof the fought Attraflion of the Spheroid 
in N.

2 8
If ff =  o, then you may have — p a  —  p  a m  for the Attraftion

3 *5
in Oy that is, to the Pole.

p  a mior the Attrac-But if w =  w;, then you may have ^ p  a
3 15

tion to the Equator.
Let A  E  a f be a Spiieroid as above, whofe Axis differs by a very 

fmall Quantity, which, for the greater Perfpicuity, líhallcall 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, that is, by Sir LNewtonh Principles; the Attradtion in E, 
the Centrifugal Force being taken away, may be to the Attraftion in A , 
as CjA t o C E :  I 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 in 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 ^  p ---- - p  am  —  f  x— p a ----- p a m i i i  ri-f-w,
 ̂  ̂  ̂ '2 inÍ5

3
\^hcnce is drawn / =  —  p a m.

*5
Then to apply the Gravity in N  compounded o f 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 f m  E, 
M  N will exprefs the centrifugal Force in N, but the centrifugal Forces 
are as Radiiy when the Times of Revolutions are the fame, but by the 
property of the Ellipjis it becomes a s D E : N M : : C E : M P .

But if the centrifugal Force afts according to N  P, it muft be reduced 
according to N C, and N O  will be the remaining Part, Therefore

the

\
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the centrifugal Force in N  or in M  is to the centrifugal Force in E  or 
in D , as N O is to D  E . Therefore the Exprelfion o f  the centrifugal

g
Forcc in N  will b e— patty and confcqucntly the Exprcflion o f the

*5

'----- Figure of the Earth. 333

Gravity will ht — p a —  ^  p a n —  p a m —  —  p n a, or p a
3 *5 3

. 2 t 8 -------- p n a -i------- p a m.

. 3  ̂ 15
Now to find the centrifugal Force in N , which follows from the 

jEquilitrium o f the Columns, the Gravity in A  muft be to the Gravity
z 8

in N , as N  C to A  C , the Gravity in A  is — ;  -j- —  p a w, which

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

2 2 8  
become p a ------ and is the fame Expreifion with

3 3 5̂
that above. Thence we may fee, that there can be but an Infinitely fmall 
Difference between the Figure which the Earth ought to have by the 
Newtonian Ifypotbe/tSy and the EHipfoid. For as the Quantity II E  is

about —  Part of A C ,  in tlie preceding Computation, we negleft only 
230

the Quantities of the fame Order with

III. I.  That the Figure of the Earth is Spheroidical is agreed upon A n A c c ^ h f  
by a ll: But whether it be an oblong or oblate Spheroid, /. e, whether John Eamci, 
the Axis be longer or (horter than a Diameter at the Equator, has been ^ S. «/a 
for fom etim ea 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 Ohfmüti9n$ 
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 is certain, if the Lengths of the Degrees of I^titutle dccreafc as we the Earth, hy 
go from the Equator toward the Poles, then the Axis is greater, 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 
figu re; and the Obfcrvations made in /->•««<■». ifentirtlyio be depended otíquiíitio.'’ 
upon, prove this Hypothtjis to be a Matter of Faft. Our late iiludrious Autior* A»- 
Prcfidcnt, Sir Jfaac Newien, M r hu^gtns, an(J Qthers, make the Fjrtl» aíji», in.

ta.
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?>'V. to b.' au obUc Spheroid, higher at the Equator titan at the Poles; 
Aittoiom. (hisTigure of the Earth is undoubtedly the true one, if the O b f c r -

I’ror. Rfg. .̂.¡riops lately made near the Ardlic Circle be admitted as certain and
! 4CO  ̂ So that fincc both Sets of Obfervations have been taken by

.No. í ; - .  r- I 'e r fo n s  c f  known Skill, Dexterity, and Integrity, it is now become
. nbfolutely ncceír^ry to in^ire into this Matter, in order to find out the

' r 4̂ ' 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 f̂ontcay 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 in 
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.

T o  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; q of them Members of the Royal Academy zt Paris  ̂
who were joined by Mr Celfms, and the Abbé Autbier, T h e  Trigono- 
metrical Part of the Work was performed near the River of Torneâ  
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 finiíhed, 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 London̂  
by the Care and Diredion of M r 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 o f the Equinox, 
and the Time elapfed between the 2 Obfervations, according to Mr 
Bradley* w a s  5 7 ' 26**, Hence the Magnitude o f a Degree, 
on the Earth, interfering the Polar Circle, was found to be greater 
than a mean Degree o f France 377 Toifesi and to differ 500 Toifes
*  X m  afrom

l u n c D



y f l ^ D

Figure o f the Earth

■from what it fiiould have been, according to M. Cafjinih ílyjxithcfis : 
And if the Correftion, according to Mr BradleyH Thtoryy were omit
ted, the Difference would have amounted to above loooT oires: 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 3 1 '',  with the Firil. They then not only examined the Truth 
of their Meridian Line, the Exa¿tnefs of the Scdlor, in the different 
Divifions upon the Limb, chiefly in the 2  ̂ imployed in obferving a <y 
Draconis  ̂ but fuppofed that, in their Trigonometrical Operations, they 
had erred in each Triangle, by 20̂  ̂ in each of the 2 Angies, and 40'' 
in the Third ; and that all thefe Errors tended to diminiíh 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 o f  all thefe Obfei-vations w'as 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. Caffinî  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 
}n it, fo as to create any’ perceptible Error in the Obfervations. I ’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, in ilia cifta idolim quoddam fervari facile fibi 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 ncceíTary, Operation. 
And indeed, that they were fo, fufficiently apprafs from fhis Fad; 
The Difftrrencc of Latitude between T'ornca and Mount A/7/;V, found in

Se¿r



¿ 3^
Scpicmher, was obfcrved again in March following, by the Help of the 
fan>e Star i  DraconiSy and did not diíTer from the former above 3̂ //̂  
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
Jbmetimes 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 Francê  
between Paris and Dunkirk  ̂ he owns they cannot be much out of the 
Way ; being in fome Meafure confirmed by M. D¿ la lUre  ̂ in the 
Year 1683, and M. Cajfmi 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 I.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 o f 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 4 1 ' '  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 
T u b e; 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 Tim e of the 
Year with thofe o f  Dunkirk, and fo not ftanding in Need of M r Brad- 
ley*% Correflion: Though this Caution, perhaps, may be thought not 
iieceffary here, where the Errors of the Obfervations are greater than 
the Correftion itfelf. Mr Celjius remarks farther, if  the Difference of 
Latitude between Dunkirk z.x\á Paris ht fuppofed tó bea® 12  ̂
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 M r 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
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of France ; and 134 Itfs chan that of Mr Picardy Co highly approved of 
by M. Cij£:rtî  as confirming his own.

2. Mr Cejfiits having finiíhcd his Remarks uj>on the Obfcrv.irions /amf ê n- 
made in the North Parc of Frahce  ̂ extending from Par-s ro Dinktrk^
proceeds ro examine thofc taken in tlie South, from Paris ro Ccllicun\ *
near the Borders of Sfaift  ̂ and the Pjrirt'au 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 
Colliourê  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 Capellâ  taken by it at was
confirmed ro be right by another Ini l i umentbut  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 1 Torizon.

The Exceptions taken to the Agronomical Obfervations for finding 
the Difference of I^atitude between Paris and CoUiourê  are, in the firlt 
Place, That though 5 Stars were obferved at Cclliourc and Paris  ̂ yet
I only was mjde ufe of, viz. Capelin : That the Difference of Latitude 
by CapfUa is 6® 18̂  57̂  ̂ • i f  Lucida Lyra had been ufed, the Difference 
would have been but 6® 17^7^^; but by the Right Shoulder of Auriga^
6° 19' 2 5 '';  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 57^' lefs than M. who accounts
for this Difference from the Obfervations being taken by nn ordinary 
Inilrument; but the Iiiilrument 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.
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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 Tw o 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 Rkciolih 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 Î'rianglcSj wherein one or more of theie Inconvenicncies are to be
found. . , , ,  ,  ^

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 
■J'hree 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. M r 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, in 
Roufftllott, is not fully afcertained, it not being meafured more than 
once; whereas that at Dunkirk VíX\á 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 Tw o Degrees fo near one another, under 
the fame Meridian.

T o Iliew what bad Confequences may arife from fmall Errors com
mitted in obferving the Angles of feveral Triangles, M r Olavus Hiorter, 
a curious and ingenious Friend o f M r 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 Correñion, differ fenfibly, if at all, from the fame adtually mea- 
lured. In confequcnce of this, M r Celfius concludes with obferving^

that
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Figure of the Ecu íb,
tliat the Diftance between the Royal Obfervatory and the Perpendicular 
to the Meridian o f Collioure  ̂ deduced from the I'riangles o f  Cojfini  ̂
c o r r e i l c d  after M r M e t h o d ,  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 I3egrce found by M . Picardy and pretty near the IVuch; So 
that the Degrees decreafe as you go towards the Equator j and conic 
quently tiie Earth is higher ac the Equator than at the Poles, as Sir /. 
'¡ t̂vjtcn 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 325ÍToifes. But however that Matter be. 
whether this particular Corrcótion of M . Diftance, and, confc-
quenily. Length of a mean Degree, be admitted or no, Mr Cclp.tn is 
fully perfuaded, upon the Whole, that he hath made it plain to every 
unprejudiced Reader, that thefe Tw o 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 Mention of the Frcnch Endeavours to difcover the Figure of 
the Eartli by Obfervation, puts me in Mind, That a very exndl Obfer- 
vation for that Purpofe might be made here, becaufe lluá¡on̂ % River 
here is frozen over Kom N¿w~2“o4'k up to Albanŷ  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, I 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
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» .{ r. R.S. the twofuM Mcchoil of determining the Situation of the different Parts 
‘ivanpttd of the F-iith, cither by their mutuiil Diftances fct down in the Meafures 

f ' . j m.ulc \ifc ÜÍ in each Country, or expreíTed in Meafures common to all, 
L T tV cC r as Degrees, Minuses, and Scconds, by marking the Longitude and 
bourgh,i-3-. Latitude of e.K h Place*.
4f7, iti r. s. Upon :ĥ ' firi\ IXtcrminiUion of the Magnitude of the Earth in Geo-
^,D.F K S. M.-afurcs, as in Siadia and Arnlian Milts, the Ancicnts did
2 ] 1d. ¿ V . not employ any great D gree of I'.xatfiitudc. I'hcy \wre content to fee
'7}:- clown 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.

I 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, Blaeû  and Muffcbenbroek in HoUtind\ Norwood in Ê igiand̂  
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 I 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 cxa£t 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 exaólly 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 UngUf}o 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 1̂ 04̂  ¡Vcrfts?- An l̂ what remains towards the Per
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feílion of the Geography of Ruffia  ̂ in the moil minute Detail that can 
be entered upon, but to employ this Meafure of iVerJlSy Sagencŝ  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 íhould be very happy, if in the Gfography 
of Ruffta we were arrived at this Pitch; not only in the generaJ M j[\ 
butlikewiie in that of any particular Dlílriél whatfoevcr, the ne;ircil 
and of moil Concern to us. But bcfidcs that we are as yet far from 
pretending to this; I 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 clIcwÍTCre, towards the 
Mcafurement of the li*,arth. I am myfelf affrighrcrl at the very Thought 
of what I propofe, and am under Apprehcnfions that it will give the 
fame Pain to thofeof the Company, who know, as well as Í, the prodi
gious I.,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 I faid above, that an exadt Knowledge of the Magiitude of a 
Degree of the Earth in any known Meafures of one Country was fuffici- 
cnt for conñruflingexaífl Charts of all other Countries, o-Iy having 11 
Regard to the different Proportion of the Meafures; that is to be un- 
derflood upon a Suppofition of the Earth’s being perfe¿lly fphcrical: 
Seeing it is well 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 l have on a 
Sphere. In all this there might poíTihly arife an infinite Variety, ac
cording to the Figure the F̂ arrh 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 I hive advanced, that the Pcrfef^ion of 
the Geography of Rujfta Hands in Need of this great l^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 I enter into a Detail o f the great Advantages of 
tl'.it Rcfearch, and ihc Nature of the Operations I propofe, it is necef-
f.i'rv to explain in what Manner I mean that the Queftion of the Earth’i 
f  igure and Magnitude is not yetdccided.

Tiiere have bî en fome who liave long fince fufpe¿led, and even 
thout ĥc they were furniílaed with Proofs of the Earth’s not being ex- 
adly”fphericah I here entirdy abftraft from the UnevenneíTes 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 o f the Seas. 
Wherefore, I 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 
F^rth. 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 ŵ ell 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 Jfiiac confirms this Hypothefis of the Earth’s Figure, by Obfer- 
vations of the Diminution of the fimple Pendulum upon approaching 
the Equator: T o 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 M r 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 
Eifinfihmid thereupon of Opinion, that the Earth was longer at the 
Poles.

This Opinion of M r 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 ú\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, FriJtr, Speor, 1691. 4/0. (pag. 54. (um fig.)
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Since the Meridian of Ptfr/Vwas, in 1718, carried on Northward to 
the Sea, M. Cajfmî  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 S'lv 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 o f 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. Caffinî  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, í¿c. But D r Defaguliers  ̂ who is of Sir Jfaac*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 tl>c Poles; I 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 I confidered, that as the Degrees o f  the Meridian 
and thofe o f the Parallel, at the fame Elevation of the Pole, had diíFc- 
rent Relations, according to the different Figures afcribed to the Earth 
nothing more was requifite for concluding which I 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 

; I found by an exaft Calculation, that according to the Figure 
which M. Cafftni has given to the Earth, this Space ought to contain 
x j i   ̂ o f 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 between.

the.
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the Í iypo th ;fcs  c f  Ke'iv'on and Ccjfini \ feeing the Diifcrcnce ought to 
bo Aili ir.ore coufuJcrahle th^n that now ipecified.

Í con'1'.KÍjd, at lead, that, indrpendenc of the Figure of the v.'hole 
lurth, wh:c!i cdM  not be determined by the foie Obfcrvations made 
ÁU 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 Mcri l̂ians, by the mod exaift Methods.

The Diftlrcnc;’, which I have now mentioned, feemcd to me to be 
fo confiderable, that I was in hopes of being able to determine it by 
Mcar.s only of two P!accs 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 Copntbagen̂  and of Uranihurg in the IQe of Huen. 
With this Intent, \x\ April 1720, I went fome Didance from Paris 
Southward, to the Places which I 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, I 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 Mlnider oí 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 Scienceŝ  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 fucccíTively 
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<5tion 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. Cajfrn'u having in Perlón undertaken theíe 
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, :v;id even more lengthened than Cojfni liad
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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 1733i a Diminution of the 3bch Part of each Degree.

I'rue K is, that M. Cn£¡nî  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 I.ongitude ot ¿V A'Lt/oy with regard to Pans^ 
was collected but from one Obfervation only oí Júpiteres Satellite, 
wherein there may poiTibly be iome t.rror ; But at ieaft M. Cafjmi Icems 
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 
iongcrt 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
N e p h e w , and fcveral other young Mathematicians, inltruólcd by 
M. Cajftui in this fort of Work.

1 have already faid, that all thefe Operations performed in Francê  for 
the Figure and Magnitude of the Earth, could not ferve to determine 
the Earth’s Figure out of Francê  without the Alliitance of certain Hy- 
pothefesunlels the fame thing were undertaken and carried on in th<s 
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 j  Mathematicians and Aflronomers 
of the Academy, viz. McíTicurs Bou^bn\ and Dc !a Condamitiê
for the Province of ^itOy w'hich is the moll Northern part o? 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  ̂ Camuŝ  Clairaut the Son, and Monnicr 
(he Son, who have been fent to the North, they departed from France 
'm April 1736, with Mr Celfius Protelfor ot A.ílronomy at Upfal̂  wlio 
acrnmpanictl them to Sueden  ̂ as tar as the Bijttom of the Gulph ot 
Bothniâ  where they might meafure about a Degree on tlie Meridian ac 
it’s crofling the Polar Circle. But as, 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. Caffiiv̂  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 exa6l Manner he pofFibly could,
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the Length of the fimple Pendulum, which he found to be ^  Parts of a
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 
J âtitude of 18® 3 7 ' , ' 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 ĉzviou and his Adherents: And yet 
M. Mairan, whom I 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 finiíliing all the Oblervatiors which are aólualiy making, new 
Pifficultics may arifc, and new Obje^lions be darted, that may prevent 
it’s being entirely decidcd. However, all this Work cannot fail giving 
great I.ight to this important Qutftion, and procuring confiderable A d
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 oí 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 Eñabliíhment o í ú\̂  Acadmy of Sciences zx. Petershourgs 
nor could he then forefee that her prclent Imperial Majefty, wasdeftined 
not only tqpurfue 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 o f 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 
Wcftern 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 I may be indulged the ExprefTion *, feeing ii's 
Extent that Way contains near half the Earth ?

Another great Advantage to be obtained by the W ork I new pro- 
pofe to be made in Rujffm̂  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'hefe Operations are to be founded on a Bafis of the greateil length 
pofTible ; which mull be aftually meafured, and with the greatcfl Ex- 
a6lnefs 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 líle of Cronftad and Petcrsloxirg  ̂ in a Direólion 
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<5ls 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. W c have, to begin with, the Mountain of Doudei'bof̂  
which, with the Imperial Obfervatory, and theSreepl? of CVw//?íJi/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 Objeñs 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 conftqiiently Wood is not lb common, Signals alone,
without I'owcrs, will iuffice.

The moll ncccíTuty Inllruments for executing this undertakmg, are, 
bcfidcs the ordinary Ailronomical Inflrumcnts, a common Quadrant of 
between 2 and  ̂ 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.

I fay, the Quadrant ought not to hav'c a Radius of more than between
2 and 3 Feet: For if it be bigger, it cannot for the moft part be made ufe 
c f  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 leís than from 12 to 15 I^eet: but ’tis not 
neceflary that it fhould contain a large Portion of a Circle, ’ l i s  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 Ruffiâ  can be extended but between 22° and 23®, as 
already mentioned, it will fuffice, that the Inftrument employed therein 
be a Portion of a Circle 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 / ^ o r 3 ' ' :  And no other Inftrument was madi ufe of in the chief 
Obfervations for the Meridian of Páris. 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 Sweden̂  contented 
themfelves with a Portion of a Circle of 5 and 9 Feet Kadius : But 
this Inflrument, made by Mr George Graham̂  a very able EngUp Me
chanician, is by it’s Conftru6tion fo exadl, that the Aftronomers who 
have ufed it, tiúnk 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 M r Bradleŷ  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, but alfo for all the other principal Refearches in Aftronomy, to 
have Orders given for procuring two mural Qiiadrants of Mr Graham̂ %
Make, and of the fime Conftiu6lion, as I 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 o f  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 I 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 I leight of the Mountains above the 5
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 íhorter 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 i’ufficient Accuracy : Thence ic 
happened, thxtDt DefoguVtcrSy making appear that M.Caffmi has not ■
em cloyed the moil exafl Proportion, found Reafons for correéling, or If
at cait for doubting, of fome of M. Cajjlm*% 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'

JIH 65



■f'

^  ( J O  • Ftgm'e c f  the Eíirth.
• . ‘V  ^  '

the Angles (íbfcrvctl 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. r̂idian *. and for that Purpofe I 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. I (hall take particu- 

j lar Care in the Conftruftion and Ufe of thefe Inftruments to provide a
! Remedy againft the Effcól: of HL‘at, which, as it is different in the
i different Times and Places of making thefe Experiments, may poíTibiy

praJuce apparent Variations, of which ’cis neccflary to keep an 
Account.

, There is ilill another Method of determining the Elevation above the
i  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 I 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- 

\\y ved, it will be an eafy Matter, from the known Diftances, to deduce the
true Elevations o f 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

f 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 Refrañion 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 
íufñcicnt 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, £5?̂ ,

The other confiderable Obfervations and Experiments to be made in 
the Journies undertaken forfuch Enquiries, are, the Obfervations of the 
Magnetic Needle, both as to it’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, th a t  we are promifed the  C om .nunica tion  of, and  which p ro 
bably furpafs thofc h itherto  made ufc o f ;  in as m uch as, íince thofe M e 
thods  have been found by the Royal Academy o f Sciences o f  Paris^ it was 
th o u g h t  proper to  notify them  to the A ftronom ers  fent to  Peru^ in o rder  
to  put them  in Pra<flice in their  Obfervations.

W hereas  all thefe O perations  and Obfervations, which I have here propof- 
ed, however arduous and difficult they may prove, have no other E n d  than 
the Benefit o f  Geography ; thofe w ho  are to  have the M an ag em en t  o f  
this E n te rp r ize  m uft be attended by fcveral Surveyors and other M a t h e 
maticians o f  this N ation ,  who are to  be inftruótcd on the R oad , and e m 
ployed at the  fame T i m e  in lefler O perations  w ith  fmallcr In f trum en ts :
By which M eans the M a p s  o f  the Countries, taken in by thefe great T r i -  
angles, may bo verified *, and thus, according as this W o r k  advances, 
the finilhing S troke m ay be given to  the Charts o f  Ruffin,

V I. Since m y laft, I under took  to  meafure the Bufis fpoken of*, and Tot aauat 
had the good Fortune  to  meafuie very exactly on  the Ice, by tak ing  the 
precife D i lh n c e  between her Imperial M ajefty 's  Caílle at PeUrboff^ and 
the Caílle o f  Ditf/'A:/,'  fituaccd oppofitc to it, on the Coait o f  Finland. I 
found the Diftance between the  oppofite W a l ls  o f  thefe Cafll ts  to be W /, ^  dt 
74 ,250  Feet Englijh. T h i s  Bafis, be ing  m uch greater than any o f  thofc 
employed hitherco for this Purpofe , gives room  to  expcct great Elxaft- 
ncls in the whole W o r k ,  when it fliall Ije carried on in the fame M anner,  x .  s. M  r>. 
It  will at once ferve to  m ake a very exadl M a p  o f  the Bottom  o f  the F. R. S. 
G u lp h  o f  Finland. ’T is  for the lame Defign, and for better o rdering  P- 
the Charts  o f  the Coafts o f ,  the Balficky that I intend (as foon as my 
P ro ied  ihall be approved here in it*s full E x ten t)  to  Begin to meafure 
my T riangles  a long  the Coafts o f  Ingria and IJvonia^ to  the Iflands o f  
Dagho  ̂ Ocfeh i^c. A n d  to the end tha t  the Charts o f  the Places taken 
in by thefe T riangles  may be finiilied at the f im e  I ' im e ,  1 fliall take 
with me all the Charts o f  thefe Parts,  which can be had, in order to 
verify and corre f l  them  in my W a y .  A c co rd in g  as thefe Charts  arc  
thus finiilied in the btrft M anner ,  they may be engraved. 1 likewife in 
tend to p u b l i ih ,  as foon as poíTible, all the O pera t ions  and Obfervations 
I ihall have made in m y E xpedition  ; that thus early Benefit may be 
reaped from them , and that th e P u b l ic k ,  a t  the fame time the Charts 
rom e out,  may be acquainted w ith  the P 'oundation on which they arc 
conftru6led. I once th o u g h t  to have by this T im e  printed the whole 
Detail o f  my O pera t ions  in tak in g  the Bafis, that is, o f  the Precautions 
I ufed in afcertaining i t ;  but as it was meafured in Englijh Feet ,  which 
I have a D tfire  to  reduce to  this C oun try  Meafure, and that ’ris rcquifite 
to confult the original S tandards here on this H e a d ,  which I have no t  as 
yet been able to procure *, for thefe Reafons, 1 am  obliged to  delay the 
Publication of thefe fiifl Obfervations.

V I I  I 'h e  G lobe is juftly reckoned very ufeful and in f t ru d iv e ,  bo th  as AnAu^untof-
a general M a p ,  and alfo for explaining the firft Principles o f  G e o g rap h y ,  Impwt.
and the fpherical Dodlrinc o f  A f tronom y. By this Inftrum enc it is eafy
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2 Improvement on tie ferretrial Globe,
GUU. ¿rjo* to find the Length  o f ih c D a y s ,  and their Increafeanci Decreafe, in all 
ferh iu ’rrij. PiacfP, and at all T im es o f  the Year. Buc this is not ufually performed

^ manner as at the fame T im e  to explain how thefe Phenomena 
arife from the M otion  o f  the E ar th ,  which is the principal th ing  B^gin. 
ncrs elpecially flioulJ h:\ve in View : N or  a n  this be rem edied, a t  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 H o r izo n ,  which it ought to be, and fo indeed prevent the 
Globe fiom being univcrfally ufeiul, even in the com m on way o f  con- 
fideringit.

It is now about 6 Years fince I is<*moved this Im pedim ent,  by placinfr 
two horary Circles under the M eridian , one at  each Pole. T hefe  Circles 
arc fixed tight between tw o  Brafs Collars placed about the Axis, but ib 
chat they may be eafily turned by the H a n d  when the G lobe is at R eft;  
and when tiie Globe is turned, they are carried round with ir, the Meri
dian ftrv ing asan Index to cut rhe horary Divifions. T h e  Globe, being 
thus fitted, fcrvcs readily for folving o f  Problems in South as well as in 
N o r th  Latitudes» as alio in Places near the Equator.  But the chief 
Advantage gainvd by this Alteration, is, that the Globe is now adapted 
forfolving o f  Problems upon the Principles o f  the Pythagorean Syftem, 
or to Hk w  how the ViciiTitudes o f  Days and N igh ts ,  and the Alterations 
o f  their le n g th s ,  are really made by the Motions o f  the Earth .  T o  ex- 
p a i i t e  this, I had the Brafs Meridian at one o f  the Poles divided into 
M onths  an i  Days, according to the Sun’s Declination, reckoning  from 
the Pole. T h is  being done, if we bring the Day o f  the M onth  to tiie 
H orizon ,  and rectify the Globe according to the T im e  o f  the Day, the 
Horizon will reprefent the Circle fepar.ning L ig h t  and Darknefs, and the 
upper H a lf  of-the Globe, the illuminated Hemifphere, the Sun bein«> in 
the Zenith . °

W h ile  we view the Globe in this Poficion, we fee rhe Situations o f  all 
Places m the illuminated H em ifphere ,  w ith  rcfpeft to  the Horizon, 
M eridian, í^c. and by obfcrving the Angles which the M eridians, cut
ting any Pirallcis o f  Latitude in the H o r izo n ,  m ake with the Brafs 
M erid ian , we have the Semidiurnal Arches o f  thefe Parallels refpedlively: 
A n d  at the fim e I ime ( if  the Sun be not in the E qua to r)  we fee why 
the Diurnal Arches of the Parallels continually decrcale from  the Neigli- 
bourhood o f  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 I laces change their Pofitions with refpect to the general Horizon, 
the Meridian, by the M otion o f  the E ar th  round her Axis.

Ir yet remains t o b e  ihewed, how the annual M otion  o f  the E arth  in 
her c ^ f c s  the Change o f  the Sun’s Declination : T h is  cannot be
done by the C^obe fimply taken, but is very well ihewed by the Inftru- 
m cnts called Orreries: But to thefe their  Coftlinefs is an O b icd io n ,  not 
mentioning others from a want o f  due P ropor t ion  in the  th ings they ex- 
hJt)it. i iiad therefore an In f trum ent m ade, w hich  confifted only o f  a 
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round T rencher  o f  W o o d ,  a  Circle o f  Brafs upon the Face o f  ic, and  be
tween thefe 3 W h ee ls  o f  the fame Dhncnfions and N u m b e r  of T e e th  : 
I 'h e  inncrm oil  W heel was 6xed to  the W o o d  in the Centre ,  the tlu i‘1 
had it’s Axis com e th rough  the brafs P late ,  round wliich was a brais 
Circle having a Socket m .ik ing  an A n g h  with it of 66  i L)̂ ‘grees ; i.i this 
Socket was fixed the Axis o f  a little G lobe, hav ing  a I lo n z o n  about ir, 
toreprefent the Circic fcparating L ig h t  Irom Darkncfs,  the Sun being  
fuppufed to be in the M id d le  o f  the In f irum ent.  W h i le  the brajs P late 
is turned round  th rough  the Scale o f  M o n th s  and Days exprcfied on the 
under Plate, the Axis o f  the íVrrí//¿i is kep t  all the while parallel to  it- 
fclf, by means o f  the fccond W h e e l  placed between the tw o  above-mention
e d ;  and fo the Change o f  the Sun’s Declination, o r  rather, which comc5 
to  the fame Purpofe , the dilferent Pofuion o f  the Equatorial Axis with 
re fped  to the Circic feparating L ig h t  and D arknefs ,  is exhibited all the 
while the E arth  is g o in g  round in her O rb i t .  By placing the Axis of an 
ivory Ball having one half blacked, u p r igh t  in the m iddle  o f  the Circic 
which carries the 'Tcrrclla^ this little In f trum ent  will ferve toexp la in  the 
Pktnomefta 0 Í M o o n ’s Phafes.

H aving  thus learned the Caufe o f  the Sun’s C hange o f  Declination» 
we may now have recourfe to the larger G lobe, and  m o v in g  it according 
to the dillcrenc Seafons, we m ay obferve the Phaenomena thence arifing 
more d i i l in d ly .

F o r  a graduated M er id ian ,  I had a ñt-xible Slip o f  Brafs divided into 
Degrees, which I could fix occafionally in the tw o  H o u r  C irc les ;  and 
upon fuch another Slip I had a Scale o f  M on ths ,  anfw ering to the Sun’s 
Declination, reckoning both  ways from the  E quato r .  By means of this 
graduated M eridian , the G lobe being  red if ied  according to  the Sun’s 
Declination, if  we gently turn it round it’s Axi?, we may prefently find 
the T im e  o f  the S un ’s r ifm g o r  fetting in all Places, by obferving the 
H o u r  Circle, when the feveral Degrees o f  L a ti tudes  refpedively  come to  
tliíí H orizon .

A fter  the fame manner, if  the G lobe be elevated to  any particular L a 
titude, and the M erid ian  having the Scale o f  M o n th s  be fixed in it’s Place, 
we may foon find the T im e  o f  the Sun’s rifing o r  fetting in that l^ it i tudc  
throughout the  Y ear,  by obferving the H o u r  Circic when the refpedlivc 
Days come to  the H o r izo n .  T h i s  M e thod  is no t  only ufcful on the A c 
count o f  it’s be ing  expeditious, but alfobecaufe it intimate*:, why at the 
fame time the  Days are o f  different l e n g t h s  in different Latitudes, and 
in the fame I .a t i tude  a t  different T im e s  o f  the Year.

T h e  G lobe-m akers  m ig h t  fave us the I ' ro u b le  and Expcnce o f  having 
thefe graduated Slips of Brafs, by div id ing fome M er id ian ,  which goes 
over the leaft L a n d ,  into Degrees, which m ig h t  be m arked  w ith  roumi 
Dots, and every 1 en th  numbered. I ' h e  Scalc o f  M o n th s  m ig h t  be en 
graven upon  fomc other M eridian. I t  would be o f  U fe  likewife, if the 
Parallels and M erid ians o f  every Degree between the T ro p ic ?  be draw n 
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in faint Lines, which I th ink  m igh t  be done w ithou t  obfcuring the

to  the H orizon ,  and i8® below it, I had a Circle fixed for 
iliewingthe L im its  o f  the Tw ilights  : T h is  is ufeful, as it ihews a t  one 
View the State o f  the Twilights ,  and alfo why they do  no t  lengthen or 
n^orten, as the Days do. T h e  Semi-Circle o f  Pofition is a th in  narrow 
Plate o f  Brafs as ufual, but made fo that ii’s Axis is moveable quite 
round the H orizon . I had alfo a narrow licxible Slip o f  Brafs, which 
m ight b e g i r t  round the Globe in any Pofition, and fo be m ade to  re- 
prcfent any great Circle whatloevcr: This occafional Circle may be in-
Itruilive to Beginners on fcveral Occafions.

I f  the principal Horizon be o f  W o o d ,  or made fo as to  obfcure the 
Globe below it, the T w iligh t  Horizon had beft havefmall Fee t  o f a  pro
per ix ing th ,  fixed fo chat it m ight ftand in it’s proper Place upon the 
other, occafionally ; then inverting the Pofition o f  the Globe, the fame 
th ing  will be ihewed as before.

T h e  farther Ufe and Application o f  thefe Contrivances to  different 
Projeólions of the Sphere, á c .  will be obvious to thofe w ho  are acquaint
ed with thefc th in g s ; and wichout dwelling any longer upon  this Sub- 
je<fl, it may feem, that I  have already faid more than was needful in this 
Place. But the Globe being in every body’s H a n d s ,  and in reality a 
very ufeful, entertaining, and inftrudtve In f t ru m e n t ,  I th o u g h t  an A t 
tem pt to render it more fo, would not be altogether ufelefs, or yet un
worthy the Notice of the Curious.

7¿eConjíruc- V I H .  Geographical M aps, and H ydrographical Charts, th o u g h  they 
tnnAniVft are Reprcfcntations of a Convex Spherical Surface, yet were firft de- 
^fcL Planes, as being the m oft eafy and obvious, th o '  not the
ttiarlddintat- moft natural and accurate Rcprefentations : A n d  they will befufficiendy
idufon Per- near the T ru th ,  when the Part  o f  the Eartli or Seas to  be defcribed is
ttBJuefaSpbt' Extent. Such as thefe have been ufually called Cho-
B̂yMr\Q\\n f't^graphical and Topographical M a p s ; but when the M a p  is any thing 

Colfon.'M.A. genera), or is to contain any large T r a ñ  o f  the E a r th  o r  Seas, fuppofe 
F. R. s. No. (for Inflance) one o f  the four Quarters o f  the W o r ld ,  as they  are called ; 
i a ^  projected, or reprefented upon a P lane ,  the Parts
í7j6.  ̂ ncceflariJy be diftorted, one way co n trad ed  beyond the T ru th ,

another way dilated, fo as to give no juflr Idea o f  the whole. N o r  can 
this Diilortion be poffibly avoided, when any confiderable P ar t  o f  a 
Spherical Surface, by any Projeftion whatever, is to  be reprefented upon 
aplane. ’T is  true, this D iftortion is always regular, and  according to 
certain L a w s ; fo that knowing the N atu re  o f  the P ro je ft ion ,  it may 
tolerably well "be allowed for. But to do  this fcientifically, and as it 
ought to be done, requires much Skill and Accuracy in the  M a k e r ,  as 
well as good Proficience a n d  Experience in the P e r u f e r ; and  therefore 
not fo proper for an Introduction to Learners, in the R u d im e n ts  o f  Geo
graphy, Y oung Minds are apt to* receive w ro n g  N o t io n s  and P re
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judiccs fi^om them , a t  Icaft cannot be rightly and  eafily in ílrucled  by 
them.

T o  obviate this Inconvenience, G eographers  have contrived and con- 
flruited ih cT c r re i l r ia l  Globe, on which they endeavour to  delineate all 
the Parts o f  the E a r th ’s Surface in their natural State, as to L ong itude ,  
Latitude, Diftancc, Bearing, M agn i tude ,  which being a true and  
genuine Reprefentation o f  the  whole Superficies o f  the E a r th ,  as far as ic 
is yet kn o w n ,  is the beft adapted  for conveying ju f t  N otions  to  y o u n g  
Minds, and for p reven ting  all falfe Conceptions and Prepolfcinons. 
After thef ir f t  R u d im e n ts  of G eog raphy  have been imbibed from  hence, 
they will be then prepared for the U fe  o f  plain M ap s  ; and they will after
wards find, that large Projedlions o f  particular Countries, K ingdom s, an d  
Provinces, in piano *, will be o f  excellent Service to  them  for their farther 
Improvement in this ufeful and nccefiary Science. N o r  will they now be 
in any Danger o f  be in g  miíled by fuch M a p s ,  tho’ they are not I'o ju f t  
and natural R eprefen ta tionsof  the E ar th ly  Globe.

N o w  the fame C o n v e n ie n ce s  that may bo derived from the whole 
Globe, may, in P ro p o r t io n ,  be had from  any notable Portions o f  it v 
as an H em ifphere ,  a Q iiadran t,  a S e i lan t ,  an O c tan t ,  or o ther Part. 
But w'ich this A dvan tage  befides, tha t  thefe partial Spherical M aps  will 
not only be m uch lefs cum berfom c, and m ore  manageable than  a whole 
Globe, but may be m ade m uch  more accurate and particular, as be ing  ca
pable o f  being  formed to a m uch  larger D iam eter  than a G lobe can conve
niently be made to. T h e  M ap s  m ay firil be prin ted  upon  a P lane ,  as is 
ulual in the com m on  Globes, and then parted upon thin convex Shells 
o f  Paileboard , formed to the intended Radius. T h e  fo rm in g  o f  thefe 
fpherical Coats o f  Pafteboard  will be a M a t te r  o f  no  great Difficulty, 
even to as large a D iam ete r  as ihall be defired *, b u t  the ch ief  A r t  will be 
required in proje<5l in g  the M ap s  in flano^ after the  fimpleft and exadleft 
Manner, lb as tha t  they may adapt themfelves, w ith  as little E r ro r  as 
poiTible, to  a fpherical Surface. F o r  a plane Surface cannot be converted 
in toa  fpherical Surface w ithout fome E rro r .  T h e  beft M e thod  o f  d o in g  
this, with the leaft poiTible E rro r ,  I th ink  will be as follows.

Inftcad o f  the ufual *Slips or GufTets, as is the  m anner o f  G lobe-m akers ,  
which are com prehended  between tw o  M erid ians  a t  fomc Diftance, and 
arc formed only  tentatively and mechanically, w ithout the  H e lp  of any  
juft T h eo ry ,  we may divide the whole fpherical Surface into parallel 
Portions, o r  Z ones *, tha t  is, in to  Parts term inated  by tw o  Parallels to  
the E qua to r ,  a t  the Diftance (fuppoie) o f  ten Degrees. A s i f  the firft o f  
thefe Portions,  o r  Zones,  were at the E qua to r  itfelf, and extended to  5*̂  
of L a t i tude  on cach Side o f  that Circle, the fecond Z one  w ould  be at tiic 
Parallel o f  10® o f  L-atitude, and  would extend to  o f  L a t i tu d e  on one 
Side, an d  to  13® o f  L a t i tu d e  on the  o ther  Side o f  tha t  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,
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2^6 7h¿ Ufe of Spherical Maps.
without fcnfible Error.  L e t  the middle L ine  o f  this Z o n e ,  tha t  is the 
Equator, continue in it’s Situation, and let the Segments o f  the Meridi- 
^  on each Side be conceived to  unbend themfelves gradually, ’cill they 
arc extended into r igh t l>ines perpendicular to the E q u a t o r : T h e n  will 
that which was before a Z one ,  or Portion o f a  fphcricai Surface, with a 
fmall Alteration become a Portion  o f a  cylindrical Surface, circumfcrib- 
ed about the Sphere ; whofe Breadtii is every wherc^equal to lo ^  o f  the 
Sphere, and wliofc Circumference is equal to  the I'.quator. A n d  thus 
every Parallel to the Equator,  as far as that o f  5® o f  L a t i tu d e  on each 
Side, will btr ftrctched and extended into a Circle as large as the Equa- 
to r ;  but t!u*y will all kccp the fam e Diftance from one another, and 
from the Equato r ,  th.it they had before. 1 his Extenfion, o r  Alteration, 
will b j  every where rej^ular and uniform, and will be but very little, 
even where it is m o i l :  For ihe lea lt  ofthcfe Circlcs, which is the  Paral
lel o f j '^  o f  l-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 o ther  A l
teration, or Diftortion, this Portion o f  a cylindrical Surface may be 
reclified, or extended into a plane Parallellogram, whofe L e n g th  will be 
equal to that of the Equator, and whofe Breadth will be equal to an Arclv 
o f  ID® of the fame Equator,

A n d  confequentiy, by an Operation that will be ju f t  the Reverfe of 
this, i f  upon a Plane we delineate fuch a Parallellogram as th is ,  we may 
then lay down all the Places that are contained in it very exaiftly, in their 
proper Situation o f  Longitude and Latitude  ; and then app ly  ii*s middle 
L ine ,  o r  Equator,  to that o f  a Globe o f  a due M agnitude, which will' 
then become a Portion of a cylindrical Surface, circumfcribcd about the 
Globe. T h e n  by prefling it clofe to  the Body o f  the G lobe, we fhall. 
caufe it to contra il  itfelf a very little, bu t  regularly, which C on trad ion  
will be only according to L ongitude ,  and not at all accord ing  to Lati- 
t o d e ; and then the cylindrical Surface will be changed in to  that o f a  
Sphere, and will become the firil fphcricai Zone before defcribed, with 
a Î it^s Delineations in their-due Pofition, without fenfible E rro r .

in  like man.ner in the itcond fpherical Portion, o r  Z o n e ,  compre
hended between the Parallels o f  five and fifteen D egrees, whofe middle 
r.ine is the Paralle! o f  ten Degrees, we may conceive the  Segm ents o f  the 
Meridians to unbend gradually on each Side, and  to extend themfelves 
¡ato Tangent r igh t Lines, which therefore will form a Segm ent o f a  
conical Surface, ilill touching the Globe in the Parallel of ten Degrees o f ’ 
Latitude. T h e  Axis o f  this Cone wiil coincide with the prolonged Axis, 
ot the Globe, and the Side o f  the Cone, which is to  be eftimated from 
the Vertex to the Circle of Contadl, will be the C o-tangen t  o f  the Lati
tude, or the Tangent of 80^. N o w  this Portion  o f  a conical Surface- 
may eafiiy be conceived to be unrolled, or to  be expanded in to  a plane. 
Surface, without undergoing any other. A ltera tion , th en  it  will be-

i  comc
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come a P ort ion  o f  a  Se6lor o f  a  Circle ; whicli P ort ion  will have for i t 's  
L eng th ,  or m iddle  L in e ,  an  A rch  o f  a Circle dcfcribed with the  afore- 
f a i d  T angen t,  as a Radius, whofe L e n g th  will be the  fame as the P a 
r a l l e l  of C o n ta i l ,  and it’s Breadth  will be equal to an A rch  o f  the E q u a 
to r  of 10® as before. T h i s  S egm ent  o f  a S c d o r  o f  a Circle fo produced, 
may therefore be eafily defcribed in flano^ and with in  it may be infertcd '
a l l *  the Places be long ing  to it ,  according to their  Longitude and L a t i 
tude. T h e n  it m u i l  be applied to the G lobe, lb as tha t  i t ’s m iddle  
Line (hall coincide with  the Parallel o f  10° *, then by preiTing it may be 
U.-IU to the Surface o f  the G lobe, every M erid ian  to  it’s refpcdlive Repre-  
icntJtive, by which it will uniformly contract a little according to  L o n 
gitude, but not at all according to Latitude. A n d  thus the Globe will 
be covered as for as 1 o f  Latitude.

T h e  next Z one, or tha t  belongi*ngto the Parallel o f  20®, may be thus  
c o n rtru ile d  a priori. U()on a plain P aper ,  w ith  Radius equal to th s  
'laníJcnt o f  70 Degrees, defcribc an A rc h ,  whofc L e n g th  is equal to  
that o t  the Parallel of 20^ •, asa lfo  two other concentrick Arches on each 
Side, at a Diitance from  the m iddle A rch  equal to  an A rch  o f  5*̂ ,
This  will be the required Segm ent of the circular SeéVor, in which an;
CO be inferred ail the Places be lunging  to it, according to  their L o n g i-  
tudt-and L^uitude. T h e n  the m iddle Lirte or Arch is to  be applyed to  
the Parallel o f  20® u|)on the G lobe, and the Segm ent of the con cal Sur
face thence arifing is to be duly  co n tra d ed  as before, or prefTed clofe to 
che G lobe ;  by which M eans this Z o n e  will allb be co m p k a ted .  A n d  
in the fame m anner we arc to  proceed to  the i'uccceding Zones, 'till th r  
whole Globe is covered. A n d  the M e th o d  will not differ in any materi:.!
Circumflance, if  inilead o f  a whole G lobe, wc are to  c o n f t ru f t  any Parc 
o f  it only, or w ha t  I here call a Splierical M ap.

T o  reduce th is  T h e o ry  to  P ra i l ice ,  and as a Specimen o f  Spherical'
M jp s ,  I have con í l ru í ted  a T trre f tr ia l  H c jn i fp l^ re  to a Dinmeter o f  
n tar 15 Inches;  T o  which I have given tl'.e N a m e  ot the Hriiijh l lm t -  
fpbcri\ becaul'e it has GreatsBniain  in the Centre , or r.iihcr at it’s Vertex.
I t  is therefore adapted ro the M eiid ian  and H or izon  o f  Londcn^ and ex- P
hibits one halt o f  the L a r rh ’̂  Sviriace, as it lies round about this C ity  ; |
u h ich  is vallly the m o ll  confidernble P a r t  ot the whole E a r th ’s S jpe r-  
ficies. T h e  L ong itude  and I. atiende o f  Places are here eafily know n by* 
iTifpeüion, and their Bearing and Dlilances may be nearlycllim ared :
A nd ail the Delineations arc as accurate and particular as this fmall R:idiu.s'- 
would permir. 1 conceive tiiérefore it m ay be no unfit In f t ru m rn t  fo r  
in ít rud ing  Beginners, o r  for in it ia ting young  M in d s  in the fit it R u d i 
menta ui G eograph  v. *

IX . 'I 'he  Ncix'ility o f  feeing ñ\e I Tori/on, in oVdcr to find the  L a -  
titude o .^aShip-at  Sea, has always been fo g re? t  an Inconvenience, that 'vrhohffixai 
u\y M ethod  to r  de te rm in ing  it without the H e lp  of '  the H o r iz o n ,  wíH’/jí» 

of Gonfidorable U fc ,  a l though  it l>e liable to  an E r r o r  o f  a few
M u ;u t f s : A ru i .a s i i  .r g in e ra !^ ' - t ig r fv d . ty  ScflrReny tlr«t they u rc .m iirh

oftcncr.
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orcuerrenfibleofthis Inconvenience r̂, >lm W eathcf ,  than  in rough* \f 
is hoped that the following maniu - o f  c o n i t ru d in g  and ufing a Spiric 
Level, may, in that Cafe, becapabi- of fo much Exadlnefs, atleaiV, as 

ay render it acceptable to the Pu: J ick . *
T h is  Level is compofcd o f  a Gi:uj 'i 'ube A  B, benr in to  an A rc h  o f a  

167. Nov, c jfc le ,  and containing fuch X um b-. o f  Degrees as will be m oft fult.
* able to the Degree o f  lixadnc;-. v. ii': which the Obfervation can be made*

T h e  Bore o f  ic m uft n o t  be v. - Jx r  than ^  o f  an Inch in D iam ete r ,  that 
the L iquor in ic may the betri r together, and the tw o  E n d s  o f  it 
iland Perpendicular to the Tu^-c i. Poilures:  N o r  iliould it  be much 
izfsy Jeail the hang ing  o f  tht; Spiric to lae  Sides hinder it  f rom  fe t t l ine fo  
truly by i t ’s W e ig h t  to  the lowcH Paj t o f  the T ube .  T h i s  T u b e  is ce
mented into another Brafs one C  D  E  F ,  o f  the fame Curvature, the 
outer H a l f  o f  which is taken off, fo as to ihew the Glafs, leaving only a 
fma]] P arr  in the M iddle D F  entire, in which a fmaJJ S to p  cock G  is 
placed. T i ie  Glafs T u b e  is divided in two in the M iddle, to  m ake room 
ior this Stop-cock, the Key o f  which m uil be pierced th rough  with  a 
H o le  o f  only about ^  Parc o f  an Inch, for the PaiTage of che L iquor
T h e  outer Ends o f  the Glafs T ube  muil have a Com munication with one 
another round about by Means o f  two fmali P ipes I and  K , and the 
T u b e  FI, the manner of which is fufficiently ihewn by the Figure.

Each  half o f  the Glafs T u b e  A  B m uil have a Scale o fD egrees  anfwer- 
in g  the Curvature o f  the T u b e ,  fubdivided a t  Pieafure. T h e y  m ay b e  
numbered either as the upper or under Scale in the F igure ; and obferve 
tha t  in the under Scale two Degrees are numbered as o n e ; the Reafon o f  
which is, that the M otion of the Spirit  in the T u b e  increafing the N u m 
ber on one l l a n d ,  and at the í a m e T im e  as much d im in ii l i ing  that on 
the ocher, their Diilerence' is altered thereby, fo as to anfwer to double 
chat M otion. T h e  Divifion o f  the Scales are cut on the E d g e  o f  the 
Brafs half  T u b e ,  or T ro u g h ,  which is made th ick  for the greater 
S trength .

In one o f  theim all  Pipes l o r  K , jufl: againft che R e tu rn  o f  it, which 
enters th e  E n d  o f  the fir ft-mentioned Glafs T u b e  a t  A  o r  B, is a  fmall 
H o le ,  by which to  introduce into ic fo much Spiric o f  W in e  as may fill 
It from the M iddle  o f  the Scale on one H an d  to the M id d le  o f  tha t  on 
the other ; this H o le  may be afterwards flopped by a  Skrew -pin .

T h e  inner E nds  o f  the two Halves o f  the Glafs T u b e  A  B fhould be 
-fixed into the entire P a r t  o f  the Brafs T u b e  D F  w ith  a C em en t  made 
with old hard Bees-W ax, or fome other Materials not diíTolvable by 
S^piritof W ine ,  as ihould a lfo the  E n d s  o f  the  fmall P ipes  I  and K  into 
this and the T u b e  H : T hofe  Halves, as to  the  rem ain ing  Parc o f  their 
Lengths, may be failned down with any f trong  Cement.

T h i s  Level may be fet on  to  one o f  th e  L im b s  o f  the Q u a d ra n t ,  fitted 
up  for this Purpofe, in the manner expreíTed in the  F ig u re .  I t  h a th  
an Index moveable on the Centre ,  and a Spring  at  the o th e r  E n d  to keep 
It fteady, when it is d ire iled  to  any o f  the Divifions o n  th e  A r c h ,  which

needs
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needs no o th e r  Divifion than  into whole Degrees. T h e  Index  m ay  be 
furniihed either with plain S ights ,  or may carry a fliort Telefcope, w ith  
a  V a n e  in it 's Focus,  to  receive the Im age o f  the Sun, when it is b r ig h t  
e n o u g h ; bu t  i f  the Sun be hazy, o r  the M o o n ,  or a Star be obferved, a  
Aiding Shutter m ay be draw n ou t  to  tranfm it the Rays o f  L ig h t  to  the 
£ ye-g lafs. T h e  Vane has alfo a T h re a d  fixed on it perpendicular to  the 
plane o f  the Q uadran t ,  T h e  whole In ftrum ent (for the eafier m anag ing  
it) may be fupported by a Staff, reft ing  with oneT .nd  on the Floor.

T h e  manner o f  ufing it is t h u s : H o ld in g  the Q u ad ran t  in a vertical 
Pofture, with tha t  L im b  to  which the Level is fixed parallel to the Hori^  
zon, raife the Index to fome Divifion o f  the A rch , as near as you can to  
the true H e ig h t  o f  the O b jeé l  *, which is fuppofed to  be near the M e r i 
dian, and confequently to alter it’s A lti tude  but fiiowly •, T h e n  tu rn ing  
the Key o f  the Stop-cock, fo as to let the Spirit  of  W in e  pafs through the 
fmall H ole  in it, keep  the Im age  o f  the Objcél as clofe to  the T h read  
on the Vane as you can, endeavouring  tha t  the unavoidable V ibrations 
of it above and below the T h re a d ,  may be equal, both  in refpeót o f  their 
Length , and the Swiftnefs o f  their M o tio n s ,  Continue this ’till the 
Spirit feems quite fettled to  fome P ar t  o f  the Scale, and fom ething lon
ger. T h is  it will do  flowly, bu t  w ithou t  any fcnfible Vibrations *, fo r  
the Stop-cock allowing it no  Paflage but th rough  the fmall H o le  in it’s 
Key, will give fuch a Check to it’s M otions ,  as not only to  flop thofe 
Vibrations, but alfo to  h inder it’s being th row n backwards and  forwards 
in the T u b e  by any Shocks o f  the In f tru m en t  •, and yet as far as I have 
obferved will not prevent it’s fettling (with fufficient T r u t h ,  though  flow- 
ly) to the loweit P a r t  of the  T u b e .  A b o u t  half  a M in u te  o f  T im e  or 
more may be neceflary for this, according as the aforefaid fmall H o le  is 
greater, or Icfs in P roport ion  to  the Bore o f  the T u b e .  W h e n  youjudge 
the Spirit quite fettled, turn the S top-cock again : I t  is of no Importance 
that the Image o f  the Objedl be exactly on the T h re a d  at  the Inftant tha t  
this is done. O bferve  againft  what Degree, and  P a r t  o f  a Degree, each 
End o f  the Spirit in the T u b e  ftands. I f  your Scak* be num bered like 
the upper one in the F igu re ,  and  the Q u an ti ty  o f  Spirit  be exail ,  both  
Ends will agree, and the D e g a ’C and Parts  m arked  m ^ft  be added to, 
orfubftradted from the A lt i tude  ihewn by the Index, according to the 
Direélions: I f  the E nds  d o  no t  exactly agree, take the M ean between 
them. I f  you ufe the under Scale, fubftradt the lefs N u m b er  f rom  the 
greater, and add, o r  fubftradl the Excefs, the N u m b e r  refulting v/ill 
fhew the mean Elevation o f  the Index  du r ing  the latter P a r t  o f  the O b -  
fervation, and will differ from the true A lt i tude  o f  the Objedl about half 
fo m uchas  the Vibrations o f  it’s Im age above and below the aforemen
tioned T hread  on the Vane fail o f  com penfating  one ano the r  d u r in g  tha t  
Time. I f  either E n d  o f  the Spirit  leave the Scale, the In d ex  mufl; be re
moved three o r  four Degrees, and the Obfervation repeated.

Inftead o f  the  Curve T u b e s  A  and B, two ftrait ones m ig h t  be ul'ed, 
fet together fo as to  m ake  a very obtufc A ng le  in the M id d le  b u t  ihen-

A  Spirii Lcvel̂  &c.
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jc will be convenient to jiave the Qiv,intity o f  Spir i t  more exaitly  fitted to 
ihc Scale, bctauic the :illov;ini¿ lor the Difí'crencc will bt; foinetliing niore
troublcfome.

I f  the Ohferver h a w  an AíTiílant to attend to the I.evcl, while he him-
a: ...............
S; 
a
o f ------ , .. - .  ̂ ^
f!.uii:;g the Glnfs 'i 'ubc in half  in the M iddle may likewife be avoided, if 
jiilKad or 'the Scop-cock at G , there be one íixed in one o r  both  o f  the 
Pipes I and K , to open and ilop the PaiTageof the i \ i r ,  h av lnga  larger 
H o le  In their Keys, there being nlfo a P lug with a imall H o le ,  thruft 
down into the M iddle of the ' l u b e ,  as beiore.

'I 'he  Bore ot t!ie imall Pipes I and K , and the T ube  H ,  mufl: not be 
fo narrow as to n u k e  it difficult to reduce the Spirit into it’s P lace, if by 

Í any Accident either E nd  o f  it fliould get into them.
'• I  have been informed, that an Objeél may by kept in V iew  v/ithout
i much Difficulty, even in pretty rough W eather,  th ro ’ a Telefcope mag-
1, ju iying about ten times. Now  as ilich Teleicopes feldom comprehend

an Area o f  much more than in Diameter, or at m oil  20^ it follows 
 ̂ that the Axis o f  the Telefcope is always kep t  v/ithin 4 0 '  a t  m oil  o f  the

Object, and t!iac is the greatefl Vibration o f  the Image above and below 
5 the Thread on tne Vane, I f  this be allowed, it feems rcafonable toex-
! pe¿l that the Medium of the Vibrations one \ \ 'a y  ihould not excetd the
r Medium, o f  thofe the other, more than by about \ th  or i t h  Part o f  the

;i greateft V ibration; /. e. about 7 or 8^ the half  o f  which will Ix* the I'.rior
■ o f  the Obfcrvation. In itill W eather  it  will probably be much lefs, if

the Inflrumcnt be in the H ands of a Perfon moderately ikiiful in ob-
lerving.

AVtfripthn X . 7'he Sea-Qiiadrant now in Ufe, called Captain Qtiadrant,
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 ; I fay fufficicntly, becaufe it is well know n to  all ArtiAs at 

, , -,vhtnly an Sca, that 5 01'I ti’ E rror (which is generally the mofl', i f th e  In i lrunun t
: obj,ruatim (  be gooti, though the M otion be great) is a Trifle fcarce worth the noting,

T L '  r ” 3. Meridian, or parallel Circlc. T h is ,  together
i thick fítid vazy long LJle o f  tliis Inilrumcnt, has, to  m y  Know ledge, (havin<T

had the Experience of 17 Years in the Roval N avy)  occafiwied jlich a 
to it, that ii would be no eafy matter to  dillliade the Navigator 

from the Ufe o f  it, to any other.
Ctm, is true, that when the natural Plorizon is obicured by th ick  and hazy 

' No. 45.. p. W eather,  (which is very frequently the Cafe, cfpecially o f f o f  our Chanel,
i fiov. J.T717. Banks of Src.) this In f trum enr,  as it now Hands, is

o f  no Ufe ; which too often occafions melancholy Coniecjuences, iuch as
and Cargoes, and, what is ftill more valuable, our Sea

mens Lives. I f  therefore, to this Inftrument,  an A ppara tus  were added,,
fuch

iuHED



r

I V

■ S
j

P  *  •

' f -

= i
' (. I

i V
.,V

PJ , l l U . f i n t ‘ t j  j i a . s 6 o V K

I  o  ó  ,

.1 o 8 .

i
*

r
I

i d

1 m m J



,  (
J  t

■■ ^ S :

\  . .  ______
-  \ - z i r  ^  , i • •  CW u

.- i'-T̂ v*-.;- HmCTB

<n-''" .
• s  f ,  —

^ . - '  V
I

• -  •  .  .  I  •  # .

■/ ■ '<
' tr.

f.

/ , ^ '

Ji,.>

• v : ^

' f % ;
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r

fuch as an artifici:il o r  portable H o r iz o n ,  tha t  couid be as efFcdually re- 
Jiecl on, as tha t  o f  the true or natural i and at  the fame T im e  plain, eafy, 
and obvious*, 1 am  o f  Opinion^ it would be needlcis to about p ro v in g  
"u’s Ulefulncfs.

T o  this E n d ,  fome ingenious Gentlemen have, within thefe few Year.c, 
very commcndably em ployed their  T a len ts  this way ; am ong  which, I ■ 
humbly offer m y M ite .

I fliall now procced to  the P r inc ip le  on which this Apparatus is 
founded, v iz,

^hat the Surface o f  all Liquids ( â;hcn free from any external Caufe) tkai 
have a Communication with each oihcr  ̂ though divided and fepurutcd tn 
tbdr Surfaces^ 'njill be truly in a horixonial Plain.
*

I 'h e  Quadrant, and it’s C on í lru í l ion ,  being well know n , theri: re 
mains but little to  be laid to i t ; the principal Parts tha t  1 lhall take N o 
tice of, are the two S cd ions  o f  two different Circlcs that are conccntrick, 
as A  B, C  D , on which the Degrees and Minutes arc graduated ; E .  Fig. u». 
the comm on C entre ,  th rough  w'hich goes a brafs Fin fixed to  the A ppa
ratus F. F ,  which is an Index or Radius to the S ed ion  C  1) ,  on  which In 
dex is fixed a brafs T u b e  15 Inchcs long, in the Extrem ities  o f  which 
are fixed p .rpendicularly  tw o  Glafs T u b es  E  b and d b, 4. Inches long, 
with brafs Ferrels on the I 'o p s .

On the Central P in ,  w hich  is fixed in the Itidcx, is alfo fixed the brafs 
horizontal Vane E  z  obliquely ,  in w hich  there is a H o le  tor the central 
g la lsT ube  E  to come th ro u g h  i  o f  it’s L e n g th ,  clofe to which, and 
from the com m on C u n r e ,  c o m t s a \ y h i t e  fine T h re a d ,  the E nd  being  
fixcu in the Vane E  s  •, and in the lame m anner is a I 'h r e a d  fixed d o le  
to the glafs T u b e  d b.

T o  prepare this In í l ru m cn t  for Obf^rvation, you muff pour W a te r  DireJiions f» 
(for that is always to be had) into the»Tube E -6, till it’s little Surface 
rifes to the central T h re a d  ; then to keep it fixed there, fliut the Slide or 
Stop that is fixed on the T o p  o f  che central T ube ,  and there it will con
tinue ; then you may at Plcafurc pour or d ro p  W a te r  into the T u b e  d b j 
till it’s Surface alfo riles to the T h re ad  fixed th e re ;  and if  too much 
W ate r  is dropped  in, d ip  in a W ire  with a fmall bit o f  Spung or Cotton 
fixed to the E nd ,  till you exad ly  tr im  your T u b es  ; for in this lies the 
greatefl Nicety an d  Exadtnefs, to  t r im  your Surfaces true to the  
Threads.

T h is  being done,  you are prepared for Obfervation ; and placing 
yourfcif conveniently, where there is the leaft M otion ,  fit dow n  on a 
Stool or the D eck ,  and hav ing  the Q iiadran t in it’s proper Pofition on 
your L a p ,  open the Slide on the T o p  oí the T u b e  E  by that the W ate r  
may have it’s natural T en d en cy ,  which will be truly horizontal,  con
formable to  the above Princip le  ; then keep ing  your E y e  on the central 
Thread, b r in g  th a t  an d  the l i td e  Surface inio one ,  which will b cc f fed ed

V O L .  V I I I .  P a r t i .  A a a  wiih
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with the fame Eafe as if  you obferved by the  natural H o r iz o n  5 then 
keep moving the E n d  o f  the Index F ,  till you b r in g  the Speculum o f  the 
Sun in the little H ole  on the H or izon-V ane  tha t  is clofe to  the  T hread ,  
fo that you have, as it were, but one Obje6t to look a t  d u r in g  the  T im e  
o f  Obfervation: But i f  you ufe theShadow-Vane, you m u d  bring  the upper 
Edge of the Shadow on the central L ine, d raw n on the H o r izon -V ane ,  as 
v fua l ; remembering as often as you red ,  waiting the Sun’s rifing, to 
clofe the Slide, w h i c h  prevents the W a te r ’s running our, ir then remain
ing immoveable. A nd  thus continuing to do ,  till the Sun is on yoür 
^Icridian, cail up  the two Sums as is ulual, tha t  is, the Degrees cut by 
the Shadow-Vane, and thole cut by the upper E d g e  o f  the Index on the 
greater A rch ,  which Sum will give what is required, r iz ,  the Sun’s 
Diftance from the Zenith . O n  the E nd  of the Index is fixed a Sight- 
Vane N ,  by which you mayobferve by the natural H o r iz o n ,  the very 
fame way as with the comm on Q u a d ra n t i  fo that the one will be the 
P ro o f  o f  the other.

JV. B , T here  are o f  late Invention, large Glafs LfwjV, veryufeful 
Ij for collcéling the v/eak and fcattcred Kays o f  the Sun into
I a Speculum ; but i f  the Rays are even too weak to be col-

leded by that, and that you have any S ight o f  the Sun, let 
another look through the little H o le  on the H orizon-V ane  
above-mentioned, and the upper  E d g e  of the Shade-Vane, 
to  the Sun, and it will give what is required : I ’he fame 
Rule is to be obferved in tak ing  the A lti tude  o f  a Star.

7heDe/cripiitn X L  I had the H o n o u r  fome t im e ago to communicate an Invention
firJV/tefan rnuch upon the fame Nature  and Principle w ith  t h i s ; iince which I have 
^dTTaTan Alterations and Improvements thereto, as have rendered it
%provemcnt Complete and perfeél for the Ufe in tended, and have been confirmed by 
Í9 Davii*s repeated Experiments, as well on board Ships, as on Shore. A n  Inftru- 
^acirant, n ifn t  o f  this Nature we greatly want at Sea, and it would be a great Sa- 
^MerwiSu- ^'sfadion to me, if any T h o u g h ts  and Inventions o f  m ine fhould contri- 
njtl, f o r  taking to  the removing o f  this grand Im pedim ent,  tha t  fo frequently 
ihe Co aititude happens.
ifSutt or Star 'J'q arriv'e to  the u tmoft Perfeélion in N avigation , three th ings  are ab- 

‘ folutely reqnifire, v iz . T h e  Variation, the L a t i tu d e ,  and the L ong i-  
jjfijiancitftht iucie; which laft is, as yet, concealed from us. T h e  two form er indeed, 

je n fifU  Hart- we have a tolerable Certainty of, efpecially the firft which m ay  be found 
by Obfervation, almoft a t  a n y t im e  the Sun íhall be vifibls in o r  above 

thfcure/Z^By í ’íí^rí^ion, either by an A m plitude  or A z i m u t h ;  bu t  unhappily as 
the Jame it is not fo in regard to  the L atitude ,  by  any certain M e th o d ,  but
Ihid. p. 417. w ha t  is looked on as tooabftrufe for com m on Pra6bice *, for it is bu t  once 

in 24  H o u rs  that an Obfervation can be made from the  Sun, and even 
that Space o f  T im e  fo very fiiort, tha t  i f  the H o r iz o n  ihould  then be 
obicurcd, or a  Cloud intercept the R ays o f  the Sun, the  dead  R eckon ing

is
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An Imprtrjement io Davis’j ^iaáranf^ &c,
is then the only G u id e ,  which, in Fa£t,  is Jittle better than g rop ing  in 
thtí Diirk.

Since the L a t i tude  then is ou r  principal G uide  at  prefent, and liable to  
thefe Obftru¿tions, it would be unnecelFary to enlarge on the Advantages 
that would accrue to Navigation from Im provem ents  tending  to obviute 
them. A s this Invention removes a very material Obilacle, v iz , an ob- 
icure H or izon ,  there remains another, which , I hope and believe, is no t  
altogether impraClicable to  r e m o v e ;  and tha t  is, being confined bu t  to 
one ihort Space o f  T i m e  for Obfervation, as already mentioned ; and  
doubtlefs it would be o f  great Advantage co Navigation, could an accurate 
M ethod be found for diTcovcrmg che Lati tude  as frequently in the D ay ,  
as you may that o f  the Variation.

But to return to the In i l ru m en t  under Confideration, which is found<*d 
on this obvious Princip le ,  v iz , T h a t  the Surfaces o f  all Liquids,
“  that have a C om m unica tion  with each other, though  feparated at anv

Diftance in their Surfaces, will be in a true horizontal Plane,**
T h e  firil in i l ru m e n t  that I made conformable to this Principle, was 

with a W a te r-L ev e l  *, but finding tha t  W a te r  was fubjcdt to fo m e  Incon^ 
veniencics, ¡a l tered  the A pparatus ,  and changed the F lu id  from W ater  
to Mercury ; T h i s  A lteration  and  Im p rovem en t  will m ore  intelligibly 
appear by the F igu re  o f  the In i l ru m e n t ,  where A  B, C D ,  reprel'cnts Fig. n o .  
the Segments o f  two different Circles tha t  are c o n c e n t r ic k ; E ,  the 
common Centre, in which moves the P in  or Axis fitted to  the Index or 
Label E F ;  on which Label is alfo fixed the horizonta l  T u b e  G / ,  
which has a Com munication  with the T w o  Glafs vertical T ubes  EZ>, 
in which moves the M ercury . O n  each T o p  o f  the vertical T ubes  are 
fixed a large hollow brafs Cylinder h by hav ing  in their  T o p s  a P in ,  by 
clofing of which, the included A ir  is prevented from any Com m unication  
with the E x te r n a l ; by w hich  means this A dvantage  is obtained, tha t  it 
prevents, in a  g rea t  meafure, tha t  too qu ick  and vibratory M otion ,  tha t  
is natural to the F'luidity jo ined  to the Gravity  o f  M ercury  when moved, 
and at the fame T i m e ,  by having a fufficient Space and Q uanti ty  o f  A ir  
in the Cylinders at T o p ,  does no t  in the lead  impede the true L ev e l ;  
but notwichftanding this Precaution, the  M ercury ílill would be fubje<fc 
to a tremulous M o tio n ,  were it not tha t  the Diameters o f  the vertical 
Tubes, to tha t  o f  the horizontal,  a r e a s  2 to i ,  and confequently the 
Area 4  to i ; by which means this Inconveniency is alfo removed, w i th 
out any way affeóling the horizontal Level.

T h e  firil t r im m in g  o r  preparing the T ubes  with Mercury is fufficient, 
and when the two little convex Surfaces o f  the M ercury  appear ju f t  vifiblc 
above the level R in g s  E f ,  then  is the In i l ru m e n t  correftly  t r im m e d ;  
if they appear much above or below the R ings ,  move the T u b e s  a little 
up or dow n, till the Surfaces are adjufled to  the R in g s ;  which is cffeifled 
by means o f  th e  regula ting  Screw /, fixed at the E n d  o f  the Bafo 
Tube,
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As I well know the Fondnefs our Navigators have to Davh^s Quadrant,
I  a d a p t e d  t h e  Apparatus to this I i iñ rum cnr,  w hich  is fo flir f rom  being

Í pcrpIiTxing, that it Ixrcomes obvious at  firft V iew , and by which an
1 Lbicrvation can be made with great Facility ; for the Obfervcr may place
’ h im kli  in the moR convenient Part o f  the Ship, where there is the leaft

Motion and W in d  to d iñ u rb  h im , and fitting on a Stool o r  the Deck, 
holding the Inftrument w:th his Icit H and  under the H orizon-V ane  l i z ,  

i and his R igh t  at the h i .d  o t ' ihc  Label F ,  with his T h u m b  thereon,
j k f tp ing  the I .abci on th t  fame H e ig h t  or I.xvel with liis Eye ,  bring theI . left convex Surface o f  ti.c Mercury to appear jull: vifible above the central

King F ,  and the SImdo or Speculum o f  the Sun from the Solar Vane k, to 
coincide thercwiih on the central L ine \ L z\  and the Sum of Degrees and 
Minutes cut on the two Arches by the Vane and the E n d  o f  the L a
bel F ,  will g ive;  as ufual, the Angle o f  the Sun’s Co-altitude. A s th e  
Sun riles, the Shade wUl fall below the central Line (the Surface in it’s 
proi>cr P la c e ) ; and when it pafies the M eridian, and falls, it will appear 
above, fo that the E nd  o f  the Label m uil  be moved in the fame manner 

' a s theS igh t-V ane  ufuallyis.
i T o  obferve by a Star, another Perfon m uil  look th rough the Slit on

'* the H orizon-V ane, and over the upper E d g e  o f  the Shade-V ane, and
Í bring  the Star to coincide therewith, proceeding in the fame manner as

before, with the Sun.
T h ere  are two very oppofite Caufes o f  an obfcure H o r iz o n  *, the one 

proceeds from thick ha/y  W eatiier,  and the o ther from fine clear and 
calm W eather, as I have often experienced at Sea : I have been running 
with a Freili o f  W in d ,  fometimes five, fix, and feven Days together, 
the Diftance of z or  300 Leagues, without an Obfervation *, and on the 
fixth, fcventh, or eighth Day, 1: has proved f ta rkca lm  and clear Weather, 
but the Sea fo fmooth, and ib like in Colour to the Sky , tha t  the Edge 
or Circle o f  the fenfible H orizon  coukl not be dillinguiflied therefrom, 
and confequently no Obfervation to be made by the In i lrum ents  then in 
P rad ice .

By this Improvement to D avish  Q uadran t ,  the above Obflacles are 
entirely removed *, fo that an Obfervation can be made off  o f  Headlands^ 
in Harbours,  on Shore, and, in Ihort, any where tha t  a S igh t of the 
Sun, i^c. can be obtained, without any regard had to  the H orizon  *,

. and, what is peculiar to it, is, that the true L evel will be prefcrved, as 
well on the T o p  o f  the higheft M ountain , as clofc to  the Surface o f  the 
Horizon. T h e  Apparatus is fo contrived, tha t  an O bfervation  can  be 
made with the fenfible H or izon  as ufual, by means o f  the S igh t-V ane N , 
fixed near the E nd  o f  the Label for that Purpoie , fo that the one will be a 

I P ro o f  to the other.
As theSuccefs o f  Inventions in all th ings o f  this k in d  m uft  be con

firmed by Experiments only, am ong many others, tw o  were eíTcdtually 
made on board his M ajeíly’s Ship the Oxford a t  Spithead^ in a high 
W i n d  when the M otion was fliorc and qu ick , and confequently, a greater

Diiidvantaga

'‘An Improvement io'Dvíî 's §luadrant, Sac.
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Ân Improvement to Davis’i  ^adrant^ &c.
Pifadvantage than i f  on the high Sea, where the  M otion  is grave, flow 
and regular, occafioned by long  W a v e s ;  bu t  no tw ith f tand ing  this q u ic k  
Motion, the Obfervation m ade, exaélly agreed with the L a t i tude  o f  th e  
place ; as will m ore  evidently appear by the R eport  hereunto  annexed, 
fjgned by all the P rinc ipa l  Officers that were then  on board.

T I I  E  new Im p rovem en t  m ade by Vix Charles L,dgh x.oT}avh\ 
Q iiadran t ,  confifting o f  a M ercurial Level,  for tak ing  the Sun o r  

Stars Altitude at Sea, when the fenfible H o r iz o n  is obfcured cither by 
thick and hazy W e a th e r ,  o r  in fmooth Calms, when the Sky and H o 
rizon are no t  diftinguifliablc, ^ a s  tried on board this Ship , when th e  
Latitude by Obfervation m ade with thefa id  In f trum en t  agrees, as appears 
by the following Calculations i ^ /2 .

J^Urch the 9 th , h igh  W in d s ,  
and a quick  M otion .

M arch l o th ,  d i t to  W eather .

/ / / ;
Sun’s Zenith  D id .  - 5 0  30
Sun’s Declination - - 15 S.

Latitude by Obferv. 50  45

Z en ith  Diftancc -  - 50  38 
Declination - -  - -  9 N ,

Lati tude  by Obferv. 50  47

From  which E x p er im en t  we judge  this In f trum ent fufficiently accurate- 
for difcovering the L a t i tude ,  and rem oving  tha t  grand Impedimenc 
tliat frequently happens by an obfcure H o r iz o n ,  and confequcntly to bft 
o f  great Ufe in Navigation .

From on board bis Majefty^s 
Ship O xford ,  at Spithead,.
M arch  10. 1738.

Signedy
T h o m a s  Strachey, Firft LieuUnanK 
T h o m a s  Griffin, hieuttnanty 
Ja m es  Irv ing , Mafter.
W ill ia m  Slanning, fecond Mafter*

NoiCy T h e  I-a t i tude o f  Spithead th e  neareft is 
abou t  ^

o f  Spithead th e  neareft i s ^ otth.

T H  E  A ltera tion  m ade in this In f t ru m e n t  is greatly for the  better, 
for the L evel o f  W a te r  required to be t r im m ed  every t im e o f  O b -  

ikrvation, bcfidcs the  H a z a r d  o f  Ijpilling th e  W a te r  from  a great M o tio n  *,
b u t  ’



f
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but in this Level ot'Mercui'y, the firft T r im m in g  fcrvcs always, and  with
out hazard o f  fpilling, being d o te  confined, as will be ieen in the Inftru-
jncn t .-------T h e  Cylinders are made large enough  to receive the A ir  that
will be condenled and rarefied alternately by the vibratory M o t io n  o f  the 
(^lickfilvcr th rough .the  I’mall glafs T a b e s ,  without a f fe d in g  the true 
Level Line, as will be found upon T r ia l :  N o tw ith f tan d in g ,  the included 
A ir  has no-Communication with the External,  i t’s being clofe confined 
giv'cs this Advantage, tha t  it prevents the M ercury ,  in ii’s vibratory 
M o tio n ,  from being quick and tremulous.

T h e  Bottoms of the brafs Cylinder tha t  the g h fs  T ubes are fixed in, 
murt in the ín ñ d e  be made Tunnel-wife, tha t  the M ercury  may not 
lodge behind. T h e  H o le  at the T o p ,  and the P in ,  is for tak ing  out 
o r  pu t t in g  in M ercury , i fO c c a f io n ;  as alio to clean th e  T ubes  with a 
W ire .  T h e  perpendicular T ubes  muft a t  lead be twice the Diameter 
o f  the long Bafe T u b e ,  for this Realon am ong  others, tha t  tlie dilating 
and  condenfing o f  the Mercury, from H e a t  or Cold, may n o t  be fenfible 
in the perpendicular Tubes ; and alfo that the Bafe T u b e  m uft be as long 
as the Index or Label will adm it,  and the T u b e  thereof to  be as fmall 
as can be, but foas to a d m i ta  PafTage for the M ercury ,  T h i s  P^iffage 
fliould be through a fmall G la f s l 'u b e  inclofed in W o o d ,  T h e  Cy
linders muft not be foldered with foft Solder nor S i lv e r ; T h e  Mercury 
■will aíFeft it.

Noiey I f  the Mercury ihould be feparated by an Air-Bubble in the
T ube, incline the Inftrument till the M ercury  difappers in
the T u b e  below the Bafe, and it v;ill take it out. T h e  true 
Level is when the little convex Surfaces o f  the M ercury  juft 
appear above the Level R in g s ;  then it is r ightly  t r im m ed ;
and  when you obfcrve, you look only at one o f  tliem, viz.
tha t  at the Centre, the Shade-Vane co-inciding at  the fame 
T im e  on the H o r izon -V ane .

March 11 , 1738 .

AnAcctuntof X I I .  Bclng informed tha t  this Im provem ent,  p ropofed  \ŷ  nomas
/̂/■ Thomas Godfr^ o f  this Place, for obferving the Sun’s A lt i tude  at Sea, with more

P̂ Qvemnt ^  Expedition  than is praéticable by the  com m on  Inftruments in 
ufe for that purpofe, was laft W in te r  laid before the in his

dranfy tranf own DefcHption o f  i t ; and that fome G entlem en wiihed to  fee the Be-
intended by it m ore fully and clearly explained : I ,  w ho  have here 

!emrpiU’  Opportunity  o f  know ing  the A u th o r ’s T h o u g h ts  on fuch Subjects,
Plicated to the perfwaded in m y  Ju d g m en t  that i f  the In f trum en t ,  as he propofes
KoyaJSociety, it, be brought into Praftice, i t  will in m any Cafes be o f  great Service to

Ís/íi therefore though t  it p roper to  d raw  u p  a more full
p. 4 4 1 . / /W  than the A u th o r  h im felf  has given, w ith  the  Advantages
Phiiadclpha a t t e n d i n g i t ;  which i f  approved o f  by better Ju d g m en ts ,  to  w h o m  what 
Jubci8.j734. ^ ofrer is entirely fubm itted , ’tis hoped the U fe  o f  it  will be recom m end

ed
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ed and further encouraged, as alfo the A u th o r .  T h e  R i f t  o f  the Im prove
ment with it*3 Conveniencies, as alfo a Defcription o f  it, are  as follows.

^bo. Godfrey  ̂ hav ing  un d er  the greateft Difadvantages (as I  obferved 
in my firft L e t te r  to  D r  Hailey^ g iv in g  an Account o f  his Invention o f  
the Refleiling Inftrum ent)  m ade h im felf  M afte r  o f  the Principles o f  
Aftronomy and O p tics ,  as well as o ther  Parts  o f  M athematical Science, 
applied his T h o u g h ts  to  confider the In i lrum en ts  ufed in tha t  m oft m o-  
nientoiis P ar t  o f  Bufinefs, N avigation . H e  faw that on the K now ledge  
of the Lati tude  and L o n g i tu d e  o f  the Place a  Sh ip  is in, the Lives o f  
thoufands o f  ufcful S ub jcds ,  as well as valuable Cargoes, continually de
pend ; that for finding the firft o f  thefe, certain and eafy M ethods are 
íurniíhcd by N a tu re ,  i f  Obfervations be du ly  m a d e :  But Davii^s 
§>uQdrant̂  the In f tru m en t  generally ufed by Britiih  Navigators ,  (tho* 
fcldom by Foreigners) he perceived was attended w ith  this Inconveniency, 
that the Obfervcr m u ll  b r ing  the Shade or S po t  o f  L ig h t  from the Sun, 
and the Rays from the H o r izo n ,  to coincide e x a i l ly o n  the fiducial E d g e  
o f  the horizontal Vane ; T h a t  tho’ this can be done in moderate W e a 
ther and Seas with a d e a r  S k y ,  and when the  Sun is no t  too h igh ,  w ith
out any great Difficulty j yet in ocher Cafes it requires m ore Accuracy 
than cm  in fome J u n ñ u r e s  pofiibly be applied , and more T im e  than can 
be allowed for it. In European L a titudes ,  or to thofc nearer the N orthern  
Tropick, when the Sun is in the Southern Signs, and near the Meridian* 
he rifes and falls bu t  flowly : Y e t  in Voyages to the Eaft and H' '̂eft-Indtes  ̂
of  whicJi very m any ,  efpecially to  the latter, are m ade, he is a t  Noon* 
often and for m any Days together,  in or near the Z en ith ,  and when 
approaching to. o r  leaving it, he rifes and fiills, when he has Declination' 
iafter than even a t  the H o r iz o n  ; for it is well know n to  Perfons acquaint
ed with the Sphere, tha t  when his diurnal Courfe takes the Z en ith ,  he 
there rifes and falls a whole Degree or 60  M inu tes ,  in the Space o f  4^  
Time-, fo that the Obferver has but i>, to come w ith in  1 5 ' o f  the T ru th  
in his L a t i tu d e : W h i le  in a m iddle A lti iude ,  3 5 4 5 ^  he is at N oon  above 
5^1 in T im e ,  in rifing o r  falling one fingle M in u te  o f  Space, the O dds  
between which is m ore  than 80  to  i .  A n d  yet, perhaps, no Parts of 
the W orld  require more Exa6tnefs in tak ing  the L a t i tude  than is ncceflary 
in A oyages to the : F o r  it is owing to the Difficulty o f  it ,
that \  efirls have fo frequently mifled the Ifland o f Bar in  Joes ̂  and when 
got to the Leew ard  o f  it have been obliged to run down a loo® Miles- 
iiirther to Jamaica^ f rom  whence they can fcarcc w o rk  up again in the 
Space of many W e ek s ,  againft the conftant T ra d e -W in d s ,  and therefore 
generally decline to  try for, or a t tem p t  it.

But farther, as the L a t i tu d e  cannot be found by any o ther  M ethod^  
ihatour M ariners  are generally acquainted w ith ,  than by the Sun o r  a  
Star on the M e r id ia n : In  a  cloudy S ky ,  when the Sun can bu t  now and 
*hcn be fccn, and only between the O pen ings  o f  the Clouds for very fhorc 
Ij''tervak, which thofe w ho  ufc th e  Sea k n o w  frequently happens r  A s 

in high tcmpcftiTous Sens, when th o * ' th e S u n  íhou ld  appear ,  the- 
I  Obfcrv^ir
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Obf^rvcr can fcarce by any Means hold his Feet  *, i t  w o u ld ’Ceminly 
o f  vail Advantage to  have an Inltruinenc by which an Obfcrvacion could 
a!ib be, as it were, fnatched or taken in m uch lefs T im e ,  th a n  is gene- 
rally required in tlu- LTc of the com m on Q uadran t .

^ho. Godfrey tlierefore confidering this, applied h im fclf  to find cue 
ibme Contrivance by which the NcccOity of. b ring ing  the Rays from the 
'Sun, and thofe from the H or izon  to coincide (wnich is the m oft  diíTicult 
part o f  the 'V\^ork.) on one particular Point or L^ine from  the Centre ,  might 
b;; removed. In order to which he confidcred, that by the 21. 
of E ucl all A n g l e s  at the Periphery o f  a Circle, fubtended by the fame
Swgment within it are equal, on whatever part  o f  the Circumference the 
angular Point falls •, and therefore, it inftead oí a Q uadran t ,  a Semicircle 
were  <^raduatcd into 90 Degrees only, accounting evt;ry tw o  D.-greesbut 
one ; ^ihis would eficctually anfwcr : For  then, i f  an Arclv of the fame 
'Circle were placed at  the E n d  o f  the Diameter o f  the Inftru incnt,  every 
I ’art of that oppofitc A rch  would cqu;illy ferve for tak ing  the Coincidence 
p f  the Rays above-mentioned. But fuch an Inftrum ent would manifcftly 
be attended with great Inconveniencies; for it would in groat Altitudes 
be much more unmanageable, and the Vanes could no t  be framed to 
ftand, as they always ought,  perpendicular to che Rays. H e  therefore 
further rcfolved to cry whether a Curve could not be found to  be placed at 
the Centre o f  a Quadrant,  which would, a t  lead  f o r a  L e n g th  fufficient 
to  catch che Coincidence o f  the Rays, w ith  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 
P o in t  can be found for a Centre to different Circles, which arc not con
centric. I t  is certain that every A rch  on the L im b  may have a Circle that 
will pafs through the Centre, and be a Locus or geometrical Place for the 
Angle made by that Arch to fall on : but then every A rch  has a diiferent 

Fig. t i i .  one from all others ; as in the Figure. L e t  A B C  be the Quadrant, and 
A  B, E  F ,  G H  be taken as Arches o f  i t : Circles d raw n  th rough  each 
two o f  theíé refpedively, and through the Centre C  as a th ird  Point, will 
manifeiliy be fuch Loci or Places ; For  every P a ir  o f  thefe Points ftand 
in a Segment o f  their own Circlc, as well as on a Segm ent o f  tlic Quail- 
rant i and therefore by the cited 21. 3̂ - E lm . the Angles ñañding  on 
thefe firft Segments will every where be equal a t  the Periphery  of their 
refpeólive Circles, and their Radius will always be equal to half  tiie Se-  ̂
cant o f  half  the  A rch  on the Q uadran t .  F o r  in the Circle C  E  D  F  (for 
Inftance) the A ng le  C  E  D  is r igh t,  becaufe’cis in a Semicircle, C E  is 
the Radius o f  the Q uadran t ,  E  D  the T a n g e n t 'o f  the A ng le  D  C E  =  
the Arch E  F, and C D  is the Secant o f  the fame =  the D ia m e te r  of the 
Circle C E D F ,  and therefore it*s Radius is ha lf  tha t  Secant.

N ow  from the F igure *tis plain, tha t  in very fmall Arches the Radius 
o f  their circular Place will be ha lf  the R adius of the Quadrant,* that is, 
p u t t in g  this Radius =  l o ,  the o ther will be 5. A n d  the Radius for the

I  ■ Arch
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A rc h o fp o ,  theh ig lien  to be ufecl on theQuaclrant will be t h e S q iu r r  Roue 
of half the Square o f  the Radius — Sine o f  45  Degrees =  7 .07  r , anti 
Arches at the Ccnrre draw n by rhcfc two Radii are the Kxtreams, th*
Medium of which is 6 0355 . A nd if a circular Arcli be drawn with  tl)is 
Radius -—t!) Parc of the Lxngth  cf ir  ̂ tha t  is, in an In f trum en t  o f  20  
Inches Radius, the L eng th  o f  one Inch on each Side o f  the Cenrrc 
affording 2 Inches in the whole, to catch the Coincidence of tUe Rays on, 
which m uil  be owned is abundantly  ililHcienc, ihe  E rro r  at the g reacd l  
Variation o f  the Arches, and at the Excreniity o f  thefc‘2 Inches, Wiil 
not much exceed i ^

But in fixing the Curvature or Radius o f  this Central A rch , fomething 
flirther than a M ed ium  between the Extream s in the Radius is 10 be coii- 
fidered : F o r  in iniall Arches the Variation is very fmall, | iu t  in greater 
it equally increafes, as in the F igure ,  where it appears the DiiTerence be- Fig. ! u .  
tween the Angles A R C  and A  D  C  is m uch greater than the Difference 
between V, B C  and K D  C, thougli both  are fubteniieJ by the fame 
Line B D  : for their  Differences are the  Angles B A  D  and H K  D .
Therefore this Inequality was likewife to be coniidcrcd ; -and com pound
ing both together, Tlw. Godfrey pitched on the R atio  of 7 to  1 1, for the 
Radius o f  the C urve to  the l^adius o f  the in f lrum ent,  which is 6 .3636  
to 10. But on  further  A dvifem cnt he now concUides on 6  j a n d a  
Curve o f  this Radius o f  an Inch on cach Side of the Centre  to  .an Inftru- 
ment of 20 Inches Radius o r  o f  —th o f  the  Radius, whatever it be, will 
in no Cafe whatever, as he has himfelf carefully com puted  it, produce an 
Error of above 57^^;  and *tis very well know n that Navigators (as they 
very fafely may) in their Voyages entirely (light a Difference o f  one M i 
nute in Latitude.

This Radius is the true one for the circular Place to a n  A rch  of77'^ 15^  
and the Variation from it is nearly as great at 9 0  Degrees as at any Arch 
below it, the g rea te i l  below being at about ^4*^, which is owing to the 
Differences cxpreifed by the laft I' igure above, and not to thofe o f  the 
Curvatures or circular Places. Yet this Variation o f  57^^ arifes only when 
the Spot or Coincidence falls a t  the E x trem ity  o f  the horizontal S igh t o r  
^ane, or a whole Inch (in an In f lrum en t  o f  t o  Inches Radius) from the 
Center, and then only in the  A lti tudes  o r  Arches o f  about 44  or 90®.
And in thel'e, a t  the Diílance o f  k an Inch from the  Center, the Variation 
is but i  fo m u ch ,  v iz ,  about 14^^; and at  i  o f  an In ch ,  not 4^^ ;  a t  the 
Center *tis precifely true. T here fo re  as an Oblervation may be taken  
'vith it i n i  of the T im e ,  tha t  DiiXi/i's Q u a d ran t ,  on  which three T h in g s  
muil be brought to  meet, in a general way re q u i re i : I fay, confidering 
this, and the vail Im portance  of fuch D ifpatch , in the Cafe o f  g rea t  Alci- 
^des ,  or o f  tem peiluous Seas, or beclouded Skies, ’tis prefum ed the  l a -  
ftrument thus made will be ju d g ed  preferable to  all others o f  th e  k in d  yec 
known. Some M aile rs  o f  Veffels, who fail from hence to  the  Weft-lndics^ 
nave got o f  th em  m ade as well as they t:an be done here •, and have found 
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fo great an Advantage in the Facility and in the ready U fe  of them , in 
thofe Southerly Latitudes, that they re jed  all others. A n d  it  can fcarce 
be doubted, but when the Inftrument becomes more generally known, 
it may, upon the Royal Sod eifs  Approbation , if  the  T h i n g  appear worthy 
of it, more univerfally obtain in t'raólice.

*Tis now 4  Years fince ^ho. Godfrey h it  on this I m p r o v e m e n t ; for his 
Account o f  it, laid before the Society laft W in te r  in which  he mentions 
two Years, w.\s written in i73^-  f a m e 'i  ear, ly^o^ after
he was fatisfied in this, he applied himfelf to th ink  o f  the o the r ,  viz. tiie 
reiloiflinglnilrument by Speculums, f o r a  help in thcC aie  oí Longitude, 
though ’tis alfo ufel'ul in tak ing  Altitudes, and one o f  thefe, as has been 
abundantly proved by the M aker ,  and thoie who had it with them, was 
taken to Sea and there ufed in obfcrving the L atitude ,  the W in te r  of 
thar Year, and brougiit back again hither before the E n d  o f  F¿bruary^ 

and was in my keeping for fome M onths imniediately after. It 
was unhappy indeed, that having it in my Power, feeing he had no Ac- 
cjuaintance nor Knowledge of Perfons there, that I tranfm itted  not an 
Account o f  it fooner; But I had other Affiiirsof more Im portance  to me: 
A nd  it wasov/ing to an Accident which gave m e fome Uncafinefs, viz. 
his attempting to publifii fome Account o f  it in P r in t  here, tha t  I did it 

' at tha t  T im e ,  v iz. in M&y 1732, when I tranfmitted ic to  D r / i ? % ;  
to  w hom  I made not the leaft D oubt but the Invention would appear en
tirely New. This ,  on my part, was all the M er i t  I had to claim, nor 
did I then, or now ailume any other, in either o f  thefe Inftrum ents .  I 
only wifh that the ingenious Inventor himfelf m igh t  by fome means 
be taken Notice of, in a M anner that m ight be o f  real A dvntage to 
him.

T h ere  needs no t ,  I fuppofe, much m ore o f  a Defcription o f  the Inflru- 
ment than has been given : I ihall only fay, the Bow had b e d  be an Arch 
o f  about ICO Degrees, well graduated, and numbered bo th  w a y s ;  the 
Radius of 20 or 24 Inches *, the Curve at the Centre to  be ¿ t h  o f  rhê
Radius on each Side, that is, Y^th o f  it in the whole ; the  Radius of that
Curve Parts o f  the Radius o f  the I n f t r u m e n t ; that the  Glafs for the 
Solar Vane Ihould not be lefs, but rather larger, than  a filver Shilling, 
with it’s Vertex moft exaéliy fet. A n d  tha t  the  u tm oft  Care be taken to 
place the M iddle o f  the Curve at the Centre exadlly perpendicular to the 
L in e o r  Radius o f  45  Degrees. A s the Obferver m u il  alfo take Care 
t h k  the tw o  Vanes on the L im b  be k ep t  nearly equi-d if tan t from that: 
D egree; to  w h ich  I  iliall only add, tha t  it may be beft to  give the hori
zontal Vane only one Aperture, and not tw o. T h e  reft I  fuppofe may 
be left to the W o rk m e n ,

Fig. 113. Note^ T h a t  the Radius o f  the Q uadran t  being  div ided into 20 equal
Parts, the Centre X  o f  the Curvature o f  the Horizon-Vane
(A  B) muft be 12 o f  thofe Parts  f rom  the  C entre  (C) of

the
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the Q iiadran t.  T h e  Breadth (A  B o r ^  h) o f  chat V'anc fhould 
be 7^ ol’’ the whole Rudius, chat is, on each Side o f  the 
Centre (C).

3 7 1

Tht Dt icripticu 
and Vie of an • 
Injirument tar 
tahirg the La-' 
fiiude o f  a 
Place at atn' 
time 0/the Dai', 
ky Mt Richard 
(>raham,
F. K S. Ibid. 
p. 450.

X l l l -  T h e  neceíFuy o f  f ind ing  the Lati tude  a Ship  is in, is too  well 
known to b e  infilled on  ; F requent Opportunities o f  obferv ing  the L a t i 
tude muft conftquently  be o f  very great Advantage to Navigation. T h e  
Method ufually praclifed, is by tak ing  the Sun or Star’s M eridian  A l t i 
tude or Zenith  D iftance:  l a  this Cafe, if  the Sun does not lliine bu t  for 
feme fmall Tinae only, before N o o n  and after, though  it be clear all the 
reft o f  the D ay , it is o f  no ufe for this Purpofe. M r  Fat:Oy F. R . S. (in 
the Year 1728) proiMDftd a M ethod  for finding the L a t i tude ,  from two 
or more Obfervations o f  the Sun (or Stars) at  any T im e ,  the Diftance o f  
the faid Obltrviiiions in I ' i i n e ,  being  given by a W a tc h  ; but as his 
M ethod requires a vail N u m b e r  o f  Com putations ,  and á great deal o f  
Skill in Spherical I ' r ig o n o m e iry ,  it has very fcldom been made ufe of, ■
and never but by good M athematicians. T h e  Inftrum cnt here defcribed 
will anfwer the fame L n d ,  and has thefc A d v a n t jg e s  •, v iz,

ijly I t  may be very eafily underllood  by Seamen.
It  immediately fhews the I .a t i tude  ot the Place.
It  gives the I ' i m c  o f  Day at Sea when no other In f trum ent can.
I t  may be m ade as large, and confequently as accurate as is 

defired.

A B C  reprefents part of the I lem ifphere  o f  a large G lobe  {half the ADefirif>thH 
Globe, and the P a r t  below the 'I ' rop ick  a recu to f l ' ,  tha t  it may take up  '
the Icfs room). A C ,  half the I '.quator, d iv ided into 12 H ours  above, 
and 180 Degrees below, and fubdivided into M inutes ,  as is likewife the 
lower T rop ick  D  D . K  E ,  a  fiioveable graduated Meridian, turning on 
the Axis F  F .  G  an Index to fix it (by the means o f  the Screw H )  to any 
H our.  I / I ,  a circular B eam -C om pafs ,  th e  C entre  I / to be fixed on the 
Meridian to  any Degree and M in u te  o f  Dcclinatlon, b y  the M e th o d  c o m 
monly called D iv if ions : ^ the Poin t  for d raw ing  Arches,- w hid i
is likewife nxed to any D egree  and M inu te  by the fiime M ethod. As the 
Meridian is a t  fome Diftance from  the  G lobe, L  is a piece o f  Brafs to  
fix on the M erid ian ,  m arked  vvitii Nonius'% Divifions, with a P o in t  reach
ing down to  the Interfedlion o f  the Archcs, by which means the Diftance 
of the faid In terleftion  from  the E quato r ,  o r  it’s Lati tude  is found.
T h e  Degrees and M inutes  may likewife be (liewn by diagonal L ines,

Prop. I. From two Ohfervations o f the Height o f the Sun  ̂ the Dijlance o f XJfeoftU 
the fa id  Ohfervations in TimCy being given by a ]Vatd\ as like- hftrumtnt. 
wife the Declination o f the Sun \ to find the Latitude o f the Placcy
and 'Hour o f the
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2 M r  G ra h a m V  Inftrum ent f o r  taking a L a titu d e , & c .

I. JRjen the Ship is at Reft, that i s , at Anchory or in a Calm  ̂ fo  as to 
have little or no progrejfive Motion,

Cafe I. Su'ppofe the Sun in the Equator,  on the D ay  o f  Obfcrvation ; F ix  the
Centre o f  the Beam-Compalli at o  Degree (or at the E quato r ,)  and move 
the Point k fo the Zenith Diftancc, (the C om plem ent o f  the Altitude, 
taken'-by the ufual Inftrum ents ,)  and from any H o u r ,  as from C, de- 

. fcribe an Arch o f  a Circle >with the f.iid Poin t ,  as h c {E x, i .)  Suppofe 
eight Flours after, by your W atch ,  you have another O b ic rva t ion ; move 

] the Meridian 8 H ours  farther, to and fix it there v and with  the Ze
nith Diilance then obferved, dcfcribe another A rch  as i / ,  the P o in t  where

* it cuts the former is the Place o f  Obfervation, and it’s Diftance taken oa
the M eridian from the Equator fiiews it’s L a t i tu d e ; and the Minutes 
reckoned on the Equator from the Meridian to C and d ( the T im es  of 
Obfcrvation) fltew what thofe H ours  were.

Cafe 2. W h e n  the Sun has Declination : F ix  the Centre o f  the Bcam-Compafs
on the M erid ian , to the proper Degree of Declination for the D¿y of 
Obfervation, and proceed as before.

Ca/e 3. I f  the Obfervations are at a greater Dlftance than twelve H o u rs ,  bur in
the fame D ay :  M ake  ufe o f  the Complement to  cwenty-four H ours  of 
the Diilance in T im e ,  and  take the Declination on the contrary, or 
lower Side o f  the Equator ; and in f teadof the Zenith  Diftanccs, take the 
N ad ir  Diilances or Altitudes increafed by 90"^.

T h u s  you will find the Latitude, and T im e  o f  each Obfervation 
from M idnight,  In this Cafe the Beam-Compafs m uft extend to more 
than 90^.

Cafe 4. i f  Obfervations are more than a Day afunder *, as for Inftance a
D ay  and 2 Hours (26  H o u r s ) : Place the Centre o f  the Beam-Compafs
2 H ours  farther than it was the Day before*, but in different Declinations, 
according to the T able  o f  Declination for the feveral Days.

CaTe 5.’ WHien the Obfervations are made by a S t a r : T h e  Centre of the Beam-
Compafs muft be fet to  the Declination o f  the Star \ then proceed as be- 
foi'e. T o  find the H o u r  in this Cafe, the r ig h t  Afcenfion m u d  be like-* 
v;ife given.

Scholium. 1  he fame M e th o d  may be ufcful a t  L an d ,  when n a  M e r id ia n  Obfcr-
vation offers.

IL  The Ship in Motion.

Suppofe the Sun in the E q u a to r :  T h e D i f ta n c e  between th e  tw o  O b* 
fervations 8 H ours ,  as before, and the A rch  a a a 2.) defcribedby 
the Zenith D  iftance o f  the firft Obfervation, f rom  the C entre  C  *, and 
the A ngle  c ah  ̂ 4 0 Degrees, is the A ng le  between the S h ip ’is way, and »
the A z im u th  of the Sun continued, (given by the A z im u th  Compafs)
and th a t  during the eight H o u rs ,  the Ship  has made 1®a or 6 o M ro m
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a to hy or ^  Radius is to  the Cofine oic a h 40®, fo
is ¿3 6 0 '  to iJ f  46^ i add 4 6 '  to  the Z en i th  Diilance C  ^ ; and  with ky 
the Point o f  the Beam-Compafs fet a t  that Diílance, dcfcribe (he 
Arch cbe\  then with the Z en i th  Diilance o f  the laft Obfervation , whofe 
Centre is draw  the A r c h / / * ,  the P o in t  where it curs the A rc h  cbe^ 
is the Place where the Ship was l a i l ; and it’s Diftajice taken on the M e 
ridian from the E q u a to r  fhews it’s Latitude*, the M inutes reckoned  on 
the Equator from the M erid ian  10 d ( the T im e  o f  the laft Obfervation) 
ihewthe H o u r ,  or it’s D iilance from 12 0’ Clock.

If the Ship  had  failed from a t o p  or towards the Sun : T h e  Cofine of Cafe 2, 
the Angle ¡3 a o r  o f  the A ng le  between the Sh ip’s W a y  and the Sun,
muft be fubílraóted from  the Z en i th  Diilance o f  the  ñrí l  Obfervation.

N . B, O n ly  the tw o  Arches cbe^ f  arc to be d raw n  on the Globe, 
the reft being added here , to lliew the Reafon o f  the C on-  
ñ ru¿lion .

T o  find the L a t i tu d e  o f  the firft P l a c e : F r o m  the E quato r ,  with a  Cafe 3. 
piir  of Compafltrs, take the Diftance failed 6 o ^  and with one F o o t  in 
the Interfedlion o f  the A rches b / / ,  the Place found before, put the 
other in the A rch  aaa^ the Zenith  Diftance o f  the firft Obfervation, and  
in this Inftance, on the left H a n d  of the A z im u th  o f  the Sun, this is 
the Place fo u g h t ;  and it’s Diftance taken on the M e r id ia n .f ro m  the 
Equator, íhews the L at i tude  ; and the M inu tes  reckoned on the E qua to r  
from the M erid ian  to  C ,  the  T im e  o f  the  firft Obfervation, íhew the 
Hour.

T h e  Interval in T i m e  o r  D egree  between the tw o  Places, fliewn by 
the Index G ,  is the Difference o f  L ongitude .

N . B, Thofe  Obfervations are beft, whofe AFches crofs each o ther  
almoft a t  r ig h t  Angles .

Prop. II. Zenith 'Dlftances of two Stars^ ohferved at the fame îmCy. 
their Declination^ and ri¿ht Afcenfton being knoivn , tc find tbs 
Latitude c f  the Place o f Obfervation,

Fix  the Centre o f  the Beam -C om pafs  to  the Declination o f  either o f  
the Stars, and with the Z en ith  Diftance o f  that Star dcfcribe an A rch  ; 
move the M eridian  as many H ours  farther as is the Diftcrence o f  righc. 
Afcenfionof the o ther  S ta r ;  and fix the Centre  o f  the Beam-Compafs to 
the Declination o f  i t ; and with  it’s Z en ith  Diftance crofs the firft A rc h  ;
The Interfeélion íhews the Latitude  o f  the Place o f  Obfervation ; and 
aJfothe Diftance o f  the r ig h t  Afcenfion o f  the Z en ith  from  tha t  o f  cither 
0Í the Stars, by w hich  means the H o u r  m ay  be know n.

Mr Graham’j Lijlnment for taking a Latitudê  &c. 373
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J N c t v  Azimuth-Compúfs.

I f  a Ccleftial Globe is made ufe of, then place the Centre o f  the Beam- 
Coiiipafs over the feveral Stais.

T n e  Latitude and Mour being given, the Variation o f  the Conipafs
is eafily known.

A'". 5 . In order to  draw Archcs on the G l o b e ; 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 o f  the 
Arches will be : T h e n  draw them  on the c k a n  Side with the 
Poin t  o f  the Bcam-Compafs, and they will appear on the 

^ G lo b e ;  and i f  the Globe is well varniihed, they may be rubbed
out with Bread, or wailied out with Water.

A s Altitudes at Sea are now readily taken, v.’it!i great Exadnefs ,  bv 
the Q u a d ra n t  invented by 'John Hadky^ E iq ;  V. P . R. S. and as the 
faid Altitudes are the Principles on which the Operations above d.lcribed 
are founded ;  the previous U i e o f t h a t  Q uadran t  cannot bur be of the 
utmofl: Importance to thofe who iliail have  Occafion tor this Inilru- 
ment.

T h e  Defcription and Ufe o f  this In i lrum en t  was laid before the Royal 
Socieiy, Dec, 9. 1731 ; but as I knew M r  Retd was contriv ing one for the 
fame Purpofe, I delayed m aking  mine Publick. H is  M e th o d  not yet 
appearing in Print,  I have thought  proper to com m unicate  my own 
(cfpecialiy as ’tis now improved) conceiving it may be o f  fomc Advan
tage to Navigation,

TheUjio/a X IV .  T o  difcover the Dcclination o f  the M agnetic  N ccdlc ,  orVaria-
itt<w Jzimuth- Qf the Com pafsatSea , with fomc tolerable Degree ofCerta incy and
ñnding\Í7va- Exadnefs ,  is a th in g  o f  great Ufe and Importance in the A r t  of Na- 
riatkn of the vigation.
Cotn̂ afs or T h e  Inftruments and M ethods h itherto  ufed for this Purpoie ,  (as we 

Sia demonftrate, if  it were needful) are fubjcct: to feveral Inconve-
J U ‘g r L tr ’ niencies, Errors, and Defects; to remedy which, tliis nc\sAzimu¡h-Comfafi 
Zafe andírx- was contrjved, and has by Experience been found efFeftiial. I t  woiild 
armifitban be neediefs to give a Defcription to  fuch as have the In i l ru m e n t  before 
by anyeveyii therefore Only fliew the M a n n e r  o f  ufing it, and

tiriefly as may be, which take as fo llow s:
by Captain

l/^> T h e  In i lrum ent mufl be redtified, or fitted for Obfervation, by
f \  No if about till the four Cardinal Poin ts ,  th a t  are h u n g  upon the
450. p. 395. with the fourC ard inal  Po in ts  on the  C hart ,  at the
Oil. Bottom o f  the B o x : T h e n  will the N eedle, that ihews the Magnetic
1735. Meridian, ftand at no Degrees, and the E a f t  and  W e f t  Po in ts  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 T im e  o f  the Obfer-
vation.

I
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d̂lŷ  L e t  the Index  o f  the Q u a d ran t  be placed to tha t  Degree o f  the 
A rch , *on the R im  o f  the Box, which the Obferver judges to  be nearly 
equal CO the H e ig h t  o f  die Sun o r  S tar whofe Azimuth is fought *, for by  
this means the O b je f t  will be more readily found,

¿̂lŷ  T u rn  the Q u a d ra n t  round towards the Sun or Scar, till it appear  
upon the vertical H a i r  within the Telefcope, to  an E y e  look ing  th ro u g h  
the fmall H o le  o r  S igh t  *, and then Aide the  Index a little upw ard  o r  
downward on the A rch , till the O bjeé l  by this means be b rough t  to 
coincide or touch the vifible H o r izo n .

T h e  Degrees and M inutes then m arked  by the Index upon the 
Arch of tlie Q u ad ran t ,  will fliew the A lti tude  o f  the Objedt, which will 
always be the fame, w hether  the In ftrum ent is in M otion  or at  R eft  ; 
at the fame time the Degree cut by the Index  on the horizontal R im  o r  
Circumference o f  the Compafs-Box, will give the magnetical Azimuth o f  
the Sun or Star.

N , B» A ll  this may be perform ed by  o n cP erfo n ,  whereas the old 
Compafs requires fcvcral to manage it, which alfo makes it  
fubjefl to m any great E rro rs .

H o w  the Variation o f  the N eedle  is found by means o f  Magnetical 
A z i m u t h Altitude thus obtained , is taugh t  in every T rea tife  o f  N a 
vigation, and we have no  need to repeat thcfe Rules in this Place. But 
as the Refolution o f  this P rob lem  is fomewhat troublefome, and requires 
fuch a Knowledge o f  the D of tr ine  o f  the Sphere, as every Seaman has 
not attained, we fliall here exhib it  an eafy M e th o d  o f  difcovering the 
Variation o f  the Compafs w ithou t  any m anner o f  Calculation, whjch 
cannot fail to  render this In f tru m en t  ftill m ore acceptable : T o  this E n d ,

17?, L e t  the M agne tic  Azim uth  o f  the  Sun (or any Star, when it is 
near the prime Vertical,  and confiderably elevated above the H or izon )  
be found according to  the Diredlions already given, before it arrive at the 
Meridian, and note well the  A lt i tude ,  or let the Index remain fixed a t  
fame Point on the A rch .

tdly  ̂ F ind  tiic M ag n e t ic  Azim uth  o f  the Sun or S tar in like manner as 
before, when ic is ex a d ly  at  the fame Degree o f  A lti tude ,  after it has 
paiTcd the M eridian : A n d ,

3i/^, I f  thefe tw o  M agnetica l  Azimuths are equal, the Needle has 
no Variation : I f  unequal, add them  togcfther, and half  their Sum  will 
be the true Azim uth \ or  fubtraft the lafs from  the greater,, and ha lf  the 
Difference will be the Variation required. T h e  Circumftances o f  the 
Obfervation will the  m ore  readily difcover w hether  the Declination is 
Eaftcrly or V/cftcrly.
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A  Nenv A z im u th ’-Compafs.

N . B. Though it would be very comm cndahle in G entlem en who ufe 
the Sea» to I earn the Nam es o f  m o il  o f  the principal Fixed 
Scars, yet even that Knowledge is notnccefTary in the Ufc of 
this In i l ru m e n t :  N either  is it needful in this cafe to know 
exniftly the L a t i tude  o f  che Place o f  Obfervation, provided the 
Difference of Latitude between the Obfervations be not very 
g rea t:  I t  is fuííicient, tha t  Care be taken to obferve the felf- 
iiime Star, before ic comes to the M erid ian ,  and after it has 
p.iiTedit; and for the fake o f  greater Exa<f?i:ners, the  Caution 
before given ihould be regarded, to  wit. T h a t  the Star be at 
fome confiderable H e ig h t  above the Horizon^ and alfo near 
the p r im e Vertical,

X V . (See the folded Sheet.)

li
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j 4 ?

n e  End of  the F I R S T  P A R T .
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XV:
hfcrvatiom made of the Latitude, Variation Magnetic Needle, W  W e a t l i e r , ' C h r i f t o p h e r  Middleton, in a P̂ oyage from  London /d

► HudfonVBay, Armo 1735. No. 442. p. 270, Jufyy &c. 1736.
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ĤarJ

Smiiit

/  ̂ /  ̂ /

S5-47

SS’ 4

— — ------- ----—

S '

50.25

SO 35

— —

------- — — — »—

Winds.

N E b E
to

XbyW

Remarks, .
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Hard Galei* wléh Sqaalh And 
fmall Raio.

Mru Karchard Ualet, mtddleaml 
lattet moderate and hazy.

Preih Gale>, aod srnch Rain ¿ 
h42y Weaiher.

I-'rcth Gales, and much R a id ; 
hazy Weather.

FreihG aics and Dazy, withlbdie 
Rain the firft two Parcs, the 
latter moderate.

Moderate and fa i r ; W'indr va
riable.

S S  E

S E b y S

Mooeraie, with a  gresc tiex^* 
Sea ft 001 the Eailward.

Clcudy, with a  great Se* 
the Eaftwatd.

S S f c
to

S b y  E

S S \V

S S W 
to

Weft

South

S S E

S S E

W N W

H a r d  S t o i t n  o f  W i n ^ ,  w U i «  

great Sea.

ModcratcGalcs. with Caiall Rato.

Ditto, fiii/aod iD9de:H(c.

Saw fe\*eral SHip», fuauded to o  
Fathom. Moderate.

Two ildt Par's li^rd C><ilefc and 
heavy Squ^lb» ihe latter mo 
deraiu.

An Explanation o f the T A B L E S .

T h e firil Column contains 
Night j the fourth Colunnn
Number marks the tenths and uuimiwuui * an» wi a» , m . v - ------------ ------.............. . *----------  ̂ ^ ----------- - r . xt jr  j  u ~ f   ̂ r/>inr««.
h  in every Day at Nobn, by Account, from the Meridian o f London (except where otherwife expreflcd). The Column Variation, is the Variation o f the Needle; aua the next rour v - o u m n s
arc the I.atitudes obfcrvcd at Noon by four fevcral new Inftruments ; the firft is M r Smitĥ % Prifmatic Quadrant, the fecond is M r Hadl '̂^y the third by M r John Elton, and the tourin by
A ir Caff^ Smith and M r IVilliam lVard\ the next Column is the W ind for the moil Parc o f the 24 Hours. , -r- r r  ■ u- u

7 'fie 7 'hermolcope which I made uie o f in the Voyage, was made by M r ^ohn Pairicky together with the Barofcope » in his Thermofcope he places Top, fuppoung it to be t e
Heat vind«r the Lir\e, and fo the Figures incrcafc downwards, with the Increafe of Cold. Temperate is placcd at 25. n • l  n. f

T his Prifmatic Quadrant of M r CaUb Smith I find to be o f very great Ufc at Sea, in particular for the Stars, as I have experienced feveral times in my Voyage to Hudfon's Bay\ m the worft o ' 
Weather, when you can but fee the Horizon i and his other is of great Ufe, in tolerable fmootli Water, in foggy and hazy Weather, when there is no Horizon to be feen, yet have the Ben^ 
/ji':hcSun. ^

r.
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Philofophical Tranfaclions
A b r i d g e d .

P A R T II.
C O N T A I N I N G  T  H  K

P H Y S I O L  0  G  I  C  A  L

P A P E R S .

C II A P. I.

P i m i O L O G T ,  M E T E O R O L O G T ,  P N E U M A T I C K S .

^  T  m ay ,  p e rh a p s ,  be  needlcfs n o w  to  add  any  th in g  in 
C onf irm a tion  of D r  ff/Z/j’s Soluf ion o f  the S/w an d  Moon'%

• ^  A .  _
a p p e a r in g  fo m u ch  la rg e r  ac r if ing  o r  fcCtinp:, than 
w h en  in a g rea te r  A l t i t u d e ;  t h o ’ ibm c have very a b fu rd lv  
nill  g o n e  on  to  account f b r i t t r o m  V'apours, w h ich  I re- 

niember w.is g iven  m e  in m y  Y o u th  for the  t rue  Caufe o f  ir. ’T i s  t ru e ,  
indeed, tha t  ’cis thefe Vajiours , o r  the  A tm o ip h e re ,  a lone ,  th a t  m a k e  
tiofe Bodies, w h en  very  nea r  to  th e  Horizon^ ap p ea r  in a  fphero idal  

orm, by re t ra c t in g ,  a n d  th e re b y  ra if ing  ( to  S ig h t ) ,  th e  lo w er  L i m b  
™ rc  ih a n t l i e  u p p e r ,  y e t  thefe can  be n o C a u i c o f i h e  o th e r .  T h e  Stni

i 'ubtcnding a b o u t  h a l f  a  D eg ree ,  ap p ea r  ia  th e  M e r id ia n  
V O L .  V I I I .  P a r t i i .  U d d ^  .  o í

iiofne Thoŷ hls 
(oncttnin̂  the 
Sun attH 
Moon, *ivhfn 
near the IIo* 
rizón» tiff ear- 
in̂  iotgert̂ OH 
nuhen near tht 
Zcnich • by 
James Logan^ 
No. 444. p. 
4O4 dattil 
PhilaJcIpliia,

| | n t D
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A  Pfn/u9 ma- 
thímaücül Di- 
m o n ftr a ito n  o f  
th i ImfoJtliJi/y 
4tKti Iftjujidin- 
aefVonKQi: 
Jiy A/. dc 
Sigorgr.e. 
*lranjiattd 

from  the
Kfcnch^T.S.

No. 457. p, 
4C9. JulyüV. 
1740.

O f (he ImpoJfibUity and Infufficiency c/* Vortices.

ofcheB rcadch  o f  8 o r  10 Inches,  to  f o m e E y e s  m o re ,  a n d  to  others ]efs; 
and in the  Horizon to  be  2 or 3 F o o t ,  m o re  o r  lefs, ac co rd in g  to  the 
E x te n t  o f  G ro u n d  they  are  fcen over :  B ut i f  one  can have an  O p p o r tu n i ty ,  
as I have here f requently  had ,  o f  feeing ú\t Sun rife o r  fet o v e r  a  fmall 
E m in en ce  at  th e  D if tance  o f  a M ile  or tw o  w ith  tall T re e s  on  i t  ftanding 
pretty  clofe, as is ufual in W o o d s  w ith o u t  U n d e r w o o d ,  his B ody  will 
then appear  to  be 10 o r  12 F o o t  in B read th ,  a cco rd in g  to  the  Diftance 
and C ircum ftanccs  o f  the I ' r e e s  he is leen th ro u g h  > an d  w h e re  there  has 
been fomc th in  U n d e rw o o d ,  o r  a  few Saplings ,  I have obferved  tha t  the 
Sun fe t t ing  red ,  has appeared  th ro u g h  th e m  l ike  a la rg e  extenfive Flame, 
as i f  fom c H o u fe  were  on F ire  beyond them . N o w  ‘th e  R cafon  o f  this is 
obvious,  tv z .  tha t  be in g  well acquain ted  w ith  T re e s ,  th e  Ideas o f  the 
Spacc they tak e  u p  arc in a ¡Manner fixed, and as one  o f  thofc Trees 
fub tends an A n g le  at  the E y e ,  perhaps  no t  exceed ing  3 o r  4  Seconds,, 
a n d  w ould  fcarce be d if tinguifliablc ,  were  it n o t  for the  f t ro n g  L ig h t  be
h in d  th e m ,  the  t o ; ’s D iam e te r  o f  above 3 0 '  takes in fcveral of th e m ,  and 
therefore  will naturally  be ju d g e d  vartly la rger .  M enee ’tis ev iden t ,  that 
thofe Bodies appe*ar greater or lefs, acco rd ing  to  the  O b je f t s  interpofed 
o r  taken  in by the E y e  on v iew in g  them . A n d  to  this only  is th a t  PhiE- 
no m en o n  to  be im pu ted .

I am  fenfible th is  M e th o d  o f  a rg u in g  is n o t  new , y e t  th e  Obfervations 
here  given m ay p robab ly  rend to i l lu i l r a te th e  Cafe b e y o n d  w h a t  had been 
advanced on the Subjeft .

I I .  T h a t  natural P h ilo fophers  o f  an inferior Clafs, w h o  confider only 
the  O utf ide  o f  T h in g s ,  a r e o b f t in a te  in the D efence oiV onices^  is, in my 
O p in io n ,  n o t  to  be w ondered  a t : T h e  Idea  o f  th e m  i l r ik es  the  Mind 
very agreeably a t 'f ir f t ,  and  even feems to  p rom ife  the  t rue  Mechanifm. 
But th a t  Perfons verfed in the  m o l l  p ro found  G e o m e try ,  and  in the  moft 
fub lim e Calculations, able A cadem ic ians ,  w h o  inccifantly  a p p ly  them- 
fclves to  the  S tudy  o f  N a tu re ,  ihou ld  p lu n g e  h e a d lo n g  in to  thefe Notions, 
and fuftain the Vortices fr o  arts focis^ is to  m e  M a t t e r  o f  unaccount
able  Surprize.

I t  has been Jo n g  fince faid, tha t  acco rd ing  as Vortices fhall be multipli
ed , they  will degenera te  in to  Lictlenefs and  P uer i l i ty  : A n d  thefe are the 
Sen tim ents  even o f  the  g o o d  Carief.ans o f  o u r  D ays .  B u t  m ig h t  it not 
be faid, tha t  the g rea t  h a v in g  th e  fam e O r ig in  w i th  the  little,
the latter fhew the  Meannefs o f  E x t r a f t io n  o f  the fo rm er  ? A s  M a t te r  is 
divifible infinitum ; as to  V o r t ic i ty ,  there  is no  D if ierence  between the 
G reat  and the S m a l l : A n d  co n feq u en t ly ,  ŵ e have  a  R i g h t  to  reject the 
large Vortices^ fince pro icr ibe  th e  fmall.

i t  is on th is  C onfidera tion  th a t  I  a m  refolved to  a t ta c k  th e  Vortices: 
F o r  I m ull  o w n ,  to  the  S h a m e  o f  o u r  N a t io n ,  t h a t  th e  S p i r i t  o f  P ar ty  is 
fo p red o m in an t  there in ,  th a t  feveral P erfons ,  w h o  b y  a c lo f e S tu d y  have 
found the Infufficiency o f  Vortices^ for e x p la in in g  th e  Pbanomena o f  tlie 
H e a v e r s ,  y t t  have n o t  d a red  to  p u b l i ih  th e i r  N o t io n s  o n  th a t  Subjcfl.

i  But

un£a



r O f the hnpoffibllity and Jnfujiciency Vórtices.
But as a t  p re fen t  th e  S y f le m  o f  fmall Vórtices is freely a t ta c k e d ,  I  thinic, 

that 1 have a  R i g h t  to  a t ta c k  th e  la rge  j a n d  to  th is  P u rp o fe  Í h o p e  to  
prove,

I. T h a t  the  m cchan ica l  F o rm a t io n  o f  a  Vortex is impoíTible.
I I .  T h a t  the  Vortex^ were  it  i o rm c d ,  ca n n o t  be o f  lo n g  D u ra t io n .
III .  In fine, t h a t  it is n o t  fufEcicnt for exp la in ing  th e  'Pbanomoia,

*Tbe mechanical Generation o f  the V o r te x  is impo£ible.
P a  r  t . I .

Ill the H y p o th e f i s  o f a p e r f c a  Plenum, G o d  a t  firft created M a t t e r  Dcmonftn- 
indefinite, u n i fo rm ,  h o m o g e n e o u s ,  and  a t  R e f t .  T h i s  is allowed by all tion. 
Cartefians  ̂ and  follows in the ir  P r inc ip les  f rom  th is  a lone ,  th a t  M a t t e r  
was created a t  R e f t ,  N o w ,  f ro m  th is  p c rfe f t  H o m o g e n e i ty  o f  M a t te r  
ic evidently rcfults ,  in m y  O p in io n ,  th a t  th e  cannot be m echan i
cally formed. S u p p o fe ,  fay ú\t Cartcjians^ th a t  while  M a t t e r  is as y e t  
at Reft, G o d  im p r in t s  a  M o t io n  in a f t r a i t  L in e  on  one  o f i t ’s P ar t ic le s ;
T h is  Partic le  will every  In f ta n t  m e e t  w i th  O bftac les  to  th e  refti l inear 
M otion in th e  e n c o m p a i l in g  M a t t e r ;  th is  M o t io n  m u f t  there fo re  be 
turned afide, an d  will by th is  m eans b eco m e circular.

But w hy  i l iould  th e  e n c o m p a i l in g  M a t te r ,  w h ich  is a t  R e f t ,  be an  
O bftac le to  the r e d i l in e a r  M o t io n  ? Bccaufe, fay th e y ,  i t  h appens  t o b e  
in the L in e  defc r ibed  by th e  P ar t ic le ,  on  w h ich  M o t io n  is fuppofed  to  
be im prin ted .  B u t  th is  very  R eafon  w ou ld  alfo p ro v e ,  th a t  the  B ody 
fuppoled to  be in M o t io n  cou ld  n o t  c irculate ro u n d  a C en tre  a t  a  D if tancc  
from i t ;  bccaufe i t  w o u ld  co n f tan t iy  m ee t  w ith  M a t t e r  a t  R e f t  in th e  
Sides o f  the P o ly g o n  w h ich  it  was to  have defcr ibed .

In a W o r d ,  i t  i s a  received P r in c ip le ,  th a t  a  B ody  w h ich  m oves in a  
homogeneous M e d i u m ,  never  q u i ts  th e  L i n e  o f  it’s firft D ired lion  : Ic 
does not refrad t,  o r  dev ia te  on one S ide  o r  th e  o th e r  o f  th is  D i r e d i o n ,  
except when it paiTes f rom  an eafier in to  a m o re  difficult M e d i u m ,  o r  from  
adenfer in to  a  lefs denfe  M e d iu m  : A n d  even then  i t ’s D i r e d i o n  m uft  be 
oblique on th e  Surface o f  th is  M e d iu m .

N o w , the B ody  in Q u e f t io n  w o u ld  m o v e  in a  M e d i u m  en tire ly  h o m o 
geneous ; feeing all the  creatcd  M a t te r  is i 'uppofed to  be fo, an d  th a t  all 
but one Par t ic le  o f  th is  M a t t e r  is a t  R e f t ,  I t  is m o reo v e r  ev id en t ,  th a t  
as all the M a t te r  is u n i fo rm ,  every  D i r e f t i o n ,  o f  w h a t  k in d  foever, o f  a 
Body which m oves in th e  m id f t  o f  th is  M a t t e r ,  w ill  be pe rpend icu la r  to  
the Surface w hich  co rre fponds  to  i t ;  as is d em o n f t ra ted  in M echan ics .
T h e  fuppofed Mobile will there fo re  a lw ays  m o v e  in th e  L in e  o f  i t ’s firft 
Diredlion, until  ic has c o m m u n ic a te d  all i t ’s F o rc e  ; o r  ra the r  it will r e 
main a t  R e f t  after  th e  leaft S h o c k ,  i f  R e g a r d  be  h ad  to  n o t h i n g  m o re  
than what I  have  h i th e r to  faid.

But there  ftill rem a in s  a  very  im p o r ta n t  R e m a r k  to  b e  m a d e  on  th is  
Subjeft, to  w ir ,  th a t  as it is un iverfa lly  ag reed  a t  th is  D a y ,  t h a t  R e f t  is 
not a F o rce ,  all th is  M a t t e r  c rea ted  a t  R e f t  will  be  in f in ite ly  f o f t ; I t ’s

D  d  d  2 P a r ts

M e d
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O f the ImpoJJibiUfy and Inftijiciency o f Voxúct%.
P a r ts  will have no  T e n a c i ty ,  n o  C o n n ex io n ,  n o V i f c o f i t y ;  they  will be 
b u t  contiguous,  an d  will n o t  have m o re  Acihefion to  o n e  ano ther ,  
than T w o  G lobes w h ich  w ou ld  touch o u t  o f  the  B ounds  o f  the  W o r ld  
w ith o u t  any reciprocal  A t t rad l io n  ; fince T e n a c i ty ,  V ifco f i ty ,  are, 
in the Cartcfum S y f tem , b u t  th e  Effecls  o f  CompreiTion every  W a y .  
W h e re fo re  thcfe P a r t s  will he d iv ided  at  the  Icafl: S h o c k ,  in th e  fame 
m an n e r  as if  Q u ic k f i lv e r  be th ro w n  ag a in f t  a W a l l ,  it is in i lnn t ly  feeri to 
he  div ided in to  a M il l io n  o f  P a r ts ,  to  be rcflcftcd  on  every S ide, and 
be again d iv ided  as fo o n as  ic falls on th e  F loor .  I k n o w  m y  C om parifon  
i s n o t e x a f t ,  b u t  the  A d v a n ta g e  is on m y  Side ; becaufe Q ii ick i i lv e r  is 
n o t  w i th o u t  Vifcofity, or a certain  7  cnaciry b;.tween it’s P a r c s ; w hether  
i t  p roceeds f ro m  A t t r a iU o n ,  w h ich  is m y  O p in io n ,  o r  th a t  i t  be the 
FfFe<5t  o f  the  PreiTure o f  th e  am b ie n t  F lu id .  T h e re fo re  th e  Cartejtan 
M a t te r  will have m ore  Facili ty  to  d iv ide  than  Q a ic k f i lv e r ,  a n d  will not 
be  fufceptible o f  any regular M o r io n  ; w hich  aíone d em o n íl ra te s ,  that 
the  m cchanical G enera tion  o f  the Vortex is impoilible.

T h e r e  is h o w ev er  th is  Difference be tw een  the  Vortex im ag ined  by 
Defcnrtes^ com pofed  o f  hard  G l o b u l e s ; and  th a t  o f  the infinitely fofc 
M a t t e r  o f  F .  Malebranche^ w hofeSyftem  is revived by  his D ifc ip le  M . de 
M olieres *, th a t  i f  the Ctír/íj/ííTWj a d m i t te d  G ra v i ty  as a P r in c ip le  ; befides 
th a t  it woufd give the  true Caufe o f  H a rd n e fs ,  i t’s C o m b in a t io n  with  the 
f tra i t  o r  projectile M o t io n  w'oukl p ro d u ce  a M o t io n  in a C u rv e  ; as Sir
I. Ne^wton has dem onilraccd .  B ut until  they will re tu rn  to  th is  Idea of 
p r im i t iv e  G rav ity ,  and fu r ther  w hile  th ey  will m a k e  ufe o f  no  othtT 
M a t te r  than  one infinitely foie, i>nd really un in te l l ig ib le ,  it w ill  no t  be 
poiTible to  conceive a  fingle Vortex fo rm ed ; far f rom  h a v in g  th is  infinite 
N u m l)c r ,  w h ic h ,  b y - th e -b y c ,  ol^¿!;ht to  be d i i l ipa ted  as W a v e s  railed in 
fhe W a te r ,  upon  accoun t  o f  th e i r  p trrfed  H o m o g e n e i ty .

1 he f;imOMS Carteftan^^ a lways rc iu fing  to  allow th is  p r im i t iv e  Gra
v i ty ,  a n d  at  the  fam e T i m e  p la in ly  feeing, th a t  th is  firft M a n n t r  of 
f o r m i n g  t h e / V / f . v  was impofiible , have had recourfe^ in o rd e r  to  it’s 
F o r m a t io n ,  to  th e  M o t io n  o f  R o ta t io n  o f a f o l i d  S p h ere  a t  th e  C en tre  of 
a fmall Par t ic le  o f  M a t te r  a t  R e f t ,  t i e .  and they  have p re te n d e d ,  thac 
rhi.s Sphere  in it’s C ircu la t ion  o u g h t  to  carry  a lo n g  w i th  it th e  c ircum am 
b ie n t  M a t te r .

B ut th is  N o t io n  is certain ly  as unfufla inable  as th e  F ir f t .  F o r ,

' 1 ^ ,  T h e y  m u f t  expla in  to  us th e  m ech an ica l  F o rm a r io n  of this 
S p h e r e ; they  m u i t  account for it 's  So lid i ty  ; But all t!iis manifeftly  fup* 
pofes the Vortex a lready  fo rm e d  ; ail th is  fuppojvs a PreiTure equal on 
every Side, u n i fo rm  an d  concen tr ic .

T h i s  S p h e re  w o u ld  never i r a p r in t  an  equal V e lo c i ty  on  all the 
P o in ts  o f  the concave Surfacc w h ich  touches and  inclofes ir, feeing itfelJ 
Ju s  no t  an equal V elocity  in every P o i n t  o f  it 's laft Surface *, an d  there- 
tc;re the Vortex w ou ld  no t  have as m u c h  F o rc e  to  d t f e n d  itfe if  co^vards the 
P o k s ,  iu towards th e  E q u a to r  5 as w e ih a l l  flaew hereaf te r .
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T h i s  S p h e re ,  in f t r ik in g  aga in f t  th e  a m b ie n t  M a t t e r ,  w ou ld  b u t  
divide it ad infinitum \ becaufc it is infinitely fo tt ,  an d  t h a t  i t ’s P a r t s  have  
no A d h e ren c e  with  each o ther .

Aftblŷ  I t  is n o t  fufficient, th a t  a  S phere  tu rns  ro u n d  it’s C e n tre ,  to  d r a w  
into it’s C ircu la tion  th e  a m b ie n t  M a t t e r : I t  is m oreover requ if i te ,  th a t  to  
p rc fso n  th is  M a t te r  ^n a D i r c f l io n  f ro m  the  C en tre  to  th e  Circumference* 
(which a  foHd G lo b e  e i ther  canno t  d o ,  o r  can hard ly  be conce ived  pofli-  
ble for it to  d o )  and  fu r th e r  f t i l l ,  i t  is neccfTary there  ihou ld  be U n e v c n -  
neiles on  this S p h e re ,  a n d  on the  concave Surfacc o f  the  a m b ie n t  M a t t e r ; 
becnufe o th e rw ifc ,  th o u g h  th e  Spliere iliould prefs this Surfacc by i t ’s  
centrifugal F o rcc ,  i t  w ou ld  only  raife it u p ,  o r  tend  to  raife it> and  it  
would Aide a lo n g  th e  Surface w i th o u t  d r a g g in g  it away with  i t :  O n  
which H e a d  there is th is  P a r t icu la r i ty  to  be  rem ark ed ,  th a t ,  for the  u n i 
form  C ircu la t ion  an d  Confervation  o f  the  Vortex^ and  ilili m ore  for th e  
preferving o f  Kep!cr*s L a w s ,  tlie Spheres and  Surfaces m u f t  be f t r i d ly  
M athem atica l ,  as w eflia ll  foon fee ; a n d  for it 's F o rm a t io n  they m u f t  be  
rough ,  a n d  full o f  U nevenne iT cs : But w h a t  can be m o re  whimfical 
A n d  fu rther ,  th o u g h  thefe Surfaces were full o f  P r ic k le s ,  yet could  no t  the  
Vortex be fo rm ed  in th e  I l y p o t h e f i s o f  F .  Makbrtvicbt^s fo tt  Matter-, be-  
ciiufc the Parrs  w h ich  would  fo rm  thefe E m in en c es  a n d  Unevenneffes on  
the concave Surface o f  the  M a t te r  fu r ro u n d in g  th e  S phere ,  n o t  be in g  con- 
iieéled w ith  the  o th e r  P a r t s  o f  the fam e M a t te r ,  w ould  be carried ofl 
w i th o u t  Difficulty by the  R o ta t io n  o f  th e  S p h e r e ;  a n d  th e  reft o t  the  
M a t te r  w ou ld  rem ain  a t  R e f t .  A n d  tho le  w ho  w ould  prc 'tcnd, th a t  thefe 
Unevenneffes ,  thefe P a r t s  w hich  fo rm  th e  M il locks  wc are Ip e a k in g  of,  
could nor, in confequcnce o f  G o d ’s D ecree ,  loofe them felves  from  th e  
other P a r t s o f t h e M a t t e r ,  woul.l  ev iden tly  ab an d o n  M e c h a n i im ,  w ithou :  
reaping any  A d v a n ta g e  : R .’caufc, Íu p p o í in g  it t rue ,  tha t  by this M e a n s  
the am b ien t  M a t t e r  w ou ld  be com pe lled  to  circulate , y e t  could  if n o t  fo rm  
a fluid Vortexy w herein  Kepl¿r*St L aw s  c o u lJ  be obferved  ; bccaufe b o th  
the Sphere and  thefe  Surfaces b e in g  by thefe UnevenncfTcs w edged  in to  
each o th e r  by  folid hard  an d  inflexible P a r ts ,  they  w ould  ncceffarily m ove

■ all o f  a P iece ,  as th e  P a r t s  o f a  S phere  do.
5/¿/y, By m eans o f  th is  S p h e re  one  could  have  b u t  a g rea t  V o rk x  fo rm 

e d a n d  n o t  th a t  in f in ite  M u l t i t u d e  o f  f m a l l / 'V r/W J , w ith  which the  
great ones are  a t  th is  D a y  fuppofed  to  be filled, an d  in the C en tre  of alf,. 
or  m oft  P a r t  o f  w'hich, P eo p le  will n o t  allov/ th a t  the re  are hard G lo b u le s ,  
and fo o f  th e  r e f t :  F o r  I  am  perf i jaded ,  th a t  the  R e a d e r ,  by  a l i t t le  
M e d i ta t io n  on th is  S u b je ñ ,  will find a lm o f t  as many R eafons a g a in f t  
this S y f tem ,  as th e re  are fmall Vortices fuppofed  to  exift.

I t  m ay  be o b jc f le d ,  th a t  w e d o  n o t  p re tend  to  form  V e r te x : W e  
fuppofr th a t  G o d  fo rm e d  it in the B e g in n in g ,  a n d ' in  C onfequence  Iicrc- 
of w e  account fu r  it’s p roper t ies  and Confervacion.

B u t ,  befidcs th a t  th e  ImpofTibility o f  th e  m echanical G e n e ra t io n  o f  a  
I crt f x  i s a  f t ro n g  Pvejudice aga in f t  i t ’s C onferva tion  i T p re te n d ,  in th ¿  
i^rincipWs oi o u r  A d y t r fd r ie s ,  G o d  c o u ld n o t  ib rm  a fingle

I: ddfir^
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I  dcfire A t ten t ion  m ay be g iv en ,  th a t  a c ircu la r  M o t i o n  is a  redoubled 
and  forced M o t io n  ; and  no t ,  as M r  PerauU  t h o u g h t ,  a na tu ra l  M otion , 
N o w  the redlilinear M o t io n  canno t be r e d o u b le d  th u s ,  as againft  ¡[»3 
N a tu re ,  in o rd e r  to  becom e circular, b u t  u p o n  a  S u p p o f i t io n  th a t  it 
meets in the a m b ie n t  M a t t e r  inv incib le  O b i lac lc s  t o  i t ’s D irec t ion  ; or 
d u t  by a p r im it ive  L a w  it is carried tow ards  a  C e n tre  by  a  M o t io n  o f  
G rav ita t ion ,  a t  the  fame T i m e  th a t  it receives a M o t io n  in a  f t ra i tL in e .  
T h ere fo re ,  fince on one  h an d  th is  univeriiil and  p r im o rd ia l  G ra v i ty  is 
obilinarely r c je d e d  •, a n d  on th e  o the r ,  as it  is folidly p ro v e d  above ,  that 
the am b ien t  M a t te r  is no  O bftac le  to  the  r c ñ i l in c a r  M o t io n  ; it remains 
certain, th a t  th e  F o rm a t io n  o f  the  Vortex is im poíBble .  ^  E . D ,

P a r t  II and V o r te x ,  though once formed^ cannot laft  ̂ and it  is not fujjicient fo r  ex~
plaining the celcjlial Phsenom ena.

T h e  cy lindric  Vortex canno t lo n g  fubfiil', and  is n o t  fuiTicient for ex
p la in in g  the  ccleftial Phtnom cna: T h i s  P r inc ip le  is a l low ed  by  all Car  ̂
ttfians in bo th  it’s Parts .  Ic can n o t  fubfift ; becaufe n o t  h a v in g  Force 
to  defend itfelf towards th e  Poles,  i f  it h a p p e n e d  to  h i t  o n  th a t  Side 
aga in f t  ano the r  cy lindric  Vortex^ t h a t  p re fen ted  i t ’s E q u a t o r ,  i t  would 
iqon  be b ro k e  in to ,  and  burft  to  it’s very Centre .  I f ,  o n  th e  contrary ,  
i t ’s fam e Side touched ano the r  c y l i n d r i c b y  th e  P o le s ,  they  would 
b o th  m ix  together,  and would  com pofe  b u t  one  Vortex,

I t  is notfufficient for expla in ing  th e  celeftial Phaenomena \ becaufe it is 
a l low ed ,  tha t  the tranflative Velocities o f  it’s P o in t s  c a n n o t  be in an in
verted  Ratio to  the R o o ts  o f  the D if tances ,  a n d  th a t  i t’s centrifugal 
F o rc c  docs no t  d im inifli  in the inver ted  R atio  o f  th e  S quares  of thefe 
Diftances,

T h e re fo re  the  fpherical Vortex^ in o rd e r  to  be of U fe ,  m u f t  have other
P ro p e r t ie s  than  th e  cy l in d r ic :  T h a t  is to  fay, i t  m u f t  h a v e  a  relative
F o rce  to  one an d  the  fame C e n tre  ; fo r  i t  is by  th is  F o r c e  a lone  th a t  it
can be d ifferent f rom  th e  cy lindric  Vortex.

T h i s  F o rc e ,  m oreover,  ruuft  be equal in all the  P o in t s  o f  th e  fame
fpherical Superf ic ies ;  bccaufe o th e rw i fe i t  m ig h t  be b u r f t  a n d  b r o k e  into
in i t ’s weak P ar ts ,  as well as the  cy lindric ,  i^c.

E v e n  in the fpherical Vortex there  is n o  re la t ive  F o r c e  to  one and
the  fame C e n t r e : h a t  is to  fay, th a t  i t  has p ro p e r ly  b u t  a n  axifugal
Force.

T h e  fpherical Vortex is c o m p o ie d ,  as well as th e  c y l in d r ic a l ,  offeveral 
parallel Circles, b u r  w ith  th is  D ifference , th a t  in th e  fpherica l  Vortex the 
R a d ii o f  the  parallel Circles are n o t  all equa l ,  b u t  o n  th e  c o n t ra ry  d im in i ih  
acco rd in g  as they  recedc f ro m  th e  E q u a to r ,  an d  a p p ro a c h  th e  Poles, 
N o w  it is manifeft, th a t  all th e  parallel C irc les  c i rc u la t in g  ro u n d  difterent 
P o in t s  o f  the Axis in the  fpher io i l  Vortex^ as well as in  th e  cy lindrical,  
rend  to  recede only f rom  thefc d ifferent P o in ts  o f  th e  A x i s ,  ro u n d  which 
they  c i r c u la te ; bccaufe a  B ody  ca n n o t  ten d  to  recedc  f r o m  any  Centre

but

Corollary,

Theorem I.

D em oaftra-
lion .
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b u t  th a t  o f  it*s C ircu la t ion .  I n  a  W o r d ,  in o rd e r  to  m a k e  a  Vortex fphc-  
rical, w h ic h  was cy lindrica l ,  they  have b u t  p ro p o r t io n a l ly  fh o r tcn ed  th e  
parallel Circles. B u t  le t  th e  R adius  o f  a  C ircle  be ever  fo m u c h  íh o r te n e d  
o r  leng thened ,  th a t  will n o t  ch an g e  th e  D ire f t io n  o f  i t ’s d ila t ive  E f fo r t .
I  am  m i f t a k e n ! A n  im a g in a ry  L in e  is g o in g  to  ch an g e  the  D i r c i l io n  o f  
the axifugal F o rce .  T h i s  F o rc e ,  as all agree ,  has for it 's D i r c f l io n  

Radius I C ,  in th e  C irc u m fe re n c e  w h e reo f  i t  is th t Radius % b u t  th e  
D irec t ion  I  C  is o b l ique  to  C  E  th e  T a n g e n t  to  the S p h e r e ; the re fo re  it 
changes, a c c o rd in g  to  th e  genera! L a w  o f  an ob l ique  S h o c k ,  in to  th e  
D e te rm in a t io n  I E o r  O  C  relative to  th e  C e n tre  O .

B u t  i f  L in e s  m ay  be im a g in e d ,  a n d  th a t  n o th in g  m ore  is requifite  to  Fig. i* 
realize th e m ,  th an  P o in ts  th a t  co rre fp o n d  to  them*, w e ihall have fo m e  
o f  all forts in th e  Vortex : W e  íhall have o b l ique  L ines  on  th e  Radius
O  A ,  a  p e rp c n d ic la r  o n e ,  a n d  fo m e  m o re  o r  lefs o b l iq u e ,  on  the R a -  
diiisl C ,  and  by  th a t  m eans  w e íhall be able to  d e te rm in e  no th ing .  ] , e t  
us g ran t  how ever ,  th a t  there is a T a n g e n t  to  th e  S phere  C  E ,  at  th e  
P o in t  C ,  an d  let  us fee i f  i t  will be  a  fufficient R eafon  for d e c o m p o f in g  
the cen tr ifuga l  F o rce  I C  in to  a centra! F o rc e  I E  o r  O  C . F o r  th a t  
Purpofe  1 a ik ,  W h a t  are th e  P o in ts  th a t  com pofe  th is  T a n g e n t  ? I t  is 
evident th a t  i t  can  on ly  be th e  G lo b u les  o f  th e  u p p e r  Stratum th a t  anfwer 
thereto. T h e  L in e  C  E  is the re fo re  com pofed  on ly  o f  a  cer ta in  N u m 
ber o f  P o in ts  fepara te  o n e  f rom  th e  o th e r ,  and  w h ich  confequen tly  can 
m ove one w i th o u t  th e  o th e r .  T h e r e f o r e  i f  th e  L in e  I C  is perpendicu lar  
to  the G lobu le  th a to c c u p ic s  th e  P o in t  C ,  an d  th a t  it pafles th ro u g h  it 's  
Centre •, there  will be  no  D e c o m p o fu re ,  and  th e  F o rc e  I C  will  not 
change in to  a  F o rc e  th a t  has the R adius O  C  for it’s D ire f l io n .

N o w  it is in f in ite ly  p ro b a b le ,  th a t  th e  R adius I C  pniTes th ro u g h  the  
Centre o f  th e  G lo b u le  C  ; an d  it is eafy to  d e m o n i l r a te ,  chat it is actually  
fo even in th e  P r in c ip le s  o f  M .  Saurin^ w h o  firft inven ted  this central 
D ecom pofi t ion .  F o r  w ha t  has been th e  caufe o f  the  D c co m p o f i t io n  o f  
the circular V e lo c i ty  in to  the  cen tr ifuga l  F o rce  I  C  ? I t  feems plain to  
m e, tha t  n o  o th e r  Caufc can be afligned than  th e  P o in t  o r  G lobu le  C  *, 
feeing there  is b u t  th a t  o n e  at  th e  P o in t  w h e re  it happened .  T h e  L in e  I C  
pafles then th ro u g h  th e  C en tre  of the  G lo b u le  C  ; fince the  D c c o m p o -  
iition is always m a d e  in a p e rp e n d icu la r  L i n e  to  th e  P o in t  th a t  caufecl 
it.

A n d  indeed ,  e i th e r  t h t  R adius  I C  paiTes th ro u g h  the C en tre  o f  th e  
Globule C ,  o r  th e  C e n tre  o f  th is  G lo b u le  is on o n e  Side o r  th e  o th e r  oi 
this Radius^ b u t  fo as t h a t  th is  Radius cu ts  the  P o in t  C  i o r  elfe, it is :i 
Space in te rcep ted  be tw een  tw o  G lobules ,  w h ich  d i r e i l ly  anfwers t o  th e  
P o in t  C . In  th e  F i r f t  C afe ,  th e re  is n o  D e co m p o f i t io n  ; In  th e  S econd ,  
and in the  H y p o th e f i s ,  th a t  the  C e n tre  o f  the  G lo b u le  C  h a p p e n s  to  bfi 
between the R adius  I  C  an d  th e  E q u a t o r ,  th e re  will be a D a o m i ) o f i t i o n  v 
but it is m an ife f t ,  t h a t  i t  will n o t  be  a  cen tra l  one : I t  w ill ,  o n  the c o n 
trary , be rela tive e i th e r  to  t h e  very  P o le ,  o r  to  o n e  of th e  po lar  Circles ,  
i n  the T h i r d  Cafe , w here in  it  is. i^jppofed th a t  i t  is a Spiice in te rcep ted

betwee»
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between two G lobules ,  w h ich  anfw ers  to  th e  P o in t  C ;  th e re  m ay  be a 
D rc o m p o f i r io n ,  b u t  ic will be d oub le ,  th e  o n e  relative to  th e  C en tre  O ,  
anti rhe oth^.T reiaiive to  tiie P o le  Z ,

N o w  the Cartifian's can never d ra w  from  th is  D e c o m p o f i t io n  the  A d 
vantage they p rcpo lc  ; bccaufe there  will n o t  be m o re  R eafon  fo r  heavy 
Bodies p re c ip i ta t in g  to  the C e n tre  o f  th e  S p h ere  by  m ea n s  o f  the  central 
F o rc e ,  than  to  the  very P o le  by the AfiU lance o f  t h e p o l i f u g a l  F o rc e ;  
o r  ra the r ,  the  C o m p lica t io n  o f  thefe tw o  Forces will c o m p e l  the  Mobxk 
l o  precipitate  to  th e  C en tre  1 o f  the  Paralle l  ic happens  to  be in.

W h e re fo re ,  in o rd e r  to  defend  the  fpherical Voriex^ th e y  mufl: fay, 
th a t  the  C e n tre  o f  rhe G lobule C  is c o m p re h e n d e d  betw een  th e  Poles and 
th e  Radius I C. B u t  on  w hat  F o u n d a t io n  will they  af lu re  ic? W h a t  are 
th e  P ro o ts  they  will g ive for i t ?  O n e  m u f t  ce r ta in ly  be a very bold 
( ia m e f te r ,  t o  hazard  th is  Poin t- ,  becaufe befides th e  A p p ca ran ce  of 
T r u t h ,  the  Adveriaries o f  Vortexes m a y  w a g e r  T h r e e  to  O n e ,  tha t  it 
does  n o t  fo happen .  But in cafe it be ailow^ed, will th ey  ever find in the 
foft M a t t e r  o f  F . Malchramhe and  M .  de Moliere^ a  fuificient Caufe o f  the 
D c c o m p o f i t io n ?  T h e r e  m uft  be a R cfii lance to  p roduce  a D ecom pofi t ion ,  
a n d  an infinitely foft M a t te r  does nor refill:. A n d  fu r th e r ,  in rhe H y -  
po thefis  o f  the D ecom pofition  o f  I C  o r  O  C ,  the  Vortex w ould  not be 
in Safety i becaufe there w ould  be a  R e m a in d e r  o f  th e  centrifug;il  Force 
1 C ,  th a t  would be parallel to  rhe T a n g e n t  C  E ,  a n d  w ou ld  evidendy 
jp read  Confufion in the Vortex^ by d r iv in g  all the parallel C irc les  towards 
th e  E quato r .

I 'h i s  feems to  m e  fufHcient to  d ifcredit ,  in the M in d s  o f  rational 
P e o p le  free f rom  Prejudice, th is  centra l  F o rce ,  w h ic h  is a t tem p ted  by 
all means to  be in troduced . But le t  us no t  be t ired  o f  e x a m in in g  this 
P o in t  tho rough ly  : I t  is o f  Confequence, and ÚxtCartcfiayis w'ell dcferve 
th e  T ro u b le  o f  an abundan t  R efu ta t ion .  W h e re fo re  let us fuppofe ,  that 
G o d  fo rm s a 7̂ (?r/rx cylindrical and  fluid ; it is a received an d  evident 
P r in c ip le ,  tha t  i t’s Po in ts  will have b u t  an a>cifugal Force .  A n d  i f  a Sphere 
be conccived to  be infcribed in th is  C y l in d e r ,  the  P o in t s  t h a t  com pofe it, 
will n o t  in l ike m anner have any central c e n t r i fu g ó  F o rc e ,  acco rd ing  to 
th e  A x io m  : Noftrum intelUgere nihil fon it in re. N o w  let us realize this 

J fpherical Vortex^ w'hich before we had bu t  cen ce iv ed ;  th a t  is, le t  us fup-
! ))ofe, th a t  G o n  has d c d ro y e d  the tranflative V e lo c i ty  o f  th e  P o in t s  that

fo rm  the angu la r  Spaces in tercepted  be tw een  th e  laiV vSurface o f t h e i n -  
fcribed Sphere  an d  th a t  o f  the C ylinder  5 it is m a n i te i l ,  th a t  no  Change 
w ill happen in th e  V e loc i ty  and axifugal F o rc e  o f  th e  refl: o f  the  Points, 
which are not included in thefe  ̂ for th is  R eafon ,  th a t  th e  P o in ts  which 
fill the two k in d s  o f  Bafons th a t  m a rk  th e  Excefs  o f  th e  C y l in d e r  above 
the  infcribcd S phere ,  rem ain  in the  fame O r d e r ,  D ifp o f i t io n ,  and Direc- 
tion^ with  regard to  the  in ferio r  P o in ts ,  w h ich  th ey  w ere  in at  rhe T im e  

I the ir  M otion . A m i there  is no  o th e r  Difference to  be  perceived herein,
 ̂ cxcep t  th a t  at prefent it  is the  fam e P o in t  th a t  c o n f ta n t ly  correfponds to

th e  fam e I  lace j and th a t  before th is  P lace  was fucceilively occupied  by 
I Points

I
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Points entirely  re fe m b l in g  each o th e r ,  a n d  th a t  w h ich  rem a in s  o r  is fup-  
pofed conf tan tly  to  rem a in  therein .

N o w  w h e th e r  th is  P lace  be co n i lan t ly  occupicd  by  o n e  a n d  th e  f i m e  
P o in t ,  o r  fucceíTivcly by  P o in ts  en t i re ly  a h k e  and  in the lam e  O r d e r ,  is 
what o u g h t  n o t  to  p ro d u ce  any  V ar ia t io n  in the  EfFefl w h ich  w c a re  e x a 
m in ing  : A n d  th is  ap p e a rs  to  m e  a t  le a d  as clear as N o o n -d a y .

W h e re fo re ,  f in c e th e le  inferior  P o in ts  had  then  b u t  an axifugal F o rc e ,  
it follows th a t  even  n o w  they  have no  o th e r  T e n d e n c y  than  to  rcccde 
from the C en tres  o f  th e i r  C ircu la t io n s ,  w i th o u t  h a v in g  any I* orcc  rela tive 
to the C en tre  o f  th e  Vortex.

T h is  is all th a t  pu re  Reafon  d i f la te s  to  m e  on  th is  P o in t  o f  the  N a tu re  
of the Vortex^ w h e th e r  Ipherical o r  cylindrical : A n d  I dare  flatter iny-  
fclf, tha t  w hofoever  will a t ten t ive ly  e x a m in e  m y  R ea ibn ings ,  wiil h r .J  
t h e m a s d e m o n i l r a t iv e  as can  be de i i red  in N a tu ra l  P h i lo fo p h y .

In EflFeft, E x p e r ie n c e  agrees here w j th  R ea lbn .  I f  a g ía is  G lo b e  filled 
with W a te r  be  rap id ly  tu rn ed  on  i t ’s A xis ,  o n e  fees lit t le  FouinciTei ; the  
fmall A to m s  w h ic h  it never fails to  con ta in ,  g a th e r  to g e th e r  a lo n g  the
Axis, and  fo rm  a little  C y l in d e r  ro u n d  i t . ------- W h i c h  very  plainly fliews,
that in th is  Ipherica l  VorteK o f  W a t e r  th e re  is b u t  an  axitugal F o rce ,

E . D .
T here fo re  G ra v i ty  is inexplicable  in the  VorteXy a n d  it has n o t  S tren g th  CoroIUry. 

to defend itfe lf  tow ards  th e  Poles.
Suppofing  there  was in the  fpherical Vortex a centra l  F o rc e  acco rd ing  Theorem IL 

to the Radius O C ,  it cou ld  n o t  by R eac t io n  be ch a n g e d  in to  a  centr ipe-  ^*2' ’ • 
tal Force acco rd in g  to  th e  R a d iu s  C  O .

T h is  P ro p o f i t io n  is well k n o w n  to  all w ho  are  fo m ew h a t  converfan t  in 
Mechanics.

I t  is the re in  d e m o n i l r a t e d ,  th a t  i f  th e  Radius I C ,  for E x a m p le ,  fo rm s 
with the T a n g e n t  C  E  an  A n g le  o f  4 5  D egrees ,  the  I .m e  oi Reflexion 
will be parallel t o  the  A x is  i a n d  th a t  f ro m  th e  P o in t  C  to  the P o le  Z ,  
the Lines o f  R eflex ion  will be d iv e rg e n t  to  the  A x i s ; a n d ,  in fine, tha t  
from the P o in t  C  to  th e  E q u a t o r ,  thefe fan)C L iu c s  o f  Reflexion will be 
indeed convergen t  to  th e  A x is ,  b u t  will never  te rm in a te  a t  th e  C en tre  O  :
In  a word, th a t  becaufe the  A n g le  o f  Reflex ion  is always equal to  the 
Angle  o f  Incidiince, i t  is on ly  at  the  E q u a to r  th a t  th e  centritugal F o rc e  
can be changed  in to  a  cen tr ipe ta l  Force .  E .  D .

Therefore  the  m o d e rn  Carteftans a re  i l ra n g e ly  m if laken ,  when they  Corollary L 
pretend to  accoun t for G ra v i ty  by th e  R cverfc  o f  th e  central cen tr ifuga l  
Force. t

A n d  they  can n ev e r ,  a fortiori^ in th e i r  P r inc ip les ,  expla in  th e  F i -  CoroIUry II. 
gure o f  the  E a r th  m á  o i  Jufitcr^  w hich  are flatted Sphero ids  m a d e  by  
the Converfion  o f  an  E ll ip f is  u p o n  it’s fmall Axis .

I f  the cen tr ifugal F o rc e  rep re fen ted  by I C ,  be  decom[>ofed on thp Lemma I, 
fpherical T a n g e n t  in to  a  F o rc e ,  th a t  for ii*s l ^ i r e d io n  has th e  C e n tre  oí 
the S p h e r e ; th e  centra l  F o rc c ,  w h ic h  refults f ro m  th is  D c c o m p o C t io n ,  
will be to  the  cen tr i fuga l  F o rc c ,  as the Raditts 1 C  to  th e  R üííÍus O  C .

V  O  L .  V I I I .  Parc  ii. E  e e ' '
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F o r  the  centr ifugal F o rce  I C ,  b e in g  d e c o m p o fe d  in to  C  on  the  T a n -  
r r e n to f  the  Sphere ,  will ( t r ik e  th is  T a n g e n t  w ith  a  F o r c e  th a t  will be 
rcprefented by I  P'. R u t  on  accoun t of the  f im ila r  T r i a n g le s  I  E  C,
I O  C ; I K, I C  ; ; I C. O  C.

Limma II. A  Body w h ich  defcribes a C urve ,  f trikes th is  C u rv e  every  t im e  i t  paíTes 
from  one S ide to  th e  o th e r ,  w ith  an  infinitely  fm all  F o r c e  o f  th e  6rft 
k in d  w ith  regard  to  i t ’s V elocity .

T o  th e  b e d  o f  m y  R e m e m b ra n c e ,  th is  P ro p o f i t io n  is d em o n f t ra ted  
in D r  Clarkes N o te s  on Robauh’s Phyfica^ and  in M .  de Moliere*% L eé tu re s :  
A n d  it is ev iden t  f ro m  this alone, th a t  i t  can only  be by  a  F o rc e  repre- 
ien ted  by th e  Sine o f  the  A n g le  o f  C o n t a d  th a t  this m oveab le  B o d y  ftrikes 
th e  I ' a n g e n t  o f  it’s Curve.

I heorcralll. I>et us p u t  C om plaifance  on the S tre tch ,  an d  g r a n t  th a t  Vortices have
a  central  a n d  centripeta l  F o rc e  relative to  one C en tre  O  ; I  fay, th a t  the 
fpherical Vortex w ill  n o t  have as m u c h  o f  this central  F o rc e ,  t o  defend 
i tfe lf  tow'ards th e  Po les ,  as tow ards  th e  E q u a to r .

Conflruftion. US ta k e ,  in th e  fame Superficies X  tw o  P o in t s  a t  P lea fu re ,  the
Fig. I. P o in t  A  in th e  C ircum ference o f  the  E q u a to r ,  a n d  th e  P o in t  C  in the

C ircum ference  o f  a fu b d u p le  parallel C ircle  ; w e w il l  g iv e  in  th e  D e m o -  
ftra tion  an equal Velocity  to  th e  G lobu les  w h ich  c ircu la te  in  thefe two 
C i rc u m fe re n c e s ; w h ich  is the  m o f t  favourable Conceflion im ag in ab le  for 
the  P a trons  o f  Vortexes,

Demonilra- I t  is m anifcft ,  th a t  i f  th e  P o in t  A  is in an  equal Space o f  T i m e  flruck
lion. an  equal N u m b e r  o f  T im e s  as the  P o in t  C ,  an d  th a t  each  S t r o k e  againft

th e  P o in t  A  be doub le  each S tro k e  aga in f t  th e  P o in t  C j  i t  is manifeft,  
I  fay, th a t  there is m ore  F o rc e  a t  th e  E q u a to r  than  a t  th e  paralle l  Circle* 
N o w  the Suppofit ion  is very certain  in b o th  it’s P a r t s : F o r ,

1. Since th e  C ircum ference  o f  th e  E q u a to r  is th e  d o u b le  o f  that 
o f  the  parallel C ircle ,  a n d  th a t  b e in g  a t  an equal D if tan ce  f ro m  the 
C e n tre  O ,  the  G lobu les  they  conta in  are  equal to  each  o th e r  ; if 
th e re  be a  th o u ian d  G lobu les  in the  C ircum ference  o f  th e  Paralle l ,  there 
•will be 2 0 0 0  in th e  C ircum ference  o f  the  E q u a to r .  A n d  as thefe  G o b u k s  
a re  fuppofed  to  have in b o th  an equal V eloc ity ,  they  w il l  m a k e  (bu t)  O ne 
R e v o lu t io n  in th e  E q u a to r ,  w hile  thofe  o f  th e  fu b d u p le  C ircum ference 
will  m a k e  two. T h e re fo re ,  in b o th ,  there will be  2 0 0 0  S tro k e s  em ploy
ed in the  fam e Space  of T im e ,  aga in f t  the  P o in ts  A  a n d  C.

2. E a c h  central  S t ro k e  is doub le  a t  th e  E q u a t o r : Becaufe, as there  is 
in  bo th  an  equal V e loc i ty ,  an d  th a t  ( L e m . I I , ) each cen tr ifuga l  S troke  in 
every C ircum ference  is a  F lu x io n  o f  the  firft k in d ,  w i th  reg a rd  to  the  .Ve
locity o f  the G lobu le  w h ich  is in M o t i o n ;  i t  fo llow s th a t  th e  centrifugal 
S trokes  bo th  in th e  E q u a to r ,  and in th e  parallel C irc le ,  a re  equal to  each 
o the r .  But the centra l  E f fo r t  (w h ich  is th e  on ly  o n e  b y  w h ic h  a  Vorte:< 
can d e fen d  itfelf tow ards  th e  Po les)  is a t  th e  P o in t  C  ( L e m . I .)  b u t  half 
th e  cen tr ifuga l  E ffo r t ,  fince it  is rep re fen ted  by  I  E  fubdup le  o f  I  C ;  
whereas ac th e  E q u a to r  th e  cen tra l  E f fo r t  is th e  fam e w i th  th e  c e n t r ifu g a l

1 Ef fort
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E ffort ,  becaufe th e  Radius O  A  is p e rp e n d icu la r  on  th e  fpirical T a n 
gent, w h ich  corrci 'ponds to  it .  T h e re fo r e ,  tsfr. E .  D .

T h e re fo re  \f a Vortex b e  in jEquUibrium  w i th  an o th e r  Vortex^ a n d  Corollary I, 
tha t  the  E q u a to r  o f  o n e  happens  to  anfw er to  th e  P o les  o r  I ' r o p i c s  
o f  the  o th e r ;  the  la t te r  will be b u r i l  an d  penetra ted  to  th e  C e n t r e :
A n d  I d o  n o t  t h in k ,  th a t  th e  C¿?r/$/Zí;;/ can  find  their  A c c o u n t  in  th is  
Confequence.

T h e re fo re  if  th e  Vortex th e  m echanical Caufe o f  G ra v i ty ,  G ra v i ty  Corollary II, 
ought to  be g rea te r  a t  the  E q u a to r  than  a t  the  P o l e s ; and  the  E a r th  
would be an o b lo n g  S p h ero id  ; w h ich  is co n tra ry  to  Oblcrvations .

I h a v e f a i d ,  th a t  i t  was m a k i n g  a  la rge  Conceflion to  úxtCarteftans^ to  Remark, 
fuppofe th a t  the  G lobu les  o f  b o th  th e  C ircu m fe ren ces  have an equal V e
locity. F o r  i f  a  Sphere  full o f  W a t e r  be m ad e  to  tu rn  on it’s C e n tre ,
Experience teaches, th a t  th e  V e lo c i ty  is g rea te r  a t  the  E q u a to r  than in 
the parallel C i r c l e s ; fmce it  i so b fe rv e d ,  th a t  the  T i m e s  o f  the ir  pe r io d i
cal R evolu tions  are  equal.  W h e n c e  it  fo llow s, th a t  I  have , in m y  D e-  
m onftra tion ,  m a d e  th e  m o f t  favourable  Suppofi t ion  fo r  th e  Cartefians tha t  
was poiTibie,

In  o rder  to  d e te rm in e  th e  T e n d e n c y  o f  a  L a y e r  to w a rd s  the  U p p e r  Theorem IV. 
Parc o f  th e  Vortex^ r e g a rd  m u i l  be h a d  n o t  o n ly  to  th a t  w h ich  refults 
from it’s o w n  C ircu la t ion ,  b u t  alfo t o  th a t  w h ich  i t  receives f ro m  the 
o ther lower L ay e rs ,  unlefs it be  th e  L a y e r  nex t  the  Centre .

W h i l e  a  L a y e r  is in C ircu la t ion ,  i t  v if ib ly  m akes  a con tinua l  Effort  Dcmonftra- 
towards d i la t in g  itfelf, by  reafon o f  t h e  cen tr ifuga l  F o rce ,  w ith  w hich  ^*0"- 
all it's P a r ts  endeavou r  t o  recede f ro m  th e  C e n tre  o f  C ircu la t ion  : B ut it’s 
aftual D ila ta tion  b e in g  im p e d e d  by  th e  I ^ y e r  n ex t  above  it ,  this laft will 
be naturally p re ifed  b y  it. A n d  th u s  i t  is th a t  th e  firft o r  loweft L a y e r ,  
being p u t  in to  C ircu la t ion ,  prcffes th e  S econd  a n d  th e  Second, aíTifted 
by the F ir f t ,  preiTes th e  T h i r d  ; th is ,  aíTifted by  th e  tw o  p reced ing^  
preffesthe F o u r th  ; a n d  f o o n  f ro m  L a y e r  to  I ,a y e r ,  th ro u g h  the  whole  
Exten t o f  th e  Vortex^ W h e n c e  it  follows, th a t  in o rd e r  to  e f t im a te  the  
Q uan ti ty  o f  F o rc e  w i th  w h ic h  a  L a y e r  tends  to w ard s  the  Surface o f  the  
Vortex^ one m u i l  t a k e  th e  cen tr ifugal F o rc e  p ro p e r  to  th is  L a y e r  and 
that, w hich  all th e  M a t t e r  o f  th e  F lu id  con ta ined  u n d e r  it  acquires by 
Circulation, Q .  E .  D .

T h ere fo re  th e d i l a ta t iv e  E ffo r t  o f  the  L a y e rs  increafes w ith  the L a y e rs  Corollary I. 
in a greater P ro p o r t io n  th a n  thefe L ayers .

T h e re fo re  i t  is impoíTible to  exp la in  in th e  Vortex^ how  G ra v i ty  d c -  Corollary I I ,  

creafes in an  in v e r ted  R atio  o f  th e  Squares o f  the  D ii lances  ; a n d  confe- 
quently th e re  will be  n o t h in g  found  in th e  Vortex to  anfwer to  A t t r a f t io n ,  
whofe E x i i le n c e  S ir  / .  N ew tonh^ i fo d em o n i lra t iv e ly c f ta b l i f l ie d .

T h u s  w e have  re -e i lab li ihed  in it*s full L i g h t  th e  D iff icu l ty ,  w h ich  Corollary III. 
M . de Fontenelk p ro p o fe d  to  M .  Villemot in the  M e m o ir s  o f  th e  A c a d e m y

E  e e  2 for
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for the Y ear  1705 *. T h i s  learned A c ad e m ic ia n  p re tends ,  th a t  as in the 
Vortex the lower P o in ts  o u g h t  to  m ove  fafter than  th e  u p p e r ,  in o rd e r  to 
preferve Kepkr*^ A d ro n o m ic a l  L a w  v th ey  o u g h t  alfo to  have  a  greater 
centrifugal F o rce ,  an d  confrquen tly  com pel  th e m  to  defcend, particular
ly in P ro p o r t io n  to  rheir  F lu id i ty .  T h e  O b j e d i o n  m a d e  a  g rea t  Noife, 
an d  the  only  M e th o d  found o f  g e t t in g  rid o f  ir, was by  lay in g ,  that 
a l though  each lo w er  P o in t  had m o re  centrifugal F o rce  th an  each u p p e r ; 
y e ta s  the Vortex was in JF.qtiilibrtuni^ an d  the  S u m s  o f  th e  F o rc e  o f  each 
o f  the  tw o  L ayers  were equal, there was n o  R eafon  w hy  th e  low er Stra- 

j turn fliould g e t  th e  better  o f  th e  u p p e r ;  becaufe this was as p reva len t  by
; the  N u m b e r  o f  it’s P o in ts ,  as tha t  was by  the F o rc e  o f  each o f  i t ’s own.

B u t  it  is m anife il ,  after w h a t  has been d e m o n i l ra te d  above ,  th a t  the 
fecond I ^ y e r ,  be in g  afíifled b y  the firft, m uft  have a g rea te r  F'orce than 
the  th i rd ,  and  confequenciy com pel it t o  defcend ,  p u rfu an t  to  th e  P r in 
c ip le  then  g ran ted  to  Fontenelle,

B u t i f  i t  be a iked ,  H o w  could  the up p er  L a y e r  defcend ,  fee ing  M a tte r  
is im p en e trab le  ?

I  fliall a ik  in m y  tu rn ,  H o w ,  in an en tire  Plenum^ d o  heavy  Bodies 
fall to  th e  C e n t r e ?  A n d  I  reafon on  the  P r inc ip le  g ra n te d  to  M .  Fon  ̂
tenelle.

B u t yet,  becaufe w h a t  is allowed by one Cartefian is n o t  a lw ays  always 
a l low ed  by a l l ; let us fuppofe, tha t  th e  u p p e r  L a y e r  c a n n o t  defcend 5 
th is ,  a t  leaft, will fo llow  f ro m  m y  D e m o n f t r a t io n ,  th a t ,  acco rd ing  to 
th e  Principles o f  all thefe G e n t le m e n ,  an  u p p e r  L a y e r  b e in g  pref led  by 
all the  un d er  ones, i t  m u f t  h a d e n  it 's C ircu la t ion ,  as lo n g  as i t  is flower 
th a n  th a t  o f  thefe under  L a y e r s ; b y  reafon th a t  the  Excefs  o f  th e i r  Ve
locities will a f t  upon  i t ,  as i f  it h ad  been a t  R eft .

Corollary I V . T h ere fo re  the  L ay e rs  o f  a Vortex w il l  m ove  all o f  a P iece ,  as  d o th o fe  
o f  a folid S p h e r e ; and  Kepler's L a w  can n o t  poflibly be preferved . W e  
lhall now  g ive  o th e r  P roofs  u p o n  o th e r  P rinc ip les .

Theorem V. T h e  M o t io n  o t  th e  Po in ts  o f  the  E q u a to r  is abfo lu te ly  independen t  of
th e  M o t io n  o f  th e  piirallel C i r c le s ; a n d  confequently ,  in  o r d e r  to  deter
m ine  th e  o f  th e  P o in ts  o f  th e  E q u a to r ,  w e  m u f t  a t tend  to
n o th in g  b u t  it’s M o t io n .

Demonára- T h e  P la n e  o f  th e  E q u a to r  is parallel t o  th e  P lan es  o f  th e  o th e r  parallel
Circles ,  th a t  tu rn  ro u n d  the  fam e A x e  w i th  i t :  I t ’s cen tr ifuga l  F o rc é i s  
p e rp en d icu la r  to  th e  T a n g e n t  to  the  S p h e re ,  w h ic h  a n fw e rs  to  i t : I t  has 
n o t  then  an y  lateral T e n d e n c y  to w a rd s  thefe paralle l  Circles,, an d  by a  
neccfl'ary C onfequence  it’s M o t io n  is ab fo lu te ly  in d e p e n d e n t  o f  theirs.

A n d  indeed, i f  it be  fuppofed ,  t h a t  th e  M o t io n  o f  th e  o th e r  parallel 
Circles f tops, th e re  is ftill iom e M o t io n  conce ived  in  t h e  E q u a to r ,  ju f t

* afterwards publifhcd a Book intituled Nouviau Syjlttai, ou nouvdh Explication 
an Moumtmint dts Planetes, par M, Philippe Vilicraot, Pritre^ D^íltur tn Thetl^ie, 
Ujron* J.707. is

V
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O f the ImpoJJibility and Infujiciency o f V orúcct. 3^9
IS in the Cafe o f  th e  cy lindrica l  Vortex : Ic is l ikew ife  conceivab le ,  th a t  
the  V eloc ity  m ay  be g rea ter  a t  the E q u a to r  th a n  in th e  para lle l  Circles, 
as the  E x p e r im e n t  a lready  c i ted  ihew s u s : A n d  i f  n o  R e g a rd  be had  to  
the lateral F r i f t io n s ,  as th e  Cartefiam  w ou ld  have i t ,  w h o  fuppofe  th e m  
none o r  infenfible, a n d  as indeed th ey  are o b l iged  to  fay, t h a t  the  Vortex^ 
by the lateral F r id l io n  o f  th e  E q u a to r ,  m ay  n o t  b eco m e c y l i n d r i c a l ; th is  
E q u a to r  will a lw ays  co n t in u e  t o  c ircu la te  u n i fo rm ly ,  w i th o u t  c o m m u n i 
cating any o f  it’s V e lo c i ty  to  th e  P o in ts  th a t  laterally fu r round  it. T h e r e 
fore, Q ¿ E .  D .

T h e re fo re  to r  th e  JEquilibritim  o f  th e  P o in t s  o f  th e  E q u a to r ,  i t  is Corollary r, 
neccflary, a t  leaft,  t h a t  an u p p e r  C ircum ference  fhould  have as m u ch  T e n 
dency tow ards  th e  Superficies o f  the  Vortex^ as an o th e r  un d er  concen tr ic  
C ircum ference *, becaufe, i f  i t  h ad  leis, th e re  w o u ld  be no  ^^quilibrum^ 
even in th e  P r in c ip le s  o f  th e  Carte/tans \ a n d  th e  u n d e r  C ircum ferencc ,  
prefling the  u p p e r ,  w o u ld  e i th e r  m a k e  i t  d e fcen d ,  o r  co m m u n ica te  to  i t  
a  Force equal to  it*s o w n .  W h e re fo re ,  ca l l ing  F  th e  p ro p e r  centrifugal 
F o rce  of a  P o i n t  o f  th e  u p p e r  C ircum ference ,  an d  /  th a t  o f  a P o in t  o f  
the under  one i f  S , s m a r k  the  d iffe ren t  S u m s  o f  the  P o in ts  con ta ined  in  
thcfe tw o  C ircum ferences ,  w e (hall have  F  S  = / j .  -

T h e re fo re  th e  cen tr ifuga l  F o rc e  does n o t  d im in i ih  in th e  P la n e  o f  th e  Corollary lf[- 
E qua to r  in the  inver ted  R atio  o f  th e  Squares  o f  th e  D if tances  f ro m  the  
Centre ; for fince F  S  =  /  j  ; F .  / :  : s. S. B u t  th«  P o in t s  b e in g  fuppofed 
equal on b o th  S ides,  th e i r  S u m s  are  as th e  C ircum ferences ,  and  one  has 
j .  S. ; :  d. D ;  w h ich  gives F .  / ; :  d. D .  in f tcad  o í:  : d  d. D .  D .

T here fo re  Kepler*s R u le s  can n o t  be  obferved  in th e  Vortex^ o r  a t  leaft in Corollary liX. 
the Plane of it’s E q u a to r  fo r  fince F . / :  : D  •, by  p u t t i n g  in the  P lace

V V  uu
of F ,  / ,  th e i r  V alues ,  we ihall have  . — : :  D ,  an d  therefore  V = k

D  ,
and . f /* : : T  T  . / / •  i^hcreas w e o u g h t  to  have  V  . k : d . v D
and D ' . ¿ * : : T T . / / .

T h e re  is here  a  Finejfe of  th e  Carte/tans t o  be  obferved ,  T h e f e  G en tle -  Remark, 
men confider only  th e  ^Equilibrium  o f  the  fpherical L aye rs  o f  the Vortex^ 
and from th e  E q u a l i ty  o f  i l ie ir  cen tra l  F o rces  th e y  deduce  ifí/)/í’r ’s Laws* 
as well as they  can.

But i t  is m an ife f t ,  th a t  w h a te v e r  b eco m es  o f  the  E q u a l i ty  of F o rce  in 
different fpherical Superfic ies  o f  th e  Vortex^ th e re  m u f t  be an  M quilibrinm  
in the  P lane o f  the  E q u a t o r ; becaufe it is in  th is  P la n e  th a t  the  P la n e ts  
move*, and  i f  th e re  had  n o t  a f lu a l ly  been an  M quilibrium  b e tw een  i t ’s 
Poin ts ,  they  w o u ld  foon p lace  them fe lves  there ,  by  reafon th a t  F lu id s  
always tend to  th e  S ide  w h e re  they  a rc  le lkpre ired  v and  it is by  an  af luaJ  
•Equilibrium  a lone th a t  th ey  a rc  k e p t  in th e i r  P laces  j w h ic h  en t i re ly  
over tu rns  th e  T h e o r y  o f  thefc G e n t le m e n ,

L e t  us h o w e v e r  g r a n t  to  th e  Cartejtans, th a t  th e  S u m s  o f  th e  F o rces  
o f  the tw o  fphcrical Surfaces are e q u a l ;  I  c an n o t  fee, t h a t  th e y  can thence  
infer, as they  d o ,  t h a t  th e  cen tra l  F o r c e  d im in i ih e s  in  a rec iprocal  R a tio

o f
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2^0 O f the hnpojjibilify and hifufficicncy (/Vortices.

o f  tlie Square o f  the  D i l h n c e  from  the  C en tre .  L e t  us exam ine  th e i r  A r-
gunienc

I

1' S = / J, fay tliey ; therefore  F .  / :  ; j  . S ; b u t  S  m a r k  th e  Sums 
of the P o in ts  con ta ined  in the  tw o  S u rfa ce s ; th e re fo re  th e y  are as thefc 
Surfaces, w h ich ,  b e in g  as th e  Squares o f  t h e k  D if tances ,  g iv e  F . / * .  
d d D V ) .

Bur it m uft  be  re m a rk e d ,  th a t  the  Surfaces o f  th e  Vortex  a r e  n o t  M a 
them atica l,  they are Surfaces w hich  have fom e T h i c k n e f s : T h e y  cannot 
then  be p ro p o r t io n a l  to  the  Squares o f  th e i r  D if tances  f r o m  th e  Centre 

ti tx c c p t  in th e  Cafe when th e i r  T h ic k n e fs  is equal. N o w  acco rd in g  to  the
CartefianSy th e  P o in ts  o r  G lobu les ,  w h ich  com pofe  th e  increafe
in B u lk  acco rd in g  as they  recede f rom  th e  C en tre  ; a n d ,  befides, they 
are h o m o g en eo u s ,  o r  of an  equal fpecific D e n f i ty ,  a t  leaft  in the ir  com 
m o n  Syftein . A n d  confequently  it  is certain, th a t  the  d i f fe ren t  natural 

. o r  real Strata  o f  th e  Vortex are n o t  o f  an  equal T h ic k n e f s ,  a n d  th a t  the 
M a t te r  conta ined  therein is n o t  p ro p o r t io n a te  to  the  Squares  o f  th e  Radii 
o f th c f e  Surfaces, b u t  only to  the  Squares o f  thefe R adii m u lt ip l ied  by the 
T h ic k n e f s  o f  the Strata^ T h e re fo re ,  E .  D ,

Corollary IV. T h e re fo re ,  even a l low ing  the  Cartejians, w h a t  one  has a  R i g h t  (Cor. I, 
Theor, l y . )  to  refufe th e m ,  they will never  be ab le  to  expla in  Kepler's 
R ules  in the  Fortex ; for it is only  by the  P ro p o r t io n ,  w h ic h  I  have juft 
n o w  annulled , that they  p re te n d  to  d o  it. See M .  de M oliereis L cfom  de 
Phyfique.

A n d  i f  it b e o b je i t e d ,  th a t  I  have  n o t ,  in  the  p r e c e d in g  Corollaries, 
h ad  any  R egard  to  the  T h ic k n e fs  o f  th e  C ircum ferences  ; I  anfw'er, that 
i t  was by way o f  pure ConceflTion th a t  I have n o t  d o n e  i t ; a n d  i f  any Per- 
fon will be ar the  Pains  o f  d o in g  it ,  he  will eafily f ind ,  th a t  Kepler^ 
R ules  will on ly  be the  m o re  d i f tq rb e d  thereby,

Concluiion. T h e re fo re  ú it  Vortex is every w ay  impoíTible, and  infufficient in Natural 
P h i lo fo p h y ,  I t ’s mechanical G enera tion  is impoíTible {Part\,y^  i t  has only 
an axifugal F o rce ,  and n o t  a centrifugal a n d  cen tr ipe ta l  F o rc e ,  as it ihould 
have {Theor. I. a n d  I I . )  j an d  even i f  i t  h a d ,  i t  c a n n o t  {Tbcor. I l l )  de
fend  itfelf equally on  all Sides. I t  is n o t  fufficient fo r  e x p la in in g  Gra
v i ty ,  and it’s P ro p e r t ie s ;  i t  def troys  ÍL(f/>/ír’s A f t ro n o m ic a l  L aw s .  {CorolL
I I I .  Theor. IV .  and  V .)  W h a t  m ore  can be defired, in  o rd e r  to  conclude 
w ith  Sir IfaacNewton ?  I taq u e  hypo thef is  V o r t i c u m  (eft ¡m p o ír ib i le& )  
“  cum  p h icn o m en is  af tronom ic is  o m n in o  p u g n a t ,  &  non  ram  ad expli- 
“  candos q u a m  ad p e r tu rbandos  m o tu s  cceleftes c o n d u c i t .”  E .  D. 

A  ¡hott Account I I I .  This  T rea tife  appears ,  b y  th e  A d v e r t i f e m e n t  p ref ixed  to  it, to  be 
^  James Par. a P a r t  o f  a Phyfio logical W o r k ,  w h ich  th e  A u th o r  fays is n o t  l ike ly  to be 
F^R. S. of a publiihed ; and  tha t  he  has therefore e x h ib i ted  th is  P a r t  fo r  the  Ufe 
Book intituled, ®f Curious, and  L overs  o f  P h i lo fo p h y ,  w h o  m i g h t  n o t  be  fo agree-
Traicedes ably  entertained by  the  reft  o f t h e W o r k ,  as t r e a t in g  ch ie f ly  o f  the  H u -

m an  B ody, and there fo re  calculated  r a th e r  fo r  tho fe  o f  th e  F ácu l ty  o f  
j\i. It jVI(*dicine
1̂ 1 D F. R .S.

Rouen, 1740. 8«. No 466. p. 264. W  Dcc. 16. 1742.
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r
A  p o rt Account o f a Book intitukd  Traité des Sens,

H e  beg ins  th e  B o o k  w i th  P a g e  201 .  an d  fays he  has ,  b e fo re ,  e f ta b l i ih -  
cd certain genera l  P r in c ip le s  o f  Senfation^ a n d  th a t  n o w  h e  p ro ceed s  to  
recount the  p a r t icu la r  P a r ts  w i th  w h ich  N a tu r e  has fu rn i lh e d  the  a n im a l  
O eco n o m y , fe rv in g  to  o u r  d iffe ren t  Senfes j an d  th e n  e x p a d a te s  a  l i t t le  
upon the  genera l  U t i l i t y  o f  th e m .

C hap .  I .  t rea ts  o f  th e  Senfe o f  Feelings w h e re in  h e  has c o m p i le d  all 
the d iffe ren t  Pbanomena t h a t  r e g a r d  th is  Senfe, as thofe  o f  H e a r ,  
Cold, an d  o th e r  O b j e i t s  o f  F e e l in g ,  w i th  t h e S c r u ñ u r e  o f  th e  S k in ,  to  
which he th in k s  fit to  fubjo in  tw o  k n o w n  H if to r ie s ,  one o f  a b l in d  O r g a -  
nift in Holland^ w h o  d i f t in g u i ih e d  all k in d s  o f  Coins, and  p layed  a t  
Cards, b y  F e e l i n g ;  a n d  th e  o th e r  o f  the  fam ous S ta tuary  Ganthafms^ w h o ,  
though  f to n e -b l in d ,  co u ld  by  F e e l in g  m a k e  a  S ta tue  in C lay ,  perfeé l ly  
like w hat  he  felt. O u r  A u t h o r  adds  fo m e th in g  o f  Ticklings an d  en d e a 
vours to  p ro v e ,  th a t  Im a g in a t io n  has a  g re a t  Share  in th e C a u fe  o f  th is  
Senfation, as w ell  as th e  o th e rs  ■, a n d  th en ce  he  falls upon  an  A c c o u n t  o f  
another Senfe, w h ich  he b r in g s  u n d e r  th is  H e a d  ; w h ic h  he calls, Is  
Cbatouilment de l*Amour^ o f  w h ich  he g ives a  florid  D ef in i t ion ,

is his n ex t  S u b je f t ,  w h e re in ,  as in the  fo re g o in g  C h a p te r ,  he  
has d raw n  to g e th e r  the  feveral S e f t io n s  re la t in g  to  i t ,  as, an  A c co u n t  of 
the O rgans  o t  T a f t e ,  the  M e c h a n i f m  o f  Savours^ and  the  m an n e r  o f  th e i r  
being varied in to  c o m p o u n d  T a f te s .  H i s  C o m p a r i fo n  here is n ew  ; he  
fays, Since th e  P r in c ip ie s  o f  Savours  are  Salts ,  b o th  fixed a n d  volatile , 
tha t  W a t e r ,  E a r t h ,  a n d  S u lp h u r ,  fcrve to  m a k e  the  g r e a t  V a r ie ty ,  and  
different K in d s ,  th a t  are  in  T a f t e ,  j u f t  as S h ad o w s  varioufly  m in g le d  
with L i g h t  form  d if fe ren t  A p p e a r a n c e s ; n o t  th a t  th e  S h a d o w  is capable  
o f  m a k in g  an  Im preff ion  u p o n  o u r  O r g a n s  of S ig h t ,  b u t  the  L i g h t  a l o n e ; 
as the Salts a lo n e  are ,  u p o n  o u r  O r g a n s  o f  T a f t e .  H e  has alfo fom e 
Reafoning u p o n  th e  D iffc rcnce  th a t  is in M e n s  A p p e t i te s  to  fom e E a tab les ,  
which were before d ifagreeab le .  H i s  R cafon  is, n o t  th a t  th e  O rg a n s  
differ a t  any  t im e  f ro m  w h a t  they  always w ere ,  b u t  becaufe th e  Soul 
fometimes changes  h e r  Ideas ,  even f rom  th e  fam e ImprefTions, and  th a t  
therefore th e re  can be no  Ideas effential to  any  Im preff ions  ; o r  a t  leafV, 
that there are  none  w h ich  the  Soul ca n n o t  c h a n g e ;  H e  alfo fays, th a t  
Im agination  is m uch  concerned  in th e  V a r ia t io n  o f  T a f te s .

T h e  Senfe o f  Smelling is d i fcu ñ ed  in h is  T h i r d  C h a p te r ,  w herein  he 
obfcrvesthe  fame M e t h o d  as in th e  tw o  fo rm er ,  in d c fc r ib in g  th e  M e 
chanifm o f  th e  O rg a n s  ferv ing  to  th a t  Scnie, a n d  a c co u n t in g  for th e  C o n 
veyance o f  O d o u r s  to  thofe  O r g a n s ; and  fo r  the  Stimulus o f  fom e o d o r i 
ferous Partic les  caufing  T e a r s  to  f low, as well as S neez ing  caufed by  a  
g laring  L ig h t  i  a n d ,  a f te r  m a k in g  fom e R e f lc i l io n s  on  th e  m a n y  E f fe f ts  
o f  Smells u p o n  the H u m a n  B ody ,  and th e  exquifite  Senfe o f S m e l l i n g i n  
fome A n im a ls ,  he  recites  the S to ry  cold by Sir K. Digh-» o f  ^he Boy 
b rough t  u p  in a  F o r e f t ,  whofe Sm ell  was fo exquifite  as to  perce ive  th e  
A p proach  o f  E n e m ie s ,  a n d  w arn  his P a re n ts  o f  th em .  O u r  A u t h o r  found  
this S to ry  e legan tly  to ld  a n d  reafoned  u p o n ,  in  M .  Verduc'% B o o k  called , 
Vjagedss P a r iia ,  H e  alfo m e n t io n s  th e  P c r f c f í io n  o f  S m e l l in g  in th e

I n h a b i t a n t s
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.392 A  Jl:ort AccDtmf of a Book intituledT  raité des Sens, & c.
l i ihabitan ts  o f  w h o  can r u n  a  M a n  u p o n  th e  N o fe  like a
1 lo u n d  ; and coiKludcs th is  S e d i o n  w ith  a  R e la t io n  o f  a F rier  o f  Prague 
from  the Journals des Sfavans^ w h o  could  n o t  on ly  d if t inguif li  different 
Pcrfons from cach o th e r  b y  fm elling ,  b u t  alfo an  in c o n t in e n t  W o m a n  
from  a chafte one *, and  ad d s ,  in a  j o k i n g  S tra in ,  th a t  th is  M a n  had  be
g u n  a T r c a t i f e  o f  O d o u rs  before  he  d ied ,  w h ic h  t h e  Jo u rn a l i f t s  much 

m regre tted  th e  L.ofs o f : B u t ,  fays M .  le Cat^ for m y  p a r t ,  I  d o  n o t  know
g  b u t  a Perfon  fo exquifite  in th is  k in d  o f  K n o w le d g e  w o u ld  be dangerous

in Society.
iJoprocee tls  next to  trea t  o f  Hearings an d  brings u n d e r  th a t  H e a d  the 

whole M e c h a n i fm  and D o i t r in e  o f  S o u n d s ;  th e  V ib ra t ions  o f  all ibund- 
I  in g  B o d ie s :  A n d  from  the  E x p e r im e n t  o f  h o ld in g  a  C a n d le  near any

n ' ib r a t in g  or found ing  B ody, w i th o u t  the  F la m e ’s b e in g  m o v e d  o r  other- 
ways a f fe i led ,  he argues th a t  the  c o m m o n  A i r  does n o t  p roduce  the 

. S o u n d ,  b u t  a m ore  iubtile F lu id  better  p ro p o r t io n e d  to  th e  O rg a n s  of 
H e a r i n g :  H e re  he runs in to  a Detail  o f  the  P rinc ip les  o f  the  C hords  and 

P  I ' o n t s  o f  M ufic ,  an d  m akes a  new and curious C o m p ar i fo n  betw een  the
p r inc ipa l  C olours  in the R ays  o f  L ig h t ,  and  the  forelaid F lu id ,  which is 
m o re  o r  lefs fubtile in the A i r ,  fom e Partic les  o f  w h ic h  a re  on ly  capable 
o f  be in g  m oved to e x p re fs  low T o n e s ,  o thers  h ig h e r ,  a n d  fo on  fuc- 
ceffivcly, as far as the  C om pafs  o f  M u f ic  reaches ; j u d  as th e  I . ig h t  is 
com pofed  o f  certain k m d s  o f  R ays ,  fom e o f  w h ich  p ro d u ce  Red^ fome 
Green^ T h i s  be in g  fuppofed, fays he ,  it m ay  be conce ived ,  that 
every T o n e  will move the  F lu id  th a t  is p ro p e r  to  i t f c l f ; an d  by that 

, m eans  the E a r  m ay receive a t  once the  Im p re i l io n s  o f  every  F lu id ,  as
th e  E y e  receives the  Im pulfions o f  feveral co loured  R ays  a t  th e  fame In- 
i l a n t .  H e  adds to  th is ,  by  way o f  R e a fo n in g ,  th a t  w hen  a finglc String 
o f  an In f t ru m e n t  is touched , th o u g h  the  generali ty  o f  M a n k i n d  can di- 
i l ingu ifh  b u t  one T o n e ,  which  he calls th e  fundamental Sounds yet People 
accurtom ed to  H a r m o n y  can d if t ingu ifh ,  befides, an Ottave^ a Fifths 
a n d  a Hhird^ covered by this fundamental l!one\ for the  05 Iavc is half 
th a t  S o u n d ,  o r  the P ro d u ce  o f  h a l f  the S t r in g  ; th e  F ifth  is th e  Produce 
o f  j ,  and th e  T hird  is the  P ro d u c e  o f  * o f  th e  fame S tr in g .

H e  proceeds to  reafon u p o n  th is  in an agreeable M a n n e r ,  an d  con- 
I  x ludes  his a b o v e -m e n t io n e d  C om par ifon  to  th is  p u r p o f e :  T h u s  there
Ú fhe v ib ra ted  S t r in g  all th e  f i a r m o n ie s  o r  C h o rd s  a t  o n ce  which

¡4' com pnie  th e  fundamental Sound, by v ib ra t in g  each i t ’s pa r t icu la r  pro{>er
t l u i d  at the fam e 1  im e ; j u í l  as th e  AíTemblage o f  all th e  d iffe ren t  pri; 

Si m itive coloured R a y s  m ee t in g  togerhep, m ak e s  th e  w h i te  C o lou r  or
L ig h t :  A n d  fo th e  E a r  o f  a good  M ufic ian  is a  k in d  o f  Prifm^ which 
can feparateand d if l ingu i/ l i  th e  Sounds o r  T o n e s  f ro m  each o t h e r  in the 

fundamental Scund. H e  g ives an ana tom ica l  D ^ fc r ip t io n  o f  the  Organs 
o f  H e a r i n g ;  and  has a d d e d  fom e g o o d  F ig u re s  o f  the  ex te rna l  and in ter
na l  P a r ts  o f  the E a r ,  w i th  th e  Eujlachian  T u b C j  m u c h  after  th e  m anner 
o f  D u Verney,

H e

J U .
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H e  lias alfo th e  F ig u r e  o f  an  In f t ru m c n c ,  P a g e  2 9 2 ,  to  h e lp  tho fe  
that are hard  o f  H e a r in g ,  w hich  he  c la im s the  In v e n t io n  of. T h e  p a r -  
ricular Form o f  th is  I n i i r u m e n t  m ay  be n ew  to  the  A u t h o r ; y e t  w c  
have had o f  th is  K in d  in U fc  m a n y  Y ears  in England  fo r  th e  fam e P u r -  
pofe. H e  finiihes th is  SetSion w i th  fo m e  R cf le r t io n s  u p o n  a  y o u n g  
M an o f  a  1  ow n  callcd  Chartres^ w h o  was b o rn  d e a f  and d u m b ,  a n d  
whole H e a r in g  fudden ly  cam e to  h i m ,  an d  w h o  I'poke fom c M o n t h s  
after. In  th is  P lace  he has a  very  g o o d  F i g u r e  o f  th e  Bafts Ctrehn^ b y  
a tranfvcrfe S e ñ i o n  th ro u g h  the  Frontal Sinufes a  little  above  th e  E y e s ,  
and con t inued  th ro u g h  th e  temporal Bones \ d e m o n f t r a t in g  the  O r ig i
nations E x it  o f  th e  N erves ,  w i th  the  C o n ju n c t io n  o f  vertebral 
zná carotid Arteries^ a c c o rd in g  to  the DiíFcélion o f  th e  f a m o u s i  
and then proceeds to  his laft S c ft io n , w hich  t rea ts  o f  Seeing,

T h is  Seélion ,  in a  W o r d ,  is o n  the  S t r u f tu r e  o f  th e  E y e ,  an d  all 
the Phaenomena of Viiion. H e  begins it w ith  the  D o d lr in e  o f  Lights  
and Colours^ m a k i n g  ufc o f  m a n y  E x p e r im e n ts  a n d  E x p la n a t io n s  o f  the  
great Sir Ifaac New ton \ h a v in g  alfo a d d e d  feveral o f  h is  o w n ,  befides 
ibme little  Cavils, a  m e re  Jeti des Mots^ ag a in f t  th a t  g re a t  M a n ’s D o c 
trine o f  AltraEiion^ to  w h ich  he prefers  th e  Impulfion o f  Carteftus, H e  
quotes aga in f t  S ir  Ifaac^ M . de Fontaine^ M , Bannier^ a n d  M , Voltaire  ̂
and as o u r  y o u n g  A u t h o r  h ad  a  M i n d  to  oppofe  th e  O p in io n s  o f  one  
of the g rea tef t  A b i l i t ie s  in the  Sciences, c o m m o n  P ru d e n c e  ih o u ld  have  
informcci h i m ,  t h a t  th e  N a m e  Newton  befpeaks  th e  g rea te f t  M o d e f ty  
and Diffidence in th e  A t t e m p t .  O u r  A u t h o r  am ufes h im fe l f  thus  
againft th a t  Prince o f  P h i lo fo p h e rs ,  w h ich  is th e  m o re  f t ra n g e  *, fince i f  
he had w ro te  n o th in g  o n  th e  S u b je f t ,  M . le C a t  w ou ld  have  w an ted  a  
great P a r t  o f  his F u rn i tu r e  for th is  Section.

T h e  principal A u th o r s  befides, r e g a rd in g  A n a t o m y  a n d  P h y f io lo g y ,  
which o u r  A u t h o r  feem s to  have  had  in his  V ie w ,  a re  D u  Ventey^ 
IVillisy Synac u p o n  Heifter^ a n d  Verduc*% exce llen t  B o o k  V U fa g e  des 
Parties, H o w e v e r ,  i\\\s*Treatife o f  th e  Senfes is judic ioufly  com piled  ; 
nor does it w a n t  feveral ingen ious  E m b e l l i f l im e n ts  i r o m  th e  A u t h o r ,  b e 
fides the O p in io n s  o f  feveral o th e rs  \ w e m a y  therefore  conc lude  it to  be  
a very ufefuIBook.

IV .  I. F 'irft ,  I have found  t h a t  all Bodies (m c ta l l ick ,  foft, o r  fluid ones 
excepted) m ay  be m a d e  fc.leitrick, b y  firft h ea t in g  th e m  m o re  o r  lels, 
and then r u b b in g  th e m  on a n y  fo r t  o f  C lo th .  S o  th a t  all k in d s  o f  
Stones, as well p rec ious  as c o m m o n ,  all forts o f  W o o d ,  and ,  in g en e ra l ,  
t^very t h in g  t h a t  I  have  m a d e  I ' r i a l  of,  becam e E le ó tr ic k ,  by  h e a t in g  
and rw b b in g ;  excep t  fuch Bodies as g ro w  foft by  H e a t ,  as th e  G u m s ,  
which diíTolve in W a t e r ,  G lu e ,  an d  fuch  o th e r  Subftances. * l ' i s  alfo 
to be r e m a rk e d ,  th a t  th e  l iardeft  Scones and  M a rb le s  require  m o re  cha f ing  
or hea ting  th a n  o th e r s ,  a n d  t h a t  th e  fam e R u le  ob ta ins  w i th  r e g a rd  to  
the W^oods i fo th a t  B o x ,  Lignum  Vita^ a n d  fuch o the rs  m u f t  be  chafed 
almoft to  th e  D e g re e  o f  b u rn in g ,  w hereas  Fir^ L im e-’TreCy a n d  Corky re
quire b u t  a  m o d e ra te  H e a t .

V, 0  L ,  V I I I ,  P a r t  ii, F  f  f  Secondly^

AJfjort Account of a Book intituled̂  Traite des Sens, 3 9 3
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294 A  Difcourfe concerning'E\t€inc\iy.

Seeondfyy H a v in g  read in one o í  M v G r a fs  L e t t e r s * ,  th a t  W a t e r  may 
be made E leftr ica l  by  h o ld in g  th e  excited  Glafs T u b e  near  i t  (a D ifh  of 
W a te r  be ing  firft fixed t o  a S ta n d ,  an d  th a t  fct on  a P la te  o f  Glafs, or 
on the  Britn o f  a D r in k in g -G la fs ,  p rev ioufly  ch a fed ,  o r  otherwife 
w arm ed) 1 have found  u p o n  T r i a l ,  th a t  th e  fam e t h i n g  h a p p e n e d  to  all 
Bodies w i th o u t  I xcep tion ,  w h e th e r  folid o r  f l u i d ; a n d  th a t  for that 
?ur}X>fe it was lufiicient to fct th e m  o;i a G lafs-Srand  i l ig h t ly  w a rm e d ,  or 
only dried-; an d  then by b r in g in g  the  T u b e  nn ir  t h e m ,  tiiey immedi- 
Htelv 'becam e H le f t r t c a l  1 n u d e  th is  E x p e r im e n t  w i th  Ice , w ith  a 
¡íghted W o o d -c o a U  and  with every th in g  tha t  cam e in to  m y  M i n d ; and 

! I conftan tly  re m a rk e d ,  chat iuch Bodies as o f  themfeJves were leaft Elec-
cj-ical, had the g rea ted  D egree  o f  E lc d r i c i t y  c o m m u n i r a t e d  to  th em  ac 

i th e  A p p ro a c h  o f  the  Glafs T u b e .
Thirdly^ M r  GVvry fays, tow ards  the E n d  o f  o n e  o f  his L e t te r s  f ,  that 

B odies  a t t r a i t  m ore  o r  lefs acco rd ing  to  the ir  Colours. T h i s  led me to 
I m a k e  feveral very fingular E x p er im en ts .  I  to o k  9  filk R ib b o n s  o f  equal

■ S ize ,  o n e  w h ite ,  one b lack , and the o th e r  7 o f  the  7 p r im i t iv e  Colours,
an d  hav ing  h u n g  th e m  all in O rd e r  on  the fam e L in e ,  a n d  then  bringing 

 ̂ th e  T u b e  near th em ,  the  b lack o n e  was firft a t t r a f te d ,  th e  w h i te  one
j n e x t ,  and  the o thers  in O rd e r  fucceillvely to  th e  re d  o n e ,  w h ich  was at-
I t r a d e d  Jeaft, an d  the  laft of th e m  all. I  a f te rw ards  c u t  o u t  9  fquare

Pieces o f  G aufe, o f  th e  fame C olours  w i th  the R ib b o n s ,  a n d  h av in g  put 
th e m  one after ano the r  on  a  H o o p  o f  W o o d  w i th  L e a f - G o ld  under 
th e m ,  the L e a f -G o ld  was a t t ra f te d  thro* all th e  co loured  P ieces o f  
G aufe ,  b u t  no t  th ro ’ the  w hite  o r  b lack. T h i s  inc l ined  m e  a t  firft to 
th in k ,  th a t  the  Colours c o n t r ib u te d  m u c h  to  E le f t r i c i ty .  B u t 3 E x 
per im en ts  convinced m e  o f  the  c o n t r a r y : T h e  firft, th a t  by  w arm ing 
th e  Pieces o f  Gaufe, ne i ther  the b lack  n o r  w-hite P ieces o b f t ru é ted  the 
A f t i o n  o f  tlie e le ilr ica l  T u b e  m ore  chan thofe o f  th e  o th e r  Colours. In 
h k e  m anner ,  d ie  R ib b o n s  being  w a rm e d ,  th e  b lack  a n d  w h i te  are not 
m o re  f t rong ly  a ttraé ted  than the reft. T h e  fecond is, th e  Gaufcs and 
R ib b o n s  be ing  w etted ,  the R ib b o n s  a re  all a t t raé led  equa l ly ,  and all the 
Pieces o f  Gaufe equally  in te rcep t  th e  A ó t io n  o f  e l e d r i c k  Bodies. T h e  
th ird  is, th a t  the C olours  o f  a P r i fm  be ing  th ro w n  on  a  P iece  o f  white 
Gaufe, there  a p p e a r  no  Difl^erences o f  A t t r a f t io n .  W h e n c e  it  follows, 
rhat th is  D ifference proceeds n o t  f rom  the C o lo u r ,  as a  C o lo u r ,  b u t  from 
the Subftanars th a t  a re  em p loyed  in th e  d y in g .  F o r  w h en  I  coloured 
R ibbons ,  b y  ru b b in g  th em  w ith  C harcoa l ,  C a rm in e ,  a n d  fuch other 
Subftances, the D if t trences  no lo n g e r  p ro v ed  th e  fam e.

Fourthly^ H a v in g  c o m m u n ica te d  th e  E le d r i c i t y  o f  th e  T u b e  b y  means 
o f  a  P ack th read ,  after M r  G r¿r /s  m a n n e r ,  I  ob fe rved ,  t h a t  th e  Experi-  
m e n t  fucceeded th e  be tte r  for w e t t in g  th e  L i n e ; a n d  chat i t  m a y  be fup-

Í p o r ted  on G lafs -T ubcs  inftead o f  S i lk -L in e s .  A n d  I  m a d e  th is  E x p e 
r im e n t  at  1256 F ee t  D if tance ,  in a  G a r d e n ,  t h o ’ th e  W i n d  was high>

. : Í  VI. Parc ii. Chap, i. J, iii, 3. .J- Ibid, Art, 2*
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A D ifcourfe concerniJig Eledrlcity. 295
and tha t  th e  L in e  m a d e  S R e tu rn s ,  a n d  paiTcd thro* 2 d if fe ren t  W a l k s ,
Bv means o f  2 S ilk  L o o p s  I  ad ju ftcd  2 L in es  in fuch a  m a n n e r ,  th a t  t h e i r  
Ends were b u t  a F o o t  d i l lance  f ro m  o n e  a n o th e r ,  a n d  I  r e m a rk e d  t h a t  
t h e  E le ñ r ic k  V i r tu e  was ftill c o m m u n ic a te d .  I  have fnice th a t  feen % 
that M r  h^tJ th e  fam e T h o u g h t ,  and  th a t  he  had  d o n e  th e  fa m e  
with  Rods. T h i s  E x p e r im e n t  p u t  m e  u p o n  p lac ing  icvcral d if ie renc  
Bodies between th e  tw o  L in e s ,  in  o rd e r  to  exam ine  w hich  d im in i f l ic d  
or intercepted th e  E l e d r i c i t y ,  a n d  w h ich  gave  no  O b f t r u f t i o n  to  i t ; I  
have given th e  Academy an  A c c o u n t  o f  th e  P ar t icu la rs ,  w h ich  I  n o w  
omit tor th e  S a k e  o f  B revity .

fifthly^ 1 fufpended a  C h i ld  on S i lk  L in e s ,  a n d  m a d e  all the  fur-  
prifjng E x p e r im e n ts  defcribed  by M r  Gray f .  B u t  h a v in g  tr ied  the  E x 
periment u p o n  m y  o w n  B o d y  in  th e  fam e  m a n n e r ,  1 ob fervcd  feveral 
things very rem arkab le .  F i r f t ,  w h e n  I tak e  th e  P a f te -b o a rd  o r  S ta n d ,  
on which the L e a f -G o ld  is la id ,  i n to  m y  H a n d ,  n e i th e r  m y  o ther  H a n d  
nor niy Face has an y  A t t r a d i o n .  B u t  i f  a n o th e r  P e r fo n ,  w h o  is in th e  
Chamber, com es  nea r  m e ,  he  will a t t r a c t  i t  w i th  his  F a c e ,  his H a n d ,  o r  
even with a  S tick .  S econd ly ,  w h ile  1 a m  fufpended  o n  th e  L in es ,  if 
the e le f tr ick  T u b e  be p u t  n ea r  o n e  o f  m y  H a n d s ,  o r  m y  L e g s ,  a n d  
then i f  ano ther  P e r fo n  a p p ro a c h  m e ,  a n d  pafs h is  H a n d  w i th in  an  In ch  
or thereabouts o f  m y  F a c e ,  L e g s ,  H a n d ,  o r  C lo a th s ,  th e re  im m e d ia te 
ly iíTues f rom  m y  B ody  o n e  o r  m o re  p r i c k in g  S h o o ts ,  w i th  a  c r a c k l in g  
Noifc, tha t  caufes to  th a t  P e r fo n  as well as to  m y  feif, a  l it t le  P a in  re -  
fembling tha t  f ro m  th e  fu d d en  P r i c k  o f  a  P i n ,  o r  th e  b u rn in g  f ro m  a 
Spark o f  F i r e ,  w h ich  is as fenfibly felt thro* o n e ’s C lo a th s ,  as on  th e  
(bare) H a n d  o r  Face, A n d  in th e  D a r k ,  thefe S n a p p in g s  a re ,  as m a y  
be eafily im a g in e d ,  fo m a n y  S p a rk s  o f  F i r e ,  T h e f e  S n a p p in g s ,  o r  
Sparks, are n o t  exc ited ,  i f  a  B it  o f  W o o d ,  C to th ,  o r  a n y  o th e r  S ub itanee  
than a l iv ing  B ody  be paiTed over th e  P e r fo n  fu fpended  on  th e  L in e s ,  
unlefs it be a  P iece  o f  M e ta l ,  w h ic h  p ro d u ce s  v e r y  nearly  th e  fam e E f -  
fed. A n y  o th e r  l iv in g  A n im a l  d o th  th e  fam e,  i f  p u t  o n  th e  L in e s ,  an d  
that firft th e  T u b e ,  a n d  then  th e  H a n d  be  a p p l ie d  nea r  i t : But i t  is 
oiherwife, if  th e  E x p e r im e n t  be  m a d e  w i th  th e  Carcafs o f  an  A n im a l   ̂
for then one perceives on ly ,  i f  i t  be  in th e  D a r k ,  a  ftill u n i fo rm  L i g h t ,  
without S n a p p in g s  o r  S p a rk s .  I  o m i t  m a n y  o th e r  C ircum ftances  o f  
lefs Im p o r ta n ce ,  th o u g h  cu r io u s ,  to  a v o id  ru n n in g  in to  to o  g rea t  a 
Length .

Sixthly^ O n  m a k i n g  th e  E x p e r i m e n t  re la ted  by  O thode Guerik^ in h is  
Collcftion o f  E x p e r im e n ts  de Spalio Vacuo^ w h ic h  confifts in m a k i n g  a 
Bill o f  S u lp h u r  re n d e re d  E leé lr ica l ,  t o  repel  a  D o w n - F e a t h e r ,  I  p e r 
ceived th a t  th e  fam e EÍFe¿bs were  p ro d u c e d  n o t  on ly  by  th e  T u b e ,  b u t  
by all c l e d r ic k  Bodies w hatfoever  *, an d  I  d ifcovered a  very  f im p le  P r i n 
ciple, which accoun ts  fo r  a g re a t  P a r t  o f  th e  I r regu la r i t ie s ,  an d  i f  I m a y  
ufe the T e r m  o f  th e  C ap rices  th a t  feem  to  ac co m p a n y  m o f t  o f  t h e  E x -

* Vol. V II .  Pan. ¡V. Chap. iv. f  Vol. V I. Partü. Chap. i. f  iii- 2.
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2^6 ^  Difcourfe concerning Eleañcity.
■: pcriments on  E le ñ r ic i ty .  T h i s  P r in c ip le  is, t h a t  e l e f l r i c k  Bodies at-

t r a i l  all thofe tha t  are n o t  fo, an d  repel t h e m  as foon as th e y  are become
eie ilr ick ,  by th e  V ic in i ty  o r  C o n t a i l  o f  th e  e le f l r ic k  B ody .  T h u s
I .eaf-G old  is firft a r t ra f led  by the  T u b e ,  and acquires an E le ñ r ic i ty  by 
approach ing  it*, a n d  o fc o n fc q u e n c e  is im m e d ia te ly  repelled by it. N o r  
is it re-a tcr.iñed , w hile  it re ta ins it’s e k f l r i c k  Q¿iah'ty. iSut if, while

2 it is thus  fuilained in the  A ir ,  i t  chance to  l ig h t  on  fo m e  o th e r  Body, it
5 f tra igh tw ays lofes it’s F .k ñ r i c i ty  *, and  confcquen tly  is re -a t t ra i lcd  by

t h e l ' n b e ,  v’h ic h ,  after h av in g  g iven i t  a new  E le f t r i c i ty ,  repels it a 
fccond t im e  v w h ich  continues as long  as the  1  ubc k e e p s  it’s E ledric ity .  
U p o n  a p p ly in g  this P r inc ip le  to  the various E x p e r im e n ts  of E lcf tr ic i ty ,  
one  will be fu rp r ized  at  the  N u m b e r  o f  obfcure  an d  p u z z l in g  F a f l s  ic 
clears up. F o r  M r  Hauksbec^s famous E x p e r im e n t  o f  th e  Glafs Globe, 
in w h ich  S ilk  T h re a d s  are p u t ,  is a necefiary C onfequence  o f  it. W h e n  
thefc T h r e a d s  are  ranged  in f 'o r m  o f  R ays  by th e  E!e6lricicy o f  the 
S id e so f  the  G lo b e ,  i f  the  F in g e r  be p u t  near the O u t f id e  o f  the Globe, 
th e  S ilk  T h r e a d s  with in  fly from it,  as is well k n o w n ;  w'hich happens 
only  bccaufe th e  F in g e r ,  or any o th e r  B ody  a p p l ie d  nea r  the Glafs 
G lo b e ,  is thereby rendered  e lcftr ica l,  and confequen tly  repels  the  Silk 
T h re a d s ,  which  are endow ed  with  the  l ike  Q u a l i ty .  W i t h  a little Re- 
fieétion one may in the fame m anner account for mofl: o f  th e  o ther  
nomena  ̂ and  which feem inexplicable, w i th o u t  a t t e n d in g  to  th is  Principle, 

Seventhly^ Chance has th ro w n  in m y  W a y  a n o th e r  P r in c ip le ,  nriore 
univerfal and rem ark ab le  than th e  p re c e d in g  one, a n d  w h ic h  cafts a new 
L i g h t  on  the Siibjeil' o f  E le i l r ic i ty .  T h i s  P r in c ip le  is, t h a t  there are 
tw o  d i i l in f lE le f t r ic i t i c s ,  very d ifferent f ro m  one a n o t h e r ; o n e  o f  which 
I  call viireous Elefirnity^ and the o th e r  reftnous EU 5iricity, T h e  firft is 
th a t  o f  Glafs, R o c k -C ry f ta l ,  P rec ious  Stones, H a i r  o f  A n im a ls ,  W ool,  
and  m an y  o th e r  B o d ie s : T h e  fecond is i h i t  o f  A m b e r ,  C o p a l ,  G un>  
L a c k ,  S ilk ,  T h r e a d ,  P ap e r ,  and  a  vaft N u m b e r  o f  o th e r  Subftanccs, 
T h e  C h a r a f t e r i ñ i c k o f  thefe two E le f lr ic i t ie s  is, th a t  a  B o d y  o f  the vi
treous ElcHriciiy^ for E x a m p le ,  repels all fuch as a re  o f  th e  fame Elec
tr ic i ty  *, and ,  on  the  con tra ry ,  a t t ra f t s a l !  thofe  o f  th e  rejinous Ele^ricity^ 
fo th a t  the  T u b e ,  m ad e e le f t r ic a l ,  will repel Glafs, C ry f ta l ,  H a i r o f  A n i
mals, f i r .  when rendered  eledirick  and  will a t t r a f t  S i lk ,  T h r e a d ,  Paper, 

th o u g h  rendered  e le ñ r ic a l  likewife. A m b e r ,  o n  th e  co n tra ry ,  will 
a t t ra f t  e l e ñ r ic k  Glafs, and  o th e r  Subftances  o f  the  fam e Clafs ,  and will 
repel G u m - L a c ,  C o p a l ,  S ilk ,  I ’h read ,  T w o  S ilk  R ib b o n s  ren
dered e leflr ica l,  will repel each other*, tw o  W o o l l e n  T h r e a d s  will do 
the l ik e ;  bu t  a W o o l le n  T h r e a d  an d  a  S ilk  T h r e a d  will m u tu a l ly  attraft 
one another. T h i s  P r inc ip le  very  n a tu ra l ly  explains , w h y  th e  E n d s  of 
Threads, o f  S ilk ,  o r  W o o l ,  recede f ro m  one a n o th e r  in -F o rm  o f  a Pen
d í  or Broom, w hen  they  have acqu ired  an  e le f t r ic k  Q u 4 l i ty .  f r o m  this 
P r inc ip le  one may w ith  the  fam e E afe  d ed u ce  th e  E x p la n a t io n  o f  a great 
^ ^ n i b e r  o f  o ther A n d ’cis p ro b ab le ,  t h a t  th is  T r u t h  will
lead  us to  the iurther D ifcovery  o f  m a n y  o th e r  th in g s ,

I  k  -  -
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In  O rd e r  to  k n o w  im m ed ia te ly ,  to  w h ic h  o f  th e  tw o  ClaflVs o f  EIe<5l n -  
city belongs any  B o d y  w hatfoever ,  one  need o n ly  re n d e r  E leé lr ica l  a  S i lk  
T h re a d ,  w hich  is k n o w n  to  be o f  th e  re/tnous E kn ricii\\  and  fee w h e th e r  
that Body, re n d e red  E le f t r ic a l ,  a t t rac ts  o r  repeis it. I f  it a t tra£ ls ,  'cis 
certainly o f  th a t  k in d  o f  E l e ñ r i c i t y  w h ic h  I call vitreous ; i f  on  th e  c o n 
trary it repels, ’t i s o f  the  fam e k in d  o f  E l e i l r i c i t y  w i th  the S i lk ,  th a t  is, 
ofchc rejinous. I  have  likcw ife  obfervcd th a t  c o m m u n ic a te d  E le f l r i c i t y  
retains th e  fame F r d p e r r i e s : F o r  i f  a Ball o f  Ivo ry ,  o r  W o o d ,  be fct on  a  
Glafs S tand ,  an d  th is  Ball be  ren d e red  e l e f t r i c k  b y  the  T u b e ,  i t  will 
repel all fuch S ubftanccs  as th e  T u b e  repels  j b u t  i f  it be rende red  
clcdlrick by a p p ly in g  a C y lu id e r  o f  G u m - L a c  near  i t ,  i t  w ill  p ro d u c e  
quite co n tra ry  EfFeils ,  z 'iz . precifely th e  fam e as G u m - L a c  w o u ld  
produce. In  o rd e r  to  fuccecd in thefe  E x p e r im e n ts ,  ’tis rcquifite  t h a t  
the tw o  Bodies, w h ich  are  p u t  nea r  o n e  an o th e r ,  to  find o u t  th e  
N ature  o f  th e i r  í ' . I e ñ r i c i ty ,  be  rende red  as e lc i l r ica l  as poiTible *, for 
i f  one o f  th e m  w as  n o t  a t  all,  o r  b u t  w eak ly  e le f tr ica l ,  it w ou ld  be  
attrafted by th e  o th e r ,  th o u g h  it be  o f  t h a t  S o r t ,  t h a t  ilaould na tura lly  
be repelled by it. B u t  th e  E x p e r i m e n t  will always fuccced p e r fc i l iy  
well, i f  bo th  th e  Bodies arc fufficienrly e lc i t r ica l ,

2, I t  is no  fm all  Sa tis faf t ion  to  m e ,  th a t  m y  E le f l r ica l  Difcoveries Experiments 
have not only  been co n f irm ed  by  fo ju d ic io u s  a P h i lo fo p h e r  as Dufay ; Ob/tr*vâ  
but tha t  he  has m a d e  fcveral new  ones o f  his o w n ,  m o re  efpecially tha t  
im portan t luciferous one ,  w h ich  p u t  m e  u p o n  m a k in g  the E x p e r im e n ts  produced by ^
1 am now g o in g  to  relate. eommunicating

I ihall firft g ive  fo m e  A c c o u n t  o f  th e  E x p e r im e n t s  m a d e  th e  laft EUarua! At- 

^ rhg^  foon af te r  I received th e  T ra n i la t io n  o f  M r  T>ufay\ L e t t e r  ; then  m̂Jl̂ or 
of thofe we m ad e  a t  m y  hon o u red  F r i e n d ’s, GranvtUJVhdcr^ Efq-, F ,R  S. mare 
in the M o n th s  o f  July  an d  and  laftly p roceed  to  tho fc  I  have  m a d e  together ix-ith 
fince my R e tu rn  to London^ w h ich  was in Sept. lad .

A s I had  no t  any  filk L ines  by m e  iVrong e n o u g h  to  bear  th e  Boy, I 
caufed h im  to  ( land  on fom e o f  th e  E le f t r i c  Bodies ; a n d ,  as I conc luded ,  Ur Stcpticn 
tound the  E f fe i t  th e  fam e as m e n t io n e d  b y  M r  Dufay. I fhall n o t  need Gray. F  R S. 
to mention the  P a r t ic u la rs  o f  the  E x p e r im e n t ,  b u t  p roceed  to  thofc th a t  ^ 3̂ * 
were fuggeiled  to  m e  u p o n  M r  D.'{/¿7/s fay in g ,  th a t  thefc S n a p p i n g s o r  
Sparks are no t  exc i tcd ,  i f  a P iece  o f  W o o d ,  o r  any o th e r  S ubftance  than  Houfc, Jan. 
a living Body, be  paiTed over  th e  Pcrfon  fufpended on the L in e s ,  unlefs 23th, i734*5. 
it be a Piece o f  M e ta l  : f ro m  thence  I c o n c lu d ed ,  th a t  if 1 fu fpended th e  
Metal upon  filk L in e s ,  o r  laid it u p o n  an y  o f  th e  E lec tr ic  Bodies, th e  
EfFeft m uft  be the fam e, w hen  the  M e ta l  h ad  been m ade  E le f t r ica l  by  
t h c T u b e ,  an d  the  I  land* o f  any  one  was held  nea r  it, an d  found  it fuc- 
tceded accord ing ly .  I  began  firft w ith  fom e c o m m o n  U tenfi ls  th a t  w ere  
at H a n d ,  fuch as th e  I ro n  P o k e r ,  7 'o n g s ,  and  F i r e  Shovel*, any  o f  thefc 
being fufpended u p o n  L in e s  o f  the  largeft few ing  S ilk ,  th en  th e  exc i ted  
T ube ,  be in g  ap p l ied  firft to  th e  K n o b  .of the P o k e r ,  a n d  after  i t i  the  
H a n d ,  th e re  was th e  S n a p  a n d  P r i c k i n g  felt,  as I e x p e d e d  ; an d  th e  
Effect was- th e  fam e, w h en  the  T u b e  was f irf t  ap p l ied  to  th e  o th e r  E n d
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o f  chs í ’okcr. I  had  by m e  a three p ro n g e d  I ro n  I n f t r u m e n t ,  w h ich  was 
ni:ido m in y  Y ears  ag o  ; i t ’s U fe  was de f ig n ed  fo r  p r o p p i n g  u p  the Ob- 
forvatory T.ib!c, w hen  I obferved the  Spots  in the  Sun ; the P ro n g s  were 
ab o u t  h.ilf an Inch  D ia m e te r ,  tw o  o f  th e m  a b o u t  22  Inches ,  and the 
tiiird ab o u t  8 Inches lo n g  ; they  were ta p e r in g  to w a rd s  th e  E n d s ,  and 
po in ted  : T h i s  b e in g  laid either upon  Cylinders o f  G lafs ,  C akes  o f  Rofm 
and Bees W a j ^  o r  on  a C ak e  o f  S u lphur ,  the  T u b e  b e in g  app lied  to  the 
E n d  o f  any o f  the  L e g s ,  th e  H a n d  o r  C h e e k  b e in g  a p p l ie d  near ih e  
o ther ,  b o th  th e  o th e r  L e g s  h ad ' th e  fame E fF ef ta s  th a t  to  w h ich  th e  T ube  
h ad  been ap p l ied  ; b u t  b y  h o ld ing  m y  C h e e k  nea r  an y  o f  th e  P o in ts  of 
the  I..egs, th e  p r ic k in g  o r  b u rn in g  Pain  was m u c h  m o re  fenfibly felt, and 
was fom etim es  felt for feveral M in u te s  after.  I  was n o :  fo inquifitive at 
th a t  T i m e  ab o u t  m a k in g  the E x p e r im e n t  in the  D a r k ,  th a t  I  m ig h t  fee 
th e  I - ig h t  p ro ceed in g  from  the  I ro n ,  no t  t h in k in g  th e  E l e ñ r i c i t y  com 
m u n ica ted  to  the M etals  w ou ld  have p ro d u ce d  fo fu rp r if in g  Phaenom ena, 
a!, by  th e  fo l low ing  A ccoun t  o f  the  E x p e r im e n ts  will be  defcr ibed .

1. I com e now  to  g ive  fome A c c o u n t  o f  the  E x p e r im e n ts  w e made
a t  M r  fFhe/er’s, beg inn ing  firfl: w i th  th e  Succefs w e  h a d  in repeating 
M r  E x p e r im e n t .  M r  W heler, foon a f te r  m y  c o m in g  to  him,
p ro c u re d  filk L ines (Irong  en o u g h  to  bear  th e  W e i g h t  o f  h is  Foo tboy , 
a  good  (tout L a d ;  then  h a v in g  fu fp e n d e d h im  u p o n  th e  L in e s ,  the  T u b e  
be in g  applied to his F ee t  o r  H a n d s ,  an d  th e  F in g e r  o f  a n y  o n e  th a t  ftood 
by  held  near his H a n d s  o r  F ace ,  he  found h im fe lf  p r i c k e d  o r^burn t ,  as it 
w ere  by a Spark  o f  F ire ,  as M r  Dufay h ad  re la ted ,  a n d  th e  fnapping 
N o ife  was heard a t  th e  fame T i m e  ; b u t  i t  d id  n o t  fucceed with us, 
w h en  we applied our H a n d s  to  any P a r t  o f  his B ody  th r o u g h  his Cloaths, 
cxcep t  upon  his L egs ,  u p o n  w hich  he felt the P a in  th ro u g h  his Stockings, 
a l th o u g h  they w ere  very th ic k  ones.

2. B eing  defirous to  m a k e  th e  E x p e r im e n t  u p o n  a n o th e r  Species of 
A n im a ls ,  we to o k  a large w hite  C o ck  and  fufpended h im  u p o n  the Lines 
f ir i l  alive, and  th e  E iF e d  was the  fam e as on the  B oy ,  w h e th e r  we ap
p l ied  our  F in g e rs  to  any P a r t  o f  his B ody , o r  o u r  C h e e k  to  his  Beak, 
C o m b  o r  Claws ■, then  the  C o ck  was k i l led ,  an d  p u t  o n  th e  L in e s  again, 
a n d  we found  very l it t le ,  i f  any .  Difference, f ro m  th e  E f f e i t  i t  had on 
us w hen  th e  C o c k  was l i v i n g : W e  then  caufed th e  C o c k  to  be itripped 
o f  his F ea the rs ,  and the  Difference f ro m  w h a t  has been  faid  before was 
no t  very grea t .

3. W e  to o k  a large Sirloin o f  Beef, th a t  c a m e  f ro m  an O x  th a t  had 
been killed tw o  D a y s  before, and  fu fpended  it on  th e  fi lk  L in e s  ; then 
the  F ingers  he ld  nea r  any  P a r t  o f  i t ,  th e re  was a  S n a p p in g ,  and the 
F inge rs  were p u ih ed  o r  p r ic k e d  ; b u t  th e  S n a p p in g  was th o u g h t  not to 
be quite fo loud as w hen  th e  E x p e r im e n t  was m ad e  on  th e  C o c k .

4 .  W e  caufed to  be m ad e  an  I ro n  R o d ,  4  F o o t  lo n g ,  a n d  ab o u t  half 
an  In ch  D iam eter ,  po in ted  a t  each  E n d ,  b u t  n o t  i h a r p ,  b e in g  left about 
th e  Bignefs o f  a  P in ’s H e a d ,  th is  be in g  fu fpended  o n  th e  L in e s  5 then 
th e  T u b e  be ing  ru b b ed ,  a n d  he ld  near one  E n d  o f  th e  R o d ,  a n d  then the
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f i n g e r  o r  C h e e k  b e in g  p u t  n e a r  e i th e r  E n d  o f  the  R o d ,  th e  E f f e i l  was 
the fame as w h en  an  A n i m a l  h a d  been fu fp en d ed  on th e  L in e s ,  w i th  
refpeft to  the  p r i c k in g  P a in  we felt.

5. A t  N i g h t  we m ad e  th e  lu m in o u s  P a r t  o f  the  E x p e r im e n t ,  fu fp en d in g  
the Iron  R o d  o n  th e  S ilk  L ines  ; th e n  a p p l y in g  o n e  E n d  o f  th e  T u b e  
to one E n d  o f  the  R o d ,  n o t  on ly  th a t  E n d  had  a L ig h t  u p o n  i t ,  b u t  th e re  
proceeded a  L i g h t  a t  the  fam e I ' i m e  f ro m  th e  o th e r ,  e x te n d in g  in F o r m  
of a Cone, whofe V e r te x  was at  the  E n d  o f  the  R o d ,  an d  w e co u ld  p la in ly  
fee that it confifted  o f  T h r e a d s ,  o r  Rays^ o f  L i g h t ,  d iv e rg in g  f ro m  th e  
Point o f  th e  R o d ,  an d  th e  ex te r io r  R a y s  b e in g  incurva ted .  T h i s  L i g h t  
is a ttended w i th  a  fm all  h iffing  N o ife  \ every  S tro k e  wc g iv e  the  T u b e ,  
caufes the L i g h t  to  a p p e a r : T h e  HiiTing feem s to  b eg in  a t  th a t  E n d  o f  
the R od  next th e  T u b e ,  a n d  as it  co m es ,  increafcs in i t ’s L o u d n e fs ,  b u t  
it is fo fmall as n o t  t o b e  heard  w i th o u t  g o o d  A t t e n t io n ,  an d  by th o fe  
o n ly ' th a t  f tan d  a t  th a t  E n d  o f  the  R o d  f ro m  w h e n ce  th e  laid  L i g h t  
proceeds.

M r  Godfrey b e in g  dcfirous to  fee thefe E x p e r im e n ts ,  I repeated  th e m ,  
by laying a R o d  o f  I ro n  u p o n  a  C a k e  o f  S h e l l -L a c k ,  w h ic h  was la id  
upon a Glafs V e f f e l ; b u t  th e  E fFcils  b e in g  m u c h  th e  fam e w ith  w h a t  
has been ab o v e -m en t io n ed ,  I  iliall n o t  need  to  m e n t io n  an y  o th e r  P a r 
ticulars.

I.  I ihall n o w  proceed  to  g ive  fom e A c c o u n t  o f  th e  E x p e r im e n ts  I have 
made fince m y  R e tu rn  to  London^ w h ic h  was in Sept, laft.  I caufed 3 
Iron R ods  to  be m a d e ,  o n e  o f  4  F e e t  lo n g ,  t w o ,  each 3 F e e t  in L e n g t h  \ 
one o f  thefe was m a d e  t a p e r in g  to w a rd  th e  E n d s ,  an d  p o in te d  as th a t  o t  
4  Feet w a s ; th e  o th e r  p o in te d  a t  one  E n d ,  a n d  the  o th e r  E n d  n o t  p o in te d ,  
the D iam ete r  of th e  R o d s  a b o u t  h a l f  an In c h >  th ey  w ere  fitft fo rg ed ,  
then filed and  bu rn i ihed .  W i t h  thefe  I m a d e  th e  fo l lo w in g  E x p e r im e n t s ;  
W hen any o f  th e m  were la id  e i the r  upon  th e  B r im s  o f  ho l low  C y l in d e rs  
of Glafs well w a rm e d ,  o r  u p o n  C akes  o f  R o f in  a n d  Bees W a x ,  o r  u p o a  
thofe o f  S u lphur ,  th e  P h a sn o m e n o n  was th e  fam e as w h e n  they  had  b f e n  
fufpended on S i lk  L i n e s : B ut n o w  I d i icovered  a n o th e r  very  fu rp r i f i rg  
one, v iz . t h a t  after  th e  T u b e  had  been a p p l ied ,  an d  th e  I, . ight fcen a t  
both E n d s ,  u p o n  m y  g o i n g  to  the  oth&r end  o f  th e  R o d ,  v/hen tiieie 
was no L ig h t  to  be fcen, u p o n  h o ld in g  m y  H a n d  at fo m e  d if tance  f rom  
|t ,  then m o v in g  m y  H a n d  to w ard s  it w i th  a p re t ty  fwift M o t io n ,  th e re  
iifued from  th a t  P o i n t o f  th e  R o d  a  C o n e o t  L i g h t ,  as w h e n  th e  7 'u b e  
had been app lied  to  the  o th e r  E n d  j a n d  u p o n  re p e a t in g  th is  M o t io n  o f  
my H a n d ,  the  fanoe P h se n o m e n o n  a p p e a re d  fo r  five o r  fix t im e s  fuc-  
ccffively, on ly  th e  R a y s  were each t im e  fh o r te r  th an  th e  o t h e r ; th e jc  
Lights. arCalfo a t ten d e d  w ith  a h iff ing  Noife r That L ig h t  w hich  a p p e a rs  
upon th a t  End nex t  the  Tube, w hen  ic is he ld  ob l ique ly  to  th e  A x is  o f  
the R o d ,  has i t ’s Rays t e n d in g  to w a rd s  i t : A l l  th e  I ' i m c  I a m  r u b b i n g  
the Tube, thefe Flaihes o f  L i g h t  a p p e a r  u p o n  every  M o t io n  o f  m y  Hand 
vip or dow n  the  Tube, b u t  th e  la rge t t  Flaihes are p ro d u c e d  by  th e  Motion 
of my Hand do-wcv/ardáL

2. Whca
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2 W h e n  2 o r  3 R o d s  are laid e i the r  in a r i g h t  L in e ,  o r  m a k i n g  any 

A n»Ie  with eac'.i o the r ,  o r  e i the r  touch ,  o r  a re  at  a fm all  D if tan ce  from 
o i ic l i ro th c r ,  the T u b e  b e in g  applied  to  one  o f  th e i r  E n d s ,  th e  furthcft 
F n d  o F th e  fu r the r  R o d ,  exh ib i ts  the  fame P lw en o m en a  as one  fingle.

V  A n  K x p c r im e n t  w ith  the R o d  th a t  was p o in te d  a t  b u t  o n e  o f  it’s 
li.nds. W h e n  th e  T u b e  is ap p l ied  to  the  o th e r  E n d  of the R o d ,  the 
T o in t  gives th e  l i im c 'A ppea rance  an d  a l i k e  E ffc f t  w ith  th e  R o d s ,  that 
are po in ted  a t  each E n d  ; b u t  th e  g rea t  E n d  o f  th e  R o d ,  w h en  th e  H a n d  
o r  C h e ek  is app lied  near it ,  gives b u t  one fingle Siiap *, b u t  th is  is much 
k judcr  than  the  grea teft  o f  thofe  f rom  the  P o in t  o f  th e  R o d ,  an d  o n e  feels
a  little m o re  P a in  by it.

4 .  I caufcd an I ro n  Ball to  be  fo rg ed ,  an d  th en  tu rn e d  a n d  bu rn if l ied ;
’twas z  Inches  D iam e te r ,  w h ic h  b e in g  placed on a  w o oden  S ta n d ,  that 
h ad  a i'mall C oncave  a t t h e  T o p ,  in w h ich  th e  Ball was placed *, the Stand 
b e in g  fet upon  a  C y l in d r ic k  Glafs ,  then  th e  exc ited  T u b e  b e in g  applied 
near  th e  Ball ,  there proceeded a S tream  o f  L i g h t  f ro m  it,  w i th  a fmall 
h if i lng  N oife  ; then  p u t t in g  m y  F in g e r  o r  C h e e k  near th e  Ball ,  there 
w as  n o  S n ap p in g ,  nor  any P a in  felt,  yet there  ap p e a re d  a  very  b r igh t  
L i g h t .

5. T i i e  R o d  o f  4  F ee t  long , b e in g  placed u p o n  a  S tan d ,  th a t  had a 
crofs A r m  with  a  G roove  in it to  receive th e  R o d  *, then  th e  S tand  beiiig 
placed on  th e  Glafs C y linder ,  they  were fet a t  fuch a  D i i la n c e ,  as that 
one  o f  the  P o in ts  o f  th e  R o d  m ig h t  j u i l  to u ch  th e  Ball over  againft  it’s 
C e n tre  *, then  g o in g  to  the  o ther  E n d  o f  th e  R o d  w ith  th e  p repa red  T u b e ,  
an d  app ly ing  it as ufual, when I cam e to  th e  B i l l ,  th e  H a n d  o r  Check 
b e in g  near it, caufed a loud S nap ,  c o m p a re d  to  thofe  m a d e  b y  th e  Points 
of the R o d s ,  and  the  P a in  o f  p r ic k in g  o r  b u rn in g  was m o r e  f t rong ly  felt, 
th e  L i g h t  alfo was b r ig h te r  and m ore  co n tra f ted  : I then  p laced  th e  Rod 
■with it’s P o in t  a t  an Inch  diftance from  the  Ball, a n d  a p p ly in g  the Rod 
as before, I  cam e to  th e  Ball, an d  - to u ch in g  it w i th  m y  H a n d  o r  F in 
ge r ,  the re  n o t  only  appeared  a  L i g h t  o n  th e  Ball, b u t  the re  alfo proceeded 
a  B ru ih  o f  L i g h t  from  th e  P o in t  o f  the R o d  after  th e  fam e m a n n e r  as when 
th e  E x p er im e n ts  had been m ade  w ith  th e  R o d s  only .

6. A n  E x p e r im e n t  m ad e  v>ith th e  4  F e e t  R o d ,  a n d  a  Brafs Plate 
4  F e e t  fquare. T h i s  was p laced upon  a S ta n d ,  fo t h a t  th e  P la te  ftood 
perpend icu lar ,  th e  S tand  b e in g  fet on  th e  C y l in d r ic k  G l a f s ; then  the 
R o d  w ith  it’s S tand  an d  Glafs was fet fo as th a t  one  P o i n t  o f  i t  was about 
an  Inch f ro m  th e  C en tre  o f  the P la te  ;  th en  th e  T u b e  b e in g  applied to 
the  o th e r  E n d  o f  the  R o d ,  and  a f te r  g o i n g  to  th e  P la te ,  on  i l r ik in g  it 
gen tly  w i th  m y  F in g e r  on th e  b a c k  S id e ,  a  L i g h t  a p p e a re d  upon  the 
P la te ,  and a t  th e  fam e T i m e  th e  B ru ih  o f  L i g h t  c a m c  o u t  f ro m  the 
P o in t  o f  the R o d  ; a n d  w hen  m y  H a n d  o r  C h e e k  was he ld  n e a r  any of 
t h e  Angles o f  the  P la te ,  th e re  was a  L i g h t  cam e  f r o m  th e n c e  with a 
im all  hiffmg N o ife ,  a n d  th e  P r i c k in g  was felt  as w h e n  th e  E xper im en ts  
w e re  m ad e  w id i  the  po in ted  R o d s .

7. A
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7. A  P e w te r  P la te  b e in g  laid u p o n  the  Stanil,  w h ic h  had  been fet 
upon a  Glafs C y l inde r ,  the  I ' u b e  fiif t ,  a n d  then the  F in g e r  a p p l ie d ,  
there appeared  a L i g h t  u p o n  the  P la te ,  an d  the K n d  o f  the  F in g e r  was 
puflied ; and w h e n  th e  C h e e k  was held  near the E d g e  o f ' t h e  P la te ,  th e re  
w a s  a S n a p p in g  hea rd ,  b u t  n o t  fo loud  as w hen  I ro n  R o d s  w ere  u led .
1 then filled the  Place w ith  W a t e r ,  and  a p p ly in g  th e  T u b e  a n d  F in g e r  
as before, tiiere w'as th e  fam e L i g h t ,  p u lh in g  of th e  F in g e r ,  an d  fnap- 
ping, as w hen  th e  E x p e r im e n t  was m a d e  w i th  th e  e m p ty  Place. W h e n  
the E x p e r im e n t  is m a d e  w i th  W a t e r  by D a y - l i g h t ,  by  ap p ly in g  th e  E n d  
o f  the F in g e r  near  th e  Surface o f  the  W a t e r ,  it appears  to  rife in a l i t t le  ■
Hill ,  and upon  th e  i h a p p in g  N o ife  falls d o w n  p u t t in g  the  W a t e r
into a w av in g  M o t io n  nea r  the  P lace  where  th e  W a t e r  had  rifen.

8. I then  to o k  u w ooden  Diili ,  and  placed it u p o n  th e  S tan d ,  firf t  
e m p ty ;  then  a p p ly in g  th e  T u b e ,  a n d  the  F’in g e r  he ld  n ea r  the  D i ih ,  
there appeared  a  L ig l i t ,  b u t  no  p u d i in g  o f  the  F in g e r  n o r  fn a p p in g  : I 
then filled th e  D ii l i  w i th  W a t e r ,  a n d  th e  T u b e  b e in g  he ld  over  th e  S u r 
face o f  the W a te r ,  the re  app ea red  a  g re a te r  L i g h t  than  w hen  th e  F in g e r  
had been ap p l ied  to  th e  e m p ty  D i i l i ,  b u t  no  fn a p p in g ,  till  by  h o ld in g  
the T u b e  af te r  it had been well rub,bed, w ith in  tw o  o r  three Inches  o f  
the F in g e r  th a t  was h e ld  near  the  Surface  o f  th e  W a te r ,  a n d  then  th e  
F inger  was pu i l ied ,  a n d  a  f n a p p in g  N o ife  hea rd ,  as. w hen  th e  E x p e r i 
m ent was m ade  w i th  th e  P e w te r  P la te .

By thefe E x p e r im e n ts  w e fee, th a t  an aélual F la m e  o f  F i r e ,  to g e th e r  
with an Explofio ii ,  an d  an  E b u l l i t io n  o f  co ld  W a te r ,  m a y  be  p ro d u c e d  
by com m unica t ive  E le t f l r ic i ty ; a n d  a l th o ’ thefe E lFeób  are  a t  prefenc 
but in viinimisy it is p ro b ab le ,  in T i m e  th e re  m ay  be  found o u t  a W a y  
t o c o l l e f t a  g rea te r  Q i ia n t i ty  o f  i f ,  a n d  co n feq u en t ly ,  to  increafe th e  
Force of th is  e l e i l r i c k  F i re ,  w hic l i ,  by  feveral o f  thefe E x p e r im e n ts  { S i  
licet mngnis componere p a rv a )  feems to  be o f  th e  fam e N a tu re  w ith  th a t  o f  
T h u n d e r  and  L ig h t n i n g .

3. Feb, 18, I  t r ied  w h a t  E fFeft  w ou ld  be  p ro d u c e d  on  feveral Sorts  Some Expert 
of  W o o d  w ith  re fpec l  to  th e  lu m in o u s  P a r t  o f  E le é l r ic i ty  ; th e  W o o d  reiating 
was made in to  R o d s  o f  th e  fam e F o r m  w ith  thofe  I ro n  ones  m en t io n ed  
in my fo rm er  L e t t e r ; th e  W o o d s  m a d e  ufe o f  were  F j r ,  A f h ,  an d  H o l l y ;  439*^^ 
thcfc being fucccffively d ifpofed  u p o n  e leé lr ick  Bodies, a f te r  th e  fam e 166. Daud 
manner as th e  I ro n  R o d s  had  been , th e  T u b e  b e in g  ap p l ied  to  o n e  ] “"* >2»
E n d ,  there  app ea red  a L i g h t  on  i t ,  b u t  n o t  w i th  fo g re a t  a  F o rce ,  n o r  ‘ " - 5' 
did the L i g h t  ex te n d  to  fo g rea t  a  l e n g th  ; n e i th e r  was the  F o r m  o f  it 
conical, b u t  ra the r  cy l indrica l  i b u t  the  E x t r e o i i ty  o f  it feemed to  c o n -  
fift oi a iho r t  F r in g e  o f  L i g h t ;  w h en  th e  L ig l i t ,  th a t  was g iv en  to  th e  
Rod by the  A p p l ic a t io n  o f  th e  T u b e ,  d id  ceafe, u p o n  a M o t io n  o f  m y  
H a n d  towards the  P o in t  o f  th e  R o d ,  the  L i g h t  cam e o u t  ag a in ,  as has 
been m entioned  o f  th e  I ro n  R o d s ; b u t  w h en  tlie H a n d  o r  F in g e r  .was 
held near th e  P o i n t  o f  thefe w ooden  R o d s ,  the re  was n o  p r i c k in g  o r  
pu ih ing  o f  th e  F in g e r  felt,  as w hen  th e  Iron  R o d s  w ere  m a d e  ufe of.
I had lo m e  o f  thefe R o d s  m a d e  m u c h  b ig g e r  a t  one  E n d  thr.n th e  o th e r ,
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and now a p p ly in g  m y  F in g e r  to  tin: la rge r  E n d ,  the re  n o t  o n l y  ap. 
p c a r f d a  L ig h t ,  b u t  the  F in g e r  was p u n ie d ,  m o re  cipec:al!y when the 
H o lly  R o d  was m ade  Life o f ,  and th e  C h e c k  was a h t t le  p r ic k e d ,  but the 
S m ar t  was not near fo g rea t ,  as w h en  th e  I ro n  R o d s  were u f e d ; the 
grca: Knd  o f  the Rod  was po in ted  with a m u ch  la rg e r  A n g le  than the 
leilcr one, yet there Avas very little , If an y  D ifference , in the F o rm ,  or 
liigncfs o f  the i  . ight tha t  proceeded from  e i the r

H a v in g  pro; 'ured m e 2 P a i r  o t  1/ines m ade  W o r f te d  Y a r n ,  one of 
ilicm o f  a M a za reen  blue, the otiier o f  a icarlec C o lo u r ;  o n  th e  3d  o f  A- 
fviU  I fufpcnded the Boy firfl on the blue l .ines, a n d  found  chat all the 
Effec^ls w ere  the fame, as when he was fufpcnded on L in e s  o f  blue Silk. 
1 then fufi>ended h im  upon  the  icarlec L in e s ,  b u t  n o w  th o u g h  the Tube 
were as well excited, and the K xper im cn t  often rep e a ted ,  y e t  there  was 
n o  Effect  p roduced  on h im , e i th e r  o f  A ttrac t io n  o f  a p en d u lo u s  Thread, 
i io r  o f  p r i c k in g  or b u rn in g ,  by apply ing 'one*s H a n d  nea r  h im  ; I then 
laid one  o f  the  Iron  R ods  firft upon  the blue L in e s ,  a n d  all the fame 
I ' . f feds  were exhibited, as when the  fame R o d  h ad  been laid  on Silk 
L in e s  o f  that Colour ; b u t  uppn  lay ing  th e  f tm e  R o d  u p o n  the  Scarlet 
l . in e s ,  no  M a n n e r  o f  A t t ra c t io n ,  was perceived.

In  Phiiof, Trafffa6i, N o . 4 2 2 * ,  I gave an A c c o u n t  o f  the  E xperim ents
I  m ad e  upon the  com m unica t ive  L>le6tricicy o f  W a t e r ,  an d  th a t  W ater  
is a t t ra i led  by t h e l  ube, toge the r  w ith  feveral r e m a rk a b le  Circumftances 
w i th  which  this A t t r a Á io n  is a t tended  ; b u t  I  have  n o w  found , that 
w h e n  the Stand with  thofe little Ivory  C u p s  th e re  m e n t io n e d ,  be fet upon 
an y  e le f tr ick  B ody ,  the  fame Phaenon-iena a re  p ro d u c e d ,  n o t  only by 
h o ld ing  the  T u b e  near the  W a t e r ,  b u t  w h en  th a t  is r e m o v e d ,  and the 
7' ip  of tl\e ÍMngír placed over  the  W a t e r ,  v iz ,  th e re  is a little  H il l ,  or 
P ro tu b e ran ce  o f  W a te r  o f  a conical F o r m ,  f ro m  th e  V e r te x  o f  which 
proceeded a  L i g h t  and a fmal! f n a p p i n g . .

M ay  6 ,  we m ade the  fo llow ing E x p e r im e n t .  T h e  B oy  b e in g  fufpended 
on th e  Silk  L ines ,  and  the  T u b e  b e in g  app lied  nea r  his F e e t a s u f u a l ;  
u p o n  his h o ld in g  th e  E n d  o f  his F in g e r  n ea r  a G e n t l e m a n ’s H a n d ,  that 
H ood  on a C ake  m ade of Shell L a c k  and  b lack  R of in  5 a t  th e  fame Time 
ano the r  G en tlem an  f tood  at the  o th e r  S ide  o f  th e  B oy  w i t h  th e  pendulous 
T h re a d  ; th en  the  Boy was bid  to  ho ld  his F in g e r  n e a r  th e  f iril  Gentle
m a n 's  I-Jand, upon  w hich  it  was p r ic k e d ,  an d  th e  f n a p p in g  N oife  was 
heard ; and a t  th e  fame T i m e ,  the T h r e a d  w h ich  was b y  it’s A ttra i l ion  
g o ing  tow ards  th e  Boy fell b ack ,  th e  B oy  h a v in g  lo f t  a  g re a t  P a r t  of his 
A ttrad l ion ,  upon  a fecond m o v in g  his F in g e r  to  t h e  G e n t l e m a n ’s Hand, 
the Atcradlion ceafed v th en  the  T h r e a d  b e in g  h e ld  n ea r  th a t  Gentle
m an ,  he was found to  a t t rac t  very  f t ro n g ly  ; b u t  h a v in g  fince repeated 
fl)is E xper im en t ,  I  f ind th a t  th o u g h  th e  A t t r a f l i o n  o f  th e  B o y  is much 
d im in i fh r f ,  yet he does  n o t  qu i te  lofe i t ,  t il l  2 ,  3^ an d  fometimes 4- 
.Applications of his F in g e r  to  the  H a n d  o f  h im  t h a t  f tands  o n  the elec-

i r k k
• V^l.VL Fart ii. Chap. i. 3.
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trick Body, but withouc touching him, Ac another Time I caufcd ■}
Pcrlbns to ftaiul, one oí' them upon a Cake of Shell Lack, (¿c. the other 
upun one oí Sulphur, the third upon a Cake o f  Bces-W.ix and Rolin j |
the Perfons all holding Hands, the Boy applying his I'inger near the [
firft Man’s l l.ind, they all three became elcdrical^ as appeared by the
Atcradion of* the Thread, when held near to any of theai.

June iQ̂  in the Morning, I repeated the lixperiments with the P S.
wooden Rods, the moft material ones o f  which were made with the 9 / 0 /
Holly Rod: I'his being laid on the Glais Cylinder, and a I'ir Board 
about a Foot fquare and three tenths of an Inch thick being placed ere¿t 
upon a Stand, that was feton another Glafs Cylinder, lo that the Center tnhtn múe 
of the Board was placed near the Point o f  the Rod, but not to touch it 
by near half an Inch i then the I'ube being held near the great End of 
the Rod, there iflucd out a IJght from the little Mnd of the Rod, which 
was that next the Board •, and, as the Boy told me, it came aJong with 
a hiifing Noife, and llruck againft the Bo;ird ; when he touched the 
Board, there was a L ig h t ;  and at the famd time, another on the linci 
of the Rod, but he heard no fnapping nor pricking of his Finger, as 
when the Brai's Plate and Iron Rod were made ufe of.

When the Boy was fiifpcnded upon the fcarlet Lines, he attracted the Expfrtmeut. 
white Thread at a very fmall Dirtance, but the Attraftion ceafed in about
6 or 7 Seconds of Time. I'hen the Boy being taken oif, an Iron Rod ^^rpfrarn 
was laid on the Lines, but tliere was no Attrailion o f  the Thread by the rtptaud.
Body o f  the R o d ; but when the I'hread was held near either o f  the 
pointed Ends o f  it, there was a fmall Repulfion o f  it, and in the Dark 
a very fmall Light was lien at eacli End of the Rod.
. When the Boy was iufpended upon the blue Lines, he attrailed the 
Thread to him when it was iield at lead a Foot diilancefrom him, and 
continued his Attrailion to near 75 Seconds, the Iron Rod continued it’s 
Attraction not more than 36 Seconds.

When he was fufpended on the blue Lines, he continued his Attrac- Experiments 

tion 50 Minutes, on the Scarlet Lines 25 Minutes, on the Orange co- 
loured Lines 2 1 Minutes.

By thefe Experiments we fee the Efficicy o f  Eledricity upon Bodies he<w'asfuj- 
fufpended upon Lines of the fame Subftance, but of different Colours, 
and alfo that the AtrraSion continues much longer upon Silk than upon ^
Yarn, and confequently Silk is the propereil Body we can make Ufe 
of to fufpend thofe Bodies upon, to which we would communicate an 
Eledlricitv.

4. I have lately made feveral new Experiments upon the projedile Cucfrningth 
and pendulous Motion of fmall Bodies by Eledricity, by which fmall 
Bodies may be made to move about larger ones,either in Circles or Ellipfes, ^prjuíílTno- 
and that either concentrical or excentrical to the Center of the larger Bo- dm qu7/, h'% 
.dies about which they move, fo as co make many Revolutions about tliem ; EUsiricUy  ̂

and this Motion will be conftanrly the lame W ay that the Planets move 
about the Sun, v i z ,  from the Right to the I^efr, pr from W eft to E a f t : JrQmii'ejito

G g g 2 But Eat}, f/f

e l e c t r i c a l  e x p e r t  M E N ' T  s . 403



Plantudo But thefe lictle Planets, if I may fo call them, move much fafter in 
■rxund the Sun, yipogcon, than in the Perigeon Parts o f  their Orbits •, which is, as

know, direflly contrary to the Motion of the Planets about
N o. 441.  p. the Sun.
220. Dotfd Feb. 6, t73¿-
EleiiricaiEx- r, 'I'ake a imall Iron Globe of an Inch or Ii\ch and half Diamenter, 
ptrimentsh}tht ^hj^h fcC On the Mickllc o f  a Cake of Rofin o f  about 7 or 8 Inches 

Diameter, luving firil excited the Cake by gently rubbing it, clapping 
C\ Mortimer, it 3 or 4 times with the Hands, or warming it a little before the Fire; 
hi D. /Í.5* then faften a light Body, as a fmall Piece of Cork, or Pith of Elder, 
Secr. h'eb. Hf to an exceeding fine Thread, 5 or 6 Inches long, which hold between 
IUd Mre yĉ ur Finger and Thumb, exa¿tly over the Globe, at fuch an Height, 
h!dtZ  No. that the Cork, or other light Body, may hang down about the Middle 
444. p. 400. of the Globe: This light Body will of itfclf begin to move round the 
lixffR.I. Globe, and that conftantly from W eft to Eaft, being the fame

Direftion which the Planets have in their Orbits round the Sun. If the 
Cake of Rofin be circular, and the Iron Globe placed exaftly in the 
Centre o f  it, then the light Body will defcribe an Orbit round the Iron 
Globe, which will be a Circle i but if the Iron Globe be placed at any 
Diftance from the Centre of the circular Cake, then the light Body will 
defcribe an [Elliptical] Orbit, which will have the fame Excentricity as 
the Diftance of the Globe from the Centre of the Cake.

I f  the Cake of Rofin be o f  an Elliptic Form, and the Iron Globe be 
placed in the Centre of it, the light Body will defcribe an Elliptical 
Orbit of the fame Excentricity as the Form o f  the Cake.

If  the Iron Globe be placed in or near one of the Focus*si o f  the el- 
liptick Cake, the light Body will move much fwifter in the Apogee Part 
o f  the Orbit, than in the FertgetVm^ contrary to what is obferved of 
the Planets.

ExrfcR. II. Take the fame or fuch another Iron Globe, and having faftened it on 
an Iron Pedeftal about one Inch high, fet it on a Table, th?n fct round 
it a Glafi Hoop or Portion o f  an hollow Glafs Cylinder of feven or eight 
Inches Diameter, and two or three Inches high : This Hoop muft be 
firft excited by warming and gently rubbing it, then hold the light Body 
fufpended as in the firft Experiment, and it will of itfelf move round 
the Iron Globe from W eft to Eaft in a circular Orbit, if the Hoop be 
circular and the Globe ftand over the Centre o f  it, but in an Elliptic 
Orbit with the fame Excentricity, if the Globe does not ftand in the 
Centre o f  the Hoop, as in the firft Experiment, when the Globe does 
not ftand on the Centre o f  the Cake.

[What will happen if  the Hoop be Elliptic, he did not mention ; i  
fuppofe, he had not an oval Glafs Hoop by him.]

This fame Iron Globe being fet on the bare Table, without either 
the Cake of Roiin orGlais Hoop, the fmall light Body being fufpended 
as in Exp. I, II. will make Revolutions round it, but Gower and nearer 
to it than when it is placed on a Cake o f Rofin, or within a Glafs- 
Hoop, He
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He had not yet found that thefc Experiments would fuccecd, i f  the R e m a r k s ,  

Thread, by which the light Body was fufpendcd, was fupported by any 
other Thing than an human Hand ; but he imagined it might happen 
the fame, if the Thread íliould be fupported or tailened to any animal 
gubftance whatever; and he intended to have tried the Foot of a 
Chicken, a Piece of raw Fkih, or the like.

He imagined to explain' the foregoing Particular, by the following 
odd Phaenomenon, of which, he aíTured me, he was very certain, having 
often obferved it, viz. If a man refting his Elbows on his Knees, places 
his Hands at fome fmall Dillance from each other, they will gradually 
accede to each other, without any Will or Intention of the Man to 
bring them together; and they will again recede of themfclves. In the 
like manner, the Hand will be attracted by the Body; or the Face of 
a Man, if he ftand near a Wall, will be attrafled to the Wall, and be 
again repelled by it.

He told me, he had thought of thefe Experiments only a very ihort 
Time before his falling fick, that he had not yet tried them with Va
riety of Bodies, but that from what he had already fcen of them, which 
(truck him witli new Surprize every Time he repeated them, he hoped, 
if God would fpare his Life'but a little longer, he ihould, from what 
thtfe Phtenomena point out, bring his L‘l¿¿lrical Experiments to the 
grcateft Perfeition; and he did not doubt but in a íhort Time to be able 
10 aftohiih the World with a new Sort of Planetarium never before 
thought of, and that from thefe Experiments might be eftabliihed a 
certain Theory for accounting for the Motions of the Grand Planetarium 
of the Univerie.

In trying thefe Experiments fince his Death, I have found that the 
fmall light Body will make Revolutions round a Body of various Shape» 
and Subftances, as well as round the Iron Globe, if fet on the Cake of 
Rofin ; thus I tried with a Globe of black Marble, a Silvtr Sand diíh, 
a fmall Chip-box, and a large Cork. I obferved that the Cake, if 
nothing ftood upon it, would in any Part ñrongly attrail the light 
Body, as held fufpcnded by the Thread ; but when the Globe, or other 
Body, was fet upon it, the Edges of the Cake attra¿led the ftrongeft, 
and fo gradually the Attrailion feemed as it approached the Centre to 
grow Icfs, till at a certain Diftance it was changcd into a Repulfion, 
which proceeded from the Globe, or other Body placed upon the Cake, 
which very ñrongly repels the light Body, unlefs it be held very near it, 
and then it attrads it ftrongly. While the light Body is fufpcnded, as 
in the forgoing iBiperiments, if you approach the Finger ó f  .the tother '
Hand near it, it will fiy from the Finger, orbe repelled by>itwith great 
Vigour.

6. The following Experiments I made in the Autumn of the Y td x  Somt Ele¿irp~
1732, and repeated them fo Mr Gray the following Summer, when he Exptri-
came into the Country. I had then Thoughts of communicating them
10 you through his Hjnds, to whom they owe their Being, and dxcw them

up
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Bodies,

G r a m v , W h e l e r .

I hung a fine white Thread by a L.ocip, to an horizontal blue Silk 
Line, about four Feet long, tied at each EíkI, and at about a Foot 
diftance from it, placed a Glafs Tube two Feet and a half long nearly, 
and one Inch and quarter Diameter, fixed in the Centre of a circular 
Piece of Wood fupported upon three brafs Skrews, fo that the Tube and 
pendulous Thread were parallel to each other. The I'ube being rub
bed, the Thread was attraded and repelled 7 or 8 times (in very good 
Weather, I have obferved it to move to and from the Tube 12 times, 
at above one Foot diftance). I then tied a Picce of new fmooth Pack
thread to the Top of the Tube, and to the Loop of the Thread hang
ing down as before, and again excited the Tube: The Thread, without 
-coming once towards the Tube, went into and continued in a State of 
RcpuHion ; but if I only touched the communicating Packthread with 
my Finger, the white Thread immediately haftened to the Tube ; And 
upon hanging another long Piece of Packthread, which reached the 
Ground, to the communicating Packthread, and again rubbing the 
Tube, the pendulous white Thread was fo far from going into a State ot 
■Repulfion, that it became attrailed to the Tube, and continued lb, 
without ihewing the lead Tendency to a State of Repulfion, as long as 
the Virtue of the Tube lafted.
: I tied a Piece of fmall Cane about 16 Inches long, iind i  of an Inch
Diameter at one End, and a little more at the other, at right Angt es t o
the Top of my Tube, fixed in the fame Pedeftal as before, and making
nnequaJ Arms with i t ; and at the End of the larger Arm, a Picce of
Stick tranlverfly, about 6 Inches long, fo as it might Aide backwards and
forwards to and irom the Tube: This moveable íhort Stick at one End
/upporteda very fine wliice Thread,, at the other a very fine blue Silk, by

which
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Tvhlch means we had now a Silk and a Thread at the iiune rime hanging 
parallel  to the Tube. The Thread, after the Tube was rubbed, liril 
w a s  attraded, but then immediately repelled, and continued aconfiderable 
Time in a State of Repulfion ; but upon tying to the End of the iliorter 
Arm of Cane, a Picce of long Packthread, which reached down upon 
the Table, and rubbing the Tube again, the Thread continued in a State 
of Atfraélion, without being once repelled during the whole Virtue of 
the Tube, as in the preceding Experiment; Yet the Silk, whether the 
long Packthread was added or not, to the Ihorter Arm of the Cane, 
continued conilandy attraibcd towards the Tube; but upon putting a 
iliort Silk only fix Inches long, in the fame Circumftances, it would, 
after fome Time rubbing the Tube, turn into a State of Repulfion, the 
upper Part firft bending from the Tube, and the lower Part towards it, 
the upper Bending ftill increafing till the whole was repelled ■, and, which 
is remarkable, the upper Part or bending, upon the Approach of. the 
Finger, or any Body not impregnated with eledrical Effluviâ  flying to
wards it, and the under Part or Bending raiher feeming to fly from it, 
till the whole was faturated, and in a State of Repulfion with regard to 
the Tube, and then any Part oí' it would come to the Finger, or any I
other Body, not. made Eledrical. It is proper to add here one more 
Difference remarkable between the Thread and Silk: The Thread in a '
State of Repulfion touched widi the Finger, would immediately fly to- *
wards the Tube; but the Silk in the fame State, after touching feveral 
times, ftill continued in a State of Repulfion, and would not be attraded 
till fqueezcd from Top to Bottom between the Finger and Thumb, 
once, and fometimes two or three times. And farther, the I'hread would 
imn:̂ ediarely turn again into a State of Repulfion, whereas the Silk, 
after the Violence committed by the Thumb and Finger, being attracted 
to the Tube, would not without a good deal of rubbing the Tube, be 
repelled again.

N, B. The Silk was untwifted, and about 4 Part of the TJiicknefc 
made ufe of.

From the different State of the pendulous Silk and Threads at the Coroliar/ T. 
fame time under the fame Circumftances, the former being attracted 
■while the latter is repelled, it follows, that a mere Vibration of the 
Parts of the Tube is nor fufficient to account for the Eleélrical Pheno
mena ; which appears farther from the two contrary States continu
ing fome time, and from the fame Piece of Silk being at once Part in a 
State of Repulfion, Part in a State of Attra6lion.

1 hat fome Bodies immediately rcceive and immediately part withitiic Corollary II,
Ekdrick Effluviâ  but that odiers are feme time before they reccivc it, 
or rcceive enough of it ; and when they have received enough o f  it, part 
''-'ith it more unwillingly.

hat any light Body, as a  Feather, after touching ornearly approach- Corollary II I ;  
ing the Tube, muft fly from i t ; Upon Contaft or a near Appioach,. k  
saturates itfclf with the Eleilrick and by this means bccoaics

kfclf
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irfclf eleñrical (as is plain from It’s coming co all other Bodies coo large 
ro come to ic) *, and conkqutntly, from the foregoing Experiments, is 
in a State of Kepulfion with regard to the I'ube. As loon as it Couches 
any other Body, it loies it*s acquired Elcdricity, and thereiore may be 
atiraded as ac tirft.

II more Boaies made eUEhkal by communuaiing •wilh an ele^ncal
. Bedŷ  excited ly FriSliofjy are in a State of RepuJfion w ih regard to 

. . ote another \ or Bodies made cMirical by CQmmm:caiio?iy repel one 
another.

E,\p£r.  L I fufpended 2 Pieces of white Thread, each about one Foot long, by 
Loops, upon an. horizontal blue Silk Line 4 Feet long, about s an Inch 
afunder from each other *, and upon holding the excited Tuba over them 
at a little Diftance, the two Threads immediately receded from each 
other confiderably at the Bottom. I then removed one of the Threads, 
and held the Tube over the ocher, in the fame manner as before. The 
fingle Thread was not obferved to move to either Side ; confequently 
the moving of the Threads fide-ways was occafioned neither by the 
Attradion of thecrofs Line, nor that of the Tube, nor by the Frame 
or Wood, to which the crofs Line was tied at each End, but only by their 
Ailion upon each other.

I then added a tliird String, at the fame Diftance from the fecond, 
that the fecond was from the Hrft, and upon holding the excitcd Tube 
over the middle one, at the fame Diftance from .the crofs Sik 1 did be
fore, if the Strings continued in the fame Plane, the middle one flood 
ilill, and the String on each .Side of it receded confiderably at the bot
tom Parr, which in this Cafe muft neceflarily happen upon a Suppo- 
fition, that they repel one another equally ; for th&-a contrary Forces of 
the outer 7'hreads deflroy each other, and confequently the middle one 
muft remain quiet; but there was nothing to hinder the middle one from 
repelling the 2 outer on each Hand Tideways. If, as it often happened, 
the 3 pendulous Threads did’not remain in the fame Plane, they then 
all receded from one another equally, and formed nearly a triangular 
Prifm ; the 3 Threads being the 3 Edges, or rather a triangular Pyramid 
with the Top cut off.

Upon fufpending four Threads at the fame Diftance as before from 
one another, if they continued in the fame Plane, they all parted, but 
the 2 outermoft more from their Neighbours, than the^ in the middle 
from each other.

If they moved out of the Plane they were firft in, they formed two 
Prifms, each extreme with the two in the middle forming one, or rather a 
Parallelloptpid, lefs at Top than at Bottom.

When five Strings were fufpended, cither the middlemoft: continued 
ftationary when the Plane was not altered, or if it was, they formed 3 
Prifms.
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I afterwards placed two crofs blue Silks, of the fame Length as beforr, Exper. z. 
aboui hali an Inch afundcr from one another horizontally, and tied at 
each End; and upon cach of thefe, at different times, hung 2, 3, 4, a
and 5 Threads, at the fame Diflances as bctbre, when every thing iuc- I
cceded, as it ought to have done, upon a Suppofition of their mutually 
repelling one another.

To cach of the Ends of 2 Threads, fufpended as at ilrft, a Feather Expcr. %. 
being tied, the two Feathers manifeftiy receded irom each other: And 
when 3 Threads had cach a Feather at their Extremities, the middlcmoll 
became itationary, and the 2 outer went off on each hand.

I fufpended afterwards 2, 3, 4 ,  and 5 blue filk Strings by Loops, upon Expcr. 4, 
one croi's blue Silk, and lound the feveral Experiments fijccced in the 
fame manner as in Threads ; except tliat they remained a longer Time 
before they appeared in a State of Repuifion, receded from one another 
more (lowly, and continued much longer in therepulfive State, after the 
Tube was removed.

This done, I made feveral Experiments, by mixing Silks of different Expcr. 5.
Colours, and Silks and Threads of different Colours, and fufpended them 
by Turns upon Silks of different Colours, whence arofe feveral different 
Pbanomcnâ  which I íLjII not take Notice of here; but I mufl not omit 
mentioning, that upon fufpendingtwo black Silks at the before-mentioned 
Diftances irom each other, upon a fcarlet crofs Siik, they did not only 
open and recede from each other at the Bottom confiderably, but when 
the Tube was held under, ran or jumped away from each other, to the 
very Ends of the crofs red Silk that íupportcd them, taking 2, 3, or more 
Jumps from each other. I obferved the fame of two white Silks 
fufpended upon red Silk, but think they did not move away fo brifkly as 
the Black.

I tried whether Threads hanging parallel, as above, from a crofs blue Expcr. 6,
filk Line, and joined with one or more tranfverfe Threads, fo that the
perpendicular Threads remained nearly parallel, would mutually repel
when the Tube was held over them j they feemed to repel each other
full as ftrongly as before. When they were joined by only one crofs
Thread towards the Top, the lower Parts feparated confiderably; when
joined by 2 crois Threads, one towards the Top, and one towards the
Bottom, they feparated both in the middle Parts between the 2 cro\‘n
Threads, and at their lower Ends under the fecond or loweft crofs Thread.
When feveral were tied together at the Top and Bottom, and about a
Foot long, not by tranfverfe I'hreads, but in a Knot at cach End, they
all bellied out from one another, defcribing a Figure generated by an
Ellipfis, revolved about it’s greater A xis; approaching nearer to a Sphere,
the ftronger the repulfive Force was. And, tliough it was only a neceifary
Confcquence, I could not without fome Plealure obferve the Knot at
tlie Bottom, as the Strings fwelled out, fenfibly rifing up. 1 could
ferce forbear imagining my Bundle o f Silks, a Bundle of mufcular 
Fibres. •
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Corollary I-

Ccrcllary II.

I fufpended c\vd Brafs and afterwards two Iron Wires upon a crofs blue 
Silk, in the fame manner as the Threads ajid Silks before-mentioned, 
and fouEwi the Experiments fucceed as in Threads of the fame Number, 
except that they did not recede fo far from one another, which muft 
necefiarily follow from their greater W gght.

. JN B. Tlitfe Exp̂ rin.Vtints wereî  imdé Tomctimes with the I'ube* held 
over, fomctinit ŝ h^i¿ under the criyia liinc j but they<generally fuoceedcd 
l)i;ft:wlien the Tube wes htld under the Extremities of the pendulous 
wires, which in chis Cafe ftparaced much farther, and kept their 
repulfive Force much longer.

I muft not omit here, that I hung up 2 Fragments of B.iron êter 
Tubes, each about a Foot long, by blue filk Lines going through each, 
ibthat tfcey hupg parallel, honxontal, at.equal Heights, and about i  of 
an Incli afander; upon holding the cxcitcd Tube abov'e and under them, 
they manif'cftly receded from each other.

I fufpended che fame Fragments of Tubes by blue filk Lines ofequal 
Length, from a crofs blue Silk in a perpendicular Pofture, each having 
a little red $eailiing. waj: at the upper'End, to Hmder the Strings from 
flipping off: The excited Tube being brought near them, they receded 
maniteftly, eipeciaUyat the lower Ends; theDiflance from one another; 
when at Reft, being about i  of án Inch,

From the repulfive State of . the Pendulous-Threads tied tranfvcrily 
with two or more Threads,, and bending out from each other, where at 
Liberty, itJoUovvs that all tlie Threads of a Table-clcith, or other large 
Î iece of l.iñco, whei?, mudeiEWiftricalj (asihas been tíjí-'rín dpne all over) 
have a Dcfire to fly from each other; and confequently, was the repu-i- 
five F'orcê  ftroitg, enoügh  ̂ ,the whole would be difiblved, or torn in 
Pieces. A fhort Thread of bkck SiJk, by repeated Applications of the 
Tube, I have feparated into it’s fmalleft Fibres: Whence is fuggefted 
more plainly, thao from any other known Experiment  ̂ :i-Rcafon for the 
DiiTolution of Bodies in their rcfpeólive Menrtruums '̂ *viz. 'Fhat the 
Pdrticles of the Solvend having imbibed the Particles* of the Menliruum  ̂
ib as to be iuurated with them, the faturated Particles become repulfive 
of each otlK̂ r, feparate, and fly to Pieces.

And hence, perhaps, arifes a Reafon, why Particles of Bodies fpe- 
cificilly heavier than the Menftruurns in which they are difiblv^d  ̂
after tjte DiiTolution and Difperfion, fufpended all over the Menftfuurn, 
viz. That tlitey repel eadi other, Atrraí5i:ion is mfuflicient; for Parts 
attrafted tqu>ij]y ;in all Directions, are, in not aftrailed at all,
and the Imperfcdion of the Fluid will not do ; for if this occafioned the 
Sufpenfion, ftriking or joggling the Veffel would make tliem fubfide.

Hence we plainly fee how Heat may divide the Particles o f Water 
with greater or leis Force, in.Proportion to the Degree of Sa^rátion, 
and throw them into the Air j where they may continue to afcend  ̂ ifa i 
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e l e c t r i c a l  E X P E K T M E N r S .

tJHED



r
thr fnme time.tliey aré divided, they are expantltÜ into little S!h‘I!s or 
■Bubbles,' of a i^iameter .enoiign to be fpedific l̂ly Jightcr than thj: 
iower 'Air/as thb’pfecit//íííífj/ há^Ta^acíoiíly 'tonjefíured. Or if tlj  ̂
lipptT P^rts ÓT the Air; as being lefs laruratcd chan the lower Parts, iviuy 
be able rodraw' upwáVds, tfll th6Excefs'or\Veigíit,,‘w(uch is con- 
Hanüy incrcaCng, is equal co,thc,Excels of Attradip.p.

'e l e c t r i c a l  E X P E R I M E N T ' S : 4U

BodiiS made EkElrhál hy 
cU5lrical excited

>y rnblingy do tbemfelves rep'el pnê aiwlÉci'y c)\ '¡h): pRoroii- 
Ued Ecidics íbcmfelvé's repel one anoiherr' - 

« *

The two Fragments of Tubes before-mentioned", being fufpended Expcr. i .  
horizontally, and in a Poílure parallel to each other, I held in one Hand, 
and with the other ri b̂bed fome timé; then gently Ictiing them go fo 
as to be an Reft, I could plainly'perceive them recede from cach other 
towards that End which had not been xakén hold of.'

But as upon repeatéd Triafs I found it difficult to make this Experli 
irient íiicceed unexccprionalily, the Tubes generally having fpme reci
procating Motion of their ,own, after quitting the Hand I made ufe of 
ihe following Method. • - >

I fufpended a finglc little Tube about.a Foot lon ,̂ by a long l̂ lue 
filk Line, perpendicularly, itnd upon a.Tabic' placed my great Tubi; 
fixed in a Stánd as before, excited each alternately, two or tlíree times 
then gently moved the I'ube with the Stand it was fixed hi, near the 
fufpendailiixleonc : The little Tube manifeftly receded fo much, ih t̂ a 
crofs blue filk Line ftretched horizontally at about an Inch.Diftance on 
the opppfite Side, would fometimes, upon the firil Approach of the 
great Tube, be touched by it.

Three fcarlet Silks, pendulous each by Loops from a crofs filk Line, 
and dofe together, being rubbed downwards two or three times, between 
the Finger and Thumb, fliewed a confiderable repulfive Force with Re
gard to each other, forming tbemfelves immediately into a triangular 
Pyramid and continuing in this State of Separation fome time, and which 
lliews their Attraftion at the fame timé, with Regard to other Bodies not 
cxcited, coming to them 'when brouglit' near them,

I obfefved the ianie repullve Force'in 3 yellow and 3 green Silks, under 
the fame Circumilances, and excited in the fame manner, but not in fo 
great a Degree as in Scarlet. In Blue the rcpuliive Force was fcarce 
difcernible after feveral times rubbing.

The Rev. Dr Slephen Hales f ,  obferves, “  That If a Piece of 
one of the Brojicbî  ̂ or Gills, of the MufcU SbeU-Fijĥ  be cut 
off, and put into a fmall concave Glais,' with 3 or 4  Drops of 
it’s l.iquor, and be then placed under a double Microlcope, 
the Blood may be feen greatly agitated in the fine VeiTcls; and atrhe 
cut Edge of the Piece ofGill, may, w'ith great Pleafu^e, be fccn many
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“  BIood-Globules, repelled From the cut Orifices of the Blood-Veflcis, 
and atrra<fled by other adjoining VeiTels j alJb other Globules rolling 

“  round their Ccntrr, and repelling each ocher; whence (as he fays) ic 
“  is plain, that Bodies, by brifk rubbing and twirling about, may ac- 
“  quire, in a watery Fluid, bcth aitrsftive aid lepulfive Virtue or 

Eleflricity.’*
From our laft Experiments we are led to think, that the Globules of 

the Blood, if by friction they acquirc an dc6lrical attrailivc Virtue, 
muft of neceíTuy repel one another; and that Eltdricity is not fo pro- 
]Krlv called* an áttraílive and rcpulfive Virtue, as a Virtue attractive of 
rhoie Bodies that are not utrradive themfclves, and repulfive of thofe that 
are *, and that this repulfive Force of the eledrical Blood-Globulcs, ex* 
cited by FriAior, as they Sow in their Channels (and particularly in the 
fmall ones, and’ perhaps more fo in-thofe of the Luiigs, wliere the re
frigerating Power of the Air may aíTiíl, as Dr ¡Jales has oblervcd}; this 
repulfive Force oí the Blood Globules, 1 fay, may be the great Caufe 
that hinders the Blood from coagulating as ic circulates; may be the great 
Caufe of the conflant Pcrfpiration in an healthy State, and of the Increafe 
of it, caUris paribuŝ  in Proportion as the Velocity and Fridtion of the 
Blood increafes. ■

rf thefe things are fo, the NecefTity of Exercife appears more plainly 
than ever, in order to keep the Bo'dy in an healthy State, as we may 
obferve here the very Steps that Nature makes ufc of to free hcrfeU from 
lier SuppreiTions.

Jn Account of 7. A  large Oftavo Book was placed horizontally upon Silk Lines, and 
fomeofth the Upper Surface ftrewed with feveral Pieces of leafBrafs, all or the 

greatell Part of which flew upwards, from one another, and off the 
hGnnvUe Book, upon holding an excited Tube at a little Diilance uiuierneath the 
\Vheler, Book.
mttheRoyai y^vo Lines wcrc extended horizontally the whole Length of the

Library being between 30 and 40 Feet, diftant from one another about 
dra-Mnupby  ̂ Feet at one End, and meeting together in a Knot at their other Ends, 
C. Mortimer, the whole Lines being Packthread, except 5 Feet of filk Line tied ac 

^ feparated Extremities, as well as at the Knot where the other
Ends united, in order to ftop the Current of the Effiux-ia, Upon the 

Expcr.' I. united Extremities was placed horizontally a Piece of Card about 2 Inches 
Exp«r. 2. fquare, on which were ftrewed Pieces of leafBrafs: The excited Tube 

being held at a little Diftance under the feparated Extremities of the 
Packthread, the leaf Brafs on the Card at the other End flew upwards, 
and off the Card.

FJtÎ cr. 3. Five Glafs Receivers placed one within another upon an eledrical
Cement of Bees-wax and Turpentine, were all exhaufled: In the
innermoft a fine white Thread about 5 Inches long, was fufpended from 
the Crown of it, by the AíTiftance of a little Cemervt made of Bees-wax 
and Oil. Upon moving the excited Tube up and down near the Side of, 
and horizontally to and from, the outward Receiver, the fufpended

T h r e a d
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Thread manifertly made many Vibrations correiponding to the Motions 
of tlie Tube.

An cleñrical circular Cake of Bees-wax and Rofin, ten Inches in Exper, 4. 
Diameter, was placed horizontally upon a tall Glafs Receiver near 3 Feet 
high, fuch as is made ufe of for the dropping the Feather and Gumea.
This Cake being, the preceding Evening about Eight o’Clock, warmed 
with an hot Iron held over it, and then (Iruck perpendicularly all over 
it’s Surface with the Hands in parallel Diredions, and fo left covered 
with a thin Pafteboard, was about 12 next Day at Noon gently uncovered, 
and an Ivory Ball about i i  Inch Diameter placed in the Centre, a fine 
white Thread about 10 Inches long, with a fmall Piece of Cork, the 
Size of a Pin’s Head, at the End of it, being held between the Finger 
and Thumb, was gently let down upon the Vertex of the Ball; it firft 
flew off at fome Diftance, and then made feveral pretty regular Revolu
tions from Weft to Eail about it, in the Form of a Circle.

The Ball was removed, and the Cake again warmed and excited as Expcr. 5. 
before ; after which the Ball was replaced at a little Diilance from the 
Centre, nearer to VixWhders the Confcquence of which was, that the 
pendulous little Body moved with a direft Motion as before, but in an 
Orbit that refembled an Eilipfe, having the Ball in one of it’s Foci,

Two Bullets fixed on little Stands of Cork about i  of an Inch high, Exper. ^
were placed upon the Cake, each about an Inch dirtant from the Centre 
of it, and in a Line with the Centre and Mr Whekr \ the pendulous Body 
defcribedan Orbit refemblingan Eilipfe, having the two Bullets for it's 
iif/, and the Motion wasdireft from Weft toEaft'.

Inftead of the Cork, another pendulous Body of a cylindrical Form Fxpcr. 7,
was made ufe of, tied to a fine white Thread about 20 Inches long; the 
Cylinder confifted of two circular Bafes of Paper 5 an Inch D.ameter, 
but all cut away except a Ring and a fmall Bar crofs the Middle, through 
which Bafis 6 equal fine Threads pailcd at equal Diftances from one 
another, knotted at the lower Bafe ieparately, and joined together in onn 
Knot at about i an Inch Diftance from the upper Bafe, from which Knot 
proceeded rhe long Thread. This Body moved from Weft toEaft about 
the central Ball, and at rhe fame time difcovered a Motion about it’s own 
Axis in the fame Direction ; but after two or three Turns genenilly ftopt, 
and turned rhe contrary Way, which feemed toarife from the untwiftingof 
the Thread.

A  Thread about a Foot long, was fufpended from a horizontal Line Fxp̂ r.
. of Packthread, parallel to it an excited I'ube placed erefl in a Starid, the 

Thread approached the Tube, and continued in a State of Attraftion :
A  Thread of the fame Length, fufpended from a Silk I.ine, vibrated 
backward and forwards 2 or 3 times, being firft attracted, and then re
pelled, and continuing fome time repelled i but upon joining the Top 
of the Tube, by a Packthread going round it, to the Loop of tl>c 
Thread, the Thread continued conftantly in a State of Repulfion, ihew- 

no Tendency to Attraólio n.
Two
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L.tfci. g- Two bKtdc Silks, about the iaiTie Length with -the Thread Id tî e
preceding Kxpcrimenf, were fufpended by L/jops from an horizontal red 
SiHc Line, at thv Dillnnce of about i an Inch from cach other; upon 
holding the excired Tube under them, the Silks fwelled out from one 
nnothcr, and then jumped away on each Hand to the Diitance of 2 
Feet.

Kxpcr. io. A cirtuhr Board of nearly the fame Diameter with the cleilric Cake
was fufjJt'ndcd horizontally by 6 Silk L/ines, tied to one Silk Line whic)i 

was bi-ought over a Paliey at the Top of a Frame of Wood, fo as to be 
moved up and down. From the Board hung 6 fine white Tlu-tads 
c.boin 18 Inches long, fixed by a little Cement at equal Diftanccs from 
cach other, I'he Board being let down till the Ends of the Threads were 
;ibout an Inch diftant from the eleftric Cake, which was dircdlly under, 
and had the Ivory Ball on it*s Centre; the Threads all approach.-d to
wards the Centre of the Cake, both when the Ball was in the Centre, 
arid when taken away, keeping an equal Difiance from the Centre, and 
from one another, as long as a Packthread joined the Circle of Board and 
the Frame to keep it ileady ; and upon removing the Ball out of the 

•Centre towards the Circumference, the Figure lengthened, the Threads 
vxxt the Ball advancing nearer the Circumference; when the Ball was 
placed at about an Inch Diflance from the Circumfercnce, the Threat! 
ihatw-as before nearefl: the Circumfercnce, whipped between the Ball 
and the Centre, fo as to be almoft in the fame Plane with it*s two neigh
bouring Threads, the Figure formed by the Extremities refembling an 
Ellipfe with one End cut off: But when inftead of the Packthread that 
joined the Board to the Frame, a blue Silk Line was tied in the fame 
manner in all refpcéls, the Threads, inftead of coming towards the 
Centre, all flew away at a great Diitance from the Cake, and from one 
another.

It ought to be obferved in the Experiments of the circular Motion of 
the pendulous Body, th t̂ Mr fFbeler's Hand feemed as fteady as pofiible, 
cxcept in the firft Experiment, when a htttle Trembling appeared; 
Mr George Graham taking a very gc5od Method to obferve it, by keeping 
his Eye fixed upon a Point at a confidcrable Diflance, in the fame Line 
with the End of Mr lVheler̂ % Finger, and his owaEye.

Yet when Mr WheUr had finifhed the Experiments to the Satisfañlon 
of all prefent, Mr Hawskbeê  Mr George Graham̂  and 'Dt Mor timer ̂ 
held the Thread with the pendulous Body over the Cake with the Ball on 
it’s Centre, after the Cake had been excited by MxWheUr\ but they 
had no regular Revolutions at all, though feveral very manifeft Motions 
were made with the Hand, to try if a projeftile Motion might by that 
means be given to the pendulous Body. Mr JVheler had tried the fame 
thing with his Servant; from whence it is reafonable to conclude, that 
It is neceflary, that the fame Perfon who excited the Cake fliould likewife 
hold the Thread ; as if there were fome Analogy between the Effluvis 
êxcited by the clapping of the Hand on the Cake, and riie Effluvia wliich

may
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may be communicated along from the H and w hich  holds the T h read  to 
the Piece o f  C o rk  at the E n d  o f  it. A n d  this feems to be the Reaion o f  
what the late M r  Gray told me, v iz .  T h a t  there was fomething in the 
human H an d  cfTential to the Experim ent, which he had not yet found 
in any other Supporter o f  the Thread.

8. Some odd Circumftances led me to make M r  G rafs  circular E x -  
periment in the follow ing Manner. W h i le  I. excited a C a k e  o f  Rofin 
a*hd Bees-wax l o  Inches Diameter, by  clapping with m y H and, I let trUal Cinular 
my Ivory Ball continue i n a B . i f m  o f  W a t e r ;  then fhaking o f f  the Experiment, 
Drops, placed it in the Centre, and with m y right H and held a fine 
Thread, about 8 or 9 Inches long, having one E n d  rolled up into a 
KtcIeBall, and the other, for about an Inch, reduced to it’s greateft ^ W Fcb. 20. 
Finenefs, to only one Fibre, myfelf and Hand being fupported on the 1 737 8- 
Back o f  a Chair. T h e  Succefs was, I had a great many Revolutions, 
to the N um ber o f  50, from W e f t  to Eaft *, but at firft not lb regular as 
towards the laft, at fir ft  defcribing only about 7 o f  the Circumference at 
a T im e ,  and after ftanding ftill a little, defcribing another third Part,
I might probably have had a great m any more Revolutions, but being 
tired, Iw a sfo rccd  to reft myfelf, w hich I did for IO^ then took up the 
Thread again. T h e  T h read  ftood repelled at fome Diftance, without 
making any Revolutions, and at laft only made half an one the contrary 
way to what it did b e fo r e ; but upon wetting it, by draw ing it 2 or 5 
times over the Surface o f  the W ater ,  it made again 20 more Revolutions 
from W e ft  to Eaft, only at a fmaller Diftance from the Ball, (for the  
W ater muft make it heavier) but full as regular as before, and rather 
quicker : T h e  Virtue p f  the C ake  muft now have Jailed about threa 
Quarters o f  an Hour, A fte r  refting about 6^, 1 tried again with the 
String freili wetted, the Ball and Cake continuing as before *, and had, 
to my great Surpize, 100 Revolutions Ln the Space o f  about I 2 ^  the 
Revolutions being ftill quicker, and more regular,, and nearer the B a l i ;
Jind at the fixth Revolution o f  this laft Hundred, the Thread was attra¿l- 
ed to the S u rfa c co fth e  Ball, and, being wet, dki  not ditrngage iticH, 
till jñilled a w a y ,  yet after this, defcribed the remaining Ninety-four 
Revolutions o f  die Hundred, and feemed inclined to delcribe a great 
many more, but tliat I was forced to reft m y A r m  again, which 1 dul 
for about 8 ' ,  then tried again, the T h read  being trcih welted, and had 
70 Revolutions at nearly the fame Diftance from the Ball in Jeíkthaa 9^, 
all very regular, and without any Attraélion o f  the Thread  to the Ball.
Irefted again l 6 ^  wet the T h r ^ i i  again, and held it as ufual; it w;is 
repelled at about i  Inch Diftance from the Ball, but feeroed to have no 
Tendency to a.circular M otion ; y e t  after continum g ftationary about i ' ,

1 perceived aNfotion aboyt it’ s A xis ,  about which it took Icvcral .1 urns  ̂
but ftiil had lirde c. no progrefilve M otion, till about 1/ loufj/r, w h ea 
it began  ̂ ■ n u n v  ir rward, and continued doing fo from W c i t  to.E.iih, 
ior abou: R t v ;  Jtiona, very regular, but. flower than in.thc*2 u.it
C afes, the i.aving been held about 1 0 ' , .  and che'RievobtrDiis

j^crformcd.
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pcf formed in about 7 or 8 of them. I obfervecl each of thefe 3 lafl: times, 
It was rather longer before the progrefilve Motion began than ufual; 
and in all the Trials of this Experiment, I frequently perceived a 
Motion about the Axis, which was generally from WVft to Eaft, though 
now-and-then the contrary Way. The Virtue of the Cake muft now 
have lalled near 2̂  i about i ot an Hour after, I tried again, and hzd 
to  Revolutions from Wcfl: to Eaft, in about 10', the Diftance from the 
Ball being dill lefs than before, hardly io fan  Inch, fcarce any Revolu
tion about the Axis appeared, and at the Beginning the I'hread was twice 
attrafted to the Ball. About an Hour and half after, the Virtue of the 
Ball was not quite gone, the wet Thread being repelled, and making 3 
or 4 Revolutions from Weil' to Eaft, as well as moving a little about 
it’s Axis the fame Way. But as it was rtafonable to fuppofe the Ball 
itfclf in the Centre of the Cake was now dry, with a Feather dipped in 
Water I wet it*s Surface; yet found no Increal'e of Virtue, rather 3 
Diminution of it, the pendulous Body iteming fcarce at all repelled; but 
jt is to be obferved, that the Ball, as it was wetting, twice tumbled over, 
and rolled upon the Surface of the Cake; by which means the Virtue 
of the Cake might be much diminifhcd.

It is not improper too to take Notice here, that during the Revolu
tions of the wet String, I have frequently obferved a kind of Ofcillatory 
Motion, as if there was an alternate Intention and RcmifTion of the re- 
pulfive Force. Asalfo that 1 have often taken Noticc of little Plucks, 
and convulfive Motions, in the pendulous Body, and fometimes thought 
I have felt fomething like it in my Arm that held it, though at no other 
time have I ever been fenfible of any fuch thing.

I have feveral times fince repeated this Experiment with the Thread 
and Ball both wet, and found it fucceed much better than when they 
were both dry ; and once I find by my Notes, I had two hundred and 
twenty Revolutions before I reficd my Arm. 1 have tried too with the 
Ball dry, and the String only made wet; buc the Virtue did not continue 
fo long, as when both were wet.

I now flattered myfelf with Hopes of Succefs, if the Thread was 
fufpended from an undoubted fixed Point, which therefore I proceeded 
again to try with the greateit Care and Caution, but in vain ; the Re
volutions were uncertain.

I ’his Difierence naturally led me to refled upon the Caufe of it. The 
Tremor of the Hand would not account for i t ; for this being both ways 
back ward as well as forward, muft as often hinder as promote a continual 
Motion one way : And though in two oppofite Parts of a Circle, the 
Motion is really in contrary Diredlions, and therefore the contrary Im- 
pulfes of a Tremor may promote a Revolution applied at oppofite Places 
of the Orbit; yet as thefe Tremors are irregular, and fucceed much 
quicker than the Revolutions are performed, they feem infufficient to 
^count for the Motions of the pendulous iBody, performed with any
Degree of Regularity.  ̂̂

A  Stream
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A Scream of Air in my Rooiu might impel along the 'I'angcnt the 
pendulous Body, kept at a Dillance from the Ball by it's repulfive Force; 
and then Gravity, taking place, might with the iirft Motion compound 
a Curve; but itill the Rcfiilance of the Air would foon dcilroy the 
original Impulie, could a few Revolutions be periormed \ and befides, 
one Revolution could not be performed, becaule the fameScrqiun of Air 
that began the Motion, muft be contrary to it in it’s Return.

A  Finger held on the right Hand near the pendulous Body, when 
fufpendcd h'om a fixed Point, will make it revolve from Weit to l i a i t ; 
but then it mufl: be applied and removed alternately; The repulfive 
Force therefore which the Arm may acquire, by being held in the Sphere 
of the Effluviâ  is infufficient; for, as it is in one Place, it muft impel 
only one w'ay, and conilantly the fame way ; and therefore, like a 
Scream of Air in the Room, though it might create the Beginning, it 
muft hinder the Completion of a Revolution.

Sometimes Í have doubted, whether the Pulfe of the Arm might not 
beainrting in giving a projeflilc Motion. When one Leg is laid over 
the Knee of the other, a Motion and Heaving of the Leg that lies over, 
anfwering to every Stroke of the Pulfe, is very apparent ata Diftance : 
The Arm therefore in fome Poftures, in which it’s great Artery meets 
with a proportionable Preifure or Refiilance, may have a coiiftant Mo
tion, though lefs perceivable.

What feemed the moft probable Solution, was this; When the Arm 
is extended, the Pofture being uneafy, there muft be a Reaction of the 
Mufcles, or a continual pulling oí the Arm towards the Body. When 
therefore the right Arm is made ule of, the pulling will be from Right 
to Left i and confcquently the Motion produced in the Body held by it 
in the fame Direction, or from Weft to Eaft. When the left Arm is 
made ufe of, the Reaction of the Mufcles will be from Left to Right, 
and therefore the Motion of the pendulous Body from Eaft to Weft. 
And, agreeably to this, I have obferved, (as I formerly took Notice, 
though this Reafon did not then occur to me) when I ufed my left Hand, 
all other Circumftances continuing the fame, the Motion of the pendu
lous Body was from Left to Right, or from Eaft to \Veft, contrary to 
what was obferved when held by the right Hand.

Yet ftill neither of thefe Solutions would account for the Variety of 
OddneiTes I have met with under various Circumftances.
. I proceeded therefore to try with Refts for my Arm of different 

Heights, having an Arm of Wood, about 2 Feet long, tixcd to a Reft 
for my Telefcopes, which I could raife to any Height I wanted i and I 
found the Experiment fucceed only well, when the Reft was lower than 
the eleélric Areâ  and the Arm was fupported upon it’s Elbow, which 
was the Pofture conftantly made ufe of, when reftcd upon a Chair, the 
Chair being lower than the eledric that it might lefs afFeit the 

f̂fiuvtay as was then thought.
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I began now to think with myfclf, whether it was not poiTible, that 
an Inclination to a Motion one way in the Perfoii that holds the Body, 
mieht not have fuch an Infiuenceupon the Arm, and confequently the 
S tr in ca n d  pendulous Body, as to determine them the fame way by fome 
Frefiure or Byafs put upon it, though no Motion fenfible even to hirn- 
felf, was produced in the Hand, it fo, I might, by a contrary Incli
nation, produce a Motion the contrary way. Having therefore a fine 
Uay, and my circular Calie being well excitcd, I tried if  I could not 
proiiuce a regular Motion from üait to Weft, about the Ball in the Centre, 
having my Hand fupported, as ulual, upon the B.ick oí a Ch.iir, I found 
I could produce a very regular one from Eaft to Weft for many Revo
lutions, and change from one Motion to another, without being fenfible
I moved my Hand at all.

I then wet the Ball and String, as in the Experiment before-mentioned,
and found 1 could tire my fell with a Motion cither from Eaft to Weft, 
or from Weft to Eaft, as Ipleafed, without giving any Motion, that I 
could perceive, to my Hand or Fingers, Hence many odd Experiments
that pleafe, may, when repeated, fucceed.

Since therefore the Motion of the pendulous Body frora a Point un
doubtedly fixed, is irregular, as I have found by many different Expe
riments, repeated with the greateft Care and Caution ; and fince I am 
convinced from thefe laft-mentioned Trials, the Motion from Weft to 
Eaft, and from Eaft to Weft, muft generally have ba-n determined by 
m y fe lfI  am inclined to think, that a Deftre of producing a Motion 
from Weft to Eaft, was the fecret Caufe that determined the pendulous 
Body to that Direáion, by fome Impreflion from Mr Gray's Hand, as 
well as my own, thouoh I am perfuaded at the fame time, he was not 
ftnfible of giving any Motion to his Hand himfelf: And I the rather 
think this was the Cafe, from the Inftance Mr Gray gives, by way of 
Explanation, of a Man refting his Elbows upon his Knees, this imply
ing that herefted his Arm upon his Elbow, as I did myfelf.

But though upon the whole it does at laft appear, that this Motion 
from Weft to Eaft in a peftdulous Body, applied to another in the Centre 
of an eleftric /Irea, is to be afcribed to the Hand that holds it, and not 
folely to the Nature of the eleftric Effluvia, or the P’igure of the central 
Body; yet ftill, perhaps, it may not be improper for Aftronomers to 
confider, whether or no a Medium with this Property, that all Bodies 
immerfed in it, are repulfive of one another, ought not to be joined with. 
Gravity to explain the heavenly Phienomena •, efpecially fince the Phicno- 
mena of Fire, and our eleftric Effluvia, have a great Affinity to each 
other; and fince many of the heavenlyP¿^«w«f»fl are to be accountcd 
for, upon this Suppofition, with great Simplicity •, and fome of them, 
that have not yet perhaps been fully accounted for, feem necelTarily to 
follow.

Somt Usiiji/s 9- The Ph^ometta of Electricity are fo odd, that though we have a.
Exferi- great many Experiments upon ihac Subjeól; we have not yet beca able

from
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from thtfir Comparifpn 1,9 icylc fuch a Theory as to kad us to the Caufe 
of tliaf Property of Bodks, or even to judge of all it’s Eflcfls, or find • 
put whOiC vliifiil Influence Elcdrxqty has in Nature: Though xxrtainly, 
from what we have fcen of it, we may conjedure, that it muft be of 
great UÍC, becaufc it is fo extenfive.

Though fome Pcrfons have been too haíly in their Conjcdures, and 
too ape to run into Hypothefcs not fuíTiciently fupi>ortcd by K^q ĉriments, 
yet it would be of great Ufc to fettle fon̂ e general Propoíitiaoss con
cerning Elcdricity from the Light wc have already, and what v/e may 
further difcover by future Experiments; provided we have a fufficicnl 
Number of them to fettle a general Rule. For Example ; I now pro- 
pofe fome general Aflertions to be confidered, and to be rejeded or al
lowed of as a Number of Experiments ihall determine 9 but to (land 
only as fer ies  till they arc li;ttled.

I have hitherto avoided entertaining the Society upon this Subjcd, or 
purfuing it fo far as I might have done, (confidering that I can excite as 
llrong an Eledricity in Giafs, by rubbing it with my Hand, as any body 
can) becaufe I was unwilling to interfere with the late \s\x Stephen Grayy 
who had wholly turned his Thoughts that Way j but was of a Temper 
to give it entirely over, if he imagined, that any Thing was done in 
Oppofition to him. But now I intend not only to go on myfelf in 
making eledrical Experiments, but fliall always be ready to make fuch 
as ilull be propofed by any Member of the Society. The fer ies  which 
I have already examined, are the following:

Whether all Bodies in general are not capable of receiving the Elec- Query 1, 
tricity which ha.s been given to a Tube by Eridion, though there be a 
great many Bodies, fucii as Metals and Vegetables, tfc. m which wc 
have not hitherto been.able to excite any Eledrjcicy by Heat, or Eridion, 
or any other Operation on the Bodies tluimfelves ?

Whether when a String is ftretched out at Length, with a Body hang- Query z, 
ing at one End of it, to which Body we would communicate the E- 
ledricity of the Tube rubbed at the other End, the Supporters of the 
String ought not to be of fuch Bodies as arc capable of having Eledri- 
ciry excited in them by Fridion, Heating, Beating, or Patting, or 
fome immediate Operation on the Bodies themfelves?

Whether thefe Supporters of the String (mentioned in the hñ^uery) Query 3. 
which ftops the eledrical Virtue from pafHng any farther, are not of 
fuch a Kind as are incapable of having.the eledrical Virtue excited in 
them immediately by any Operation yet known ; thouj^h tliey are all 
capable of receiving it from a rubbed I'ube, even at a great Diftancc, 
by the Communication of a String made of v^^etable Subilances ?

Whether the Reafon, that fome Supporters tranfmit the Lledricity Qrcrv , 
running from the rubbed Tube along the String to Bodies beyond them, 
be not as follows, viz. That having received fpme of the eledrical 
Stream, they foon become faturated wkh it, and fo receiving .no more 
ot it, lee the reft pafs^on.without diilurbing it ?

I i i 2 W hct!«r
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Whether the Rcafon, that Supporters made o f  vegetable Subftances,' 
Metals, and fuch others, as flop the E leftric ity  above-mentioned from 
running any farther along the String than the Place where it refts upon 
them, be not this ? viz. T h a t  they are never faturated with the eleftri. 
cal Stream, but continually receive it;, and tranfmit it to the next conti
guous Body, provided that contiguous Body be o f  the fame K ind with 
themfclves, and alfo contiguous to other Bodies o f  the fame Sort:  I 
mean fuch as would flop the E le ilr ic ity ,  i f  the String was fupported by 
them. For even thefe Supporters will tranfmit the Eleélricity, i f  ter
minated at each End by Bodies that tranfmit rhe E lc ñ r ic ity ,  when they 
fupport the String,

W h e th er  we may not diftinguifli all Bodies in general, in refpeñ of 
Eleftricity , into fuch as may be excited to Elcftricity, and fuch as cannot 
be excited to Eleilricity  ? T h e  two K ind o f  Bodies receiving tlie Elec
tricity from other Bodies into which it has been excited differently ; the 
firft alfo tranfmitting the Eleftricity, while the others do not.

T h efe  f e r ie s  are fuch as arife from a Confideration o f  Experiments 
made by others, snd fuch as I have made myftlf.

A s  I go  on in making other Experiments, other f e r i e s  may arife, 
and I ihail communicate them.

Here follow the Experiments I have already made, and am ready to 
repeat as the Society may defire.

I ftretched a Cat-gut about 5 Feet in L ength , and fattened it to the 
T o p  o f  2 Chairs in an horizontal Situation, and fuch another Cat-gut 
String to 2 other Chairs parallel to the firit, and at the Diftance o f  15 
or 20 Feet from the former. T h en  I fufpended one E n d o f  a Pack
thread to the M iddle o f  the firft Cat-gut, and carried it on fo as to lay it 
over the M iddle o f  the other Cat-gut, and leave the other E n d  o f  the 
Packthread hanging down about a Foot below the Cat-gut, with a Loop 
to hang feveral Bodies to it, fucceiriveFy to receive the E leftric ity  ex
cited by the I 'u b ,  and applied to the other End o f  the Packthread.

A l l  the Bodies I tried received the E ledricity  communicated from the 
nibbed T u b e  along the String, which appeared by holding a Thread 
faftened to a Stick, the Thread being attracted towards the fufpended 
Body, ^

I .  A  Gold Medal. 2. A  Silver Medal. 3. A  Copper Medal. 4. 
A  Brais Ball. 5. A  Steel Ball. 6. A  T in  Ball. 7. A  Leaden Ball. 
8. Sulphur. 9. Sealing-W ax. 10. Pumice-Stone. 11 .  B e e s -W ax.
12. Refin, Sal Ainmmac, 14. Ivory. 15. H u m an  Bone. 16.
Fiih'Skin. 17. Load-ftone. 18. Fleíh. 19. Cotton. 20. W a x -  
Candle. 21. Tallow-Candle. 22. A  L e a k .  23. Celeri. 24. Tobacco- 
Pipe. 25, A  Glafs Ball. 26. A  R uih  rolled up.

Retaining the firft fupporting String o f  Cat-gut, inftead o f  the laft 
C at-gut Supporter, I made the Packthread jxifs over the following Sub
ftances fuccefTively, all which tranfmitted the E le ftr ic ity  to the Body 
fufpended at the End o f  the Packthread 5 v iz .  j .  A  S ilk  String.

2. Hair

}
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2, Hair Rope. 3. Parchment. 4. A  Thong of Sheep.fkin, but ic 
iloppcd the Electricity till it was dry and warm. 5. A  Lift of Woollen 
Cloth. 6. A  Lift of Flanel. 7. Cadis, or a Kind of Worftcd Tape.
8. Quills. 9. Whalebone. 10. A  Man’s Thigh-Bone. 11. A  Blad
der. 12. A  Cat, held between two. 13. A  Tallow-Candle. 14. A  
W a x - Candle 01»̂  String was alfo laid over the unburned Cotton W ick 
at the End of the Candle). 15. A Tallow-Candle and it’s Wick. 16. 
Tobacco-Pipe, with a Car-gut or a Packthread through it, or without, 
that is, a Packthread String being faftened at each End of it. 17. A  
Sword-Belt, 18. A  Piece of a white Hat. 19. A  Piece of a black 
Hat. 20. A Glafe Tube. 21. The fame with Water in it. 22. With 
Spirit of Wine. 23, The fame with Mercury in it. 24. Sealing-Wax.
25. Crape.

N. B, All thefc Subftances, except the Sheep ikin, the Tobacco-Pipe, 
the Quills, the Candles, and the Bone, not only tranfmitted the Eleflri- 
city, but became fo far eleñrical, as to atcrait the Thread a little W ay 
on each Side of the fupporced Packthread.

There are more Experiments required to be made, before this Í?híery 
can be turned into an Affcrtion.

Inftead of the laft Supporter of Cat-gut near the fufpcnded Body, I Experimf̂ í̂s 
made ufe of the following Subftances ftretchcd from Chair to Chair; 
and then the Thread hanging on the Stick was not at all attrañed by 
the fufpended Ivory Ball, which I made ufe of in all the Experiments 
to try the Supporters.

I. A Hempen Rope. 2. A  fmall Packthread, g. A drawn Sword.
4. A Sword in the Scabbard. 5. The Scabbard without the Sword.
6. A twifted Cotton Thread. 7. Tape made of Thread. 8. Bars,
Tubes, and Wires of Copper, Brafs, Iron, and Lead. 9. White Paper 
and brown. 10. A  moift I'hong of Sheepikin. 11. Celeri. 12.
Leelcs. 13. Fir-wood. 14. A  Cane. 15. A Piece of black Thorn.
16. The fame Ruihes that had before received the Ek<^ricity whfn 
fufpended. 17. A  Spungc dry. 18. White Thread. 19. Hay. 20.
A Marble Slab.

N. B. Such Bodies as were too fhorf to reach from Chair to Chair, 
were iengthened out by Pieces of Packthread at each End.

The Catrgut Supporters, and all the others mentioned in the Expe- 
riments to 3, which tranfmitted the Eleélricity, »itrra<5lcd  the to
Thread of the Stick near the conducing Packthread, but not fo far 
as the Chairs to which the faid Supporters were faftened;
K All the Supporters which did not tranfmit the Elcftricity, when they Expetifnmii' 
reached from Chair to Chair, were made to tranfmit, when they were rtUiiiig
lengthened out with Cat gut at each End, and then they became eleflri- 5-

cal
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ca l.ih en ifc lv cs  from one End to the other, as becpming Part of the fuf. 
iK'iiifcd Body i and btrcoming fo faturaccd, as not to be able to carry the 
l*;le¿tricity on eidier Side any farther riian the Cat-gat to which they 
wcre.failcned.

r.vrrvrcvu '1‘he late Mr Stephen Gray has, by rubbing, excited Ele6lricity \n
lev r̂al of thole Bodks which I have made Supporters of to tranfmit

'> 76 . lilc¿£ricity ; 1 have done the fame with fcveral others, but not with
all of -them, though 1 íhall try them all; Bur as it is more diíRculc to 
excite that Virtue in feme than others, and all the Experiments in ge
neral fucceed better in dry and cold Weather than in aioiit and warm., I 
muil wait for proper Opportunities to make the Experiments, and Éheii 
I Iliall communicate them.

F.xftrimtnts I .  Cadis (o r  Wocllcn Tapc) laid on Thread-Tape, when made a
conifrnin̂ mix- Supporter, tranfmitted the Ele¿lrÍcity,
fdSuhjianctu 2. When the Tliread-Tape was uppermoft, the Eleflricity was

flopped.
3. When they were twifted together, the Eleétricicy was tranfmitted, 

but moft weakly when the Packthread going to the Ball was laid over 
that Part of the Twift which had the Thread-Tape.

A**. B, The two Paper Supporters which did not tranfmit the E- 
ledlricicy, ought to have done it according to ^ery  2, becaufe, by 
VIr Gr/i/s Experiments, Eledlricity is to be excited in the Paper by 
rubbing: Therefore, perhaps, die Papers wanted to be drier or warmer, 
fo that I fliall try them again. Thefe are the only two Experiments that 
do not agree with the fecond ^ery \ but I would not omit mentioning 
them, becaufe it is the Part of an impartial Philofopher to mention as 
well thofe Things which favour, as thofe that difagree with liis llypo- 
thefes and Conjeftures.

Experiments 10. N. B, In the following Account, which is the Sequel of foimer
madehefiri the Experiments, I call ConduEiors thofe Strings, to one End of which the

Tube is applied i and Supporters ^ch horizontal Bodies as the 
Wefamt. * CouduElor refts upon.

Ibid. p .  1 9 3 .

î xpcrimcnt I. Old Packthread Supporters tranfmitted Eledlricity but weakly, though 
more ftrongly when twifted with Cat-gut j but new Packthread did 
better.

t

N. B. Where it is not mentioned otberwifê  an Ivory Ball bangs at the 
End of the Conduitor j and it*s Eletlriciiy is,tried by a thread ap
plied near it.

4 2 2  e l e c t r i c a l  e x p e r t  M ' T L N r  s.

^perirnemi. A  Condufting String of Cat-gyt received the Eledlricity a litde W ay; 
bur did not carry it quite to the Tube,

T m
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Two c o n d u f t i n g  Strings, one of Cat-gut, and one of PacktRread, hxper. 3. 

compared, the firft attrafted lefs and lefs, as the Diftance from the Tube 
increafed ; and the other more-and more, till it was ñrongeíl at thefuf- 
pendcdBody; But both ceafcd immediately after the Removal ofthe 
Tube.

A  Sealing-Wax Supporter tranfmitted the Elcilricity, but did receive Exper. 4, 
little OT none when fufpendrd. If it was but juft rubbed with the Hand, 
it attrafted the Thread when firft fufpended; and ftrongly, if much 
rubbed but that Virtue was foon loft, if the Tube was applyed to the 
conduding String, and then it would receive no more Eleáricity from 
the Tube. If the Stick of Wax was wet, then it would ftrongly re
ceive the Eleélricity. -

A  Wax Supporter wet, and Silk String wet, did not tranfmit the
Elcdtricity.

Dried Ox-Guts did n o t  tranfmit Eleflricity when held in Hand; but Kxj-er. j. 
when tied to Cat gut, tranfmitted i t ; and, when fufpended, received it 
plentifully.

The fame witli a fmall Cord. Expcr. 6.
The fame with a Rod of Iron, and Tube of Brafs. F.xper. 7 .
A  Glafs Tube, made Conduáor, received the Ekdtricity but a little E.xpw. s, 

way.
Dry Sheep-Skin tranfmitted the Eleflricity, but not when wet, though Exp«r. 9. 

it received it then when fufpended.
A  middle Supporter of Packthread was again fupported on one Side Expcr. l o j  

by a Glafs Tube, and on the other by Sealing-Wax, and had at cach 
End an Ivory Ball hanging. ThofeBalls became clcftric.il in the fime» 
manner, and at the *rme time, as the Ball at the End of the conducing 
String.

When a Bar of Oak was made ufe ofinftead of the Tube, or a fmall Exptr. u .. 
Iron Bar inftead of the Wax, the Eleftricity was flopped : But if the B.»r 
was thruft a little way into a Glafs Tube, the Ele¿lricity was communi
cated as before.

u ,  I fixed 6 Iron Radii of twifted Iron Wire to a Brafs Ring of two Exptrimmn 
Foot andan half Diameter, and half an Inch wide, which had a Socket 
in the Centre, whereby to fet it either on an upright Glafs Tube, or on 
a wooden Pillar : Then I hung upon the End of the fix Radii, next to i,y thtfamt. 
the Circumference, the following Subftances. i. A Piece of Refin. ibid. p. 156,
2. A Stick of Wax. 3. An Apple. 4. An Ivory Ball. 5. A  Steel 
Bali. 6. A  Glafs Ball.

I rubbed the Tube, and applied it to the Centre of this Machine, as Expw. 1,. 
it fto<)d on a Giais Tijbe j  and the Eleftricity w.os communicated to all W  2. 

the fufpended Bodies, and the Ring alfo; but none of them received it, 
when the Machine ftood upon a wooden Pillar, whofe Foot was on the 
Floor.

1 tied to the Ends ofthe 6 Radii as many Cat-gut Strings, but fo long Expcr. 3 ;. 

as CO unite together, about a Foot higher than the Centre of thc- Ring, 
i  vnhcre..

t e i E o



Avhere I rufjx'nded them by another Gat-gut String 3 F o o t  long, the T o p  
oi which w:i3 faftened to an hem¡:>cn Rope. T h e n  applying the rubbed 
I'ube very near the Place where all the C at-gut Strings joined over the 
Ring, (at which R in g  the fame Bodies were iliipendcd as before) nei- 

' cher the Bodies nor R in g  received any Eleitric ity .

A\ B. T h is  was done in foul W eather,  when the E leflr ic ity  does not 
extend itfelf far from the T u b e :  But in fair W eather, the Eleélrical 
Virtue, at the fame Diftance, reached the Iron Radii o f  the R i n g ;  and 
conltquently the R in g  and Bodies fufpended, though the Virtue  was not 
propagated along the C at-gu t:  For i f  the T u b e  was applied a little 
iiighcr to tiic fingle Cat-gut, fo as the Fffluvi.'ij or V irtue  darted dire¿lly 
fm m  the T u b e ,  did not reach the R in g, or it’s Iron Radii^ then no 
Virtue was communicated to the R in g, o r  the iufpended Bodies, Gfc.

Expcr. 4-. I fufpended the R in g  by fix Packthreads, juft in the Hime manner as
the Cat-gut Strings before ; but ftill all thofe Strings were fufpended by 
the perpendicular Cat-gut o f  three Foot in Length, T h e n  all the B o
dies received the FJeftricity from the rubbed T u b e  applied to the T o p  
o\ the Pyramid of Packthreads.

Kxper. 5. Initead o f  the perpendicular Cat-gut between the Pyram id o f  Packthread
and the upper hempen String, I fubftituted a Packthread ; and then no 
A’ irtue was communicated to the R in g ,  but all went up the hempen 
String, and was loft i except the T u b e  was held very near the R in g, 
and then it gave a fmall Degree o f  ele¿trical Artraition to the R in g ,  and 
the Bodies fufpended at it.

Exfcr. 6. H a v in g  again fufpended the R in g  ŵ ith the Bodies and Pyram id o f
Packthreads to the perpendicular Cat-gut, I tied a Packthread to the 
R in g ,  and carried it horizontally about 20 Feet from the Ring-, and 
having faftened a Cat-gut String three F oot long to it, I gave it an 
Aififtant to hold : T h en  applying the rubbed T u b e  to the E n d joining 
that Cat gut, the E le d ric ity  was communicated to the R in g ,  and all the 
fufpended Bodies, as appeared by applying the white T h read  near them, 
which was attrafted by every Part of the R ing, and all the Bodies.

12. I applied the rubbed T u b e  to a burning Candle, and it had no 
Royal^*cictv  ̂ manner o f  E f f e ñ  on the F la m e ; but as foon as the Candle was blown 
Feb. 16.173J.' attradled the Smoak at four or five Inches Diftance.
bythefamt. A n  horizontal Packthread, o f  about 18 Feet in E e n g th ,  being ter-
Ihid. p. 198. minated by the Cat-gut Strings, o f  three P'oot long each, I hung (towards 
Ex|Kr. 1. one o f  the Ends o f  the Packthread) upon it a Candieftick with a lighted 
Kxpcr, 2. Candle in i t ; then applying the rubbed T u b e  to the other E n d  ot the 

Packthread, the Candieftick attrafted the T h read , and it was alfo 
attrafted by the Candle, but not within 2 or 3 Inches o f  the F la m e ;  but 
^  foon as the Candle was blown out, the T h rea d  was attrafted by every 
Parc o f  it i nay, even the W i c k ,  when it was quite extinguiflicd.

42,. e l e c t r i c a l  e x p e r i m e n t s .
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 ̂ I fiifpendetJ a Wax Candle in the fame manner, and the Experiment Expcr. j. 
fiicceeded in the firne manner; only the Eleitricity came not lb near the 
Flame in the Wax as in the Tallow Candle.

I hung an Iron Wire 16 Foot long horizontally by two Ciit-gut Strings Exfcr. 4, 
at it’s Ends about 3 Foot longcach, and bent down the Wire iVoni the 
Place joined to the Cat-gut» lb as to hang down a Foot at one End ; 
then applying the rubbed Tube at the other End, this Conduflor carried 
theElcdricity along to the Ball *, but not fo well as the Packthrcad Con- 
duftor ; but it did fomething better when it was wet.

The fame happened when the Conductor was Brafs Wire of tlic fame 
Length.

N, B. The Packthread Conduitor alfo carried the Ejjiuvia ñronger 
when it was wet,

i I took the Glafs Tube A R of 2 Inches Diameter, which had at AnAuQuntof 
one End A , a Brafs Ferril with a Brim cemented to it, and at the other EUarUal 
EndB, a Brafs Cap clofe at Top, the Brafs-work being joined to it, in 
order to exhauft it of it*s Air upon Occafion. When this Tube was t̂̂ alfocUtŷ  
very dry, it would become electrical by rubbing, fo as to fnap by F e b .16 .17 3 i.  
pafTing the Ends of the Fingers near i t ; but that Virtue could not be 
cxcited in the Tube nearer the Brafs at the Ends than from a to by and P* 
not unlefs the Tube was very dry within. Expcr. i.

The Tube being thus prepared, and having an Ivory Ball C, of about Fig. 2. 
two Inches Diameter, tied to it at the End B by a ihort String, I pafied 
the Tube through the horizontally fufpended Plate D D, till ic was 
flopped by the Brim at A  ; and as it hung perpendicularly, the Ball C 
was within a Foot and an half of the Floor. The Plate D D was about 
10 Inches in Diameter, and fufpended by three fmall Cat-gut Strings 
as F, of about two Feet in Length, ail which were tied together at E , 
toan hempen String hanging from the Cieling at F.
. By reafon of the Diftance of the Ends of the Cat-gut Strings clofe to 
the Plate at  ̂í  I was able to thrull in between them one End of an 
open Tube G G, after I had rubbed it fo as to make it ele<ítrica!, to fee 
whether I could make the aforefaid fufpended Tul>e A  B the Condudtor 
of Eledricity to the Ball C ; but the firft Trial was in vain, ¿

Then laying horizontally over the Plate D D an Iron Bar a quarter of Expcr 
an Inch thick, and a Yard long, I hung ac the Ends of it two Ivory 
Balls f f, of the fame Size as C, by Packthreads of the fame l.ength as 
the Tube A B.

Having again made the Tube G G eledrical, I applied it over A , as 
before, and immediately the two Balls f c received the Electricity, lb as 
to attraft the I'hread of I'rial T  hanging at the End of the Stick S T ,  
when applied near them v though it received no Motion when applied 
to C. But if the Strings H e , inftead of Packthread, were Cat-gut, .
: V O L ,  VIII. Part ii. K k k  then
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then the Balls cc received no Elcdricity from the Tube G G rubbed and 
applied over A.

N- B. To be fure that the rubbed Tube is made c!e<£i:rical, I pafs my 
Fingers near it after rubbing, to hear whether it fnaps; but always rub 
again before I apply it bccmlc by fnapping it loies it’s Elcdricity at 
the Place where it fnaps.

When I rubbed the Tube A B, it. would then attraft the Thread of 
I'rial 'I' between /7 and i  ; but not at all above /1 or below unleis when 
I applied the Tube G G above A  : I'hen the I ’hread of'I’rial would be 
artraited by the Plate D D, and. the I'op of the great Tube from A 
to a, but no lower. It would alfo be attracted by all the Bar I I H . and 
only three or four Inches below H.

Having filled the Tube A B with Water, the Eleftricity ofthe rubbed 
Tube G G , applied at A , ran (Irungly down the Tube A B, and im
pregnated the Ball C, fo as to make it ftrongly -attraft the Thread of 
Trial, whilft the Balls c i  received no Virtue at all. But upoa wetting 
the Cat-gut Strings H c with a Spunge, all the three Balls c C and c 
ftrongly received the eledrical Virtue.

I took away the Bar H H, and it*s Balls and Strings; and having 
well dried the Tube, I rubbed it, and'hung it up as before ; fo that it 
would fnap, or attraft the Thread from í7to^, but no-whcre die.

Then putting the fmall Bar H H into the Middle of the Tube A B 
in it*s Axis reprefcnted by the pricked i,ine, upon Application of the 
rubbed Tube G G a t  A, the Virtue was immediately communicated to 
the Ball C. I'he fame thing happened, when, inftead of the Bar, a 
Brafs Wire, a Walking-Cane, a fmall green Stick, or fmall Packthread 
was placed in the Axis of the Tube.

I took a Barometer Tube empty, and very dry, and placed it in the 
Axis of the great Tube A B ; bur it would conduft no Ele6lricity to the 
Ball C i though it carried it down very readily when full of Water, 
though quite dry on the Outfide.

Another fmall Tube open at both Ends, which conduced no’Virtue 
to C v/hen dry, being only moiftened a little by the Breath in blowing 
through it, carried down the Virtue from A  to C very ftrongly.

N. B. All this while the Cat-gut Strings E í  received no eledrical 
Virtue.

As I defign to purfue thefe Inquiries much further, I beg Leave to be 
allowed to make ufe of fome Terms, (which I ihall here define) in order 
to fave ufipg many Words in giving an Account of fome elcótrical Eic- 
periments, which I have made, and ihall hereafter make.

A  Body elethical per fe is fuch a Body in which one may excictf 
Eleitricity by Rubbing, Patting, Hammering, Melting, Warming

or

s
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or any other A<5lion on i!ie Body iifclf, as Ambtr, Sealing-Wax,
(iiiifs, Rcfin, Sulphur, üfc. bJ'idís many, it not all, animal Sub- 
ftanccs.

A Non-elcHrical is fuch a Body as cannot be made elcftrical by any l̂ tíimúoD II. 
Afition upon the Body icfclf immediately ; though it is c:ip3ble of re
ceiving that Virtue from an Eiediricnl per je,

1. When the Air is full of moii'L Vapours, ElcHricals per fe are ex- Obfcrvaiioni. 
cited to Elciftricity with very great Difficulty, requiring to be often 
warnied, and much rubbed j as appears in exciting tJ)at Virtue in GKds,
Ambirr, W a x ,  fsfr.

2. In dry Weather, efpecially in frofly Weather, the EhEfritaJs pr^ 
ft will lia\̂ c their Virtue excited with very little Adion upon them ; as 
appe.irs by warming a Cjlafs Receiver, which, without any rubbing, 
will caufe the Threads of a Down Feather, tied to an upright Skewer» 
to extend t!iemfe!VeS as foon as it is put over the Feather. Sometimes 
Kefin and Wax exert their Eleflricity by only being expoied to the oj)cn 
Air.

3. EhElricah per fc retain the Virtue longcft when kept near to, or 
intlofed by, other Ehtlrlcals per fe. Thus the rubbed Tube will retain 
it’s Virtue pretty long in dry Air, as appears by chafing a Feather about 
the Room very long without new rubbing ; as alfo by L̂ umps of Refin 
and Sulphur, which have bc*en melted and poured into dry Drink- 
ing-glaills, keeping their Virtue long, if kept in thofe Glafics, and 
wrapped in dry Silk, or fuch Sort of Paper as will btrcome ele<51rical 
hyrubbrng *, for as often aS they are expofed to the Air, they will at- 
trad.

4. Ek^rkah per fe communicate their Virtue to any of the Non- 
eletlncal̂  when brought near them*, in which Cafe ’Non-ektlricals 
attrail.aod ri-pel like the Ek^ricals per Je, Thus an Iron Bar fufpended 
by a filken Thread, an Hair Rope, or a dry Cat-gur, when an excited 
Ele^ric per fe is brought near it, will both attack and fend out it’s
vta to a Xon-eli'flric held near i t ; as appears in the Dark by the Light 
coming out at the End of the Bar.

5. An Eli£lrieal per fe lofes it’s excited Virtue in communicating to
'Ncn~ele5irical\ and the fooner, the more of thofe Bodies arc near

it. Thus in moift Weather tlie rubbed Tube holds it's Â irtue but a 
little while, becaufe it ads upon the moift Vapours that float in the A ir ; 
and if the rubbed Tube be applied to Leaf-Gold or Brafs, laid upon ^
Stand, it v/ill act upon it much longer, and more llrongly, than if the 
fame Qiiantiry of Li:af-G<ild is laid upon a 7'able, whicli has n)0re Non̂  
eleñrical Surface than the Stand.

6. When a Non-eliilrical is fjfpended by, or only touches an EhEiru 
cal per fê  it receives the Properties of an lihtirical per fe from a rubbed 
Tube or Wax, Í3C, This appt’ars by the Fire that flaflies from the 
Fingers of a Man fufpended by Hair-Ropes, or who ftands upon a Cake 
of Refin, when he has received Virtue from the rubbed Tube.
, . K k k 2 'I hc
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7. The Virtue which a Non-ek5irical receives from a rubbed Tube> 

runs on to the mod diitant Parc of the fufpended Body from the Place 
where the Tube is applied, and fecms to be collefted there, from whence 
ic flaflies in the Dark, fnaps and exerts it’s Attraction upon the Thread 
of Trial i though as the Virtue runs along, it Ibmetimcs fliews itfclf in 
other Parts of the fufpended Non-cktiri«il.

8. If a Nofhcleilrical̂  whilfb it is receiving the. Virtue from the 
Aibbcd Tube, be made to communicate with the Floor of the Room, 
or any other great Non-ektlrical Body by a Non-clc^rical String, how 
fmall ibever, (though but a Thread) the Virtue will not ihew itfclf, as 
4 did before, at the Extremities, where the Flafh of Light was feen.

9. If a iSon-eUlirical be ever fo big, when fufpended, ic will re
ceive Elcdricity from the rubbed I'ubc. And if five or fix hundred 
Poot long, when the rubbed Tube is applied at one End, the Bodies 
hanging at the other P2nd will become eleftrical. This has been tried 
by leveral People as well as myfelf.

10. If a long Non-ek5lrical String be faftened to an EleBrical per fê  
and extended to a great Diftance, being fupported by Ek^ricals per fe 
to keep it from touching the Ground, all Bodies faftened at the End of 
it will become eledtrical when the rubbed Tube is applied at the other 
End, though the Tube does not touch it, but is only brought within 
two or three Inches of it,

N . B, This String we have before, called the Conduilor d f ElcEiricityy 
and the Cat-gut or filken Strings, Glafs Tubes, or whatever kept the 
long String from touching the Ground, Supporters.

11. If any of the Supporters^ mentioned in the lafl Obfervation, be
changed for a Supporter, the Virtue will there be flopped
and taken away by that Supporter: But if that Supporter be again fup
ported by EleHricals per Jc  ̂ it will only receive fo much Ele¿lricity 
as will impregnate it, and then the Virtue will go on to tlie End of 
the String, and impregnate the Bodies faftened to it.

12. The Non‘ Clc5lricals receivc the greateft Virtue at the End of the 
String, and moil of all, if they are wet. But the EkElrieals per
if long Bodies, as long Sticks of Wax, and Glafs Tubes, only become 
cleilrica! at the End next to the String.

13. Ekñricals per fe  will become if they be wet, or
cnly moiftened. Thus Supporters that tranfmit the Elcflricity imme
diately, flop it when wet with a Spunge» or when blown through, if 
open Tubes. And ¡f the long Eh^rtcáls per fe^ hanging at the End ot 
the Conduftor, be made wet, they will become Non^ek^fricals, and
nrongly receptive of the Virtue given by the rubbed Tube at the other 
End of the String.

N . B. All the fix Experiments mentioned In the Beginning of th:i 
Paper, confirm this OhJ'crvation,

14. A
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1̂ . A  Non-ekílrical having been impregnated with Eleílricity by the 
rubbed Tube, is repelled by it, till it has loft it’s Ele£tricicy by com
municating it .to another Non-ek îrical. Then being in it’s firft State, 
it is again attradled by the Tube, which holds it til! it has fully impreg
nated it; then it repels it again. This is evident, by attrading a Down 
Feather by the Tube in the Air,* and then repelling it, fo as to make it 
dance backwards and forwards to and from a Finger held up at a Foot or 
two from thel'ube. But theThing appears more plainly from the following.

Having rubbed the Tube T  /, and witjj it attraited a Feather, the Exper. 7, 
Feather at t was repelled from the I'ube, whenever it was brought near 3*
it; but fuddenly dipping the End T  of the Tube in Water, the Fea
ther floating in the Air came to it again, and (luck to the End of the 
Tube at T , or near F.

N, B. In fáir Weather this Experiment wil] not fuccced, unlefs the 
Tube be thrufl: pretty deep into Water (a Foot at leaft); but in moill 
Weather an Inch or two will do.

P ,  S . Though animal Subftances be generally thought to be E k B r i*  
cal per fê  yet il is only when they aré very dry: This is the Reafon 
why a living Man̂  fufpended by a H;\ir Rope, or ftanding upon a Cake 
of Refin, to receive Eleélricity from the Tulje, muft be confidered as 
a No)uekñrical  ̂ by reafon, of the Fluids of his Body,

429

14. Having heard that Eleftricity had been carried along an hempen 
String 5 or 600 Foot long, but having only feen it when the String 
was carried backwards arid forwards in a Room by Silk Supporttrŝ  i  
was willing to try it with a Pack thread String ftrctched out ac full 
Length; for which Purpofe having joined a Cat-gut String of 6 Foot 
long, I faftencd it to the Infide of a Door in the Suitof Rooms at Cliefdcn ; 
and having alfo tied another Cat-gut, like the firft, to the other End of the 
String, 1 tied it up to the Infide of the Door at the other End of the 
Houfe; but at the Place where the Packthread was joined to the Cat
gut, I kft a F̂ oot and an half of Packtlwead haiigii^ down, and 
laftened to it a Lignum Vit^ Handle of a Burning-Glitte v then applying 
a rubbed Tube at the other End of the String, I made the Electricity 
run to tht Lignum but with fome Difficulty, which I attributed 
to the Size, being an animal Subftance that ftill ft-uck.to che Packthread 
as it was new; therefore I cauíéd the J^ackthrcad to be wet Ávuh a 
Spunge from one End to the other  ̂ to waih off thc'TSfWc 'i 'h e n  
the Eltétricity from the Tube communicated ver î ioon  ̂ and vjsry 
ftrongly; for the Thread of Trial ;(mcntioned in my fí>rmer Papers) 
was drawn by the Lignum Vita at the Diftance of a Foot.

Afterwards, Iiaving joined nxjre Packthread together, 1 made a 
String of 4.20 Foot long, one End.of which I faftened-(by.:the Interv 
Tofition of Git-gut as before) to the Iron G«es iji.tfte'C^rdchy before 
Ihc Houfe, and the End which had the Lignuot h'iiic Handle, to
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upper-P.irf of' tlie* Dóbr hext, to th<i Houfo in a large
Drawing Room, tkkingtftre iUM ca-frie'thro îgh the Middle
of’ the opentU ihi*6ogh which k ĵ felTcd ; and to; pre\t;nc this String 
(Intgging up<̂ n the Ground, thrt*e Picces of Cat-gut held acrofs by two 
Men, ncVquftl D.ilancc's frohi the lirtds, - i\nd from each other, iupjwted 
It. 'rhtf'Srtiilg was i\!íogtñ1)tr dipped ■ in á Pafl of Water, before the 
l"ype¥hfi£iU; but^^reat Care 'taktfo, tlrat tfce Cat-gut Ih'O'uld not be

• I'iifen I applied''tlie rubbtd Tube at áie End in the Garden, v;iíilft 
my AíTiñimt held the Thread of Trial near the Handlfe alx>ve-n'iention- 
cd, w^itli Th/ead was ftrongly attrailed, chough the \Vind was very 
high, and blowei) in the wntrary Direction to that in which the E* 
le^ricity ran along.

1 firft tried the Experiment with the Packthread dry, but then it 
Wufd not d(5 at that Diftincfi.

B. The Weather was moiil when I made the Experiment.
* ;u.

Some7hi»g$ 1 About ,a Year or two ago, in a Paper I gave in to the Royal So- 
concerning E- ciet̂  I cudv-iYOurcd, t .̂e^abiiíh fome ecneral Principies coñccrniníz E- 
the fame No the Ĉ oniaileration or many hxperimcncs,, winch have
459- p-634- others, as well as fome new Experiments by nryfulf, an
Jan.{3̂ i.i;4i. Accounc of which I then gave. Therefore I fliail only now repeat my 

Diftindion of*all Bodies into two Claflcs, ih'refp3¿)t of Electricity, nnd 
make good the DefinitioiTS that I gate by fome further Ex}>eriir.en[s *, 
and though I do not pretend .to know the fcaulb of. Eieitricity in ge
neral, yet I hope from a few Laws of Ele£tr':cic '̂,.-deduced froni, known 
Pĥ nomtnâ  to folve roofl: other Pktsnontê a-̂  (though fceming quite un
accountable) fo far as to fliew what l>aw of'Eleclricity they depend 
upon ; and to be able; to foretel what will happen to moil Bodies before 
tiic Experiments are tried upon them in an cleiVicai Way, , ]

1. Bodies ele£lricf«:ytf are fiich in whom aYirtuepf attracljng ahd
repelling fmirii Bodies at a Diftancc is inherent, though it is not always 
in Adion, fo as to produce that EfltííL But by rubbing, patting with 
the Hand, hammering, warming, and fometimes only expofiilg to dry 
Air, fuch Bodies exert the Virtue above-mentioned \ otl êijwife ihcy 
are in a Non-cle¿i;ric State. ,,

2. Non-electric Bodies are fuch in which n.a tlcilrical. Virtue can 
rxcited by any Adlion upon the Bodies themfelves,-fuch as rubbii ĝi 
farming, Csfr, But an Ele¿tric y?, when excited, can commuhicatc 
it’s Virtue to a Non eleitric, and that Virtue; will he received by all the 
Parts of the Non-clc£lric, (be the Body ever fo long or largsí) and be 
flrongeft, being, as it were, colleited at that End o\ the Non-eleftric, 
which is fartheft from the PJace where'the Jlleftricity is hrft received.

3. A  Non-eleftric, having received Ekrftricity, will communicate to
iiothcrBody brought to touch it, or only brought pretty near, and th;\t
• - oiten
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often vith a fnappii^ Noife, and a foall Fbih of Light, lofing by that 
Means all it's own Electricity.

4. An Elcdtric per fe  will become a Non-elcilric fora time, i f  it be
made wet or moiíl, andibccome receptive of Eleftricity, which it will 
recciveatone End, and carry to the other, where the Eleilricity will 
go off with a fmall ExploCon, to impregnate any other Non-cle6lric, 
which is brought near. )¡ ,

5. An Elc¿tr¡c/írry?, in which Elcdricity has been excited, maybe- 
come Non-eleclric by being expol'cd to nioift Air, whofe humid Va- 
pours it :ittra£ls,; and then, brought, to t|iej '̂ire, or into very dry Air, 
recover it’s Elcélricity when thcMoiílüre is exhaled again.

6. An Eleftric niay be made ftrongly clefcric in Part of it’s
1 ^ngth, whilfl; the other Part remains in a Non-clcdtric State.

7. A  Body in a t̂ate <of Eleilricity {wbct'^ r̂  ̂ Ñon-eledric having 
received Elcdricity, or an Elcdric ye, excited to Elcékificity) v;i]l 
atirafl all Non-cledrics, and repe) other Bpfjies t̂hat are in a State of 
Eleflricity, provided the Eleélricity be ofthé' /lime kind.

8. A Non eje l̂rjc Body will not retaia the Eleóíriciry which it re- 
ceivcs from an Eleftric pet fe, unlefs it be free from tojching any other 
Non-cle£lric Body; but muft be fufpendcd or fupported by Ele£tri<* 
fer fe touching only them and the Air.
* 9, An Electric fcr fê . when it is not reduced to a Non-ele<3 rIc.Srate, 

will not receive Eleitricity from another Eledric/i^r fê  whofe Ele¿iricity 
iscxciced, fo as to run along it’s whole Length *, but wl\\ only rccelve ir 
a little Way, being (as it v/tre) fatumted with it.

10. An Eleilric perfevj'úl not lofe all it*s P-lcftricity at once, but on!y 
the Eleftricity of fuch Parts of fhe Body as have communicated it to 
other Bodies, or near which Non-ele£lrics have been brought.

11. When a Non-cleétric, which has received Eleilricity, communi
cates it’s Elcftricity to another, it lofes all it’s Elcftricicy at once; and 
the in coming out, ilrike the new Body brought near, as wcil
as the Body firft made elcftric,

1 .̂ Excited Elec'lricity exerts itfclf in a Sphere round the Elcdlric 
f¿rfe-̂  or rather a Cylioderif the Ikidy be cyljpdric.

j j .  The Elcétricity which a  Nonrelt:drip of great Length (for Ex
ample, a hfmpen String S e e  or 900 Feet long) receives, runs fron> 
one End to the other in a Sphere of eleftriral E ^ via. But all the Sup
ports of this String nmft be Elcdricspir fi,

14. i f  this String be branched out j^to many Strings, the Eledricity 
will run to all their Ends.

75. li'thc Npn-cledric String, which is to reccive and carry on the 
deftric EjjkviiZy be not confini^ous, but has between it's Ends fomc 
JF.Iedrics per //, the Effluvia will ftop at the firft of them, unlefs the Inr 
tcrruption or Difcontinuátion of the Non-elcélric be £hort; becaufe in 
that Cafe the Eleñricity from %he End of the firft Non-,clsdl/Lc tcj 
tht Beginning of the next, efpcclally ifthe Airbé very dry, even 'though

the
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t-v-l^rfiVdf thi Srring fho'jld be about a Foot diftant, and noBody'buf 
the Air between. Sometimes jndced the, Diftanor muft not be above an

•  Inal <Tc two.
■ Tfiére are'T^o Sorts of Fléílrics _/é, known by what follows; 

A Body impregnated with Elcftricrty from one Sort will repel all Bodies 
that have that SorfofEk¿lricity, till they have loft their own Eleclricity 
by,coming to. fome Non-deftr.ic. Bqt F.le£tric/'fr/i of the other Sort, 
ihóugh excitedj, \«ifl attraft all rhofe Bodies, though in n State of Repul- 
Tfioti,' tin account ót' the other EIcRricity ; and To vice virfa.

An /IcccuU it-being a Matter in Difpuce, whether there is any Difference
j'omf EÛ hUai bctwccn the Eleflricity ofGhfs, and that ¿ f  Gums and RefinSj I made

following ITxpcrimenrs, in'ordt;r to fettle that Point:
Toyz\iZLy\ I fuftened a String of dry Cat-gut: (which,-when dry, is an Eleilric 
ian 22 1740 I per y^ '̂from one Pillar to the other, at the End of the 7'ablc in the
by the fame. Mccting-Room of ^tRo^alSuicty^ about .7 Feet from the Floor; and

to the Middlcof that Cat-gut ñiftcned a filken T’hread about 2 Foot long,
which hung down, and arit’á lo\Ver End had a Down Feather. Then 
rubbing the End of a Scick of Wax pretty quick and ftrongiy againft 
my Waiftcoat, which was made of Cloth, the Wax became eleólrica!, 
nnd attrafted the Feather, which ftuck to it awhile, and then was repelled 
from it, as long as it retained the Klcflricity it had received from the 
W ax; But, having touched the Feather with my Finger, it- loft it’s 
Eledlricity; and, becoming a Non cletilric, was again attraded by the 
Wax, which gave it frerti Eleftricity *, and then it was repelled from it, 
and fo toties quoiies. When the Feather was in it’s elcdric State, I 
applied to it another Stick of Wax, which I firft rubbed; and it re
fuelled the Feather, though it had not touched it before, and did the 
lame as the other Stick of Wax had done. ^
' After that I rubbed aGlafs Tube, which firft attraded and then re

pelled the Feather, as the Wax had done: And another Tube being 
rubbed, repelled the Feather, when it was put into an cleftric State by 
the firft I'ube, without firil attrafting it. But Non-eleótrics, fuch as 
the Finger, or a Stick, attrafted the Feather, when it had firft been 
made eledric *, gnd not only fo, but Eleftrics per fe, when they were 
become Non-eleftric, as the Tube unrubbed, or the Wax unrubbed ; 
nay, the rubbed Tube alfo, when it’s End was moiftened, or that End 
of it turned to the Feather, which had been held in the Hand.

Then I made the Feather eleftric, by the Application of the excited 
Tube ; and, having rubbed the Wax to give it Eieftricity, I brought it 
near the Feather, which it attrafted ftrongiy, though it had repelled 
it before, when the Feather had been made eleflric by Wax.

Afterwards I made the Feather eleñric by the Wax, which firft at- 
tradled and then repelled it: And, having applied the rubbed Tube to 
the Feather, it attrafted it ftrongiy, though it repeHed it when the Fea
ther was made eleftric by another Glafs Tube,

Having
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17, Having flicwn lately, by fome plain I'.xperimcnts, t!iat the li-  Ev-
leftricity of Glafs is different from that of Sealing-Wav, becaufc the
Wax attraéled a Feather fufpendcd in the Air by afine Silk, when KoyjlSociciv, 
the nibbed Glafs Tube repelled it, (as dcfcribed in the Account of M irch  15, 
thofe Experiments) I made the.Experiment with a Cake of Rofin in- i 74o <* 
ftead of Sealing-Wax ; and it appeared to have the fame Kind of E- -
Icdricity as the Sealing-Wax. Then confidering that the Supporters 
of any Non-elcitric Condudlors of Eleilricity muft themfelves be elec
tric, I had a Mind to try whether Bodies, endued with either Kind of 
Elertricity, were in any-wifc different in that Cafe j which I did by 
the following Experiments:

I laid a Piecc of Wood, 4 Foot long, bn 2 Glafs Plates, whofe 
JLnds ftood one Foot beyond the Side of the Table on which they 
were laid : Then, applying the rubbed Tube to one End of the Wood, 
the other attrañed Ixaf brals, or a Thread hanging down from a Stick.
Then, initead of the Glafs Plates,'! laid the long Piece of Ŵ ood on 
two Cakes of Rofin, and applied the rubbed Tube to the End of the 
faid Wood, which condudled the Eledricity to the other End, where 
Leai-brafs and the Thread were attrafted in the fame Manner.

This (hews that, in order to conduft Ele6lricity along any Non-
eleftric Body, it ¡s indifferent what Kind of Ele£lricÍty it’s Supporters
are endowed with, provided they arc eleflric. *

18. I mentioned in one of my former Papers concerning Eledlricify, Acaunt of'
that Eledlrics per f e  would not receive the Eletilricity of a rubbed Tube, Experi-

fo as to carry on to a Diilance ; but that, if thofe bodies were changed J'¡rc\hê oy¡\
into Non-eleftrics, they would then receive and convey the Eleñricity Society, M a y

of the rubbed Tube in the fame Manner as all otiier Conduilors of E- >4» >74*«
Jeélricity do. 1 he Experiments which I made to prove this plainly, No.
arc as follow: 1 4 6 0 ,  p. 6 6 1 .

I fufpended a long fmall Glafs Tube at about the Diilance of 14 or Exper. i .

15 Inches from a horizontal extended Cat-gut in the iiime Pofition, or 
parallel to it, by two fmall filkcn Threads; and, with a fmall Pack
thread, hung an Ivory Ball on the End of the fufpendcd T u b e; and, 
applying the rubbed Tube to the other End, (though lightly excitcd, as 
appeared by it’s fnapping) no Eleftricity was communicated to the 
Ball; Though, when a very fmall Packthread was Rung from one l?.nd 
of the Tube to -the other, the Ivory Ball became very cle<ftric, as ap
peared by it's attrafling a Thread hung on a Stick. Then taking off 
the Packthread, and wetting the Tube Irom one End 10 the other with 
a Spunge, ir became a Non-elcftric, and conveyed the Eleftricicy to 
tlie Ball as ftrongly as the Packthread had done.
T  ̂ dried, I applied a,Silk in the fame Manner as Exper.
L n lackthread ; but no Eleftricity could be conveyed tó

the B*U1 by applying the rubbed Tube to the contrary End of the Silk •
But afterwards having wetted the Silk, it became a Non-eleilric, and -i — T 
eceiwd the LleAricity, which it communicated to the Ball, • - U ^

‘ V O L .  VIII. Part ii. L  11 5 .
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1/. B. I chofe a Glafs Tube for this Experiment, becaafe Mr D« 
Fay had made ufe of Glafs Tubes for the Supporters of his Conduftors 
of Eleftricity; and Silk, becaufe Mr Gray had fupported his Con- 
du<flors of Eleftricity upon Silk.

•

Ar.Â ctuniof xg. That it is not the Quantity of Matter in Bodies, that makes 
j'ame Expert- thctn more or lefs rcceptive of Electricity, and conduftive of it, but 
minis made Quality, appears by the following Experiments.
^cictv May a Cat-gut String A  B» about i z  Foot long, ftretched horizon
ti?, if4i. By taliv 6 Foot above the Floor of the Room, I lufpended two Iron Bars 
tí;,fam e. Ibid. Q ¿), E F, of about 4 0  luchcs long, and a Quarter of an Inch fquare, 
I  by the filken Strings C c, D d, He, F /, which at firft touched at

by a Packthread, the Ivory Ball G. Then having rubbed a large Tube 
i  K to excite it’s Eledricity, I applied it near the End C of the firft 
Bar *, and the eledrical Virtue ran along the two Bars, and impregnated 
the Ball G, as appeared by it’s attradling the Thread hanging from the 
Stick H, at about 3 Inches Diftance. Afterwards I feparated the Tubes 
in the Manner that they appear in the Figure, and the Electricity was 
communicated to the Ball but faintly when the Bars were i i Inch afun- 
der, and not at all when they were 2 I Inches afunder. But this was 
owing to the moift State of the A ir ;  for, when the Air is very dry, 
the Virtue will jump 6 or 9 Inches; but when the moift Particles, that 
float in the Air, are attrafted by the Bars, the Virtue will reach but a 
little Way ; though, if that Moifture be fixed upon any Body, which 
(being an Eleftricp^r fe) would not conduft the Eleñricity applied to 
It’s End, the Virtue will be carried from one Bar to another as well as 
if they had touched, as will farther appear by the next Experiment, 

K i p e r .  3. Having feparated the hanging Bars fo far afunder, that the Eledri- 
iig- 5* city could not jump from the one to the other, (viz, about 3 Foot) I 

laid upon their End the fmall Tube D E, having wiped it very dry: 
Then applying the rubbed Tube to C, the Virtue flopped at D ; and 
neither the Bar E  F, nor the Ball G, received any Eleiflricity, the 
Thread H being attrafted by neither of them. But, having blown 
through the Tube, the Moifture of the Breath changes it from an E- 
leftric to a Non-ekilric ; and then the Virtue of the rubbed Tube runs 
along freely from C quite to the Ball at G , which then ftrongly attraéls 
the iufpended Thread,

N. 5 . When the Air is very moift, the Tube D  E  is turned to a 
Non-eleftric without blowing, only by the watery Particles adhering 
to it,

Eipcr. 3; The Bars remaining in their Situation, I took off the Tube, and
6. ilretchcd a very fine white flaxen Thread from D  to E> vrhich touchcd

- - —  -  — -  both
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both Bars: Then applying the rubbed Tube to C, the Virtue was car
ried from Bar to Bar, and the Ball G attraflcd the Thread VI at 2 
Inches Diftance. Afterwards wetting the I'hread, the Attradlion be
came much ilronger at G, fo as to attraól che Thread II at or 5 In
ches Diftance,

Having joined together the Ends of the fufpended Bars, I fuffcred Exper. 4; 
the Thread D co hang down, but touching no other Body ; then the 7*
Elciilricity was freely 'communicated (by applying the rubbed Tube to 
C) from C to the Ball at G. But if the lower End of the Thread, 
touched the Ground, or a Chair, or was taken hold of by any body's 
Hand, or lifted up by a walking Cane; then the Electricity advanced 
no farther on the Bars than D, but was interrupted by the Thread D 
and carried to the Bodies contiguous to when they arc Non-elec
tric. If the End d of the Thread was laid upon a dry Glafs Tube* 
held in the Hand of an Affiftant, then the Eleilricity ran as before 
along the Bars to the Ball G. Tlie fame Thing alfo happened when 
the End d of the Thread was thrown up upon the Cat-gut Stringi 
for in that Cafe the Elcflricity, having impregnated the String, did 
afterwards run along the Bars,- Csfr,

20. Having found by feveral of Mr Gray\ Experiments, as well as An Account 
fome of my own, that Water is receptive of Eletflricity, fo as to
raifed up in a little Cup, to emit a Vapour towards the rubbed Tube, to 
fnap, and to give Light*, having alfo found, (as I (hewed the Experi- 
ment before the Royal Society) that when a dry Tube, fufpended hori- the Royal**So- 
zontally, will not condudl the Electricity of the rubbed Tube applied ciety,Aug.29, 
to one of it's Ends; and yet, when blown into, will condu£t it ftrong- *74̂ ** ^ytht 
ly all it’s Length, becaufe the Elcftricity runs along from one moift 
Particle to another, though thoie Particles arc not contiguous. I 
thought that Eleilricity might impregnate a whole Jet of Water, w'he- 
ther perpendicular, oblique, or horizontal: And fuppofed alfo, that if 
at any Time there be eleftrical Effluvia in or above a Cloud, that Virtue 
may be communicaied by the falling Rain, to any thing that the Rain 
falls upon, tlow  far my Conjefture is true, will appear by the follow
ing Experiment:

Having properly fufpended (that is, fufpende'd by fome elcflric Body, 
here Cat-gut) a Copper Fountain with the Spout downwards, I opened 
the Cock, and let the Water fpout into a VelTcl underneath : Then, 
having excited a great Tube to Eledlricity, I held it over the Copper 
Fountam, whilft an AiTiftaut held the thread of Trial (that is, a 
Thread hanging from a Stick) near feveral Parts of the Jet, which at- 
trafted it fenfibly : Then I applied the rubbed Tube near to the fallintí 
Jet, which attrafted it ilrongly, fo as to bend it into ;i Curve, and 
iometimes caufe it to fall out of the VciTei below.

21. Eleélrics pfryj (which I have heretofore defined. Bodies in which further 
cn ekSirical Virtue may be raifed by fome Jm'on on them, fuch as Rub-
bing, Patting, Warming, fcfr.; are reduced to a Non-ekar¿: State by
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ill hytht/amt. being in Contail with N o n -e led ric  Bodies, efpecially W a te r ,  which ¡3 
No. 462. the greateft Non-eleélric, even when ic bccomes Vapour, 
p. 14. Non-eleftric (which though it cannot be made eleflrical by any
Jan.14.174,. upon it) receives Fikftricity from an excited cledrical Body ;

but does not retain it whilfl: it touches any other N on-eledrical Body, 
A n  E\i:d.ric per fe^ when ic is become Non-eleClrical, differs from the 
N on-tle!;lr icfcr/tf  in this-, that it may be fo rcllored to E le d r ic ity ,  
by  applying a rubbed T u b e  to it, as to repel all other Eleclrics o f  the 
fame Kind o f  Ele^flricity as the l  ube •, till it meets^ with fome Non- 
eleclrrc Body^ which brings it back to Non-ele¿lrÍcity, or at leaft to 
luch a languid State, chat it’s Elcctricicy is fcarce perceptible.

I 'h e  l í lcñ r ic ity  may be alfo reftored in the fame Manner by W a x ,  
But in both CaVcs, an elcélric Body, in a languid State, cannoc 

be reftored to E!e6lrici:y whilft it adheres to a Non-cleCtric per fe .
F.xptrirnmno F ro m  an horizontal Cat-gut (which is an E l e d r i c y ^ ,  as moft 
illu flra u  theft animal Subilances are) I fufpended 2 Feathers, che one by a Thread, 
J fe riio ns . ^ 2 Foot loHg each : T h e n  applying the

rubbed T u b e  to the Feather hanging by  the Silk, (which Silk is an 
Ele£tric/)ir7J; the Feather came to the T u b e ,  and fluck  to it, as all 
Non-eleélric Bodies do, till it was fo impregnated with the V irtue  from 
the T u b e ,  as to come out o f  it’ s languid State, and become ilrongly 
eleilricul •, which appeared by it’s flying from the T u b e ,  and being re
pelled as often as the T u b e  was brought near i t ;  till it had touched 
fome Non-eledric  Body, or was left fo long as to imbibe the moift 
Particles floating in the A ir ,  by which ic & c a m e  Non-ele¿tric, and 
was again attraded by the T ube.

W h e n  I applied the T u b e  to the other Feather that hung by thfl 
Thread, (which, like m oil vegetable Subfiances, is generally Non-elec
tric per f e )  the Feather was conftantly attrailed, and never repelled;, 
becaufe the Virtue communicated from the T u b e  to the Feather, loft 
itfelf along the T h r e a d ; which would have been retained by the Fea
ther, i f  ic had floated in d ry  A i r ,  or been fufpended b y  an eleftrical 
Body.

T h efe  Properties o f  ele£lric Bodies ihew the Reafon o f  that P b m o -  

tnenoHy whereby a rubbed T u b e ,  after having attradled a Feather, repels 
and chafes ic about a R oom  in the A i r ,  and does not attraft it a fe- 
cond T im e ,  till the Feather has touched fome other B o d y  ; and alfo 
ihews the Reafon w h y  the Experim ent does not fucceed in moift 
Weather.

Pure A ir ,  that is dry, may be ranked am ong the Ele£lrics perfil 
becaufe ic repels all Bodies in a State of Eletflricity, whether they have 
been excited to i t  by W a x x ) r  Glafs *, thac is, by either o f  the t w o  Sorts 
o f  Eleflriclty. •

W atery Vapours, that float in the A i r ,  are N on-ele£ lric; from 
which Mixture the A i r  becomes more languid in it’s E leilricicy, when 
m o il  impregnated with Vapours j fo that dry A i r  is more eleftric than

moift j

4 36  e l e c t̂ r i c a l  e x p e r i m e n t s .
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• m o lft i  but cold A i r  in frofty W eath er,  when Vapours rife leaft o f  ali, 
is more c leñ ric  than A i r  in Summer, when the H e a t  raiies V a p o u r s ; 
which renders that State o f  the A i r  more fit for m a k in g  e le a n c a l  Jix-

pemnents^bed retains it’ s E le d r ic ity  a lon g  T i m e ,  becaufe it re
pels, and is repelled by the dry A i r  -, and the Feather, w hich has 
been attraded by the T u b e ,  after adhering to it a-while, is raifed out o f  
it’s languid State to a ftrong E le d ric ity  ; whereby it flies from th e T u b e ,  
repels and is repelled by  the A ir ,  where m eeting with very few Vapours, 
it retains it’s E k a r i c i t y  a long T i m e ; till touching a N o n -e le ftn c ,  
that is brought to it, it lofcs it’s ow n E leftric ity  by com m unicating it, 
becomes a Non-ele¿lric, and is re-attradled by the T u b e ,  to which ad
hering fome T i m e ,  it receives fo much V irtue  from the T u b e ,  as to be 
reftored to it’s E lc á r ic i ty ,  and again repelled.

In a moift State o f  the A i r ,  the Feather, after it has been made 
eleflrical, and repelled by the T u b e ,  it attraSs to it the moift Vapours 
floating in the A i r  ; whereby, lofing it’s E leétricity , it is attraded by 
the T u b e ,  without touching any other B ody firft.

Sometimes when the Feather flies oflF from one Part  o f  the T u b e ,  
it immediately returns to another Part,  generally the T o p  o f  the T u b e ,  
becaufe the T o p  o f  the T u b e  has attrafted the moift V apours, and is 
become a N on -ele flr ic ,  and therefore attrads the Feather i w hich  being 
become eledric, flew o ff  from the e led ric  Part o f  th e T u b e .

T h a t  this is true, appears from an E xperim ent to be made in dry 
W eather.

A t  that T i m e ,  when every Part o f  the T u b e  repels the Feather 
flrongly, after having attrafted it, i f  you wet 2 or 3 Inches o f  the upper 
End o f  the T u b e ,  the Feather will come to that E n d.

W ettin g  the Silk  by  which the Feather hangs from the Cat-gut, the 
Feather will be always attrafted, and not repelled.

\ V h e n  the S ilk  is dry, the Feather oncp made e k d r ic a l ,  fo as to be 
repelled by the T u b e ,  retained that V irtue  above tw o H ours in frofty 
W eather but in moift W eather loft it in half  a M inute.

^■z. It is proper firft to mention, by  way o f  Prelim inary, that Sent Cenju  ̂
M .  Du Faye's Afliertion o f  two Sorts o f  E le é ln c ity  is found to be true 
by Obfcrvations and Experiments, w z .  that Bodies endowed with the 
vitreous E le ilr ic ity  repel one another, and attraél thofe that have the yapou‘,°Bythi 
refinous E ledric ity  ; on the contrary, thofe that are endowed with the >»:<.No.464. 
refinous E le d r ic ity ,  repel one another, but a ttra d  thoie that have the 24«
vitreous E ledric ity .

I fuppofe Particles o f  pur« A i r  to be e led ric  Bodies, a lw ays in a 
State o f  E le d r ic ity ,  and that vitreous E l e d r i c i t y . ..

1 / ,  Becaufe Particles o f  A i r  repel one another without touchingj as 
has been deduced from Experiments and Obfervations.

idly, Becaufe when the A i r  is d ry ,  the Glafs T u b e  rubbed (or only 
warmed) throws out it’s Eff/uvia, w hich the A i r  drives back to the

Tube.,
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Tubi, from whcnce they dart out anew, and fo move backwards and 
forwards with a vibratory Motion, which continues their Elcótricity.

Becaufe the Feather made eleftrlc by the Tube, and darted 
from it, keeps it's Eledtricity along Time in dry A ir; whereas, when 
the Air is moift, the moift Particles, which are Non-electric, bein» 
artraftcid by the Feather, foon make it lofe this Eleftricicy, which alio 
happens even to the Tube in a little Time,

From this Confideration it will be cafy to account for a famous Ex
periment of the late Mr Ha'̂ joksbeê  which is this:

Having pumped out all the Air from a Glafs Globe, he caufed it 
to turn on it’s Axis very fwiftly, by Means of a Rope with a Wheel 
and Fully ; then rubbing the Glafs with his Hand during it’s Motion, 
there appeared a great deal of Light of a purple Colour within the 
Globe, without any Light or Attraction obferved on the Outfide of 
the Glafs, which is obferved when the Air has not been pumped out. 
Then turning tlie Cock fo as to re-admit the Air gently into the Globe 
during it’s Motion, the Light was broken and interrupted, diminiiliing 
gradually, till at laft it appeared only on the Outfide of the Glafs, 
where it was accompanied with Attraélion. Does it not appear to be, 
that at firfl: the external Air by it’s Refiftance drives back the eleftric 
Effluviâ  which go then to the Infide of the Globe, where there is the 
lead Refinance? For we obferve, that as the Air comes in, it repels 
the eledric Effluviâ  that go inwards no longer, when all the Air is 
come in. If the Faft be fo, as the Experiment iliews, is not my Con- 

.jedlure proved, viz, that the Air is eleótrical ?
In 'DvHalesh Vegetable Staticŝ  feveral of his Experiments ihew, that 

Air is abforbed, and lofes it’s Elafticity by the Mixture of fulphureous 
Vapours, fo that four Quarts o f  Air in a Glafs Veilel will be reduced 
to three. Will not this Pheenomcnon be explained by the different Elec
tricity of Sulphur and Air ? The Effluvia of Sulphur, being eleftric, 
repel one another; and the Particles of Air, being alfo electric, do 
likewife repel tfach other. But the Air being eledlrical of a vitreous E- 
kdricity, and Sulphur of a refinous Eleftricity, the Particles of Air 
attraft thofe of Sulphur, and the Molecu!¿e compounded of them, be
coming Non-eleñric, lofe their repulfive Force,

It has for a great while been thought, that watery Vapours, that rife 
in Air to form Clouds, ufed to rife, becaufe the Water which is of it- 
felt fpecifically heavier than Air, (being formed into little hollow Sphe
rules or Bubbles filled with an Aurâ  or thinner Air than the ambient 

' Air) in this new State made a Fluid of little Shells, fpecifically lighter 
than the ambient A ir in which it mull rife. But Philofophers are come 
oft of that Opinion; and fuch as have implicitly come into it, tnay 
find it refuted in the Pbilofophicdl Tranfa5fions *.

•  Vol. V I .  Partii .  Chap. 2, V xix.
N o w
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Now may not this Pbanomenon of the Rife of Vapours depend upon

Eleftricity in the following Manner ? ,
The Air which flows at Top of the Surface of the Wafers is elec

trical, and fo much the more as the Weather is hotter. Now in the 
fame Manner as fmall Particles of Water jump towards the eleilric
Tube, may not thofc Particles jump towards the Particles of Air, which
have much more fpecific Gravity than very fmall Particles of Water, 
and adhere to them ? Then the Air in Motion having carried off the 
Particles of Water, and driving them away as foon as it has made them 
eledlrical, they repel one another, and alfo the Particles of Air. _ This 
is the Reafon that a cubic Inch of Vapour is lighter than a cubic Inch 
of A ir; which would not happen, if the Particles of Vapour were only 
carried off in the Interdices of Air, becaufe then a cubic Inch of Air, 
loaded with Vapour, would be made fpecifically heavier than an Inch 
of dry A ir ;  which is contrary to Experiments, which ihew us by the 
Barometer, that Air which is moift, or full of Vapours, is always lighter 
than dry Air.

V. Attradion and Repulfion feem to be fettled by the great Creator Somi Thoughts 
as firft Principles in Nature •, that is, as the firft of fecond Caufes ; fo ondConjê um 
that we are not follicitous about their Caufes, and think it enough 
deduce other Things from them. If Elafticity was admitted as a firft 
Caufe, (as it is by fome) it is thought we ihould admit of too many/ami,No.454. 
principal Caufes in Nature, which is contrary to the Rules of goodr^'rs-* 
Philoiophy. Philofophers therefore have endeavoured to deduce Elafti- * "39- 
city from Attrañion, or from Repulfion, or from both. It is obferved, 
that the fame Particles that repel each other flrongly, will artraft other 
Particles very ftrongly, as appears by many Chemical Diflblutions, efpe- 
cially by the alternate Diflblution and Precipitation of Metals in acid 
Menjiruums. The reverend and learned Dr Hales has proved this many 
Ways, in his Vegetable Statics and H^vwftatics, The Elafticiry of Air 
feems to confift wholly in the repulfive Power of it*s Particles, which 
do not touch one another while the Air is in it’s claftic State ; and if 
thofe Particles be brought nearer and nearer together, the EfFedl of their 
repulfive Force will increafe, the Air’s Elafticity being always propor
tionable to it’s Denfity by ComprefTion, which Property will be pre- 
fcrved, though compreffed Air be kept a Year or two i notwithftand- 
ing Mr Hawksbeê  in his Pbyfico-mcchanical Experiments  ̂ fays, that Air 
will k>fe Part of it’s Spring by being very much comprtfltd: But the 
Air with which he tried it, mud have been filled with moift Vapours ; 
and it is well known, that the Steam of Liquors will lofe it*s Elafti
city, efpecially where it’s Heat dccays. I have kept feveral Wind-Gun$, 
ftrongly charged, for half a Year together, in which the Air had Joft 
none of it’s Elafticity: Others have found the Air as ftrong after a 
Year; and I have been told by a Perfon of Credit, that a Wind-Gun 
having been laid by and forgotten for feven Years, when it was found, 
difcharged it*s Air as many Times, and with as much Force, as it ufed

to
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to do. Now, tiiough Air, comprefled by any external Force, does 
always incrcale in Elafticity, as it diminiflies in Bulk ; yet it nr̂ ay, by 
Ferinentation, diminifli it’s Bulk very much, without gaining any xiiore 
Klañicity: For if another Fluid, whofe Parts repel one another, but 
atcraft die Parts of Air, be mixed with Air, the Repulfion of any two 
Particles of Air will be diminiihed, in Proportion as a Particle of the 
otlicr Fluid, infinuating itfelf between them, attrafts them towards iti- 
Iclf on either Side. The fame Thing will happen to the other Fluid, 
in refpeft of the Particles of Air, which mixing with it’s Particles, do

4 in the fame Manner deftroy their Repulfion. Thus, if we allow an
Attraftion ftrong enough between the Parts of two elaílic Fluids, it is 
j)OÍlible, that by Fermentation a Solid may be made out of two elaílic 

f! . Fluids, which would have ftill continued fluid without fuch a Mixture,
W e arc taught by Chemiftry to mix Fluids together, which immediate
ly coalefce into a Solid. When Brimftone Matches are burning, the 
Effluvia of the Sulphur repel each other to great Diftances, as may be 
known by the fulphureous Smell upon fuch an Occafion. N<rw, though 
thcle Particles repel each other, they attrad the Air very ftrongly, as 
appears by the following Experiment:

Take a tall Glafs Receiver doled at Top, holding about 4 Qiiarts 
of Air, and having put it’s open End over a Bundle of Brimftone 
Matches on Fire, ftanding up in the Middle of a large Diil: with Wa- 

' , ter in it, (to keep the Air trom coming in at the Bottom of the faid
Receiver) you will obferve, that not only as foon as the Matches are 
burnt out, but a good while before, the Air, inftead of being expanded 
by the Flame of the Brimftone, will retire into lefs Compafs, the 
Water beginning to rife from the Difti up into the Receiver, and con
tinuing fo to do till fomel'ime after the Matches are burnt out; fo that 
there will be in the Receiver only 3 Quarts of Air, inftead of 4 (more 
or lefs, in Proportion to fhe Quantity of Brimftone burnt); And this 
plainly happens by fomc of the Effluvia, or little Parts of the Sulphur, 
attrafting Jbme of the Particles of Air,' fo as to make an unelaftic Com
pound, that precipitates into the Water. If the Elafticity of the Air 
IS quite loft when the Repulfion of it’s Particles is taken oft', or fuffi- 
ciently counteracted, it muft follow, that it’s Elafticity depends upon 
Repulfion : And that this is often the Caie, appears by a great Number 
of Dr Haleses Experiments, of which I will mention but a few. The 
Doftor took a cubic Inch of Mutton-Bone, and having put it into his 

f  Gun-Barrcl Retort, he diftilled 9ut of it 2 or 300 cubic Inches of Air
into a large Glafs Bottle, the Weight of which Air, together with the 
Afties of the Bone left, weighed as much as the whole Quantity of 

1̂1 did at firft. Now the Air had been confined in that Bone, toge-
ilE| . ther with many fulpl ûreous Particles, in fuch Manner, that the mutual
jji Attradlion of the Sulphur and the Air had alternately deftroyed each

other’s repulfive Forcc, and brought thofe Subftances into a little Com- 
-pafs; but . the Fire in die Diftillation feparated them from each other-

lo
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f o  as to reftore them, in a great Meafure, to their ufual Elafticity.
This appeared by bringing a Candle near the Mouth of the Bottle that 
held this revived A ir ; ior every time the Candle was brought near, the 
Air took Fire, and flaihed out of the Bottle with a fulphurcous Smell.
The Air may be confolidated in many hard Bodies, fo as to be there 
quite void of Elafticity, and there do the Office of a Cement, till by the 
A¿lion of Fire, or fome particular Fermentations, it is again rcftored to 
it’s pcrfeilly elaflic State. This is the Meaning of the Dodlor's Words, 
when he fays, that fome Bodies and others gcner'ate A ir; and
the fame Bodies do fomctimes abforb, and at other times generate Air.
He found more or lefs Air in almoft every folid Subftance that he tryed ; 
but̂  what was moft remarkable, he found that the Calculus humanus (or 
Stone taken out of aMan*s Bladder) was made up of above half it’s Weight 
of Air.

Some have endeavoured to folve Elailicify by Attradion only ; as for 
Example : If the String A B bj confidercd as made up of Particles lying Fig. 8. 
over one another in the manner reprefented at A D B ; it is plain, that 
if the Point D be forcibly brought to C, the Parts will be pulled from 
each other-, and when the Force, that flretched the String, ceafes to 
acl, the Attradlion of Cohefion (which was hindered before) will take 
place, and bring back the String to it’s former Length and Situation after 
feveral Vibrations. Now, though this fecms to agree pretty well with 
the Phanomena of a String in Motion, it will by no means folve the 
Elafticity of a Spring fattened at one End, and bent either way at the 
other, like a Knife or Sword-blade. For if fuch a Spring be bent from Fig. 9. 
A to <7, the Particles on the Side C, which now become convex, will 
be farther afunderat F, while the Particles at D, carried to the concave 
Part FI, will come clofcr together : So that the Attradion, inftead of 
making the Sprmg rtftore itfclf, will keep it in the Situation in which 
it is, as it happens in Bodies that have no Elafticity, where perhaps only 
Attraélion obtains. Thus a Plate of t.eud, a Plate of Copper, and a 
Plate of foft Iron, ftands bent.

But the moft probable way of folving the Elafticity of Springs, is to 
confider both arepulfive and an attraftivc Property in the Particles, after 
the manner of the black Sand, which is attracted by the Loadftone, 
and has been íliewn by the learned and ingenious Proicflbr P etru s v a n  
Mufcbenbrook^ to be nothing elle but a great Number of little JLoad- 
ftones.

I^t us fuppofe a Row of round Particles touching one another only in Tig. 10. 
the Points c in a Line from A  to B. It is pl?in, from whatPhilofo- 
phers have iliewn, concerning the Attrañion of Cohefion, that upon 
the leaft Shake, or Alteration of the Pofition ofaftrait Line, thcfe Par
ticles will run together, and form a Sphere, in which the Globules will 
have more Points of Contad. But if thefc Particles have Poles like 
Magnets in the oppofite Places marked w,.;, fo that all the Poles w, », w,
&c. repel one another; and all the Poles s s &c. do likewife repel 
 ̂ y  O L . VIIL Paj-t Ü. M  m m one
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one another, the Line A  B will continue ilraiti for if by any Force the 
faid Line B A be put into another Pofition, as into the Curve then 
the Poles «;/, &c. being brought nearer together, (while the Poles &c. 
are farther afunder) will repel one another more ilrongly, and thereby hin
der the Globules from running together towards the concave Part; and 
the Spring, left to itfelf, (all this while fuppofing one End, as B, or (3, 
fixed) will rcftore itfelf, throwing it’s End a back to A, and ib on to 
by the firft Law; Then being in the Pofition a the Poles s, &c. 
are brought nearer together, whole Repuliion, thus increafed, throw:s 
back a to A, and fo on forward, the X̂ i::e of Particles performing 
fcveral Vibrations round B.

May not a Spring of Steel, or other Springs, confiil of fcveral Series 
of fuch Particles, whofe Polarity and Attraction acting at the fame 
time, will ihew why fuch Bodies, when they have been bent, vibrate, 
and reftore theml'elves ?

If we take a Plate of Steel, and make it fo hot till it looks white, and 
then immediately quench it, we thereby fix the Metal in a State very 
near Fluidity, fo that the Particles which the Fire had almoft brought 
to Roundnefs, have but a very fmall Contaft; as appears by the Fragility 
of the Steel thus hardned, which breaks like (jlafs, and has a ihort 
Grain. Steel, thus hardened, is highly elailic ; for what Workmen call 
bard̂  is the moft clajlic : As appears by the Congrefs of high-hardened 
Steel Balls, which return, in their Rebound, the neared to the Place 
we let them fall from j and, next to Glafs have the quickeft Elafticity 
of any thing we know.

That we may not be thought to have given an imperfefi: Account of 
the Elafticity of a Steel Spring, bccaufe fuch an one as we have defcribed 
wants Toughnefs, and will immediately fly when bent to any Degree; 
we muft beg Leave to confider farther the Properties of the round Par
ticles, or little Spheres, of Steel, in which we have fuppofed a Polarity.

Let usfuppofe A  B to be two little Spheres or component Particles of 
Steel, in which, at firft we will fuppofe no Polarity, but only an Attrac
tion of Cohefion, Then, whether the Particles have their Contaft 
at r, Í, w, or at i, s, their Cohefion will be the fame ; and theleaft 
Force imaginable will change their Contaft from one of thofe Points to 
another; becaufe in the rolling of thefe little Spheres, they do not come 
into more or lefs Contaél in one Situation than another. But if we fup
pofe the Point;; in each Spherule to be a Pole with a Force to repel all 
the other Points« in any other Spherule, and likewife s another Pole, 
repelling the other Points the Spherules will cohere beft, and be at 
Reft in that Pofition where the Points r, f, are in Contañ, and n and s at 
equal Diftances on either Side. For if rlie Spherules be turned a litde, 
fo as to bring the Points dy into Contaft, the Poles w, w, being brought 
nearer, aft againft each other with more Force than the Points /, J, 
which are now farther off, and confequently drive back the Spherules
40 the Coataft at c, f, beyond which continuing their Motion, they

yf'úl
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wüi go to S and fo backwards and forwards, till at lad they reft at r, r, I'ig. 
which we may call the Point of MquHibruim for Refl in a Spiing. Now 
there arc befidcs this> two other Points of Mqiiilihrturn  ̂ beyond which 
the Spring may break, which arc the Points e towards and c 
towards s \ that is, when the Spherules have their Poles w, n brought Fig. 14. 
very near together, the mutual Repulfion increafcs fo, that the Attrac
tion at the Contaft is not able to hold them, and then they tnuil By 
alunder, the Spring breaking. W c fuppofc the Points to be the 
Points of Concaft, beyond which this muft happen; but that if the 
Contaft be ever fo little ihort of it, as between e and the Spherules 
will return to their Contait at f, after fome Vibrations beyond it* as has 
been already faid. This is the Rcafon why I call (in one of the 
Spherules) and it’s correfpondent Poun i on the other Side r, tkt Pointf 
of ^quiiitrium ; for if the Spring be bent towiirds a (Fig. 10.} fo that 
the Spherules, like A  and B, (Pig. 14 ) touch beyond e, the Sprmg 
will break : Likewife if the Spring be bent the other wAy, till the Sphe
rules touch beyond £, then it will break the other way. Now when the 
Spherules touch at r, or at t, £, the Spring is as likely to return to it’s 
firft Pofition as to break; for which Reafon I have called the Points e 
and f, Points of MquiUbrium  ̂ as alfo having known by Experience, that 
a Spring left bent to a certain Degree, has, after fome time, broken of 
icfelf.

From all this it appears, that Spherical Particles will never make a 
tough Spring ; therefore the Figure of the Particles muft be altered, in 
order to render it ufcful v and this is what is done in bringing down the 
Temper of the hard Steel, and letting down a Springs as it is called.
What Change ought to be made in the Particles, we fliall firft fliew i 
and then confider how far that is done by thofe who make Springs.

If the Parts fuppofed Globules, as in Fig. 10. are now flattened atf, 
where the Contañ is, fo as to put on the Shape n e d c  ̂ the Contaft Fig. 15, 
will be much increafed, and reach from d to J*, fo that in bending the 
Spring there will ftill remain a great Contail in the Particles, and the 
Points of Mquilibrimn for breaking (viz. e, above, and £, í below) will 
be removed nearer to the Poles or j, than when the Particles arc 
round •, the Confequence of which will be, that the Spring muft be bent 
much farther, to be in Danger of breaking, than in the former Suppofi- 
tion; as may be fcen in Fig. 16. where two Particles being opened Fig. 16. 
about the Point i  as a Centre, the aitrading Points and ¿ J*, have 
ftill fome F'orce to help to bring back the Particles to their whole Con- 

•, becaufe in this Shape of the Particle the attrafting Points i, c, 
are removed but in Proportion to their Diftance from the angular Point rf; 
whereas if the Particles had been fpherical, and the Line d Í zr\ Arc of 
a Circle, the attrafling Points f, f, and J', would have removed from 
one another farther than in Proportion to twice the Square of the Diftance 
from as in Fig. 12, and fo have afforded very little Flelp for bring-

he Particles to their Contadt. A  Row of Particlcs in the *

I
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Spring thus conditioned, is to be feen in the natural State at B A , Fig. j 7. 
and bent at ¿ (3 in the fame Figure. Here it is to be obferved, that if in 
this Figure of the Particles you would bend the Spring to bring the Par- 
tides to touch at their Point of breaking Mquilibrimn  ̂ you muft open 
them fo much on the contrary Side, that the Spring will be bent far be
yond any Ufes intended to be made of it, as appears by Fig. 18, where 
fwo Particles are brought to touch at the equilibrating Point e\ and by 
Fig. 19. where many ParticJes being put iino that Condition, the Spring 
js brought round quite into a Circle.

Now the common Praálice in making Springs is the moil likely to 
produce this EfFe¿l required in the Particles*, for the hard Spring, whofe 
Particles were round, or nearly fo, is heated anew, and whilft it ¡s 
cooling gently, the mutual Attraftion increafes the Contaét, fo that the 
Particles grow flatter in thofe Places v/here before they had but a fmall 
Contaét *, and left this Contaft ihould become too great, the Spring’s 
foftening is ftopped by quenching it in Water, or Oil, or Greale. 
Another  ̂way of making Springs, is to begin and iliape them in cold 
unelaftic Steel, and then having heated them to a fmall Degree, for Ex
ample, to a Blood red Pleat, immediately to cool them in fome proper 
Liquors, This alfo fettles the Particles in their oblong Figure, through 
which they muft pafs before they become round, or nearly fo, in a white 
Heat. That Particles of Steel are fixed in the Figures which they have 
at the Inftant of dipping, will not appear ftrange, when we confider, 
that dipping red-hot Steel in cold Liquors, in a particular Pofition, 
makes it magnética!. If it be ail<ed, how we account for making Springs 
only with hammering, it is eafily anfwered, That we can make Iron 
and Steel magnetical only with hammering; and if we can give and 
dcftroy Poles in the whole Piecc, there is no Improbability to think we 
can give Poles to little Parts; or rather bring into a particular Situation 
the Poles which they have; for if the Poles that we have confidered be 
placed quite irregularly, there will be no Elafticity at ail. Agreeable 
to this, Springs maybe made of other Metals than Iron or Steel, though 
not fo -perfeft, by Hammering; for it will be fufficient for the little 
Particles to have Poles that attract and repel one another, driven by the 
Hammering into a regular Order.

N . B. m $  applied to the Vibration of a Stringy will better folve //’j 
feveral Cafes than AttraHion ahne ; and the Elafticity of Glafs js juft the 
feme as that of a very brittle Steel-Spring.

yi. A  B C D, is a Cytindrical Veflel filled with a Fluid to the 
Height W , in which is immerged the Barometer S V , confifting of the 
following Parts; the principal of which is the Glafs Tube T  P (repre- 
fented feparately at t p) whofe upper End T  is hermetically fealed : 
This Ê nd docs not appear to the Eye, being received by the lower End 
of a Tin Pipe G H, wh-ich in it’s ocher End G receives a Cylindrical

Rod,

Caufe o f E L A S T l C i r r .
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A  Defcription o f  a Barometer,

R od , or T u b e  S T ,  either hollow or folid, made o f  any Materials what- 
foever, thereby fix ing it to the T u b e  T  P . T h e  R o d  S T  may be taken 
off, in order to put in it*s ftead a larger or lefler, as Occafion requires.
S is a Scar ac the T o p  o f  the R od  S T ,  wh^ch ferves as an Index, point
ing to the graduated Scale I ,  A ,  which is fixed to the Cover of the 
Veffel A  B C  D , M  N  is a large Cylindrical T u b e  made o f  T in  (repre- 
fented feparatcly at m 7i) wliich receives in it’s C avity  the fmaller Part o f  
die T u b e  T  P ,  and is well cementcd to i t a t  both Ends, that none o f  
the Fluid can get in.

T h e  T u b e  1 ' P ,  with this Apparatuŝ  being filled with Mercurŷ  and 
plunged into the Bafon V ,  which hangs by tw o or more W ires  upon 
the lower E n d  o f  the T u b e  M  N ,  muft be fo poifed as to float in the 
Liquor contained in the Veffel A  B C  D ,  and then it will rife when the 
Atm ofphere becomes lighter, and e contra,

I.et the fpecifick Gravity o f  Q uickfilver be to that o f  W ater,  or to 
the L iqu or the Barometer floats in, as j  to i : A n d  if  it be propolcd 
that the Variations o f  this Com pound Barometer ihall be to the contem
porary Variations of the com m on Barometer in the given R atio  o f  w to i ,  
this E ffeft  will  be obtained by m ak in g  the Diameter o f  the R od  S T  to
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n s to I ,  whichthe Diameter o f  the Cavity o f  the T u b e  H I ,  as

may be thus demonílrated.

L e t  us fuppofe that the Variation o f  the H e ig h t  o f  the Q u ick fi lver  in 
the common Barometer, called v ,  is fuch, that a C u b ic  Inch o f  Q u ic k 
filver ihall rife into the V acuum  X T  ; in order to which a C u b i ^ n c h  
o f  Q uickfilvcr  muft rife from the VeiTcl V ,  that is, the Surface P  muft 
fobfide fo far, that a Cubic Inch o f  W a te r  ( i f  that be the Fluid madii 
ufe of; fliall enter the Vefle l V ,  by  w hich  Means the Barometer with the 
Parts annexed will be heavier by  a Cubic Inch o f  the Fluid,

N o w  this additional W e ig h t  o f  a Cubic Inch o f  Fluid will make the 
whole Barometer fubfide (according to the I^iws o f  Hydroftaricks) ’ til) 
a Cubic Inch o f  the R o d  H  S, immediately extant above the Suríací* 
at W ,  ihall come under it 5 but the Length  o f  fuch a M agnitude of H S  
will exceed the Lengtli  of anequal M agnitude o f  Q uickfilver  in the largfi* 
T u b e  X ,  as much as the Square o f  the Diam eter at X  exceeds the Square 
o f  the Diameter at H  (the Lengths o f  equal Cylinders being reciproca? 
to their Bafes). T h a t  is, the perpendicular Dcfcent o f  the compounil 
Barometer will be to v ,  the perpendicular A fcent o í  the M ercury in that 
common Barometer,. j\s d  to i (fuppofing this rfie R oiio  o f  the B-ifc3)[ 
and confequently will fee equal to a v.

But by  this Dcfcent, the Diftance P W  between the Surface o f  th e  
ftagnant Q uickfilvcr and the T o p  o f  the Fluid will be augmented by a 
Column, whoie H e ig h t  is d v ,  tlie Defcent o f  the Com pound Barom e
ter-, and confequcntJy the W e i g h t  o f  the whole Colum n o f  the Fluid^ 
prciTingon the lower Surface o f  the Q u ick fi lv er  (to which tiic H e ig h t  X .

IS
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yi ürfiripiíóii o f a Barometer.

is paitTy ow'u'ig-j Nvill be iricreafed by a G slu m n  o f  that L e n g th ,  and this 
Incr<rare, *'OulJ produce a fc'Cond Afcent o f  the M ercury at X  equal to 
iif ilf ,  lu iiu ly  i " . ' ,  wtrre the Fluid as l>eavy as Q uickfilver  i but fince it 
is Tuppdfcd to be lighter in the Ratio o f  í  to i ,  the Afcent o f  the Mercu-

. . d  V
rv on this AccouiU will dnly be —

' s
But now, as in the fórmér Cáfe, when the A fcen t o f  the M ercury 

was V,  the Defcent o f  the Com pound Barometer was fliown to be d  v ,

fo here the Afcent o f  the M eicury  being — t he Defcent o f  the C o m .s

,,, , d d V , ,  — - d d d v
pound Barometer will b e ------ , and the n e x t D d c e n t ---------- and the
 ̂ s s s

aiid fo on to Infinity. Therefore the whole Defcent o f  the

Connpound Birometer, is to the Afcent o f  the M ercury in the common

 ̂ d d . d d d  _  
Barometer, that is, is to i ,  as “ j------------------- -------- j  i - ,  iffc. to i ,

S S 3 S

o r  as to I ; becaufe the T erm s o f  the Series being in Geometrical 
s —  d

Progreflion, th eS um  o f t h e m a l l i s j ^ ^ .  H ence we have « =

n
and =  that is, i  : d :: ^  s : n s : : ------ ^:iand iWd,

n s
n-hs

that is, the Diameter o f  S  T  to the Diameter o f  H I ,  as — —  to k
n s

Q ^ E .  D .

Example I. Putting 5 = 1 4  and « =  i ,  the Variations in each Ba- 
rometer will be equal, by taking the Diameter o f  S T  to the Diameter

o f  H I  as ^ : I, that is, as 30 to 29 nearly,
1 4

Example I I .  I f  71 be put infinite, the Diameter o f  S T  will be to the

Diameter o f  H  I as to i ,  or i to  14 5 that is, as i  to 3 4
s

nearly.

T h e  Bottom o f  the VelTel V , and the E nds o f  the T u b es, ought to
be made rather round than flat for their m ore eafy M otion  up and down 
in the Fluid.

VV

Un£Q



Ic will be convenient to have a fmall Bafon fixed upon the 
Star, to contain Shot for the more cafy poifing the Barometer in 

the F lu id .
V I I .  T h e  EflTay confiils o f  3 C h ap ters;  the firft is w h olly  M a th e -  An jíccount of 

tnatical, containing a new T h e o r y  concerning the Propagation o f  tremu- 
lous Vibrations along a Series o f  contiguous elaftic Bodies. T h e  fecond Ludov^Ger-' 
applies this T h e o r y  to the Solution o f  the c h ie f  A  ppearances o f  the Baro- ftcnTemami- 
fcppe, and the laft explains the feveral States or Conftitutions o f  the na Syilcmatij 

JiiT and W e a th er  connefted with them. noviad muu.
T o  give a clearer and fuller Apprehenfion o f  this M atter, our A u th o r  

thinks it ncceflary to alter the comm on Definition o f  E lafticity, and ufe ciátcris aerci 
the following new T e r m s :  T h e  natural Equilibrium  o f  an Elaftic B o d y ;  dcjnonftran- 
it’s violent Equilibrium  ; and the L in e  o f  a tremulous Vibration. cuiadjcc-

B y  the natural Equilibrium o f  an Elaftic B ody, M r  Gcrjlen means 
external Figure and Extenfion, which an Elaftic  Body naturally has, Ron's dccidut 
when free from all external PreiTure. B y  a vioUnt Equilibrium^ he un- errorem anti- 
derftands that State or D egree  o f  Expanfion which an E laftick  Body is 9“ *̂“  & vui- 
kept in by fon>e external compreiTing F o r c e ; and he calls that the Line 
of a tremulous Vibration^ v/hich a Point taken at Pkafure in an Elaftic experimenta 
Body defcribes during the Vibration. novarxcuti-

I pafs over, for Brevity fake, the Corollaries drawn from liis Defi- ens- Franco- 
nition of Elafticity concerning the Acceleration and Retardation ^
Vibration, as alfo the Dcfcription and U fe  o f  an Inftrument contrived 
to prove the T r u th  o f  what he had advanced ; nor fhall I take any parti
cular N otice  o f  Prop. I l l ,  I V ,  V ,  and V I ,  wherein he treats o f  the 

i Velocity o f  the Elaftic  Bodies in their tremulous Vibration^ o f  the
¡ M otion o f  ftretched Strings, and their ifochronal Vibrations.

In Prop. X  he demonftrates, that fuppcfing three Elaftic Bodies to be 
detained in ^violent Equilibrium in the fame L in e  o f  tremulous V ib ra 
tion, i f  the middle be farther comprefled on all Sides, fo as ftill to remain 
contiguous to the neighbouring Bodies, it may be reftored, by tremulous 
Vibrations, to a greater Extenfiop than it had before. H e  then Ihews 
the fame to be true, fuppofing the elaftic B ody be placed between feveral 
other homogeneous elaftic Bodies, in the State of  ̂a violent Equilibrium.
F o r  the U fe  and Application o f  all this, he refers us to the third 
Chapter.

T h e  X I  and X I I  Propofstions deferve particular Regard : In the for
mer he defcribes a Machine^ by which any curious Perfon may enquire 
into the Phaenomena and L a w s  o f  the Propagation o f  a tremulous M o 
tion : In the latter he explains and demonftrates the T h e o r y  o f  chofe P r o 
pagations, found out by the help o f  this'M achine. T fie  Subftance o f  
them is this,

Suppofe a Series o f  claflic Globules or R i n ^ ,  r, (¿c, in .the  Fig. 1:.
L in e  o f  a tremulous Vibration A  B, to be kept ui a '•dcknt Equililrium  ̂
an Obftaclc being p b c e d  at A  ;ind B, L e t  us fuppofij a lfo ,,th e  la l̂

jín  Account o f M r  Gerftcn’j  Book̂  icc.
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yf// Accom t of M r  G errtcn ’i  Bcok  ̂ & c.

Rin̂ y  ̂ to be comprcffed farther towards A , fo as tliac the Space 
kftTn the Line of Vibration may be taken up by the others. .

, T h e f c  Things .being fuppofed, the Author aflms, tliat by the Rtftl- 
ration of the comprefled Ring the Force impreíTed will be propagated 
through the other Rings by an individual Action, /. e, the Ring a ir\ 
reftpring itfclf will ñrll aft only upon and comprers it by the Diffe
rence of the Forces. Thcn¿ being comprciTed, will transfer the Forcc 
it receives, not backwards, but into the Ring by an individual 
Ailion, and comprefs it likewife in Proportion to the DifFeretice of the 
Forces, and fo on in the other Rings. So that the Comprefilon of the 
laft Ring or Body is to be looked upon as it were like a Subftance or 
Body put into Motion, which continues in Motion, ’till it meets with 
fomething elfe, that makes an equal or fufHcicnt Rcfiftance.

From the Whole Mr Gĉ ften draws tliis material Propofition, that 
the Body a may after this manner acquire, by repeated Vibrations, a 
greater Kxpanfion in the Line A B, than it had before, provided the 
Series be long enough, fo that the Force impreffed may not be foon re- 
fieited. This Matter is treated of more at large in the following Pro- 

. pofitions, to the end of the Chapter.
The fecomi Chapier is an JppUcation of the Cheery delivered, to tlie 

Solution of the Phaenomena of the Barometer, after the following man
ner, The Particles of Air, fays Mr GejjieUy however unknown in other 
rcfpeils, are very well known to be capable of receiving and propaga
ting tremulous Vibrations; From hence it follows, as alfo from fome 
Principies of Sir I. that the Air (as in Prop. V ) may be dilated
by repeated tremulous Vibrations; and by Prop, VI, thefe Vibrations 
may be generated or produced by a confufed Motion of the Particles of 
the Air, or by the Agitation of a Wind.

The Author in Prop. VII and VIII, undertakes to demonftrate, that 
the Dilatation produced by the Motion of a Wind, is lefs when the am
bient Air has a Motion the iame Way, than if the Wind moved with 
the fame fenfible Velocity againft the quiefcent Atmofphere j but that 
this Dilatation would be greater, if the Atmofphere had a Flux or Current 
in a Direftion contrary to that of the Wind.

Mr Gerjlcn demonftrates in the next Propcfttmu that a perpetual Éafier- 
ly IVind will reign in all Places within the Tropics, arifing from the 
diurnal Heat; and that this Wind will difflife itfelf to the other Regions 
withont the Tropics, and have a Direótion declining from the Eail 
towards the North or South, according to the Situation of the Region 
on the terreftrial Globe; that it’s Motion will be moreremifs, the nearer 
the Places are to either Pole, and that the Angle of Declination from the 
Eaft willbe greater for the fame Reafon.

1  he preliminary Propofitions being thus fettled, he proceeds in 
XIX, to account for the rifingand falling of the Mercury in the 

Barometer thu». The Air of the Atmofphere in our Regions has a na
tural Motion or Current, whofe Direction is fituated between the*Eaít

and
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and North Points of the Compafs. I f  rherefore a fpecial Wind lliould 
fpring up and blow in a contrary Diredlion, it will produce tremulous 
Vibrations, and confcqueruly Dilatations of the A ir; then equal Bulks 
of the dilatcrd Air dihtcd, will have a lefs Quantity of Matter than be- 
fore: Therefore the Gravity of the Air wilTl ê leiTcncd, anti by Confc- 
qucnce the Quickfilvtr in the Weachcr-Glafs will fall. And this D»:- 
creafe of Gravity in the Air, and of the Height of the Mercury in the 
Barofcope, will be proportional to the Greatncfs of the Force of the 
Wind and Degree of Oppofition of it’s Diredion to that of the Flux 
of the Atmofphc're conjunólly.

This, fays Mr Qcrften̂  is the Reafon why the Mercury falls when 
Southerly or Wefterly Winds blow, and why the Quickfilver finks fo 
very low when tJiefc Winds blow Storm. On the contrary, fince the 
Eífcífl ceafcs when the Caufe is removed, the Height of the Mercury 
will be greater, the fewer fpecial Winds there are blowing in a contrary 
Direftion : So that the gentle Winds that blow from the Points of the 
Compafs, which lie between the North and the Eaft, are, as the Au
thor believes, nothing but the natural and univerfal Motion, Current, 
or Flux of the Atmofphere impeded by or meeting with very few fpe
cial Fluxes. In order to illuftrate and confirm the Truth of the De- 
monftration of this Experiment, he hath in Schol. i. quoted the Expe
riment of Mr Haxvkskey in his Phsfico - Mechanical Experim, Seál, V. 
Exp, 5. pag. 1 1 4 .  Edit. 2.

The Defign of Prop. X X  is to prove, that a fpecial Wind blowing 
parallel to the Direftion of the univerfal, will permit the Mercury to 
(land at a greater Height, than if it had blown in a contrary Direction 
with the fame Force. This he confirms by three Obfervations of his 
own in the Scholium annexed.

Prop. X X I ihows why the Dcfcentsof the Quickfilver are fuccefTive, 
and do ufually, as well as regularly, precede the Arrival of the Winds 
that caofe them.

Prop, XXII^ aíTigns the Reafons why very confiderable Alterations in 
the Rife or Fall of the Mercury are obferved at the fame I'ime in 
different Places, though they are at a great Diftance from each other.

In Prop. X X III, he takes into Confideration what Influence the Heat 
has on the Variations of the Barofcopê  and denies that it caufes any fen- 
fible Changes: However, in the ftcond Scholium of this Propofition, he 
explains by it, why the Limits of the Variations of the Mercury lefien, 
as the Places are nearer the tropics.

The third or lafi Chapter is taken up in accounting for the various 
Changes of the Weather connefted with, or confequent upon the Rife 
and Fall of the Mercury in the Weather-Glafs. The ingenious Author 
beginning with the Original and Manner of forming Vapours, under
takes to fettle and confirm, upon folid Principles, that which Dr UaU
h  had long ago communicated to the learned World, upon this Areu- 
ipent, ^

A n  Account o f M r G c ir ten ’; B oú.
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In Prop, VI he makes ufe of the Principle mentioned before, con

cerning an elaftic Body, that it redores itfelf to a greater Degree of 
Expanfion than it was in before it's trernulous Vibrations; and endea
vours from thence to explain more particularly the Way, that Nature 
takes in forming and diftending the Cavities of the vapoury Bubbles, 
and afterwards emitting or detaching them from the Surface of ¡ 
Fluid.

Prop. VIII gives an Account of what will happen to Vapours, ac
cording to this Theory, when the furrounding Air is condenfed, or ra
ther compreíTed by an external Caufe. Mr Gerjien affirms, that in this 
Cafe it is not poflible for them to defcend. In the Scholium fubjoincd, 
he enlarges upon thisSubjeft, and maintains, that the fame will happen 
if the Air be condenfed by any internal Caufe, for Inftance, Cold.

It was this Propofiiiony as the Author informs us, that put him upon 
inquiring more cxaflly into the Nature of Dews, which by their Fall 
in a cold or condenfed Air feemed to contradiél this Part of his Theory. 
The Refult of his repeated and laboured Enquiries is a Dijfertation̂  
wherein he undertakes to prove, by a Variety of Experiments, that 
Dews do not fall, as both the Vulgar and Learned believed before, but 
rife out of the Earth. O f this we ihall give a brief Account, as.foon 
as we have obferved, that in Prop. IX  and X, he confiders what will 
happen to Vapours in any external Dilatation of the Air j and in Prop, 
X I, ihows, tiat in that Cafe the Clouds are refolved into Rain; and 
upon this he deduces, from the two laft Propofitions, the Reafon of 
the Defcent of the Mercury in the Barometer in rainy Weather, and, 
on the contrary, of it̂ s Afcent in fine Weather.

fhe Dejign of ihe Differtaiion annexed̂  is to enauire into the Nature cf
DeiVy explain ii*s Original and Kinds,

All Dews, according to our Author's Philofophy, owe their Original'
cither to Vegetables, or terreftrial afcending Exhalations. Such as derive
their Origin from Vegetables, he takes to be only Exudations of their
Leaves, í¿c, congealed by the Air, Before he enters upon the Proof
of .thefe Pofitions, he gives us three general Obfervacions regarding the
Circumilances that are requifite, in order to have a plentiful Dew in
any Place. As firft, the Place in the Day-time mufl be expoied to the
Rays of the Sun for a confiderable T im e ; for in ihady Places, or
where the Sun ihines but little, little or no Dew js to be found. There
muft alfo be a ccnfiderable Difference between the Heat of the Day,
and the Cool of the N ight; and in the lafl Place, a fufiicient Moifture 
in the Earth.

In treating of that Kind of Dew, which is a Secretion or Exudation 
of a Juice in Vegetables, he obferves, that fome Plants furnifh the 
Spectator with a very entertaining Sight, the little Drops of Dew be
ing difpofed after a very regular, not fortuitous Manner, upon the Sur- 
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faces or Edges o f  cheir Leaves. l i e  gives us the Figures o f  fome o f  
them in a Plate.

T o  determine whether this beautiful D ifp ofu ioa  o f  the dew y P arti
cles is ow in g  to a Dcfcent from the chilled A i r  over the PJ.int, or a 
Sccrction made from the Juiccs o f  the Plant itfclf, he covered feveral 
with GlaiTcs, or earthen VcfiTels, having their M ouths d o w n w a r d s ; and 
yet the next D a y  Plenty o f  this K ind  o f  D e w  appeared in ii ’s ufual 
regular Form .

A s  to the next Species, or com m on D e w ,  he produces fo n a r y ,  
and fo differently made Experim ents, againit the vulgar O pinion o f  
ii*s Dcfcent, that i f  they be all true, it feems difficult to lupport it 
againil them. I ihall mention fome o f  the principal.

F'or tw o  M onths together, X7 2 . yufte ^t\d July^ in 1728, every N ighr, 
fcvcral fmooth Plates o f  Brafs were laid upon the bare Ground ; and 
during thefe Experiments, he never obfervcd the leaft Im p rcd o n s  or 
Traces o f  D ew  on the upper Surfaces, whereas the lower were always 
covered with it. H e  repeated the fame Experim ents laft Y e a r ,  and 
with the fame Succtfs, except in one Cafe, where a Plate ly in g  too 
near fome Lavender^ was bedewed a little on that Part o f  it’ s Surface, 
which was next the Plant, the other Part however remaining dry. H e  
alfo fufpended theie Plates by T hreads, in an horizontal Situation, and 
found the D e w  fpread alm oil equally over both Surfaces, at the H e ig h t  
o f  three, four, or five Feet, at the Diftance o f  one F o o t  and an half, 
the lower was more bedewed ; but at the H eights  o f  one, tw o, or three 
Inches, the lower was overfpread with D e w ,  w hile  the upper had none.

H e  is fo impartial as to mention, in ScHion X V I ,  fome Experiments 
which he made, and at firil V ie w  feemed to co n trad id  his T h e o r y  ;
For Inftance, when he ufed convex Bodies, whether round or cylindri
cal, he found the upper Surface covered with  D e w ,  and that, whether 
they were laid upon the G roun d, o r  fufpended at any H e ig h t  from it.

T h is  Obfervation is general, and extends to Bodies o f  this K ind, 
that are only contiguous, as H eaps o f  Straw, F lay ,  or W o o l .  I t  is to 
Obfervations o f  this K ind, the vulgar O pinion of D ew s ialling, owes 
it’s Birth and main Support. M r  Gerjlen therefore propofes to confider 
thefe di(lin<5tly in another Eflay : But leaft any A rg u m en t fliould in the 
mean time be drawn from them againft this H ypothefis  o f  the Afcenc 
o f  D ew s from the E arth , he oppofes Experim ent to Experiment.

T h u s  in Sesión X V I I  he lays upon the Ground a Board tw o F o o t  
and a half long, eleven Inches broad, and tw o Inches and a h alf  th ick ,  
with a Q uarter o f  a Sheet o f  W rit in g -P a p e r  upon it, having about an 
Inch hanging over one E d g e  o f  it.

T o  fecure the Paper from being removed out o f  it’s Place b y  the 
W ind, he faftens it with an A w l  ftuck perpendicularly, having a r o u n d  
wooden H andle , and lays a K n ife  with a cylindric wooden H andle, as 
an additional W e ig h t .  U p o n  his Return to fee what Eñ'cél the D e w  
had upon them, he found that the fmall Part o f  the Paper, which was
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extended over the Edge, was moiilened with Ddw, while the reft of 
the Paper, as alfo rhe upper Surface of the Board, were dry, but the 
upper Farts of the Handles of the Awl and Knife all w'et.

An Experiment fomething a-kin to this was made with a Glafs 
Tube laid horizontally upon a Brafs Plate fourteen Inches fquare, hav. 
ing about two Inches and a half reaching beyond the Side of the Plate. 
The Tube was kept from rolling by two Parallclopipcds of Lead. The 
Event was, the whole Surface of the Tube w'as bedewed, while the up. 
per Surface of the Plate remained dry.

In SeHion XXI, XXII, we have a Set of Experiments made with 
concave Vtilcls, having their Mouths upwards, and placed at different 
Elevations above the Earth. In theie Cafes alfo he found no Dew at 
rhe Bottom of their Cavities, nor on the Sides, except within about an 
Inch near the Brim.

Since iloar-Froft- is only common Dew congealed, he applied him- 
frlf to make fome of the fame Kind of Experiments upon that, with 
Brafs Plates laid upon the Ground as before. Thefe likewife he found 
covcrctl with this Kind of Eroft below, but free on the upper Super
ficies, agreeably to his Hypothefis.

The Author clofcs the Diflertation with a curious Inquiry into the 
Nature and Original of Honey-T)ew. This he takes to be nothing but 
the Excrements of fome Infefts which are to be met with, adhering to 
rhe lower Superficies of the Leaves of Plants j and appeals to the Evi
dence of Senfe for a Demonllration.

Let any inquifitive Perfon, fays he, lay a Piece of Paper under any 
of the Leaves abounding with theie Animalculâ  and in a fmall Space 
of rime he will find a Liquor, or foft Subftance, the very fame with 
what we call Ros Mellis  ̂ gathered together in good Plenty upon it. 

OfiheDip’ VIII. l^Julyiy^i^ being to take a Journey with our famous
Ba- Mountains of our famous Hercy7iirt̂  I prepared among other

remeters, hj Things a Barometer, with which I intended to make Experiments as 
Sam.Chriftian we went along. I had carefully divided the Scale of Afcent and De- 
Hollman. Jn fcent of the Barometer into Rhinland Inches and Twelfths, or Lines,
Augifna.Teg! 32d Inch. When I went to apply it to this Bare-
Mat. &Theoi. which was newly made, and compared it with 6  others, which
Nat. P .P .O . I had̂  by me, I found unexpeóledly, that none of them exailly agreed 

d being a Difference from z to 12 Lines between them.
May2o,i742.  ̂ íátisfied that there was no Fault in any of them \ and yet the 

new made one, which I had hitherto found to be exceeding good, and 
very fcnfible, rofe 2 Lines above them. On my Return I began to in
quire diligently into the E)ifferences that I had obferved, and as I found 

them to be the fame again, I conilrufted new Barometers, with up- 
nght Tubes, but different Apertures. I found again the Differences 
U-tw^n thefe to be from i to 4 Lines  ̂ and thofe, which rofe the 
íHgííeit, exceeded that which I have called my bed by full 6 Lines,

12, I repeated the fame Experiments with thefe 15 Barometers,
and
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and again obferved nearly the fame Differences. Therefore I prepared 
10 new ones, with upright Tubes, Part of them having bent Glafi 
Cifterns to receive the Quickfilverdefcending from the Tubes, and Part 
without. Here I obferved lo  Heights of thefe Barometers to differ 
from I to I i Line, and to exceed the Height of my beft Barometer 
4 Lines.

Ic is not neceíTary to mention with how much Circumfpeclion and 
Care I conftrufted all thefe Barometers. They were all made after the 
fame Manner, and great Care was taken that no Air ihould remain in 
the Extremity of the Tubes, or between the Particles of Qulckfilver, 
or ftick to the Glafs. The laft i8 were made with the fame Quick- 
filvcr perfedly purified. But there was feme Difference among the Glafs 
Tubes, which with fome other Circumilances mufl not be pafled over 
in Silence: For my beft Barometer, in which the Quickfilver has al
ways the lead Height, has a Tube made of green Glafs, and a fepa- 
rate Ciftern made ot the fame Glafs, with fome Quickfilver in it. I 
lhall diftinguiih it in Clafs I. under N® i ; and that which I ufed ia 
the Mountains of Hercyniâ  under 2. But that Tube, in which the 
Quickfilver rofe higheft, and often a full Rhinland Inch higher than on 
N”. I ,  is made ot the whited Glafs, It is inferred into a  wooden 
Ciftern, and has a remarkable Phofphorus; but changes it*s Heights 
more ílowly than any of the reft: For I fuppofe every body knows, 
that the Quickfilver does not rife in all Barometers in the fame Manner, 
and with equal Readinefs. I have known it myfelf above thefe 7 Years, 
I ftiall diftinguiih this Barometer under N®. 7 : That under N**. 5 is a 
diagonal one, with a fingle Bend, and a bent Glafs Ciftern adhering 
underneath. 4 \% Bernoulli'ŝ  the Tube of which is to the Cylin
der fiftened above as i to 8. N'*. 5 is Huygens*ŝ  the Difagreement
of which, as well as of the diagonal ones with the reft, is not to be 
wondered a t ; for the Caufes of their not agreeing are evident, N^ 6 is 
another diagonal one, but with a double Bend, one of which is received 
by that Part of the Tube to which the Scale is applied, intercepting an 
Angle of about 25®, with the perpendicular Part of the Tube, in the 
double Angle of which,' becaufc of the greater Narrownefs of Á e 
Tube, the Quickfilver muft of Necefllty be wonderfully retarded in iî s 
Afcent and Defcent.

The Barometers, which I have referred to the fecond Clafs, have all 
of them Glafs Tubes of a different Kind; but the Glafs is fubjeft to one 
Fault, that when melted at a Lamp, the Surface becomcs covered with 
very fmall Scales, and Jofcs Part of it’s Tranfparency. And tliefe arc 
the Tubes, in which the Quickfilver rifes to the greatcft Height in. the 
upright and fimple Barometers, excepting only that'which produces the 
î bojpborus.

To the third Clafs I have referred thofe Barometers, which confift of 
very white Tubes, but fuíFcr no Alteration by the. Fire, and were pre
pared in the fame Glafs-1loufe ac the fiune Time- The B.uomcters

c o c a p o ic d
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compofctl of thefc were all reitilincal and iimple. And among thefc I 
fuuiui no greater a difference of Height, than from í to i f  Line ; and 
the greatdt Height in thefe did not exceed the Icaft in the others by above 
4 L.incs, as I mentioned before.

Are we therefore tafeek the Caufe of this Difference in the Diverfiryof 
the Glafs Tubes ? Is not the Surface of one more rough and une\̂ en than 
the Surface of another, and does it not therefore more or lefs rcfift the 
Afcent of the Quickfilver by it*s Friiilion ? or is it from any other 
Caufe ?

I iliall now give a ihort Account of my Obfervations.

Clafs I. Clafs III.

lin iD

Barometers of which the diffe
rent Heights were obferved July 2 7. 
and Aug, 12,

Aperture of 
the Tube.

Height of the 
Quickfilver.
Rbmland Foot

n m
I - - - j Line - - 27 11
2 - -  - Í - - - - 28 I
3 - - - i  . - . - 27 1 X
4 ...................... - 28 4
5 ....................... - 28 5
6 ----- -5 . - - - 28 7'*
7 .  .  .   ̂ . .  . - 28 9

Clafs ir.
S Barometers new made 7«  ̂2 7.

Aperture of Height of the 
the Tube, Quickfilver.

N m  - - 2 5 Line - -
if

28
///

l i
2 - - 2 ................... 28 4
3 - - I y - -  - . 28 4
4  - - I i  - 28 2%
5 - - I 1 ---------- 28 2
6 - - I i  - .  .  - 28 2
7 - 28 2
S • -  -  f  - -  .  . 28 4

10 Barometers newly conñruded 
Aug. 12. of which the 5 firíl had 
no Cifterns annexed, and the 5 laft 
had bent Glafs Cifterns annexed un
derneath, to receive the Quickfil- 
verdefcending from the Tube.

Aperture of Height of the
the T  ube. Quickfilver.

3
4
5
6

7
8
9

10

2
I

- “ I T - - - -

-  - I

//
-  27
-  27
- 27
- 28
-  27

28 
28 
28

- 27 
" 27

1 1 i
I I  t
o

I I  i
0
0
1

H i

H i

Therefore fince different Baro
meters made at the f a m e  Time, 
and in the fame Place, have diffe- 
rent Heights; ought we not to 
think about harmonic Barometers 
with the fame Earneflnefs as about 
Thermometers, before we can with 
fufficient Security colleft from the 
annual Obfervations o f  Barometers, 
their mean Heights in different

^ Places,
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places, and rhencc, among other things, the Elevations of thofc Places 
above the Surface of the Sea ? According to the Barometer, which I have 
now ufed for 7 Years, and put in Clafs I. iV. i. the mean Height 
of the Quickfilver here will be =  27'/ Rhinland Stools but accor
ding to the '2.d, which I ufed in the Mountains of Hercyniâ  28'' 
to which the reft may be eafily referred.

But to conclude, I ihall add only one thing more, whicli I obferved 
with the Barometer on the Metal-bearing Mountains of our Hercyniâ  
and on the loftieft Summit of them, called in German T)er Brocken̂  or 
J)er Brockejbergy I went thither July 9. when the Barometer juft now 
mentioned ftood here at Cottinghen at 28'  ̂3̂ ^̂  but the next Day on the 
Summit of Blockjberg it ftood at 25'^ 2^/', when in the mean Time the 
Height was altered only 2 Lines here. Therefore the difference of 
Height between this Place and the Top of Blockjberĝ  which is the 
higheft of all the Mountains in this Neighbourhood, is =  2'  ̂
which, according to Computation, would anfwer to 2550
PííWjFeet, or in round Numbers to about 2500: Which Height, tho* 
it feems confiderable enough to the Inhabitants of this Mountain, yet 
can by no means be fet in Competition with the Mountains oí Switzerland^
Francê  and other Countries.

IX. The Barometer I am about to defcribe, is not different in Form Imptr/ec*
from fome ufuallymade, it being of the Diagonal Kind from whence the 
more minute Alterations are more readily difcovered ; O f this Form 
many have been made by the late curious Operator hU Patricky Viho tht improvt- 
though he had done fo much towards the proving the Weight of the At- ;*
mofphere by which the Mercury in the Tube was fuftained, he himfclf 
did not believe it, but run into that Abfurdity of the Funicular Hy- 
pothefis, Zouchc in

There is an Inconveniency or Imperfeflion in moft, if not all, of thofc Lciccftcrihire, 

Diagonal Barometers; for after fome time, the various rifing and falling, 
and Changes of the Weather, of Heat and Cold, the fmall Particles of 
Air that have been interfperfed in the Mercury, have got together in a jomt Oh/erva- 
larger Mafs, as they will incline by Attrañion, which will feparatc the thm.Remarks, 
Mercury; and that Quantity of Air will be dilated by Hear, and con- 
traded by Cold, fo as to fpoil the Defign thereof. BeVgh-

Bsfides, there is fuch a Cohefion or Attrition of the Mercury to the ton, F. R. 
Tube, (efpecially in  the fmall ones) that after fome Time, the Mercury N o . 448. 

that is not truly cleanfed from it’s Drofe, and purged of all it’s Air, in 
remarkable Changes of the Weather will neither rile nor fall. All which 
EmbarraiTmentis taken ofF. and the Difficulties furmounced, in

Mr Cha. Orme'j Improvements o f the Barometer, by the Method- 
following^

Firft, The QuickClver is all purified frpm it*s Drofs and earthy Par
ticles by DiftiUation j and when the Tube is ñlled by a Pound and half,

two>
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two or ihive Pounds of Mercury, and all liie Air got out by ths Me. 
tl-ods ufal in filling Tulxs, then the remaining Air is got t)ut by fucK 
an ir'.tenfL' M.at of Fire as makes the Mercury boi! ; by which EbulH- 
f.o'i an innumerable Q^untity of fmall Particles are ewittccl, and blow 
with a great Velocity at the open hnd of the 1  ube, till all the Air is 
quite cKared out •, which curious as well as fatiguing Operation is con- 
nnutd for the Space of four Hours: And when no more Bubbles would 
rife in the Tube, it remained whole, with it’s Mercury of a moil lively 
Iparkling Brightnefs, with this Difference only, that the Mercury, fo 
purged from it’s Air, did not fill the Tube fo high as when fitft put in 
by about two Inches; which is a plain Demonftration, that in that 
Tube, which was 49 Inches long, there was interfperfed in the Mercury 
at firft filling it, fo much Air as would fill two Inches of the faid Tube, 
which was a 24th Part of the faid Space.

The whole Operation I myfelf attended the 20th of 'January, 1734 5.
And further I can affirm, that every Part of the Mercury boiled tor 

a long Time, and the Tube wsisgradalim fo red-hot, that with a warm 
Knife I could make Impreflions in any Part of it.

And this I the rather mention, by reafon I have heard feveral Perfons, 
and thofe not incurious, affirm it was impoíTible.

And that this is the moil fure and certain (if not the only) Method 
for getting out all the Air, may be judged by the boiling of Water, 
■which in it’s Ebullition does emit a great Quantity of Air for a long 
Space of Time.

Perfedion of /¿^Barometers, which exceed a ll otherŝ  
I  have ever obferved in the following Particulars:

. They are fenfible of the moft minute Changes of the Air whatfo-

r

1
ever.

2. They foretel the Weather by a much longer Space of Time than 
others, as moftly 20 Hours, Ibmetimes 36 or 48 Hours: Nay, before 
great Tempeils, and fuch Rains as caufe great Floods, for a much 
longer Time before they happen.

3. Although they are fo fenfible of fuch minute Changes of the Air, 
yet the moft intenfe Heat will not raiie them a Hair's Breadth, nor the 
greateft Cold make them fall. This fhews they are perfeót B arom eters , 
and not in any. Degree Thermometers.

4. You may by them diftinguiíh whether, if they íhew for Rain, it 
will be little or much.

5. As by other Barometers you cannot tell the Weather, but by a 
paft and a prefent Obfervation ; thefe tell you the Inftant of Time you 
^m e to them, what the Weather is going to b e; For by rapping the 
Cafe with your Finger, if it is going to be fair, or very fair Weather,

the
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t̂he Mercury will rife that Moment lo of an Inch, or more : But if for 
foul, it will fcarcc make any fcnfible Rife.

I have had one of the Glafles by me for l o  Years, and have con- 
ftantly obfcrved it’s Motions, which has very fcldom failed me in fore
telling any confiderable Change of the Weather.

But as fome People have fuch ftrange Notions, as not judging f̂cer- 
ward whether they were told true or falle, and others may mifs in their 
Expe£tations of pcrfeft Certainties, which none can attain to, ic will 
not be improper to make the following R E M A R K  S.

1. Though you can foretcl it will rain on the Morrow, it is im - Rcmarke, 
poflible to tell where that Rain will tall i for as every Shower has Space,
/. e. Length and Breadth, if it rains in that particular Field, yet ic 
may be fair in the next adjoining: And if in Harveft, or on a Journey, 
you proclaim it will rain on the Morrow, fome will, if it does not fall 
on their Land, or on his Coat, be fo filly as to fay the Prediftion was 
falfe,

2. The Barometer does only íhew the PreiTure or Weight of the At- 
mofphere, and Inclination of the Air, in .and about the Country where 
it ftands, and not always in a particular Spot •, fo that in foretelling of 
great Rains, People are apt to fay the Indication is falfe, becaufe they 
have not feen or heard of i t ; when perhaps in a Day or two you will 
hear, that it did then fall three, four, or may be lo  Miles off: For 
though the Rain ihould be over us when the Glafs fell, yet the Wind 
carries the Clouds and Rain with it,

3. It is very hard to diitinguifh on the Mercury’s falling, whether it 
will be Rain or high Winds, they equally caufing the Mercury to 
fubfide.

4. O f all thofe who guefs at the Weather from the Whims of their 
own Brains," it is obfervable it is not true one Time in ten, nor do any 
two of them agree about it.

But from Obfervations on this Barometer, it will feldom fail you oncc 
in 20; fo it is above 100 to i preferable.

5. If from the State of the Mercury YefVerday and this Morning, 
it be pronounced the next Day will be no" Rain, and I look at the Glaf* 
no more To-day; perhaps Winds may arife, and fo alter the Atmof- 
phere’s Weight, and the Glafs falls much, it will rain on the Morrow, 
contrary to what I at firft cxpeñed. Here it is plain, had I feen the 
Glafs again in the Afternoon, I might have alfo forefeen the Rain.

Hence ic is evident from thefe Remarks, that Judgments are taken on 
the Weather from Barometers, which do not prove fo ; and this begets 
Opinions in the Vulgar and Ignorant, that there is no Judgment at all 
to be had from them.

If they could confider, nothing in Nature is certain, permanent, and 
perfeét, neither in ourfelves, or what we do or think; then why do wc 
cxpcdl: it in the Air ? Is ic not fubjeét to as many Chances, Variations, 
and Mutations ? Or why ihould wc cxpeft a Foreknowledge of it abfo- 

V O L .  VIII. Part ii. ,  O 0 0 lutely
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í
j lutely from the Barometerj and that it fliould force us tounderftand

Meaning infallibly ?
If the Barometer could only foretel very great and remarkable Changes 

of the Weather; for Inilance, in Harveft-time, that a very great Rain, 
or j>erliaps Floods, were coming, the Huibandman would flop cuttine 

I down his Grain, and fave fome of it being fpoilcd by the W e t: Or on a
Journey, if I know that if I do not get Home by fuch a Time, or pafs 
ilich Rivers, the Floods will be fo great as not only to prevent me, but 
endanger my L ife : And may be here is a Man’s Fortune faved, nav 
his I-ife, merely from the Indications of the Barometer-, and who 
reckons this nothing, deferves neither.

Do not we reckon a Memory, or a Hiilory, good, that calls to 
Mind, or notes every valuable or remarkable Event, though not every 
Tale or trifling Story ?

I'he greateft Storm that has been in our Days, was Jan. 8, 1734-5. 
On the 5ch the Mercury began to fall, and on the 8th was ro below 
28 Inches, which has not been feen in this Age, or perhaps fince Tor̂  
ricelliuŝ s Time ; thence I could plainly indicate, that it would be the 
greateft Flood we ev-£r heard of, or the greateft Storm we ever felt; 
the latter of which it proved.

Stme RuUs anii Though rifing always prefages ñur, and ñxlling foul Weather, yet
feveral Difficulties and Niceties in making a true Judgment 

ingtbtWea- ^̂ m̂ them, and herein confifts the chief Parc of the Arc. 
thtr, by the I fliall noC trouble you with the feveral Obfervacions made by Dr 
rifing and fall- Dr Y)\'Derham̂  Vlx Patrick  ̂ and others, though they are

A / / r - t h e m  applicable Co this impi'oved Diagonal Barometer, byreafon 
iheir Efteem l as caufed them to be in fo manyFIands, and in moft Au
thors on the Subjeft, and becaufe I have collefted them in order tobe 
made public, at the Requeft of the Improver of the Barometer, Mr 
OrmCy and for his Ufe ; which fome Time fuice were put into the 
Hands of Dr Def/jguHerŝ  w'ho is acquainted with M r Orme and his 
(ylaflfts. I fliall only infere here fome few Obfervacions, which I believe 
may be called Rules, as I have deduced them from Time co I'ime, in 

: uiing Mr Orwe*i> Glafles, and keeping a Regifter of che Weather ; and
iliall ac the End of chis Account infert feveral mofe Obferva'tions on 
the Diary of the Weather, now fenc with this, which are not yet di- 
geft^ into certain Rules, but may in Time, I prefume, by fome more 
ikilful Perfons; or by a longer Series of Obfervacions and Regifters of 

I the Weather, which I defign to purfue, if Healch continue,
Ka/e, arjoi- r. jliis  Baromcter very rarely foretels Thunder, feldom falling at ail

Mr Pa^ck obferves others do.
D:agonal Ba- fcrenc and hot Weather, when the Mercury is high and rifingr

and you have all the poflible Certainty of fair Weather the next Day» 
and if there happen to fall great Showers, you may conclude they have 
been driven upon you by Thunder, though you have heard nothing

^^8 O f the Differences o f the Heights of Barometers.

rovif:ir.

iota

o f  it.
5. W h eii



O f  the Differences o f the Heights o f Rarometc^i. ^59
j • When the Mercupy is pretty high, and has fallen to forcrcl R.iin̂

a n d . i t  rifes agaui before the Raía coiiie^h, it indicates there will be but
l i c i l c o f i c .  ’

4. If the Mercury continues falling whilft it docs rain, it iliews it
; v̂ >ill rain the next Day.

5. In fair Weather, when the Mcrcury has continued high or rifing, 
if it falls a little To-day about Noon, and towards the Evening l ifes 
again, you mud exped: a fingle Shower the latter Part of the next D.iy,

I (or perchance by Noon) and then fair Weather again forward.
6. When the Mercury rifes gradually, (about half a loth perpendi

cular) and continues fo to do for many Days together ; you may reafon- 
ably expeit a fair Seafon for as long a Time as it was rifing, unlefs fomc 
(Jales of Wind intervene, and efpecially the S W by S, or there
abouts.

7. When the Mercury rifes very fail, or falls very fail, neither the 
fair nor foul Weather it forebodes will continue long.

8. Without knowing how the Mercury has'flood fome little Time 
before, a frue Judgment cannot be given at all Times: For fuppofe I 
find it in a rifing Condition, I am apt Co think it -will be fair; but if ic 
had been higher fome Hours ago, and fell, there muft hnpptfn a 
Shower.

That the Mercury in the Diagonal Barometer, (if .it be for fair Wea
ther) on rapping the Cafe feveral Times, which jars and makes the Tube 
tremble, will rife at every Stroke for feveral Strokes togetiier, and in 
all fometimes 10 of an Inch, or more, in the perpendicular, may, I 
prefume, be thus accounted for :

1. There is a Cohefion of the Mercury to die Tube, which hinders 
it’s rifing, and fuch rapping reieafes that.

2, But it is obfervable, that it will rife a little at all Times, even 
when it is in a ftanding or even in a falling Condition, This may be 
accounted for thus:

The Mercury and Atmofphere are in an Equilihrium  ̂ and rapping 
ftarts and raifes the Mercury a little in a boiling Manner, efpecially the 
upper Surface of it, which is feen to leap, or be in a fwimming Pofture \ 
then the Preflure of the Atmofphere over-balances the Remainder of 
the Mercury, and it muft rife a little.

Or fuch violent Jarring puts the Mercury in a lateral and upward 
Motion, (for downward it cannot go) which takes off it’s Gravity, as 
the Winds leflen the Prefiure of the A ir ; therefore it miift rife a 
little.

But then it is obfervable alfo, that if the Merciily was in a ftand
ing Condition, or falling, fuch rifing as above will in a Minute come 
to the fame Place again ; and even when the Mercury is in a rifing 
Condition  ̂ it will, in that'Space of T im e, fall a little Part of that it 
rofe by iUch rapping,

O  0 0 2 This
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ColUQ im from  
the D iary o f 
the Weather 
andBanmeterf 
in  order to fe ttit 
Rules fo r  fo r t-  
ie tiing  theWea- 
ther by the B a
rometer»

O f the Differences of the Heights o f Barometers.
This Barometer has the Corufcations, as they were obferved in Mr 

Patrick*$ pendant one •, for by rapping the Cafe with the P'inger in a 
dark Place, ic will emit feveral bright Flaihes along the empty Part of 
riieTube.

This I take to be an Argument that Vacuum is very pure, and 
the Mercury truly purged.

Before great Storms the Mercury falls 3 or 4Days, and is exceeding low.
1734-5, Jan, 4. at Night the Mercury at 29.92 Inches.

5. Night — ------------ - 29.66
6. N ig h t----------------- 29.2
7. N ig h t------------------28.1
8. N o o n ----------------- - 27,9 Lower than has been

known by I'o, and the greateft Storm of Wind ever heard of in this 
Age, in the South of England̂  as alfo in France and Holland,

1736. Jan. 31, —- —  —  —  29.47
—  2 9 15

28.39 ftormy.
Feb. 1. —  —

2, —  —
*734- ” • —  —  —  —  — Stormy.
Before great Floods the Mercury falls very much.
*735- 4. —  —  —  —  —  29.7

5. —  —  —  —  —  29.6
6. Night —  —  —  —  29.6
7* —  —  —  —  —  29.25 The greateft Flood

that has been (at Coventry, being about the Middle of England) thefe.
40 Years, and yet the Mercury fell but little.

1735*0^7.23. —
24. Night —  —  —
25. N i g h t ------------—

27- —  —  —  —  —
7̂35- 19- —  —  —  —

2 0 . —  —  —  —  _

23- —  —  —  —  —

1735. Dec. 2. —  —. —  —
3- —  —  —  —  —
4. —  —  —  —  _
5. —  —  —  ~
6. —  — ------ —

7. — ---------- ------

29-55
28.8 
28.78 
28.85
28.26 A  great Flood;

29-3
29.28
29-3
29.2
29.2 Stormy, great Rain. 
29.38 Floods.
29.32 Rain.
29.5 Fair.
28.8 Rain.
28.9 Rain.
29.5 Fair.
25.52 Great Rains and

Floods;
T h é

\

\



O / the J^iffer enees o f the Heighti o f 'Barometers.
T h e  M ercury feldom  falls for Rains that com e by T hunder. See 

D iary, 2 , 1735 .

When the Mercury did rife.,j

29.16 
29.56 
29.62 

• 29.65
2954
29.51

22.
23-
24.
25-

f 2&,
27, 29-57

29.56
29.56 
29.65 Hot.
29.57 Sultry.
29.52 Sultry.
29.59 Great Thunder. 
29.56 Avery violentThun-

der, from ten in the Morning to one in the Afternoon, doing great 
Damages.

r
1735' 7«»̂  »•

2.
: 4. 29-3 
/ - 29.4

29.8
c ‘,29.55 Thunder and great

The Mercury fell before Thunder.
R ain s.

»733- 27.
28.

* 734- 7-

. 9-
10.

29.44 Hot, fair.
'29'rg7 Wind, Rain. 
'29.09 Violent Thunder, 
.29*59 Sultry.
29.46 Fair.
29.25 Thunder.
28.87 Rain, Thunder.

1 i 
. Í 
. I

./Í

.i’';
r\A  Froft, when the Mercury is.high, brings Rain.

1731^ March The Mercury was high all the Moi>ih> and no Rain, 
but what followed the Froft on the 17th and 29th,

Dry Seaibn \njune 17291, and the Mercury fcarce ever above change
able.  ̂ - i-

In Aug. 1730, the Mercury never lower than 29.37. ..

1731, from the ift to the loth, and Rain came the; 16th, thougli 
the Mcrcury was rifing. ■ ^

A  great Froft, although the Mercury fell; but it was attended with
a great Snow, which might occafion it to fubfide,

-  o  N - ^

29.56 L Raiih 
29^46 3j, .tJ 0  ̂ 29.12 Raiq*2
28.78 ,, 2|}.72’Wind, • . t -

. 28.72 ' ‘  ̂ 28.81 Froft,"great Snby^
28.93 29.12 Snow; Froft; *

■' Great

.1731, Jan. I.
2.

%

3-
4 -
5*

4 6 1



^¿2 ih^'ghfs of Bitr'mtteYi,
Great Ratrísí áíflibííglr tfit K f e t t r i ^ y-ijjw M

V.•  t

J732. A /< 7  I. 2 9 .2 s  2 9 . í¡5  ]A^ind.

T4 s i !T  
<"""" >1 r’{u'(n

*• ,........ > .' •-•
.  2. 29.21 29.25 R d n  aH-Day, Snow hárd

« ■■ from 8 to U j • •'
'  3- ? 9-34 29-0 I^ain. ‘  '

4 i' 1 - : ,'.?9-°9 s . 29‘<̂ 9 .{̂ ■
r.?9- i 2 - Í20.34 W i n d .  ..,;

.'(4d‘r.'ñ r?. ( > 9'4+ • -2 9 4 6  Fair. -
.- ,!)f!i;;n‘ :i'- H 'o' ' ?9 52 1 ^ 9-39 Ram and great Fioods.

Great Hai-n, thooglvthe Mercury fell but little.,
. .3 ■ . .  ‘ Í •

^733- 24. 29 6 29 :̂54 Wind. r. ,
25. 29.51 29.54 Fair.
26. n ■■29.52 2-9^4 Fair. •* -

■ bni: 29.5 29/59 ViolentRain for more than
 ̂ H  Hours, j 

Great Rains, the Mercury falling very much. ' '

1734- 7 «iy 10. 29.,^5, '-‘{ i;  29.<Í7 Fair, h o t r  '• ‘ ‘
11• •• J Fair, hot.'
12. • ' 4 9 . ^ 9 ¿5:4 Rain.
13. 29.29 '̂  29.13 Great Rains,

[ailing a great while before the Rain came, and 
the Ram continued as long.

1736. A % , 9.  ̂ Z9.75 Fair, W ind^ ,/ 20.8
20. 25.8 Cold Wind, fair, -  zq 7

‘ ■ 2 1 . 2 9 .6 5  Cold W in d , 2ü 'c¿
22. 29.39 W ind, Clouds, Rain, 20.21

T, . O  23, B9.28 Q oudy, fair 29 27
24. 29.32 Fair, 29 , '
25. 29.32 Cloudy. W in d , Rain 29.24
26. 29.15 Ram, ( -

. 2 >  29.12 •• e; ill 29.9  f
28. 29.28 Ram, ¡jg .ía
29. 29.37 Windj cloudy, Rain.

1735. 22 . 29 .4 3
23. 28.82
24. 28.9 _ ' •
25 .  ̂ 2 8 .7 6  Great Ralrir

Juft after hot or fultry Weather, the Mcrcury general  ̂ M s, 
See 16 5̂ /. 1731.

S Aug. 1734,

After

HED
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O f  the D ifferem erof the Heights o f Barometers.'
A fter the Aurora Borealis, there generaUy follow  h igh  W in d s.

27 Oil. lyzZ'   ̂ Aurora Borealiŝ  and the 2 8 th , 29th  and 30th 
higli W in d s. '

bee 23 Jan:1754.

T h e  Mercury falling pretty much, and neither W in d  «or R ain  fuc-
ceeded.

1733 , from the 18th to the 21ÍI it  fell 4 1 , and no W in d  or Rain at
all till the 25th. . t • ^

5ultry W eather generally makes the Mercury fall foon after.
1 734* 8.

A fter a great Storm the Mercury rifes very faft.
1 7 3 4 .  I I .
1736. Feb. 6. ‘

Before great W inds the Mercury falls very foon.
1734. Adg. 26 .
1736 . Feb. 8.

il

T h e Mercury below  28 Inches.
1734. Dec, 15. at 2 7 .9
1735. Jan. 8. 27 .9

In W in ter , before Frofls, the M ercury generally rifes pretty faft.
1735 . Dec. 12.

• • U  i 1 ' • ' .  i- • •

Before a T h aw  the M ercury falls, i ‘
1 7 3 5 .  D ec, 1 3 ,  * T; -;;,.-'( “  -i ^

1 7 .  j i !

1 7 3 6 .  Feb. 9-

T h e  Mercury foils fuddcniy before a great Snow , 
1 7 3 1 .  J a n .  4 -  _  ,

1 7 3 6 .  Fci?. 8.  : V  ^
21.

V •

A ur:-l 1:

c ■

•:3
W hen the Mercury Falls for high W in d s, and it continues to fall 

when that W in d ’ is com e, it is likely to be tempeftuous, or conlinua 
ibme tim e, unlefs Rain fucceeds.

J736 . Nov. 2 9 .6 2  fair, warm 29 .62
2̂ 2* 2 9 .4 9  win<ly,^warm 2 9 .3 2  W ind.
2 4 . -29.1^ high W in d  28.73fStorm 7*

• . 1
Som e o f thefe C olleftions are quite contradi£l:ory to any fettled Rules^ 

and fuch w ill happen, and others confirm them ; but I have collefted  fo  
very few o f  a Sort, though tire D iary furaiilaes^  great m any, that ú\l 
íuoreare in this manner coilefted , it w ill be very^oubcful to ,fo rm  any  
r : /  .li.i R u le j
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Rules fixim them: As Opportunity gires leave, I intend to-colIe<St many 
more.: • . - . • - , - ^

ĥeT̂ eMption X. *A‘A  í?á flit Plate oF BraFs, which, for farther Strengthj. is fcrewt
Man>ferof dowii to a thitk Picce o f  Mahogany : Upon this,Pl3fe áre (crewcd 3

Pieces o f  Brais, 2 o f  which, marked B B, ferve a:s’“Supports for the 
7ur^^7h!̂ De- fl^'irun-Bar C  { and wWch,.on acijQunt of it’s Ufe, !  ihall call the Stan- 
ĝrtooftheEx- dafd Bar, I 'he upper Parc o f  the third Piece 01 Brafs is a Circle; aboui; 

fanfionofMe- títyid^. cquÉÜ Partí or Degrees: Within
B̂yMr]Xx\. Circle is a moveable Plate, divided likewife into 360 Parts, .and a 

Eliicou. No. fniall Steel Index.. I 'he Brafs Circle i$ marked D , and the moveable 
4 4 3 '  p- 297- Plate ‘Xipon the Standard Bar the Bar o f  Metal is laid, on which the 
<)d, 1736. Experiment is tobe made, as E.
Fig. 22. F  isa Leaver 2 i  Inckes in Icng-th,.faitened to an.Axis^ which - tgrns

in 2 Pieces of Brafs fcVewed to one' o f  the Supports marked B : Tpiihc 
lind of this Leaver is faftenedaChain, or Silk Line, which, after bejng 
wound round a fmall Cylinder, to which the Index in the Brafs Circle D  
is fiiftened, paffes over a Pulley, and has a Weight' hung to the End of 
it: Upon the Axis, to which the Leaver is fixed, is a Pulley, i  o f  an 
Inch Diameter, to which a Piece o f  Warch-chain is fattened ; the other 
End of this Chain is hooked toaftrong Spring, marked.G, which Spring 

 ̂ bears againft one End o f  the Metal E.
H  is a Leaver exaftly o f  the fame Form and Dimenfions with the for- 

\\ mer i but the Chain faftened to the Pulley on it’s Axis is hooked to the
¡¡I Standard Bar*. The Line faftened to the End of this Leaver, after be-
! ing wound round a Cylinder, tó which the moveable Plate is fixed, paffes
jj over a fmall Pulley, and has a W eight hung to the End o f  it *, or rather
I the fame Line pa(Ting under a Pulley, to which the W e i ^ t  is hung, has
* it’s other End faftened to the Leaver F  : Thus one W eight ferves for

both Leavers, as in the Figure,
From thisDefcriptionitis plain, that whenever the Bar E  is lengthen

ed, it gives Liberty to the Weight to draw the Leaver F  upwards by 
it’s A6tion on the Spring G  ; and the Index will, at the lame time, by
Means of the Silk Line, be carried forward in the C irc le; and as the
Bar fliortens, it will return back again 5 the fame Motion will be com
municated to the Standard Bar.

T h e  Lengthening the Bar the ^  o f  an Inch, will carry the Index 
once round the Brafs Circle, which is divided into 360 Degrees; there
fore, i f  the Metal lengthens the 7200th Part o f  an Inch, the Index will 
move one Degree.

T o  make an Experiment with this Inftrument, lay a Bar o f  any kind 
of Metal, as E ,  on the Standard Bar *, then heat the Standard Bar to

• any Degree o f  Heat with a  Lamp, and mark the Degree o f  ic’sExpan- 
fion as marked by the moveable Plate : Obferve alfo the Degree of Ex-

•  N . B , T h e  C h a in  to  th e  form er P o licy  b e in g  faftened to a  S p r io g i  and not dÍre¿Uy to  
i t e  M e ta l  E ,  i i  only  for the m ore c a fy  f l i if t ia g  M e ta ls .  . . .

" panfion

A n In jtru m en t  f o r  m ea fu r in g  th e  Expan/ion o f'H ea t.



O f  tBc niirous P a rtid a  in ¿be A tr,

panfion of the Metal E , by the Heat communicated to it from the Stan
dard Bar, as marked on the Brafs Circle by the Index : Let the Inllru- 
menc (land, till the whole is thoroughly cold ; then removing the Bar E> 
jay a Bar of any other Metal irr it’s Place, and heat the Standard Bar to 
the fame Degree of Heat as before, whicii is feen by the moveable Plates 
marking the fame Degree of Expanfion. Then the Index v;ill Ihew the 
Degree o f  Expanfion of the fecond Metal, as it did of the firft; and, by 
this Means, the Degrees ci Expanfion o f  different Metals by the lame 
Degree o f  Hear, may be exadly eilimated.

X I. 1 took a fmall Gaily-pot, fuch as the Apothecaries in the North 
of England make ufe of, where I was when I made this Experiment, and 
ground the T o p  o f  it very fmooth and true, and adapted thereto a Cover 
OÍ blue Slate, which I had likewifc ground with much Care. Into this 
Gally-pot 1 put equal Q^iantities o* Nitre and Flour of Sulphur, about a 
Dram o f each. I then fixed on the Cover, putting it into a new Di- 
geller-, but the Height which I raifed the Heat to, and how long I con
tinued it, I do not txaflly remember, but brlievc it was three or four 
Seconds. When I opened it the Day following, I perceived fomething 
had tranfpired bctw'ixc the I 'op  of the Gally-pot and the C o v e r; the top 
Edges of the Gaily-pot, where the Glazing was ground of}', being dif- 
coloured, though the Nitre and Sulphur were very little diminiflied as to 
their W e ig h t ; only they were melted into one Lump, w'hich I took out 
o f  the Gally-pot.

And having fet the empty Gally-pot upon a Shelf, upon looking at it 
the next Day, I found long hoary Hairs, very bright and brittle, all 
around the^ground Edges of the Pot, very fpecious to behold. After I 
had admired them a while, I gathered them, and, tailing them, found 
them to be pure Nitre. I then fet the Pot upon the Shelf again, and in 
3 or 4 Days, ftill finding there were freíh Shoots made, as large and 
Ipecious as at the firft, I gathered them a fecond and third time -, fo that 
I fuppofe the P o r  would have continued to have ihot frefli Nitre mucli 
longer, if I had not had urgent Ufe for it, to make other Experiments 
in. However, it is to be obferved, that I had already gathered more 
Nitre than I put into the Pot at firft; though, as 1 faid before, for 
what I could perceive, I had taken all or near all the Nitre that 1 firft 
put in together with the Sulphur, out of the Pot in a Lump. Hence we 
may have fome Conceptions of the Nature of mineral Earths, and how 
they grow and increafe, when once impregnated with the Seeds of a 
Mineral. This likewife is a Proof of the Quantity of nitrous Particles 
with which the A ir  abounds, fince the large Quantity o f  Nitre which I 
collefted out of the Pot, when left empty upon the Shelf, could be fup- 
plied by the A ir  only.

X II. Sir Thomas Proly having heard o f  a new Digefter, which I con
trived, had a Defire to fee ir, and fome Experiments made therein, I 
had a fmall one, which I defigned only for an inward Cylinder ; this 1 
could eafily put in my Pocket: Wherefore, going to pay him aV ifit  at

V O L .  V I I L  P a rt i i ,  P p p
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Water more elajlic than A ir,

jinUtlj ir.m Elton in Iluntingdonjhire, I took it along with me; and having foftened
tlaftu iban  ̂fione therein in a very iliort Space, he was defirous to know the fliorteft
j^ ir in th fa m e  ^ime it was poiTible tolbften a Bone in ; I told him, I thought I could

fohcn the Marrow-bone o f  an O x in a very few Minutes, but that that 
No.A’l '̂p. Vefltrl WAS very weak, and I feared would not endure the PrciTure of fo
162. violent a Heat i yet feeming delirous to have the Experiment tried, I faid

I was ready to venture my VtiTtl: Then having lixed all things right, 
and included about a Pint o f  Water, and, I believe, about f i j  of a 
Marrow bone, wc placed the Vfcffcl horizontally betwixt the Bars o f  the 
Iron Grace into the Fire about half way ; and if) three Minutes time I 
found it raifcd toa great Heat; whereupon I hada mind to have taken
it out of the Fire, load it iliould have buril ; telling Sir of the
Danger that I apprehended : For I remembered, that the Screws o f  a 
Digelter, made after Mr Method, giving way, the Head flew
one way and the Screwe and Irons another, with fuch Yiolcncc, that tlie 
Head, having hit agAinft a Brick, cut. a Piece clearly out o f  i t ; which 
was one Reafon and Motive to my contriving a Digefter this way, that 
the Screws cannot poíTibly ftart, but that the VclTel would fooner break 
in any other P art: But In this (I added) I thought the Bottom would 
firil burft, it being only IblcieTed in. Scarce had I done fpcaking, and 
Sir ^büviús thereupon moved his Chair to avoid Danger; but feeing the 
Heat become more raging, I ftepped to the Side-table for the Iron where
with I managed the Digefter, in order to take it out of the Fire, when, 
on a fuddcn, it burft as if a Mufquet had gone off. A  Maid that was 
gone a milking, heard it at aconfiderable Diftance ; the Servants faid it 
fliook the Houfe. As I had foretold, the Bottom o f the Vcifel, that 
was in the Fire, gave w ay; the Bluft of the expanded Water blew all the 
Coals out of the Fire all over the Room ; for the Back of the Firc-range 
was made juft like an Overt, fo that circulating therein, it brought forth 
all the Coals at the Mouth thereof. All the Vtflfel together flew in a di- 
reél Linecrofs the Room, and hitting the Leaf on a Table made o f  an 
inch Oak plank, broke it all in Pieces, and rebounded lialf way o f  the 
Room back again. W hat furprifed me in this Event, was, that the 
Noife it madeat it’s burfting was by no means like the fuccefiive evapo
rating o f  an ^ olip ile , but like the firing oft'of Gunpowder. No^ could 
I perceive any where in tlie Room the kail Sign of Water, though I 
looked carefully for it, and, as I faid before, I had put a Pint into rhe 
Digefter, faveonly that the Fire was quite extinguiilied, and every Coal 
belonging to it was black in an Inftant.

But TO confirm the Elafliicity o f  Water, or to ihew, at Icaft, that 
there is a much ftronger elaftic Force in Water and A ir, when jointly 
included in a Veflfel, than when A ir  alone is inclofed therein, I made the 
following Experiment; I took two §vj Phials, into the one I put about 
§ v  o f  Water, or better, and fo corked it as well as I poiTibly could ; the 
ether I corked in the fame Manner, without putting any thing into it. 
I inclofed them both in my new Digefter, t  being filled with W ater;

when
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when the Heat was raifed to about fiv*e Sccomb, I licard a coatídcrabJc 
iixpiofion, and a jingling oí Glais v/rthiii the Vcllci, utid Hiojtiy aicer 
another Ejcplofion, but not fo Joud as the former ; whencc I concluded* 
that both the Phials were broken. I then let the Digeilercool leifurely, 
and the next Day I opened it; both the Coiks were fwimniing on the 
Top of the \V acer, but onJy one of the Phials was broken, viz., that one 
into which I had not put any Watér, . At firit, indeed, 1 concluded, 
that the PrciTure or Dilatation of the Air in the empiy Phial being 
ftronger than the ambient PrciTure  ̂ torced forth the Cork, whereupon 
the Water, ruihingin with Violence, might break the Phial; and there
fore that this was the Caufe alfo ofthe Loudnefsof the Explofioni where
as the other being molUy filled with Water, there being but a fmali 
Quantity of Air therein, juil enough to force out the Cork, the Phial 
was not broken, but was pa'ferved by the Force of the. Water indofed 
therein. But I have had Reafon fincc to' ĉhange nly Opinion ; for hav
ing had very ftrong Phials made, on Purpofeto make iome peculiar Ex
periments therewith, 1 took one of them, and having filled it about 4' 
full with Water, and corked it very well, I let ir in a Iquare Iron Frame, 
with a Screw to fcrew down the Cork, and keep it from flying forth,
J then put it into a Digeftor, Í filled with Water; which l êing heated to 
a due Height, ŵ hen I opened it, I found the Cork forced into the Phial, 
though the Cork was fo very large, that it amazed feveral who faw it, to 
conceive how it was pofllble for fo large a Cork to be forced into the 
Bottle. Hencc it manifeilly appears, that the PrciTure in tlieDigeñer, 
wherein was proportionately more Water, and lei's Air, was ilrongcr 
than the PreiVure within the Phial, wherein was proportionately more 
Air, and lefs Water. Then 1 reafoned thus alfjb of the two former 
Phials: That the Air in the Phial, wherein was no Water included, 
making nor a proportionate Refiftance to the ambient PrciTure in the 
Digeftcr, wherein was a confiderable Quantity of Water, the Cork was 
forced inward with fuch Violence, that ir, together with the Water, 
daihed the Phial in pieces; but that in the other PhiaK wherein theic 
werc’J' ofWater, the inward-Preflurein the Phial being greater than the 
ambient Preffure in the Digeftci*, wherein were but ? of Water, the Cork 
was thereby forced outward ; and that the fmall Diftcrence between the 
proportionate Quantity of Water and Air in the Phial and in the Di- 
gefter, being only astto  j, was the Reafon not bnly why, the Bottle 
was not broken, but alfo of thc Faintneis of the Exp}ofion.

XIII. In order to have more fure GnoundsCormy I;xperiments of 77̂
Natural Philofophy in this Coaribry, and tliat tficy roighc be cojnpartd thnofa^Uk- 
with thofe of other Countries, I applied myfelfithis Winter; to the: Con-* 
ftruftion ofTherrfioftifcters of Mercury^: regulated by, the Exjmfion of 
that Fluid proportjcnably to it’s Bulk. Thfis lixpanCoio. is indeed not nííe, 
very perceptible, corvfidering that Dr in thc:Exp^rimcnts made DaudYtxxxi- 

I by him upon it above 40 Years ¿¡go*, found thatthetfaid Expanfioc, by ^
 ̂ ’ '■ ■" xv*/ ................ ' ■. -
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8 The CónJlruBion o f a ^ lick fik er H e r  mo meter.
the H e a t  o f boiling Water, was no more than Part of the Bulk of 

LittraryCom- ]\lcrcury, the Experiment having been tried in the Months o í February 
and Marcb  ̂ when the Weather was cold enough, though it did not 
freeze.

M. Amontons  ̂ a Member o f  the Academy of Sciences at Paris^ alfo 
relates in the Memoirs o f  that Academy o f  the Year 1704, that this 
Expanfion o f  the Mercury, is but Part of it’s Bulk from the greateil 
Heat CO the greaceft Cokl Uiat is felt at Paris. For my own part Í found 
in the great Cold, we had here this Winter on the 77 January laft in the 
Morning, that the Bulk of the Mercury was condenfed alnioft Part of 
the Extent it had in boiling Water. The Cold we had that l):iy, the 
Wind being at Eaft, was one of the feverell that ever was felt here. I 
iliall give you a more exacl Account of it hereafter, when I have com
pared my new Thermometers with thofe ordinary Ones I made ufe of 
for thefe four or five Years paft. M y new Thermometers of Mercury 
I had made o f  a good large Size, and in fuch Manner that, having di
vided in each the whole ( ^ n t i t y  of Mercury it contains into 100,000 
Parts; and having marked the Extent o f  the Bulk o f  chat Mercury in 
boiling Water, I can at any time fee on the Divifions of thefe Thermo
meters, by how many Parts the Bulk of the Mercury is condenfed through 
the prcfenc Temperature of the Air. And though 1 have made four of 
thefe Thermometers, which differ very much as to their Size, and the 
Quantity of Mercury they contain, yet they agree within a very few of 
thefe Parts. As pure Mercury is of the fame Nature every where, nor 
is liable to any Alteration from being inclofed in a Tube *, and as it is 
probable, that taking it equally puritied, it will in different Countries 
be fubje<5l  to the fame Expanfion, if expofed to the fame Degree o f  Heat v 
for this Reafon I am perfuaded thefe Thermometers may very well ferve 
to compare the Temperature of different Countries; the rather, as I found 
by Experience, that thefe Thermometers may. be rendered fit enough to 
mark fenfibly the Increafe, or Diminution o f  the Bulk of the Mercury, 
within one or two Parts out of the 100,000 continued in the whole Bulk. 
This Sort of Thermometers has alfo this advantage, that as they mark 
the proper Expanfion of the Mercury in each Temperature o f  Air, they 
may ferve to ihew every Moment the Corredlion that is to be made in the 
Height o f  the Mercury in fimple Barometers-, which will ferve for re
ducing them to the Height they would have in an equal Temperature of 
A ir :  And one might, for this End, chufe and agree upon ihe Heat of 
boiling Water, as a fixed Term, which, in all appearance, will be the 
feme all over the World: I f  the Royal Sockry ihould approve this new
Conftruftion of I hcrmometers', and ihould or îer feme of tl>eir Members 
to make the like, we might hereafter be able exailly to compare the 
Temperature of with that o f  tliis. Country, and oclier Placts
where the like Thermometers flioujd be made. In order to reap tJiis 
Advantage from my Experiments, I lhall communicate to the R,pya{ 
Socieíyúl the Qbfervations I have made here for thefe four or five Years

paft.
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— fotnewhat fa lleo , h » ay, &  co ld , 
— falling. R ain , a n d  fre(h G a l u .  
— ftands, th ic k  anJ rainy.
— conitnoes fa lling, fair and cold. 
— ftar.ds, co!d, and m uch Ice.
— as above, freih G a le ,  co ld .
— ai >th>vr, moderate and h - z y .  
— iU nds, moderase and fair.
— riC n g, fair pleafant W eath er, 

•at a fland, c lo u d y  w ith  Rain, 
•lifing. T h u n d e r  and Rain.
•rni g. freih Gale» w ith  Rain. 
•muti> folleo, laodtrutc.
■íJÚng. fair a n í  M g^leute. 
coiiiHJues rhÍTíg, f j i r a r d  fettled, 
•r i in j; ,  fquaU y, w ith  Raijt. 

- a *  ib o v « , fair  aod m oderate.
— lif in g  q u ic k ,  fair.
— continuei r ifing , w arm  ác fair.

W  N  W  
N  N  W  

D it .
N o r t h  N?Tih 
D it .

S  W  b  W  
D it .

S  S  E  
D it .

R b  \V  
S  E  
S  E  

N  E  
N  N  E  

Die.
D i t

E S E  
D ie.

E  b  N  
E N E  

D it .  
ENE 
N  N  E  

N o rt ii  
N o r t h  
D it ,

N  b  W  
W e f t  
CM .-n 

E S E  
E  b  N  
E  N  E  

Die. 
J)ir.
N  E  
D i t .

E N E  
D it .

N  N  W
s w  
J)it. 
D i t .  
D i t .
D i t  

W  S  W  
N  b  E  

D it .  
D it .

N  E  b  N  
D i t .
S  E

t*z)r and moderate.
} lland*, hazy 

l lan d i,  fcc(h Gale».
■Coincwb^t fa lle n ,  f» ir .—fjJten.

— falls, d e a r ,  ferene, and co!d.
rife», fair  l ig h t  Breezes.

— ilands, c lear, and ca lm , 
fom ew h at r i fe s ,  calm.

— rifer, h s z y .
— concinus» r i l in g ,  frclh G a le s ,  
— f i l in g ,  h ; z y ,  c r  p s o f R a i n .  
*a:r a-id m oderate.
H s z y .
f b z y a a d  ck-fe.
?  .‘ail», f c g ^ y ,  .Todcold.

— coB tio jcs  fallen, cold.
— Si'tle r iling.
— f j l l t n ,  m oderate, and f i l r .
— íljrd » , freih G ales .
H ard G i l e * .
— f»IUn, freiU G a le s .
Eiurd G ales .
— iU o d i .  m d eratf.
— f-ir..*wh>t r i ú n ,  fair, 
- l l a n d » ,  fair  and moderate.
Fair  and ca lm .
Fair and clear.
$  l:t:!e rifen, fair.

— ila rd s ,  fair  W eather.
—*ftands, variable.
— fo m e w h a t  fa lies .
— ftjn d s ,  fqu>liy.
— fallen, freih G a le s .
— co n t. fa llen, fr. G a le s  Sc d o u á y  
— flandi, fq u a l ly .
— Hands, g rea t  S e a .

S  E  
D i t .

F  S  M 
D it .  
D it .  

C a lm  
N  W  b  W  

D ir .
N  b  W  

D it .  
D it .  
D i t .  
D i t .  

N o r th  
W  N  W  

W e ft  
D it .
N  W  
D ir .

N  W  
D it .

N  W  b  N  
N  N  E  

D i t .
N  W  
W e d  

N W' bW
N  N  W  

D it .
D i t .
S  W  
D it .
\Veft

N  W  
D i t .
D i t .

W  N  W  
D it .

N  W  
D it .

D i t .

— f j l le n ,  f l y i r g  C lo u d s.
— continues /aUicg, moderate. 
.Moderate.
— fif in g ,  frcfh G a le s .
— continúes rifing, hard G ales. 
— rifing f i l l ,  v e ry  hard G ales. 
— lliil rifipg, b lo w in g  very  hard 
— continues l iú n g ,  f c g g y .
T h ic k  F o g .
^ f a l le n ,  freih G a le s .

Freih G a le s .

— continues f4Ílen, m oderate. 
— ftandi, h a z y .  S n o w ,
— lU '-d i .  : h : c k  W'cather.
— the fame.

C o n t.  h a z y ,  w h ite  L ed ges  c f  Ice  
Ditto .
T h e  fam e. F o g s  and freezing.
8 lo m e w h a t  n ie n ,  f o ¿ g y .

— ll.'lfd:.
— the fam e, fair.
— the fame.
— lo m cw h a t  rifeo , fair, 
— fallen, /air.
— cont nue* fa llen, fair.
— the fame 
— fallen, fair.
— fallen, fair.
— continues fallen, fair  a n d  cold  
— at a  fland, fair.
- r i f e n ,  fair.

— rifen, h a zy  w ea th er, m u ch  Ice  
-»-rifing, fair  and clear.
Fair.
F a ir  and moderate.
— the fam e, c lo u d y .
— the lam e, f j i r .
Fair  and c loud y.
— rifing, h a z y ,  w ith  S c o w ,  
— rilen, fo g g y .
Fair.

— ftaods, d v . u d y .

— the lam e, d o u d y .
— flauds, variable.
— the lám e, c lo u d y .
— fom ew h at fa iteo , d o u d y .
C a lm .
— rifiop  q u i c k ,  fiefli  G a le s ,  
— little  r ifin g , c lo u d y .
— fltn d s ,  f<jua11r ,  wi t h  Ra;n . 
C e a r ,  w ith  frefh G a le s .
— llil i  fa l l in g ,  (air.
— fland}, fair, fq u a l ly .
— rifin g , fq u t l ly  w ith  H atl.
H a rd  Sc^ualls.
— at a f la n d . hard S quallf.  
S qu ally  w ith  freih G a le s  
— f la r d s ,  clear freih G a lr r .
— fo m ew h a t f i l tc n .

UnED
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Lat.

Elt9/T.
Long. i - i Obf. Winds.

4751 9 34 2 « i N b W
Sepf. 22 12 35 s S  . Í 2-7 5 2 . 1 4 26  25 '9 Obf. h iw  bW

9 30 s w
*3 9 28 S b E

12 24 Dit.
9 21 21 •

24 9 22 22 Eaft
12 2 2*3 5 2 .3 0 *3 1 2 <7 Dit.
9 2 2 : 2 2 i Dit.
9 22 South

12 z i l 22 5 1 . 5 0 S' - ?4 2 0 .2 4 1 6 Obf. Dit.
9 21 •22 \v s w

26 9 2\ s w
12 2\ 2 » i 50 .3 8 5 0 .4 6 1 7 . 1 2 16 Obf. .8 b W
9 21 22 Dir.

2? 9 22 21 Weft
12 23 2 o ; 4 9 ,2 8 4 9 .2 8 1 3 . 2 6 ‘ 5 Obf. Dit.
9 22 20 S W

Wcaiher.

5̂  ft.iocí$, 'h:>r.
— 'aüeii,  c lear.
— rifiog  q u ic k ,  c lo u d y .
— Aili TiCic.g, hard G a le s ,  
^ r i f i n g  q u ic k ,  c h ick  aod  d ir ty .  
— coniinuc» r if io g .
~ -ftan d s, clou d y a o d  R atn. 
D it to ,  frcfli G a le s .
— at a  ftand, c lo u d y .
— rifing, fquaily  and R a in .
— the fam e, frcfti G a le s .
— the fa m e, fqu ally  w ith  R a ia .  
P air , frelh ürccí:e.
Fdir and d e a r .
— the fa m e, freih-Gales.
— liu le  fallen, faic and c loud y. 
Fair.
A  g rea t  Sea, Tq^fflly. w

M o n th s
and

D i y * .

* 73 ‘
Sept-

29

# 30

oa.

9 
t 2
9
912
9 
9 {i
9
9

I  2

9
9

I  2

9

«0
‘ 921
2JZ2
22
22
22
22
26
28
29
29
30

»9
18
ifli
i8k
18
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t8
18
1 8

»7
*9
21
21
21
22

Lat.
Acct.

49 «5

49-32 

49  »8

S O .  2

Lat̂ .
Dawi

4 9 .2

49 .3 0

Laf. 
p. Ei
icn

L o n g

9 . 2 1  

5 - . 8

a
>

O b f .

1 4

'4

>4

H

Obf.

Obf.

Winds.

S W 
Dit. 

w s w 
S b W 

Dit.
S W  b S 

Dit.
S W

Weft
w s w

Dit. 
Dit. 
Dit. 
Dit.

W eath er,

$  freil) G a le s  and Rain. 
— coniinues r ifm g, frelh Gales, 
— little (alien, fair  W e a th e r .  
— h l l e o ,  h a z y ,  frefti G ales .

— at a  (land, freih G a le s .
— the fam e, h a z y .
— at a ftatid, baRy 

-continues the fam e, fqually.
^  4 ft ^  # % I— lallen, fair and clear, 

— continues faHen, fair.
— fallen» fair and dear.

— continues, pleafant.
— the üanae, fair and dear.

JanunryzZi 1731-2.
T h e s e  w ill inform you o f  my Sentiments concerning Patrick*^ Marine-Barometcr, which I have made ufe o f  for two Voyages to Hudfon'&-Bay in Norib America^ and b y  the 

ftriÓteft Obfervations, 1 have always found it to give me timely Notice o f  all bad Weather, and likewiic o f vet-'rable W in d s; as allb, certain Intelligence o f our coming nigh any Ice, with 
the Quantity we had to go  through, i t  is an Inarument o f excellent U fe, I having continually found myfelf obliged to conform to it’s more certain Information before all other ocular 
Appearances in the Horizon whatever, I muft likewife inform you, that when we come in or near Ice we are obliged to keep one o f o.ur Compaíp.‘s continually moving, there being either 
fome magnetick Particles in the A ir , or fomc other Quality that hinders them from traverfmg, which makes our Courfe very difficult to direit ; this happens generally in our cntring 
Slreights and Bay\ but never fo without being near or amongft Ice. I have enquired o f the Commanders, and others that ufe Greenland and Davis*s~Sirei^bis, and find great Complaints from 
them o f  their Compafifes not traverfing. I have tried the Needle o f  the A zim uth Compafs without tlie Chart, and find it to traverfe much better, fo that I dcfign next Voyage to have lüng-Glafs 
Charts, as being lighter.

• %

A' i' I
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Extraordinary Warmth e f  A ir  469
pail, on the Barometer and Thermometer, asfoon as I ihall have adapted 
them to the Effe£l which 1 juft now faid that Heat and Cold produce 
upon the Mercury. I am informed, that four or five Years ago, the 
Royal Society ient to M , Abraham Vaterzi Wittenberg^ largeThermometers 
o f  Spirit o f  W ine, made and regulated by an Inftrument-Makcr o f  the 
Royal Society  ̂ in order to compare the Obfervations to be made in Ger
manŷ  by the Means o f  thofe Thermometers, with the Obd'rvations 
made in Engknd  by the like Thermometers, the one being regulated by 
the othtrs. M. Weidlery ProfeiTor o f  Mathematicks at IVittenherg^ 
mentions in the Account which he gave o f  his Meteorological Obferva- 
tions for the Year J729, that he has furniihed himjclf with one, which 
he intends to make ufe o f  hereafter for his Meteorological Obfervations.
H e  alfofays, that the Obfervers of the Royal Society o i Berlin  ̂ make ufe 
o f  a l ik e  Therm om eter; and I have myfelf received from thence, O b 
fervations on the Heights o f  the Thermometer o f  Spirit o f  W ine, made 
probably with that Inilrument, for the whole Year 1729, and for the firíí 
three Months o f  1731. Thofe Obfervations are engraven on Copper
plates, where the Heights o f  the Spirit o f  W ine are expreffcd in Parts 
o f  the French  ̂ Englijh^ and Rhinland Foot. I f  the Royal Society approve 
o f  this Sort o f  Thermometers, and are defirous I ihould compare them 
with mine*, if  they alfo defire that Meteorological Obfervations with 
thofe Thermometers o f  Spirit of W ine ihould be made in Rtijfia  ̂ I beg 
you would fend me feveral o f  them •, but then I beg that thofe you fend 
me, be well regulated, and exaitly compared with thofe the Obfervers 
o f  the Royal Sociey make ufe of-, fuppofmg that fome Pcrfon or other 
o f  their Body is appoirited to keep Journals of thefe Obfervations, I 
fliall fend in exchange to the Royal Society  ̂ if they defire it, fome T h er
mometers o f  Mercury regulated by and compared with ihe four large ones 
which I made here.

X I V .  M y  Mercurial Thermometer abroad, was laft nighr, at lO 
o’ c lo ck ,  20 Degrees above the freezing Point ; which is higher than 
iC'was fixceen Mornings of the one and-thirty in May lall, and high(?r
than in any M orning in April one excepted. Surjy, 2.

X V .  (See the folded Sheet,) H.Milcs^No.
4 6 2 .  p .  7.0.

X V I .  I Obferved that the 7/rtrw, Rabbets, Foxes, anó in AiWJ.n. si.
September, and the Beginning o'i Oiioher, changed their native Colour ' 74' 2-
to a Ihowy White ; and that for fix iVIonths, in tiie fcvercft Fart o f  the The Effiiiiof 
Winter, I never faw any but what were all white, except fome Foxes o f  a 
different Sort, which were grizzled, and fome half red, halt white. thi

T h a t  Lakes and (landing Waters, which are not above lo  or 12 Feet UngUudt, l<t- 
deep, are frozen to the Ground in W '̂inter, and’ the Fiilits therein all lituJe, a„dOt-

( l l n a t i o n  o f  f i t

^ 1 r  f  c  T x  y u Magnftic
Y e t  in Rivers near the Sea, and Lakes o f  a greater IJepth thin 10 or

12 Feet, Fiflies are caught all the W inter, by eutting Hbles through pTinwof-
the
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Wal^Vs Fort, the IcctJown to the Water, and therein putting Lines and Hooks. But
taken With Necs, they cut feveral Holes in a ftraic Line 

Hüdfon*sB/r o f  the Net, and pals the N et, with a Stick failened to the
North Amer:- Hcj.d-Line, irom Mule to Hole, till it reaches the utmoft E x te n t ; and 
c;i: l>yCapi. what Fiíhes conie to thefe Holes for A ir, are thereby entangled in the

N e t ;  and tiieie Fifli, as loon as brought into the open A ir,  are inilan- 
/■jt V ccw - taneoufly frozen as i l i f f  as Stock-fiih. T h e  Seamen likewife freihen 
marJer of liis thcir fait Provifions, by cutting a large Hole through the Ice in the 
MAjf.i i Y'i Stream or T id e  o f  the River, which they do at the Beginning of the W in-

Seafon. In this H ole they put their falc 
P- * Munite ic is immerfed under W ater, it becomes pliable

A W  061,23. and fo^t, though before it’s Immerfion it was hard frozen.
Beef  ̂ Pork^ Muiloy}  ̂ zr\d Venifo7i  ̂ that are killed at the Beginning of 

the W inter, are preferved by theFroft, for Six or Seven Months, in- 
tirely free from Putrefaftion, and prove tolerable good eating. Like- 
>\ ifc Geefê  Partridges^ and other Fowl, that are killed at the lame time, 
and kept with their Feathers on, and Guts in, require no other Prefcrr 
varive but the Froft to make them good whollbme eating, as longas the 
W inter continues. A il  kinds of Filli are preferved in the like m.anner.

In large Lakes and Rivers, the Ice is fometimes broken by imprifoned 
Vapours ; and the Rocks, Trees, Joiits, and Rafters o f  our Buildings, 
are burft with a Noife not lefs terrible than the firing o ff  a great many 
Guns together. T h e  Rocks which are fplit by the Froft, are heaved up 
in great Heaps, leaving large Cavities behind ; which I take to be caufed 
by imprifoned watery Vapours, that require more Room , when frozen, 
than they occupy in their fluid State. Neither do I think it unaccountable, 
that the Froft fliould be able to tear up Rocks and Trees, and fplit the 
Beams o f  our Houfes, w'hen I confider the great Force and Elafticity 
thereof. I f  Beer or W ater is left in M ugs, Cans, Bottles, nay in Copper 
Po -̂s, though they were put by our Bed-fides, in a fevere N ig h t  they are 
lurely fplit to pieces before Morning, not being able to withftand tĥ i 
expanfive Force o f  the inclofed Ice.

T h e  A ir  is filled with innumerable Particles o f  Ice, very fiiarp and 
angular, and plainly preceptible to the naked Eye. I have feveral times 
this W inter tried to make Obfervations o ffo m e  celeftial Bodies, parti
cularly the Emerfions o f  the Satellites o í  Jupiter, with Reflecting and 
Refradling Telefcopes j but the Metals and Glafles, by that T im e  I could 
fix them to the O b jefl ,  were covered a charter o f  an Inch thick with Ice, 
and thersby the Objed: rendered indiftinct, fo that it is not without great 
DifHculties that any Obfervations can be taken.
 ̂ Bottles o f  Jlrong Beer, Brandy, flrong Brine, Spirits ofW iyte, fet out 

jn the open A ir  for Three or Four Hours, freeze to folid Ice. I Jiav  ̂
tried to get the Sun’s Refrailion here to every Degree above the H o r i
zon, with £//o«’s Quadrant, but to no purpofe, for the Spirits froze 
almoft as foon as brouglit into open A ir .

T h e

i m E i r



The Froft is never out o f  the Ground, how deep we cannot be certain,
W c have dug down 10 or 1?. Feet, and found the Earth hard frozen in 
the T w o  Summer Months; and what Moifture we find five or fix Feet 
down, is white like Ice,

The Waters or Rivers near the Sea, where the Current of the Tide 
flows ftrong, do not freeze above 9 or 10 Feet deep.

All the Water we ufe for Cooking, Brewing, is melted Snow 
and Ice; no Spring is yet found free from freezing, though dug never 
fodeep down. All Waters in-land are frozen fail by the Beginning of 
Oilober^ and continue fo till the Middle o f  May,

The Walls o f  the Houfe we live in, arc of Stone, 2 Feet thick, the 
Windows very fmall, with thick wooden Shutters, which are clofe ihuc 
1 8 Hours every Day in the Winter. Tliere are Cellars under the Houfe, 
wherein we put *our IFhies^ Brandy  ̂ flrong Beer  ̂ Butter, Cheefe  ̂ &c.
Four large Fires are made in great Stoves, built on purpofe, every Day :
As foon as the Wood is burnt down to a Coal, the I'ops of the Chim
neys are clofe flopped with an Iron Cover : This keeps the Heat^within 
the Houfe (though at the fame time the Smoke m¡>kes our Heads akc, 
and is veiy cfFenfive and unwholfome) ; notwithftanding which, in 4 or 5 
Hours after the Fire is out, the Infide o f  the Walls-of our Houfe and 
Bed-places will be 2 or 3 Inchcs thick with Ice, which is every Morning 
cut away with a Hatchet. Three or Four times a Day we make Iron 
Shot of 24 Pounds Weight red-hot, and hang them up in the Windows 
of our Apartments. I have a good Fire in my Room the major Part of 
the 24 Hours, yet all this will not preferve my Beer, W ine, Ink, &c. 
from freezing.
• For our Winter Drefs we make ufe of 3 Pair of Socks of coarfe Blan- 

ketting or Dufficld for the Feet, with a Pair of Dcer-Skin Shoes over 
them ; two Pair of thick EngUjh Stockings, and a Pair of Cloth Stock
ings upon them ; Breeches lined with Flannel ; two or three EngUJb 
Jacktrts, and a Fur or Leather Gown over them .; a large Beaver Cap, 
double, to come over the Face and Shoulders, and a Cloth of Blanket- 
ting under the Chin 5 with Yarn Gloves, and a large Pair o f  Beaver 
Mittings hanging down from the Shoulders before, to put our Hands in, 
which reach up as high as our E lbow s; yet notwithftanding this warm 
Cl(Mthing, almoft every Day, fome o f  the Men that ftir abroad, if any 
Wind blows from the Northward, are dreadfully frozen; fome have 
their Arms, Hands, and Tace bliílered and frozen in a terrible manner, 
the Skin coming off foon after they enter a warm Houfe, and fome have 
loft their Toes. Nov/ their lying-in for the Cure of thtfe frozt-n Parts,, 
brings on the Scurvy in a lamentable manner. Many have died o f  ir, 
and few are free from that Diilemper. I have procured them all the 
Helps I could, from the Diet this Country affords in Winter, fuch as 
frefli Fiiln Partridges, Broths, fifr. and the Doflors have ufed their 
utmoil Skill in vain ; for I find nothing will prevent that Diftemper from 
being morta!> but Exer.ciíé and ftirring.abtcad.

^ h e  E ffeS is  o f  Cold^ & c ,  4 7 1

tJFKD



and VarMia^ commonly called Ildó*Sy and Mock-Sitns^ ap. ' 
pcariicqucntly about the vSun arid Moon here. They are ícen once or 
twicc a Week about the Sun, and once or twice a Month about the 
Moon, tor 4 or 5 Months in the Winter, fcveral Corona of different 

^Diameters apjx^anng at the fame time,
I have Iccn 5 or 6 parallel Corona concentric wiih the Sun fevcral 

times in Winter, being for the moft part very bright, and always at
tended wiih PcrheHa ov Mock-Suns. The Parhelia are always accom- 
panied with Ccron<£̂  if the Weather is clear; and continue for feveral 
Days together, trom the Sun’s Rifing to his Setting. Thefe Rings are 
o f  various Colours, and about 40 or 50 Degrees in Diameter.

The frequent y^ppearance of thefe Phenomena in this frozen Clime 
feems to confirm Z)¿y¿¿2r;<?/s Hypothefis, whofuppofes them to proceed 
from Ice fufpcndcd in the Air.

I'he Aurora Borealis is much oftener feen here than in England \ fel- 
dom a Night paiTes in the Winter free from their Appearance. They 
Ihine with a futprifing Brightnefs, darkening all the Scars and Planets, 
arni covering the whole Hemifphere; I'heir tremulous Motion from all 
Parts, the Beauty and Luilre, arc much the fame as in the Northern Parts 
o\ Scotland Áná Denmark^ &c.

The dreadful long Winters here may almoil' be compared to the Polar 
Parts, where the Abfence of the Sun continues for fix Months ; the Air 
bring perpetually chilled and frozen by the Northerly Winds in Win
ter, and the cold f'ogs and Mifts obflrufting the Sun’5 Beams in the 
fhort Summer we have here; for notwithilanding the Snow and Ice is 
then diflTolved in the Low lands and Plains, yet the Mountains are per
petually covered with Snow, and incredible large Bodies of Ice continue 
in the adjacent Seas. If the Air blows from the Southern Parts, the Air 
is tolerably warm, but very cold when it comes from the Northward, 
and it feldom blows otherwife than between the North-eaft and North- 
weil, except in the two Summer Months, when we have, for the major 
Part, light Gales between the Eaftand the North, and Calms.

The Northerly Winds being fo extremely cold, is owing to tlie 
Neighbourhood of high Mountains, whofe Tops are perpetually cover
ed with Snow, which exceedingly chills the Air pafTing over them. The 
Fogs and Mifts that are brought here from the Polar Parts, in Winter, 
appear vifible to the naked Eye in Icicles innumerable, as fmall as fine 
Hairs or threads, and pointed as iharp as Needles. Thefe Icicles lodge

* inourCloaths, and, and if our Faces or Hands be uncovered, theypre- 
fently raife Blifters as white as a Linnen Cloth, and as hard as Horn, 
Yet ifwe immediately turn our Backs to the Weather, and can bear our 
Hand out of our Mitten, and with it rub the bliftered Part for a fmall 
time, we fometimes bring the Skin to it’s former State : If  not, we make 
the beil of our W ay to a F'ire, and get warm Water, wherewith w’e 
bathe it, and thereby diflipate the Humours raifed by the frozen A i r ; 
otherw'ife the Skin would be off in a ihort time, with much hot, ferous,

warry

4 7  2  E ffe t i s  o f  Cold^ 6 cc .
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watry Matter coming from under along with the Skin j and this happens 
to fome almoft every time they go abroad lor five or fix Months in the 
W inter, fo extreme cold is the A ir  when the W in d  blows any thing 
ilrong.

N ow  I have obfcrvcd, that when it IiAs been extreme hard Froft by 
the Thermometer, and little or no W in d  that Day, the Cold has not 
near fofcnfibly afFedtcd us, as when the Thermometer has fliewed much 
lefs freezing, having abriik Gale o f  Northerly W in d  at the fame time.
T h is  difference may perhaps be occafioned by thofe Iharp-pointcd Icicles 
before-mentioned ftriking more forcibly in a windy D.iy, than in calm 
Weather, thereby penetrating the naked Skin, or Parts but thinly cover
ed, and caufing an acute Sen fation o f  Pain or Cold : A n d  the fan)C Rea- 
fon, I think, will hold good in other Places ; for rtiould the W ind blow 
Northerly any thing hard for many Days together in Englan^y the Icicles 
that would be brought from the Polar Parts by the Continuance o f  fuch a 
W in d , though imperceptible to the naked E ye, would more fenfibly 
affeft the naked Skin, or Parts but flightly covered, than when the Ther
mometer has iliewn a greater Degree o f  freezing, and there has been 
little or no W ind at the fame time.

It is not a little furprizing to many, that fuch extreme Culd fliould 
be felt in thefe Parts o f  Ammca^ more than in Places o f  the fame I.ati- 
tude on the Coaft o f  Norway ; but the Difference I take to be occafion
ed by W in d  blowing conftanrly here, for 7 Months in the 12, between 
th* N  E  and N  W ,  and paQing over a large Tradb o f  Land, and exceed
ing high Mountains, tiff, as before-mentioned. Whereas at Drunton in 
Norvcay  ̂ as lobferved fome Years ago in wintering there, the W ind all 
the Winter comes from the N  and N  N  W ,  and crofles a great Part of 
the Ocean clear o f  thofe large Bodies o f  Ice we find liere perpetually.
A tth is  Place we have conftantlyevery Year 9 Months Froft and Snow, Í
and unfufFerable Cold from O^ober till the Beginning o f  May, In the !
long Winter, as the A ir  becomes lefs ponderous towards the Polar Parts, |
and nearer to an Mquilibriim^ as it happens about one Day in a W e e k ,  
we then have Calms and light Airs all round the Compafs, continuing 
fometimes 24 Hours, and then back to it’s old Place again, in the fame 
manner as it happens every N ight in the IVefi-Indies^ near fome o f  the K
lilands. "

T h e  Snow that falls here is as fine as Duft, but never any Hail, ex
cept at the Beginning and End o f  Winter. Alm oft every Full and i
Change o f  the M oon, very hard Gales from the North. I

1 he conllant Trade W inds in thefe Northern Parts I think undoubt-, 
edly to proceed from the fame Principle, which D r Ilalley conceives 
ro be the Caufe o f  the Trade W inds near the Equator, and their V a 
riations.

“  W in d ,  fays he, is moft properly defined to be the Stream or Cur-- 
rent o f  the A i r ; and where fuch a Current is perpetual and fixed ia 
it’s Courfe, it is ncceffary, that it proofed from a permanent and un-

T^he E ffeS Is o f  CoJdy & c .  4 7 .1
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«  intermitting Caufe, capable o f  producing a like conflant EfFeft, and 
“  agreeable to the known Properties o f  A ir  and W ater, and the Laws 
“  of Motion o f  flu-id Bodies. Such an one is, I conceive, the A ftion  
“  of the Sun’s Beams upon the A ir  and Water^ as he pafles every Day 
“  over the Oceans, confidered together with the Nature o f  the Soil and 

Situation o f  the adjoining Continents. I fay, therefore, firft, That 
according to the Law s o f  Statics^ the A ir  which is lefs rarefied or ex- 

“  panded by Heat, and confcquently more ponderous, niuft have a 
“  Motion towards thofe Parts thereof which are more rarefied, and Icfs 
“  ponderous, to bring it to an &-c.”

N ow , that the cold denfe A ir ,  byreafcn o f  it’s great Gravity, con
tinually preiTes from the Polar Parts towards the Equator, where the A ir  
is more rarefied, to preferve an M qiiilihrhm  or Balance o f  the Atm o- 
fphere, I think, is very evident from the W in d  in thofe frozen Regions 
blowing from the N  and N  W ,  from the Beginning o f  06fohcr until 
M ay\ for we find, that when the Sun, at the Beginning o f  has
warmed thofe Countries to the Northward, then the South-eaft, Eafl-, 
and variable W inds continue til! O^ohcrz%úx\ \ and I do not doubt but 
the Trade W inds and hard Gales may be found in the Southern Polar 
Parts to blow towards the Equator, when the Sun is in the Northern 
Signs, from the iame Principle.

T h e  Lim it o f  thefe W ind s from the Polar Parts, tow'ards the.Equator, 
is feldom known to reach beyond the 30th Degree o f  Latitude  ̂ and the 
nearer they approach to that Lim it, the iliorter is the Continuance of 
thofe Winds. In Ne^^v-Evgland it blows from the North near 4 Months 
in the W inter; at Canada  ̂ about 5 M o n th s;  at the Settlement
in Streights Davis^ in the 63d Degree o f  Latitude, near 7 Months ; on 
the Coail: o f  Nor̂ waŷ  in 64, not above 5 h Months, by Reafon o f  blow
ing over a great Part o f  the Ocean, as was before-mentioned ; for thofe 
Northerly W inds continue a longer or ihorter Space o f  T im e, according 
to the Air^s being more or lefs rarefied, which may very probably be 
altered feveral Degreees, by the Nature o f  the Soil, and the Situation of 
tiie adjoining Continents.

T h e  vaft Bodies of Ice we meet with in our PaiTlige from England to 
IIudfon^$~Bay  ̂ are very furprifing, not only as to Quantity, but M agni
tude, and as unaccountable how they are formed o f f o  great a Bulk, 
fome o f  them being immerfed 100 Fathom or more under the Surface 
o f  the Ocean ; and J or ¿ Part above, and 3 or 4 Miles in Circumfe
rence. Some Hundreds o f  thefe we fometimes fee in our Voyage here, 
all in Sight at once, i f  the Weather is clear. Some o f  them are frequent
ly feen on the Coafts and Banks o f  Newfoundland and JSfeiv-Englandy 
though much diminiihed.

W hen I have been becalmed \x\ Hudfon*sStreigbts for 3 or 4 Tides, 
together, I  have taken my Boat, and laid clofe to the Side o f  one of them, 
founded, and found 100 Fathom W ater all round it. T h e  T id e  floweth 
licre above 4 Fathom ; and I have obferved^ by M arks upon a Body o{

Ice^

T h e E ffcS is  c f  C old j
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Ice, the T i d e  to rife and liill that Diiicrcnce, which was a Certainty 
o f i i ’s being aground. Likewife, in a I larbout in the liland o f  Refclti- 
iion  ̂ where I continued 4 Days, 3 o f  thefe Jiles o f  Ice (as we ca!] them ) 
came aground. I founded along by the Side o f  one o f  them, quite roun d 
it, and found 3 2 Fathom W ater, and the H eight above the Surface but 
10 Y a rd s ’, another was 28 Fathom under, and the perpendicular H e i g h t  
but 9 Yards above the Water.

1 can in no other manner account for the Aggregation o f  fuch large 
Bodies o f  Ice but this : A ll  along the C aifts  o\'Sirei¿l>ís DavfSy both 
Sides o f  Hiidfon*s-Sireights, Antkofh^ or Labrndcrc^ the
Land is very high and bold, and 100 Fathoms, or mor e, clofe to the 
Shore. Thefe Shores have many Inlets or Fuirs, the Cavities o f  wliich 
are filled up with Ice and Snow, by the almoft perpetual Winters there, 
and frozen to the Ground, increafing for 4, 5, or 7 Years, till a kind 
o f  Deluge or Land-Hood, which commonly happens in that S pace o f  
T im e throughout thofe Parts, breaks them loofe, and launches them 
into the Streights or Ocean, where they are driven about by the variable 
W inds and Currents ^̂ d̂ Atigujl^ rather increafing than
diminiihing in Bulk, being furrounded ("except in 4 or 5 Points o f  tlwi 
Compafs) with fmaller Ice for jnajiy Hundred Leagues, and Land 
covered all the Year with Snow, the Weather being extreme cold, for the 
moft part, in thofe Summer Months, T h e  fmaller Ice that almoft fills 
the Streights and Bays, and covers many I.eagues out into the Ocean 
along the Coaft, is from 4 to 10 Fathom thick, and chills the A ir  to 
that Degree, that there is a conftant Increafe to the large Ifles by the 
Sea’s walhingagainft them, and the perpetual wet Fogs, like fmall Rain, 
ireezingas they fettle upon the Ice ; and their being fo deeply immerfed 
under Water, and fuch a fmall Part above, prevents the W ind's having 
much Power to move them : For though it blows from the N  W  Q u a r 
ter near 9 Months in 12, and confequently thofe Ifles are driven towards 
a warmer Climate, yet the progreilive M otion is fo flow, that it muft 
take up many Years before they can get 500 or 600 Leagues to the 
Southward ; I am o f  Opinion fome Hundreds o f  Years are required •, for 
they cannot, I think, dilTolve before they come between the 50th and 
40th Degree o f  Latitude, where the Heat o f  the Sun confuming the 
upper Parts, they lighten and wafte in T im e  ; Y e t  there is a perpetual 
Supply from the Northern Parts, which will fo continue as long as it 
pleafes the A u t h o r  o f  all Beings to keep things in their prefent State.

475

H aving obfervcd the apparent T im e  o f  an Emcrfion t   ̂
o f  7 f̂ /)/V̂ r’s firfl: Satellite at Fort-Churchili^ on S a iu rd a yi\i 
the 20th o f  March laft 174 1-2 , at —  —  —  ■—  3

I find the fame Emerfion happened at London  ̂ by 
M r Pound's Tables, compared with fome Emerfions aflu-  ̂ i 3 
ally obferved in England near the fame, at —  __

R r  r  2

 ̂  ̂ Oh/frvalitittsof 
the lAjngitudi^ 

¿ Q  Latitude^ a r j  
the Declination 
o f  the Magnetic 
Needle, a t 
Prince o f  

. W ales 's  Fort, 
Churchill-

W h en ce Rivrr.
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Whence the liornry DlfTerence o f  Meridians, between i   ̂
Fort-Chtirchill and Louden^ conies out —  —  —  j

W hich converted into Degrees o f  the Equator, g ives)  ' //
for the Diftance o f  the fame Meridians*— - —  —  — j 9 + 5°  oo

Wherefore, fince the I 'im e at I.ondon was later in Denomination than 
that at it follows that, according to this Obfervation, Churchill
is 94 Degrees 50 Minutes, in Longitude W eft  o f  Lcndon,

I took fcveral other Obfervations; which agreed one with another to 
Icfs than a Minute, but this I look upon as ti\e moft diftinél and beft.

T h e  Obfervation was made with a good 15 Foot Refraóting Telefcope, 
and a I 'w o  Foot Refledlor o f  Grego}y% Kind, having a good W atch o f  
M r  Craham^% that I couki depend upon ; for I have frequent Opportu
nities o f  difcovering how much it’s Variation amounted to, and conftant- 
ly found it’s daily Deviation or Error to be 15 Scconds too flow ; by 
which means it was as ufefUl to me for all Purpofes, as if it had gone 
moft conftantly true without any Change. T his  Watch I kept in my 
F ob  in the Day and in Bed in the Night, to preferve it from the Severity 
o f  the Weather for I obfcrved, that a!l other Watches were fpoiled by 
the extreme Cold.

I have found, from repeated Obfervations, a Method o f  obtaining 
the true T im e  of the Day at Sea, by taking 8 or 10 different Altitudes 
o f  the Sun or Stars, when near the Prime Vertical, by M r  or .
M r  Hadley^s Quadrant, which I have pradifed thefe 3 or 4 Years paft, 
and never found from tlieCalculations, that they differed one from another 
more than 10 or 15 Seconds o f  Tim e. T h is  Certainty o f  the true Time 
at Sea is o f  greater Ufe in the Practice o f  Navigation, than may appear 
at firft S i g h t ; for you thereby not only get the Variation of the Compafs 
without the Help o f  Altitudes, but likewife the Variation o f  the Needle 
from the true Meridian, every time the Sun or Star is feen to tranfic the 
iame. A lfo  having the true T im e  o f  Day or N ight, you may be fure 
ofth e  Meridian Altitude o f  the Sun or Star, i f  you get a Sight i 5 o r 2 o  
Minutes before or after it paffes the Meridian ; and the Latitude may be 
obtained to kfs  than Five Minutes, with feveral other Ufes in Aftrono- 
mical Obfervations ; as the Refraélion o f  the Atmofphere, and to allow 
!or it, by getting the Sun’s apparent Rifang and Setting, which any body 
is capable o f  doing, and from thence you will have the Refraition.

If  we had fuch a Telcfcope contrived as M r Smith recommends to be 
ufed on Shipboard at Sea, now we can have an exaft Knowledge o f  the 
true T im e o f  the Day or Night from the above Inftruments and a good 
Watch, I hope we flioukl be able to obfcrve the Eclipfes o f  the firft 
Satellite Jupiter^ or any other Pb^?iomenon o fth e  like Kind,.and there
by find the Diftance ot Meridians, or Longitude at Sea.

T h e  Variation, o f  the Magnetical Needle, or Sea-Compafs, obfcrved 
by me at C¿;¿rírM/in 1725. (as in N °  Philofcphical'íra>ifMons

for
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for the Months M orcb  and A pril 1726.) was at that T im e  North 21 
Degrees Wefterly, and this Winter I have carefully obferved it at the 
fame Place, and find it no more than 17 Degrees, fo that it has differed 
about One Degree in Four Years; for in 1738, I obferved it here, and 
found it’s Declination 18 Degrees Wefterly. I have carefully obferved, 
and made proper Allowance for the Sun's Declination and Refraftion» 
and find the Latitude here to be 58 Degrees 56 Minutes N  : But in moft 
Parts of the W o rld ,  where the Latitudes are fixed by Seamen, they are 
for the moft part falfcly laid down, f o r  want o f  having Regard to the 
Variation of the Sun*s DecKnation, which, computed at a diftant M e 
ridian, when the Sun is near the Equator, may make a great Error in 
the Sun’s rifing and fetting Azimuths^ & c.

Thefe things I thought proper to take Notice of, as they may be c f  
Service to Na.vigators, and the Curious in Natural Inquiries.

X V I I .  T his  Treatife o f  Epidemicks is ufliered in by a l-arge and learn- Jn Ateount f̂ 
cd Difcourfe by way o f  Prolegomena \ wherein the Author confiders the aBookintitüUá̂  
various Properties o f  the A ir,  wiiji ic’s Effcils  on living Bodies both in
Health and Sicknefs; and then defcribcs the Method and Inftruments he Morbis^pi'ce-
made ufe o f  in his Obfervations. - mid.% ab

His Method o f  obfcrving the Weather, is that publiihed' by Anno 1 : 2 8 ,
D r 7 « m * .  adfinem Adhí

His Inftruments, a Barometer with a pretty large T u b e, and a very J/ythi 
wide Bowl, filled with Quickfilver well purged by Diftillation. A nd A u d lo re joa » -  

this Barometer, to June 1733, Itood about 46 ^̂ eet above the L e v e l  ne Huxham,  ̂
of the Sea at L o w  W a t e r ; but after that T im e at Feet only above, P . j  T * Londini,apua
the faid Level. S.Auften.

A  'I'hermometer made by M r  Haukjbee, i:*39. 8*1?.
T h e  chief of his Hygrofcopes was made after that o f  M r  Molyneux -f, Orâ i-n up hy
A  round Funnel for collcóling the Rain, 25 Inches in Diameter, and .y

placed fo as to be equally expofcd to all Winds. S, N o *

A nd he clofes the Prolegomena with an Account o f  the Situation o f  451. p. 4Z9>.
Plymouth \ and with earneftly expreifing his Dcfire of a general accurate I>ec. 1738..
Hiftory o f  the Atmofphere, towards which he contributes this his

* Mite.
In the Body o f  this nfeful Treatife, the ingenious Author gives for 

every feparate Month curious Abftraóts o f  his Meteorological Diary, vi%̂
T h e  Qiiantitics o f  Rain for the refpedtive D a y s ; the Days on which 
there fell Hail, Snow, T h z  Aitror.f Boreales  ̂ and other like Meteors:
T h e  W inds, with their Degrees o f  F o rce ;  T h e  confiderable T id es  :
'J'he liigheft and loweft Stations of the Barometer and Therm om eter:
T h e  warmell and coideft Days, with the middle Tem per o f  the A ir .
T o  thefe hefubjoins the reigning or moft epidemic Difeafes, and their 
Methods o f  Cure ; with excellent medicinal Obfervations both Theore-

*  See V o l .  V L  P a rt  I I .  C h ap. I .  J. x x x v i i .  -f Sec V o l .  I I .  Chap. I .
5- xvi. 3,.

A n  A cco u n t  o f  D r  H u x h a m ' i  Book^ & c .  477
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tlcil and Priclical, thereon, as often as any tiling new or uncommon

A s'fspecim en of the Worlc I beg Leave to exhibit fome few of his 
Obfervations, both Philofophical iind Medical,, for each refpeaive

7 «'y 2, at 1 1 at Night, no Wind ftirring, our Author obferv- 
e d  / v e r y  coiifiderable Borcdh, whofe Btams ihoc upward and
terminated in a bright Canopy about 8 or lo  Degrees to the South of the 
Zenith ; with it’s Centre about the fame D.Hance to the Laft of the 
Meridian. It was attended with a very pkntitul D^w.

7«/y 2 i .  at o .p . Tiie Wind at North, with one Dc-gree of Force ■.
there was a f m á  but uncommon BoreaUs, whofe pyramidal Rays
darted in an inverted Order •, for their Points tended to the Centre, and 
xan below the Horizon at North.

l o c h e s .  D c c :.

-  3^ - 364-
—  6. 108.

■—  I. 526.

The whole Quantity of Rain colleñed this Year, was 
O f  which fell in Jamtary, the wetteft Month, —

in Sip timber, the dry eft, —  —  —

T h e  higheft Station of the B ,ro -) ^
meter was —  —  —  —  —   ̂ o j j

loweft —  — • —  —  —  28. 5. on Jihi, jS. andSepLi^.

In his general Obfervations on this Year, among other thing?, he 
obferves, that the highefl; Tides generally happened when the Barometer 
was lowefl-: And he thinks, their Caufe, in part at lead, may be at
tributed to the Air being lighter on our Seas than on the main Ocean, 
He alfo fufpefts, that Spouts and Boars may derive their Origin from the 
fameCaufe, but acting wich extraordinary Violence ; A sa C lap o f  Thuii- 
der, which caufes a fort of Vacuum for an Inftant.

This having been a wet Year, our Author cakes occafion to account 
how a wet and cold Temper of the Air creates*Heavinefs, Colds, and 
other Difeafes, from fuperabundant Serofity; How Fevers are pro
duced by a moift and unelaftic Air ; and gives the manner of treating 
intermitting Fevers, with the Method and Ulc of Vomits; the different 
forts of Afthma’s with the Cure; and Cautions for avoiding the Con
tagion of the A i r . .

I ^29. £̂2«. 14. at 9.p. w. He obferved a bight Cloud between Om/2, the 
Bull̂  and the Whakh Mouth, ihooting forth very bright Rays : Though 
there was no Sign of  an Aurora Borealis in any ocher Part of the Heavens 
a!l that Night.

Jnchcs. Heci.
The Total o f  Rain this Year —  —  —  -—  — ‘ 33* ^55* 
O f  which the wetteft Month, afforded —  —  •—  6. 49^* 

January  ̂ the dryeft. ^  —  o. 900.

On
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On Occafion of  his Thermometrical Obfervations made in Feb, he 

fays, he has frequently obferved Froft in Spring, when 'Mv Hanks- 
lee*z Thermometer was but at 55 ; whereas in Winter he has feen it at 
65, and lower, without the leaft appearance of Froft: Wherefore he 
thinks, the Degree of Cold which produces Froft, is not yet brought 
to a due Certainty ; and that Congelation does not depend barely on a 
Privation of Motion or of Heat.

A  flow putrid Fever was very epidemical part of this Summer and 
Autumn; which he afcribes to the moift and hotTempcr of the Air, and 
gives it*s Defcription and Cure.

1730, In the Beginning of October there was a violent Eaftejly 
Wind, which fo difturbed the Sea, that at 3 or 4 Miles from the Shore 
he found the Leaves of the Trees very fak to the Tafte.

I n c h e s *  0; d «

I.The Total o f  Rain this Year was —  —  — . —  25. 69S*
Whereof in 'November fell —  —  — . —  —  —  4. 480.

in January but —  —  —  —  —  —  o . 666.
Barometer higheft on Jan, 10. — • —  —  —  -—  30. 6.

loweft March 7. —  ■—  — ■ — • —  28. 5.

On account of a particular Colic which reigned part of this Year, the 
Author remarks the pernicious Confequences of giving general Names to 
Diftempers ; which often leads the Unfliilful into irreparable Errors ia 
Pradlice,

I n c b

1731. This was a dry Year, the Total of Rain being

Whereof in Nov. the wetteft Month, fell —  —  —
in Marchy the dryeft, —  —  —  —  —

Mercury higheft on March 2. —  *—  ----  —  *—
November —  —  —  ----- - ~

A very remarkable Fall of the Barometer happened between 
 ̂ Feb, the 2d and thê  5th, when the Mcrcury defcended from 30. 3̂  

to 28. 9.
Our Author has very often obferved a very fuddcn fall of the Mercury, 

without any confidcrablc Change in the Face of the Atmofphere ; but 
upon a more ftriil Inquiry, he found there had been eitlier great Rain or 
Thunder fomewhere in the Neighbourhood ; to which Place the ambi
ent Air ruihed fuddenly, in order to reftore the jEquilibrium.

As inflammatory Difeafes of theBreaft were fatal this Year, the Au- 
thor takes Occafion, in treating of them, to give the diftinilive Cha- 
ra¿ler¡ftics of the true Pleurify and Peripneumony, and confequently 
of the frequent Combination of both, Qx Plcuro-Pcripieumorty \ withi 
their different Methods of Cure,

>73’-
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 ̂So Account o f  D r  Haxham*i Book, &c.
Inchec. Oeci

I7J2. T h e  Total o f  Rain was —  —  —  ^  oq6.
W hereof in Oí^¿í¿pr feli —  -----; —  —  —  . 6. 342!

in Augufi but —  —  ^  — I —  —  —  o. 362,
/ Mcrcury higheft November 25, —  —  —  — • —  30. 4,

]oweft O£foher 14. —  —  ̂ — * —  —  —  28. 7,

T his  Year contains excellent praftical Obfcrvations on the Whooping 
Cough of Children.

Inches. DecI,
1733. Total o f  Rain —  .—  —  — . — . —  _  ^9. 884,
O f  which in December alone — « —  —  ̂ —  —  —  4. 688.

in July  but '—  ■— - ■■ -  —  —  —  —  o. 772,

In Dcc. though a very wet M onth, the Barometer was high *, which 
he attributes chiefly to the great Quantity o f  Vapours with which the 
A i r  was loaded.

In cbis. Dcci,

T h eh ig h eil  Station o f  the Mercury was Jan,. 24. M ar, 3 .1  
0£l. Nov. 5. —  —  _  p o -  2*

June 18. and 0 ^ , 25, loweft —  —  —  —  —  —  20. 8.

A nd ’ cis very remarkable, that whereas the Mercury was at it*s higheft 
Station o f  30. 2. on 0 £l, 18 ; it was fallen to it’s loweft o f  28. 8, on 
05f, 25. and rifen again to the higheft on Nov, 5.

Here the Reader will find an accurate Dcfcripcion o f  the Epidemical 
Colds of this Year, with their Cure.

Inches. Deci.

1 734. W as a very wet Year, the T otal o f  Rain being 37. 1 14,
O f  which fell in December —  —  —  —  —  —  6. 192.

\u January h\xt — • —  -------  -—  -----  i .  484,

The Mercury’s higheft Station 30. 4. on Jan' zc). Feb. i. and Nov. 27.
loweft ----  28. 2. Dec. 14.

The moft fudden Change was between the 23d and 2 yth of Novem- 
ier, when the Mercury rofe from 28. 8. to 30. 4.

Quinzeys were very rife this Year among young Folks; for which
Reafon they are here carefully defcribed, with their various Changes and 
Cure.

Inches. Deci.

fallen this Year ■—  —  —  —  30. 974*
Whereof in November —  —  —  —  -------  4. 922.

\xiMay ------  —  ------  —  —  —  I . 646.
Higheft Station o f  the Mercury on Jan. 4. andiAigucu ocacion or tne Mercury on jan . 4.

r r  r :  —  —  —  —  7 «»* 1.

W h ere
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W here it is obfervable, that between the 4th and iix h  0  ̂Jan, the 
Mercury fell from it*s highcft Station o f  this Year, viz» 30. 5. to it's 
lowed (and indeed a very low' one) 28. !•

Nov. 27. though the Moon was in one o f  the Quarters, the Tides 
were higher than they generally are at the N e w  and Full.

T his  was a very morft Year as to the Frequency, though not the 
Quantity o f  Rain,

T h is  Year a malignant Fever, with Spots, was brought to P/y/»í?w/¿ ^
by the Fleet, and became very epidemical and deftruólivei wherefore our 
Author takes great Pains to invcftigate it’s Nature, and gives the Method 

*of Cure which bed fucceeded with him.
1736. Feb, 6. There was a confiderable Aurora Borealis^ wherein the 

Streamings darted from the very South ; and the lucid Canopy was more 
to the Eaft than the Author had ever obfcrved before.

Mn^ 9, A  large Fíalo round the Moon at 10 at N ight, and at the 
fame Hour on the i i t h ,  another very large one, remarkable for it's 
fiery Colour.

Aug. 25. W ind W .  I D cg. Between the Hours o f  9 and 11 ,  there 
appeared in the Heavens a narrow, but very bright Band, which extend
ed entirely from W eft to Eaft, and was like a great Rainbow.

, I n r h c f .  D í c í .

T h e  Total o f  Rain —  —  — ' — > —  —  —  36. 706.
O f  which in OEiober —  —  —  —  —  —  —  —  6. 5 3 4 .

xxxNovemher —  —  —  —  —  —  —  i. 150-
A nd <yc\July 10, the Rain was fo exceifive, that from ) "m c ,

3 p, Vi. to 5 the next M orning it amounted to —  —  J ^
T h e  Mercury’s higheft Station was on Dsc, 24. —  —  30. 4 ,

loweft —  —  —  O^. 9. —  --- 28. 4.

1737. In Augúji there were Aurora* lioreales for 4 fucceffive Nights,
v iz . ironi the 9th to the 12th. T h e  firft and laft feem to have no par
ticular Circumftanccs attending them. T h a t  on the lo th , feen at
9 o ’ c l o c k ,  was verygreqt. It’s Rays were o f  various Colours, though 
all very bright and v iv id ;  and formed a beautiful Canopy from the 
Zenith to about 12® Eaftward, and a little to the South. %

T h a t  on the n t h ,  about 10, was alfo confiderable. T h e  Canopy 
appeared in the fame Place with that o f  the foregoing N ight, and o f  the 
Colour o f  red-hot Iron,

Dec, 5. Our Author obferved the remarkable red L ig h t s * ,  and fays, 
that in the Evening the Sky feemed overead with a thin Cloud or V a -  
pour, but looked as red as from the Reflexion o f  a great Fire ; and it 
cad as much L igh t as the Full Moon on a cloudy N ight. T h is  furprifino- 
Phenomenon laded tilPnear M idnight, but it’s greated Brightnefs wa°

*  See x L v i .  o f  this Chapter.

/
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f 482 T ’he- Caufes o f a 'ivet and dry Summer.

between the Hours o f  5 and 7. Ic caufed great terrors among the Vulgar 
feme apprehending avail  Fire, others thinking the S ky  overfpread with 
Blood. For the greatefl; Part o f  the Day the A ir  was cloudy and warm 
with a gentle Rain falling often, efpecially in the Afternoon, and fcarce 
any W hid. In the Evening the Vapour emitted a diiagreeable Smell • 
and the.Do£l:or happening to ride in the Rain, he perceived the Drops 
were o f  a maukifh fweet Tafte. T his  fame Phaenomenon was o f  great 
Extent in the Northern Parts of E u r o p e and at Kilkenny in Ireland  ̂ was 
feen fomewhac like a Globe o f  Fire fufpended in the A ir  for near the 
Space of an H our j which then buriling, fpread Flames around on every 
Side.

T h e  total Qiiantity of Rain this Year was
W h ereof fell in March alorie '—  -----

in May but

Inches. Dcci.

T h e  Mercury's higheft Station in the Barometer was 
on Jan, 19. —  —  —  —  —  —  —  —

loweft 22. —  — • —  -

27.

4 -
o.

30.

28.

364*.
p s .
332.

6.
5.

1 740,

Towards the latter End o f  this Year, a catarrhal Fever broke out, and 
became very epidemic, Ic was indeed fomewhat like the epidemic Colds 

J733» but much more fevere. Here the Reader will find the Diffe- 
fences in their Symptoms and Cure well defcribcd: A s  alfo two valuable 
Differtations, one on the various Species of Jaundice, the other on nervous 
Fevers, fo common o f  late Y ears;  W h ic h  I think very worthy of a 
careful Perufal by all Orders o f  M en, who have any Pretence to the 
Praflice- o f  Phyfia

jiff Inquiry in- X V I I L  T h e  wet Weather which we had in M ard:> ^734» (the Year 
to theC aufesof beginning with fet me on confidering what might be the Caufesof 

it. T h e  W in d  was then, generally, S W ,  the W eather rainy. Some- 
No.^̂ 58. times ic veered to S E ,  which, commonly, brought much Rain : But 
519.Sept.iff, the W in d  feldom flood at that Point 24 Hours, before ic returned to

S W  again, A  itrong Gale at S W ,  with Rain, would be fucceedcd 
by as ilrong at N  W ,  itill raining; but if the N  W  continued 24 Hours, 
it cleared the Sky. T h e  Summer following was cold and w et;  the 
W in d  on the fame Points. T h e  preceding W inter was mild, and 
efpecially Dec, in which Month, from the loth  inclufive, the W in d  blew, 
generally, S W ,  fometimes itrong, attended with much Rain. A t  the 
End o f  Dec, the Birds fang, and the Grafs did grow as at other Years 
in the Spring.

T h e  W i n c e r o f i 7 3 4  was as mild as that o f  1733, the Birds as joyful,
and the.Grafs as green at the End, o f  the fame Winds ftill

t

*  N. B . T h e  Reader is deíired to take Notice o f  an Error in the T o ta l  o f  Rain for 
this Year, as it ftands in the Book j where the T o ta l  o f  the preceding Year  has by feme 
M iilake  or other been repeated in t h i s ; A n d  be is therefore intreated to correal it by the 
T o ta l  fet down in this A bftrait ,

prevailing'.

u n £ o



I le  Caufes o f a 'ivef and dry Summer. 4S3
prevaiiing; but the S W  was more f lorm y. Dec. 29, tJierc b lew  a Storm , 
t h i i  f to m S  W ,  and then from N  W : But the Scorni o f  Ja fi. S. wás 
niuch ilrongcr, wliich blew on the fame Points. T h e  Sum m er of 1 7 3 5  
was colder, and wetter than the preceding Summer.

This put me on rccoilccíting what fort ot W inter went before a dry 
Summer. In the Year 17 3 1 ,  the Summer \vas remarkably dry. I 
had not begun to keep a Journal o f  the Weather in 1 7 ¡o ,  But I took fo 
much Notice of the unuíual Cold in April 173^’  ̂ made the follow
ing Remarks. April 1. begins with pcircing cold W inds at N  E ,  black 
Clouds, ñormy, very dry. 4th, 5th, fome W in d , Ice. 6t!i, 7th, 8th,
9th, fame W ind. 9th, Snow. loth, T h e  Harbour frozen over. I f  
my Memory doth not fail me very much, it was in the W inter o f  the 
Year 1730, or the Beginning o f  1731? that a Ilorfe was frozen to Death 
in MofiozVy as he ftood in the Street.

From hence I conclude, that a hofty W inter produces a dry Sum m er; 
anda mild Winter a wet Summer. I am fenfiblc, that chefe Conclufions 
are drawn from fliortand imperfeft Obfcrvations : Bur, fuppofing them 
to be true, I would be glad to know why thefe things are fo.

I find from thcfc and fome other Obfervations, which I have cafually 
made, that the Weather depends very much on the W ind. I fhall there
fore begin with inquiring what is the Caufe o f  Winds, and then pro
ceed to find out, as well as I can, why the W in d  doth influence the 
Weather.

W ind is a Stream o f A i r ;  A ir  an unmixed Fluid encompafTing our 
Globe, with a Shell of at lead 60 Miles thick. Every Particle o f  A ir  
gravitates equally towards the Centre o f  the Earth. A ir  is capable o f  
being comprefitd and expanded : T h e  more A ir  is comprelfed, the 
lieavier it i s ; the more it is expanded, the lighter. Cold and Hear, 
whatever they be, or however they act, produce thefe contrary E ffcds 
in the A i r ; T hat is. Cold doth compréis the A ir ,  and Meat expands i t :
Therefore Cold and Meat, in diflerent Parts o f  the A ir ,  will make it 
flow : For Cold making the A ir  heavy, and Heat making it light, the 
lighter mud, o f  courfe, give W a y  to the heavier-, as, in a Balance, a 
greater W eight makes a fmaller rile. W e  daily fee a Proof o f  this in a 
Stove.

I 'he  Sen and Land-breezes, and the T rade-W ind , owe their Original 
fo thefe Caufcs. T h e  Sea-breeze, when regular, begins at 9 in the í
Morning, approaches the Shoar gently, at f i r f l ; increafcs till 12 ; re
tains it’s full Strength till 3 •, then gradually decreafes till 5, when it dies 
away. A t  6 in the Evening the Land-breeze begins, and continues 
till 8 next M orning: T h e  Interval between thefe two Breezes, at M-orn- 
ing and Evening, are the hotteft Parts o f  the Day. It is faid, that thefé 
W inds vary in their Periods ; which not being to my Purpofe, I take no 
Notice of.

T h e  way o f  accounting for this VicifTitude o f  Sea and Land-wind, is 
thus: T h e  Sun, asitafcends, íhcds k ’s H eat equally on the Lund and 
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Sea ; but the Earth receives the Heat fooner than the Water, or elfe 
reflcfls it ilroDger. For one or both o f  thefe Reafons, the Air that 
hangs over the Land, is heated more than the Sea-air, it becomes there
by more rarefied and confequently lighter; and therefore the Sea-air 
with ii's fuperior Weight, flows in upon it every Way. The Intervals 
between are owing to the Air oí both Places being in an tqual Degree of 
Hear, and confcquently of equal Weight.

The Trade-wind never varies, which is thus accounted for: The Air 
juft under the Sun is the hottelt : The cold Air preiTeth upon the hot, as 
the hot Air follows the Sun ; and therefore it makes a perpetual Flow of 
Wind between the Tropics from to and from thence to

 ̂ the Indies,
y With regard to the Wind influencing the Weather; I find that though

Air be an unmixed Fluid, yet it is capable of receiving many Vapoury, 
which float in it, as wcfee other Bodies float in Water. Sometimes the 
Vapour afcends, and fomctimes it falls to the Ground, All which I take 
to be efitdled by Heat and Cold in this Manner: Heat feparates Water 
into fmall Particles, and the incorporated i^ir, rarefied by the fame Heat, 
blows up thofe Particles into Bubbles ; by which means the fwoIn*Va- 
pour becoming fpecifically lighter than a like Space of ambient Air, 
afcends, fwifc, at firft, (which affords a pleafant Sight in a warm Sum
mer’s Day) and then gradually flower, till it gets up to that Part of the 
Air which is of equal Lightnefs with itfclf; and there it remains, as 
long as the Air continues in the fame State : But whenever the Air cools, 
in which thefe watery Bladders float, the Cold contradis the Bladder, 
•which becoming thereby fpecifically heavier than the Air, down it falls 
in Dew, or Rain. A  common Alcmbic fufficientiy ihews the Operation 
of Heat and Cold on the afcending and defcending Vapour*

Thus in a calm Evening, when there is no Wind to waft the Air, 
as the Heat of the Sun declines, the Cold arrefl:s fome few of the lafl 
afcending Vapours, and, by it’s own Force, without any other Change 
in the State of the Air, compels them to return, in Dew, to the very 
Spot from whence they arofe *, whilil their Brethren efcape, who go out 
of the Reach of the Cold a little before the Approach of  Night.

Since therefore the fame Air, in diflxTent States of Heat and Cold; 
a Beds Vapour in this Manner, it thence follows, that Vapour, wafted 
from Air of one Temperament to another, muft be afl êíted in the fame 
Manner alfo: So that Vapour, carried from a colder to a warmtr Air, 

fj afcend ; and, on the contraryj Vapour carried from a warmer to a
colder Air, will defcend.

Now it Coki condenfes the Air, and thereby makes it prefs upon the
warmer; and if Vapour, carried by a Stream of Air from a colder to a
warmer Region, afcends; we have the Reafon why the N  E  blows, and 
why it blows dry.

Let us fix upon fome Spot in the Continent o f  North-Europe^ whence 
this Wind comesto us: Suppofe Archangel  ̂ which lies on our N E  

i  Point,
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T*be Caufes o f  a ^et and d r y  Sumiuer. ‘ 4^5
Point and is in N  Lat. W hen the Froft is intenfe, the incumbent 
A ir  there muft needs be very h eavy; that A ir  will prefs every W a y  : 

data forta^ ruit. L et  us confider which W a y  this condenfed A i r  
can burft out from thence : It cannot go  to the N ,  where the Cold is 
greater *, nor to the E, for the A ir  over the large Continent o f  Tartary 
is at lead o f  equal Coldnefs with itfcli. I make no doubt but they com 
plain at Archangel^ in their T urn, o f  Cold N  and N  E ,  and even E  
W inds, as much as we do here. T h e  great Continent to their S mufl: be 
fü cold as to make a (Irong Refiftancc: T o  the W ,  the A ir  might 
find a free PafTage over the Ocean, were not the Colds of North-America 
too near. T h e  main Outlet is between both, towards the Atlantic Occan :
T h e  warm A ir  over which being able, o f  itfcif, to make but a feeble 
Refiftancc, yields to the fuperior Force ; the Conqueror eagerly purfues 
his Vitilory, and we, happening to lie diredlly in the W a y ,  feel ilxcn a 
cold dry N  E  W ind : This is the W in d  that brings us Froil in the W in 
ter. W hen the W inter is fevere, it continues to blow all the Spring, 
and it’s Influence reaches to the End o f  the Summer.

This, I think, fufRciently proves, that A ir, flowing from a cold to a 
warmer Quarter, will blow d ry :  Bur, like a willing Witnefs, it proves 
too much for, i f  W ind proceeds only from cold A ir  prcfTing upon hot, 
and if Heat makes the Vapour afcend, it follows from thence, that W ind 
can never bring Rain •, whereas we find the contrary by fad Experience; 
the S W  W ind hath ruled thefe two Years, and ftill doth rule.

H ow  can this be accounted for, upon the Principles commonly re
ceived? That Vapour, wafted from a warmer to a  colder Region of A ir ,  
fhould precipitate, is what I have already fliewn. But theQ ueflion  is, 
which I have not as yetfcen anfwered, W h y  does the S W  blow ? W h ar 
is the Caufe why a Scream o f  A ir  ihould be carried, for fo long a T fm e , 
and with fo great Violence, as we have often felt, from a warmer t a a  
colder, from a rarer to a denfer, from a lighter to a heavier Quarter?"
T o  the N  E  o f  us lies the Continent of North-Europe^ great Part of- 
which is, in the W inter, deprived o f  the Sun’s Heat, and confcquently 
very cold ; on the other Side, to the S W ,  lies the vail Atlantic Ocean.
W e  find by Experience, that the Sea fliore is warmer than the Inland ; 
that the Sea is warmer than the Shore; and that the Occan is (till warmer 
than the Sea. Bcrfides, the more you go  from hence towards the S, the 
nearer you go to the Sun ; and the more the farther from i t : T h is  
muit make the S W  Ocean much warmer than the Continent, that lies 
atan equal DiiVance, on the oppofite Ppint: From this very warm Place, 
the W ind blows to a Place much colder; and yet there muft be a natural 
Caufe of all this apparent Contradiflion to the Laws o f  Nature : Whether.
\ve can find it out or nor, I ihall attempt it as well as I can.

It will be in vain to feek for the Caufe o f  thisW ind in this Ocean itfcif, 
or in the A ir  over it, influenced only by the Sun, and the Surface o f  the.
Sea. But there may ht^ornadosxn thofe Seas: O ur Seamen often meec. 
them between the Tropics, fddom , as 1 am told, in the Ocean I am
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now fpcaking of, which is to the N  o f  the Northefn Tropic. But were 
they more ircquent and violent than they really are, yet they are 
net Jafting, and therefore cannot produce a long fteady Coiirfe o f  S W  
Winds with U3.

jVIy Conjecflure is, that our S W  W ind is no other than an E ddy o f  
the Trade-wind, reñeóled from yíwír/VíZ tons. T h o u g h  we cannot fee. 
the Eddy of A ir, as we do that o f  Water •, yet we mud be otherwife 
very fcnfible, that it makes a ftrong Rccoil, when it meets with lofty 
Buildings, W oods, Hilis, T h e  more elaflic any Body is, it re- 
bounds with the more Agility •, and the Experiments that have frequent
ly been made, fufficicntly (liew the vaft Elaiticity o f  the Air. There 
can, I think, be no Difficulty in conceiving, that there may be an Eddy 
of W in d  fiom that Part o\ America which lies under the Equinoilial Line, 
even to us, provided there be a fufficient impelling Force, and due Rc- 
fiftance, and a proper Direition.

T h e  impelling Force is a ileady brifk Stream o f  Air flowing perpetually 
from Africa to America : T he Strength o f  this W in d  may be in fomc 
meafure judged of, from what Sailors obferve, and exprefs in their L a n 
guage, thus: It commonly blows agoodTop-fail  Gale, as we fail large; 
and if we were to fail on a W ind, our lower Sails would be enough. I 
am fenfible o f  what every M ap flicws us now, that the Trade-wind does 
not blow exadly from E  to W : But though tne Arrows are placed as if 
iliot obliquely towards the Equinoétial, or rather towards a L ine parallel 
to it, and diftant from it between 4 and i?. Degrees N  Lat. yet they are 
all pointed Weftward ; and that, 1 prefume, will ,be as much to the Pur- 
pofe I am upon, as if the whole Stream went due W .

In order to guefsat the Momentum of this repelling Force, we iliould 
confider the Breadth and Height o f  that Part o f  the Trade-wind, whicii 
1 foppofe to be turned this W ay.

W ith  Regard to the Breadth, I read in Campier, tliat they meet the 
Trade-wind at about 30° on this Side the Line ; as many Degrees on the 
other Side will make the W hole extend to 60° broad. Methinks I do 
r,ot want fuch a Breadth, nor indeed can I fairly expcd  it. For fo much 
o f  this W ind as blows to the S of the moft Eaftern Point o f  S America, 
which I think, is callcd Cape St Augujiin, ilibuld turn o ff  fouthward i
the reft, which blows to the N  o f  that Capc  ̂ I may lay Claim to. T his
Cape is in about 8° S Lat. fo that I may demand a Breadth o f  3 8 ° ;  but 
I will make an Abatement: For though the Trade-wind, to the N  o f  
the Line, be fometimes 30° broad, yet fometimes it is not above 24 '̂ ; 
which Variation depends, as I llippofe, on the Sun’s Place in the Zodiac: 
So that it is narroweft in the W inter, and wideft in the Summer. 
Taking it then at the narroweft, when the Sun is in the W’ inter Solftice, 
we fliall have a Breadth o f  32° : But I allow 2°, to make Amends for
the flack Wind, to the North o f  the Tropic o f  Cancer, and for the
Calms near the E quator; and infift on 30® only for the Breadth o f  that 
Trade-wind, which is to be reflefled back to us.-

H o w

721' Cauji's o f  a  i v e t  a n d  d r y  S u n w ie r .
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H o w  high foever that Column o f  A ir  be, which Is carried through 
this wide Space, no more o f i t  can aíFcft us, than what is repelled by the 
Hills it ilrikes againft, and by the cold A ir  which hangs over them.

I take thefe high Lands, and their incumbent A ir ,  to be a Rcfiñancc 
fufEcient to repel the Trade-wind : T h e  Land muft needs be fo to it’s 
H eigh t j and the A ir  over it, being many Degrees colder than the Trade- 
wind, will make a Refiilance in Proportion to it’s fuperior W eight.
H o w  high this Refiilance may be, I cannot pretend to determine ; I f  I 
require no more than 3 Miles from the Surface o f  the Sea to the T o p  o f  
the higheft Ridge o f  Hills, within the Tradt I am now fpeaking of, and 
to the cold A ir  above them, I think I make but a modell Demand.
Here, then, we have a Gale o f  Wind o f  the Breadth o f  30* ,̂ 3 Miles high, 
carried with a great Velocity from Africa  to Arncrica  ̂ a Momentum 
more than fuíTicient to drive the A ir  from America to us, if there be but 
a proper Direftion.

Were the whole Stream o f  tlie Trade-wind like a Mathematical Line, 
mere Length, without Breadth, and were this ftrait Line toftrike on a 
fmooth Surfiice o f  a given Inclination, we could know it’s Direftion 
exaflly. For it is a Rule in Geometry, that the A n gle  o f  Rcfleólion is 
equal to the A n g le  o f  Incidence. Suppofe, for Example, that the Line 
of Trade-wind blew juft S E ,  as it is laid tod o, S of the Equator ; that 
the Surfiice it ftruck againfl: ran exaftly from S to N ,  as the Hills o í Peru 
d o ;  and that the Point o f  Incidence were under the E q u a to r; in this- 
Cafe the Angle o f  Incidence will be half a R ight A ngle , or an Angle o f  
45^, and confequencly the A ngle  o f  Reflexion will be 45® ; N o w , as 
thefe Degrees, when the reflciled l.ine ftall have run 90" in Length,, 
will be equal to Degrees o f  a great Circle, and as we are about 90^'E  o f  
this fuppofed Place o f  Contadb, therefore this reflected Line will, in our 
Longitude, reach to 45^ o f  N  Lat. which is zhowt Bordeaux. I f  we fliould 
fuppofe the whole Breadth o f  the 'JVade-wind to confill o f  an infinite 
Number o f  parallel Lines, falling on a Surface o f  the fame Inclination, 
then the refleéled Lines will be all paraJlcl, and confcquently the Angles 
will be all equal; but they will reach wider, according to the Diflancc 
o f  one Point of Contaft from the o th er; fo^hat i f  that Line, which fell 
on the fuppofed Surface under the Equator, bi' reflected to-45® N  Lar. 
that which fell on the liime Surface to the N  o f  the Equator, fuppofe in 
23® S L>;it. will reach to 68^ N  Lat. which is to the N  o f  the Orcadcs  ̂ and 
almoft to the N  Cape o f  Norway, O r  i f  we fuppofethe Trade-wind to 
the N  o f  the Equator, to flow direitly N  1Í as ir is allb faid to do, and 
to fl:rike againfl: a Surface inclining from S E  to N  W ,  which is pretty 
near the Bearing o f  the IJlhmus that joins N  and S America \ in both thefe 
Cafes the Reflexion will be towards the N  E.

But there is no depending on this way o f  calculating : N o t that G o d  

docs not aél according to theexaflefl Rules o f  Geometry, in the Motion 
of the W inds, as well as in all other Parts of the Creation : But we do 
not know , at Icaft 1 am far from pretending to know, all the infinite

Variety
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V a r i e t y  o f  Reverberations that the W in d  mud have, from the uneven 
S u r f a c e s  it ftrikes againft, between Cape StA uguJlinm á  the Bottom o f  
the Gulph o f  Mexico, I make no doubt but that different Parts o f  
this Air are refledted a thoufand different W ays ; and yet that the whole 
nfterwards unite, or the far greater Part, and flow this W ay. I find 
myfelf under a Neceffity o f  Ihppofing what I cannot demonftrate M a 
thematically, fince le a n  affign no ocher Caufe why the S W  W in d
blows fo long with us.

But there are fome other Fails  which ftrongly fupport my Hypothefis ; 
^iz. Currents o f  the Sea, and the W in d  in the Atlantic Ocean, to tl^ 
N  of the Trade-wind,

W ith  Regard to the Currents, Dampier tells uŝ , it is generally obferv- 
ed by Seamen, that, in all Places where the Trade-wind blows, the 
Current moves the fame W ay with the W in d  ; and that though it be 
perccived moft near the Shore, yet it makes no fenfible Rifing in the 
Water, as the Tides do. H e fays, there is always a ftrong Current 
fctting from Cape St Augtiftin Weflward, occafioned, as he remarks, by 
the S E  Trade-wind driving the Surface flanting on the Coaft o f  B rqfil; 
which, being there flopped by the Land, bends it’s Courfe Northerly, 
towards C ipc St Aaguftin \ and, after it has doubled that Promontory, 
it falls away towards the PFeJl-Indies  ̂ down along the Coaft W eflw ard, 
till it comes to Cape Gratia dc Dies ; from thence N  W  towards Cape 
Catoch in Jucatan^ thence to the Northward between Jucatan and Cuba, 
H e  fays, that in the Chanel, between Jucatan and Cuha  ̂ he has found 
the Currents extraordinary ftrong •, that it is probable, that the Current 
which fets to Leewaid, on all the Coaft from Cape St Auguftin to Cape 
Catoch  ̂ never enters the Bay o f  Mexico^ but bends ftill to the Northward, 
till it is checked by the Florida Shore *, and then wheels about to the E ,  
till it comes near the Gulph’s Mouth, and pafles with great Strength 
through the Gulph o f  Florida^ which is the moft remarkable Gulph in 
the W orld  for it’s Currents, becaufe it always fets very ftrong to the N .

Thus far this P i lo t : And, if too great a Fondnefs for my own C o n 
je tu re  does not prejudice me very much, I may venture to fay, that 
thefe Obfervations ftrongly confirm it. H e  rakes notice o f  the firft 
Current which the Trade-wind makes near the Shore at Cape St Augujlin^ 
where it is ftrong; thence he traces it from one Cape to another, as it 
winds about by different Direitions, yet ftill gathering Strength at every 
Turning: It is extraordinary ftrong between Jucatan and Cuba  ̂ but 
ftrongeft at the End o f  it’s Courfe in the Gulph o í  Florida, T h is  A c -  
quifition o f  Strength upon a new Direilion, is contrary to the Law s o f  
M o tio n ; therefore it muft be owing to a frefti Supply, which the reft 
o f  the Current, caufed by the Trade-wind, gives it, till at length the 
whole Power, joined together, ruihes out into the Atlantic Ocean,

Let us then fuppofe the W in d , which drives this W ater before it, to 
follow it much in the fame Courfe; and that, inftead of ftriking againft 
«ne plain Surface, with fuch an Inclination as would direft it to us, it
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ftrikes againft a Million, yct ílill bending chis W a y :  L e t  this natural 
Suppoficion be admitted, and wc have the very T h in g  fought for, v iz . a 
proper Direftion.

I ’he ocher F a i l  is this: T h a t when our Ships return from the 
Indies chrough theGulph o f  Floriday and are got into the wide Ocean, 
they have a regular W ind at S W ,  or near that Point, which fometimes 
accends chem to their very Port. T h is  W ind cannot have it’s Rife in 
that Ocean, nor can ic come from any Concinenc thac lies to the Norch, 
or even W eft o f  i t ;  therefore I conclude, that it muft be an E d d y of 
the Trade-vyind.

liut to all this it may be objcited, that the Sea current fcts out o f  the 
Guiph o f  Florida towards the N  ; whereas, I fay, the W in d  comes 
towards the N  E. Sailors, it feems, take no farther Notice o f  thefe 
Currents, than while they are near Head-lands, where they are ftrongeft, 
and afFe(5t their Navigation moft. But chere feems co me co be a N e- 
ceifityof the Continuance o f  this Current much farther than theGulph o f  
Florida^ and o f  it’s taking new Direólions from the N  towards the N E ,  
and thence even towards the S, before it be quite fpent. For it muft be 
a vaft Quantity o f  Water chat isdriven by the whole Breadth o f  the Trade- 
wind. irom Ajrica  to the Shores o f ; the far greater Part o f  
which, as Dnmpier fuppofes, doth flow by the Promoncory o f  Cape 
St Augt4jlin Weftward. This great Flux o f  Water has found a PaiTage 
out towards the N ,  between Florida and Cuba *, which is the Reafon, 
that, notwithftanding the Current fets Weftward, the St*a in 
Indies never rifes. Here we fee, that the Middle Ocean is at a great and 
conftant Expence o f  Water-, it muft therefore want a Supply, and no 
Supply fo natural, as for it to have it’s own W ater again \ which, after 
it hath paifcd the Gulph o f  Florida^ meets with one Check ftill after 
another, till it returns to the Place from whence it came.

For the fame Reafon we may fuppofe, that chough the Eddy of the 
Trade-wind ihould be rcflt^ftcd due North, from the Land it firft 
llrikes againft; or even though it ihould undergo as many Turnings as 
the Surface o f  the Sea it drives before i t ; yet it may take a new Direc
tion in the Ocean, caufed by the W inds that blow from the Continent 
o f  North America,

Another Objeftion may be made againft the S W  W ind being an 
Eddy o f  the Trade-wind, from what I myfelf have advanced, v iz . that 
Cold is the Caufe o f  W ind : T h a t the Atlantic Ocean is too warm to 
produce this W in d  ; and yet that it comes from the Trade-wind, which 
blows between the Tropics, a Place much w arm er; Sg> that, according 
to this, here is a very warm W in d  making it’s W a y  againft the Cold o f  
the North.

T h a t W in d  will blow from a warmer to a colder Quarter, is con
firmed not only from the S W  raging with us in Winter, which muft 
be confefled to come from a much warmer Climate, whatever Caufe ic 
be owing to ; but from the almoft daily Obfervation o f  thofe who live 

; V O L ,  V m .  Part iL T t  t in
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in the Country, and will look a little about them. W h o e v e r  is within 
the Sight of Hills, and there are fev/ Places where there are not fome in 
View, will find, i f  he takes the leaft Notice, that it rains in the Hills 
before it rains in the Vales : W h at can be the Caufe o f  this Rain ? N o 
thing, doubtlefs, but a W ind blowing from the Vales towards the H ills;  
that is, from a warmer to a colder Region, where the V apour, which is 
brought thither, falls. Suppofe the A ir  over the Hills be cold in 20°, 
and the A ir  over the Vales but in 10°, 10 cannot outweigh 2 0 ;  but, if  
it gets an additional Force o f  30, it will then be double the Strength o f  
20 j and, confequently, blow from a warmer to a colder Quarter.

T h e  Momentum o f  every T h in g  that moves, is made up of two Powers, 
W eigh t and Velocity, multiplyed by one another. T his  is fully iliewn 
in the Butcher’s Stiliard, which, with a W eigh t o f  5 Pound, will weigh 
100 Pound, by placing the 5 Pound W eight 20 times farther from the 
Centre, than the T h in g  to be weighed is placed: For .5 Pound the 
W eigh t multiplied by 20, the Velocity is equal to 100 Pound. Sup- 
pofing then that the Cold to the N  E  o f  us be 100, and the Cold which 
drives the Trade-wind, only 5 ; that is, that the Cold o f  the one Place 
be 20 times greater than the Cold o f  the other: But fuppofing the A ir  5® 
cold, to move 20 times fafter than that which is 100''; upon this Snp- 
pofition the Momentum will be equal: And fince they move in direft O p- 
pofition to one another, they will meet exadly half way, which I take 
to be fometimes near the Cafe. But i f  the Northern Power fliould lofe í  
it’s W eight, i. e. be milder, by one W inter than it is another, the 
other Power ftill continuing the fame, then the S W  will blow one H a lf  
farther.

I am aware o f  but one Objeñion more, which is, that in the Gulph 
o f  Florida, through which I fuppofe the Trade-wind to flov/ towards 
us, there are variable Winds, which muft interrupt this Stream, i f  
there be any ; fince the fame A ir  cannot flow different W ays  at the fame 
time.

It is no new thing to have variable W inds near the Land, even in the
midit o f  the W a y  o f  the Trade-wind. T h e  Wcfterly W inds, which,
as Dampier iliys, blow on the Coaft, between Cape Gratia de Dios, and
Cape Vela, area  Proof o f  it. T h e  common Trade-wind on this
Coaft is between N  E  and E  ; but from O a. till March, and chiefly in
Dec. and Jan. the Winds blow W  •, and yet when they are longeft and
itrongeft on the Coaft, theEafterly Trade-wind blows o ff  at Sea, as at
other times. Near Cape La Vela, the true Trade blows within 8 or 10
Leagues off the Shore, when the Wefterly W inds blow on the Coaffc.
This (hews that thefe Land-winds reach but a little W a y ,  and therefore
can have but a fmall, i f  any, Influence on the main Stream o f the Trade- 
Tvind.

In fmaller Navigations here in Europe, they find the W in d  out at Sea 
tiifierent from what it is near the Shore, and efpecially nearHead-lands. 
where it generally blows hardeft, and which helped to make the N a v i

gat ioa
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gation o f  the AncientSj in the Medtlerrancan^ fo tedious and dangerous,
Thefe variable Coaft-winds may be owing to great Snov;s, or Rains that 
fall upon H igh  lands, when there is none, orJittlc, at Sea, or to fume 
Storms o f  Thunder that burft over them, or to their natura! Coldncfs, 
or even to the RepercuiTion o f  the A ir.  I take the variable Winds they 
meet on the Coaft o f  Florida^ to be owing to the like Caufcs, which have 
their Influence but a little Way.

But it may be faid, that thefe variable W inds on the Coaft- o f  Florida 
are found fo near the Trade-wind, that there is no Room between them 
for the Eddy o f  the Trade-wind, I am fpeaking of, to pafs out. It may 
be F aft,  for ought I know : I will fuppofe it to be Faft. But I defire 
the Objeitor to confider, that, when he is failing, he is on the T o p  o f  
the W ater, and at the Bottom of the A ir  *, he perceives the Current o f  
W ater run very faft at T o p ,  but does not know how it runs at the Bot
tom. It is very certain, that there are Under-currents in W a ter;  In 
Rivers that ebb and flow, it is pcrceived every T id e  ; for the Current 
will run up after it hath begun to ebb. By Experiments that have been 
made, itappears, that in fome Places, where the Current on the Surface 
is very ftrong, the Undercurrent, running quite the contrary W a y ,  
iliall be much ftronger, and carry away a Boat againft the Force of the 
upper Current.

A n d  why may there not be contrary Currents in the A ir  ? A n Element 
much more fubtile than Water, and therefore capable o f  being put into 
a greater Variety o f  Motions. T h e  Sailor concerns himfelf no farther 
with the W ind , than as it fills his Sails, the H eight o f  which can bear 
but afmall Proportion with that Column of A ir  I am now fpeaking of.
T h e  Land-breezes about Idands, in the Torrid Zone, jhew different 
Currents in the A ir. For, in the N ight, the W in d  ihall blow from 
the Centre o f  the Ifland, every W a y ,  into the Sea, and even in direit 
Oppofition to the Trade-wind, and yet give no Interruption to the Pro- 
grefs of it, except juil in that little Spot, and for afm all Height too; 
which is evident from hence, beciufe in failing to the Weflward of Bar- 
badoes  ̂ fuppofe, or Jamaica^ without the Reach o f  the I.and-breeze* 
you feel no Interruption in the Strengtli o f  the Trade-wind, by N igh t 
as well as by D ay.

I, who am one of no great Obfervatlon, have frequently feen diffe
rent Currents in the A ir ,  at the fame T im e , and in the fame Quarter, 
under one another. For Exam ple: W h e n  the under Current has been
E ,  the upper Current has been S W ,  and the middle S E. I fliall appear 
ridiculous, if I iliy I fee the W in d  ; the Vulgar think, that Swine only 
are endowed with that Quicknefs o f  Sight.- I do not fay, that I can fee 
the W i n d ;  but I liave often feen Clouds, Weather-cocks, Sm oke, and 
fuch-like Things, that are either carried or turned by the W in d .  Smoke 
and Vanes are fo near, that they can hardly caufe any Deception •, fome 
Clouds may, unlefs properly obferved : For when there are two T ire  o f  
Clouds, both carricd the fame W a y ,  and with the fame Velocity , the
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upper Tire ílialJ appear to move directly contrary to the low er; which 
Deception is owing to the different Angles that Objedts o f  the fame M ag
nitude, at different Diftances, make on the Retina.

The way to obferve the Motion o f  the Clouds, is by looking at then̂ i 
and a fixed Objeét at the fame time, as the Sun and Stars, fomctimes: 
The bed fuperior fixed Objeft is the Moon in her Quarters, which may 
be then feen by Day light, without offending the h ye. T h e  fixed O b- 
jefts below the Clouds are, a Ridge o f  Hills, lofty Buildings, or, for 
want of them, a Tree. By obfcrving a Cloud with any fixed Objeól, 
you will not only fee on what Point o f  the Compafs the Clouds pafs •, 
but you will fee alfo the Motion o f  the upper and under Current: By this 
means you will find, as the Cafe happens, either both Currents going the 
fame W a y , though with different apparent Velocity ; or the upper Cur
rent going one W a y , and the lower another, and perhaps you will ffc 
the Smoke going a Third. This fufficiently fliews, that there are diffe
rent Currents in the Air.

From ail my little Obfcrvation I find, that the upper Current gene
rally prevails. For though the under Currents from, fuppofe, the E ,  
or even N  E, be briik at firft, and tlie briflcer they are at firft, the 
longer they continue; yet they die av/ay by degrees, as their Scrength 
fpcnds it fc lf ; the A ir  becomes near calm, and then the S W ,  which 
before blowed aloft, defcends to the Earth, and commands the whole 
Sky.

T hat the Diforders o f  the lower A ir  do not affeib the Stream above,
appears alfo from the Trade-wind paffing over the very Continent, from
the E  to the W  Side o f  America, I make no doubt but the high Hills
o f  Peru caufe a greater Variety of W inds and Weather, than we have
here. Their Wcftern Sea iliews, that the lower Part of the Trade-wind
meets with great übílruftions in paífing over the Continent. For, as

obferves, you do not meet with the true Trade-wind, till you
are got 150 or 200 Leagues from Shore ; and then it blows in it’s ufual
manner. I f  all the Diilurbance that the high Hills o f  faid to be
the Higheil in the World, give to the Trade-wind blowing over them,
cannot intercept the upper Stream, which, after furmounting all thofe
Heights, and the Diforder that their Cold occafions, iloops down again,
till it comes to touch once more the Suriace o f  the Ocean 5 we may
cafily fuppofe, that that Partof the Trade-wind, which is refledted from
thcfe Hills towards the N E ,  maydifengage themfclves, in like manner,
from all inferior Obftruftions, and fly overall the little low Diforders o f  
the Floridan Coaih

Upon t!ie W hole, then, though I cannot pretend to find out tha 
A r^ le  of Incidence, yet I muft conclude, that the Trade-wind is re- 
Heded in fuch a manner as to caufe our S W  W ind.

And I conceive, that this new Direétion is fo far from checking it’s 
Lurrent, that it the rather increafes it. F or a great Part o f  the cold A ir ,  
t lathangs overihcContinent it ftrikes agai^ift, having do otherVent, flics

off
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off with the Eddy, and thereby makes more than Amends for the Scop 
it gave.

From America to the W e ft  o f  England this W ind glides over the 
Ocean, a plain Field, that gives no Oppofition, and which, with it’s 
natural W arm th, encourages the W aft, by making the Air over it more 
ready to yield to the impelled Force,

Having thus opened a Paíllige for the Trade-wind to flow even to us, 
with a back Stream, i f  my Conjeñure hath opened i t ; what I have faici 
may fcrve as a Hint to thofe who have better Materials, and can make 
a better Ufe o f  them : But, admitting that my Conjcflure is righr, we 
have the Caufe why the S W  W ind blows with us j and then there can 
be no great Difficulty in finding out the Reafon why it brings fo much 
Rain.

For this W in d  blowing over a warm Ocean, which fends up many 
Vapours, by the time it rcaches us, comes charged with an infinite Swarm 
o f  watery Bladders, which the Cold o f  this Climate condenfcs, and then 
down they fall in Showers o f  Rain,

From hence it appears, that the two great Rulers o f  the Weather with 
us are the N  E  and S W  Winds. L ik e  two neighbouring potent M o- 
narchs, they are engaged in eternal W a r s : Sometimes the one puflieshis 
Conqueft with great Rapidity *, and fometimes the vanquiihed Power not 
only recovers it’s loft Doniinions, but carries on the W ar into his Enemy's 
Territories with great Succefs. As we happen to lie near their Frontiers, 
wefet'l, by turns, the difil-rent Effcils of their fierce Contention : Some 
Years we have a Run o f  N  E  W inds, frofty Winters, and dry Summers i 
andfome Years the Reverie o f  all this.

But if  I have hit upon the true Caufes o f  thefe W inds, yet the Queftion 
will be, On which Side lies the Redundancy, or Failure, that makes all 
this irregular Variation ? For, between two Antagonifts, the Advantage 
will be the fame to the Conqueror, whether his Superiority be owing to 
his own Strength, or the Weakncfs o f  his Adverfary, I would be glad 
to find this out, but I doubt that all my little Search will not be able to 
do it, I will proceed as far as I can,

L.et us fuppofe, in the firft Place, the N  to be entirely pníTive, and 
that all the Variation o f  Cold and Heat is owing wholly to a Dvrfcft, or 
Excefs, in the S W  W ind : So that, when the S W  blows, it fhall be 
always warm •, and, when it ceafcs to blow, it ftiall be ever cold. I f  
this be F'a£t, then it will follow, that whilft the S W  blows with the 
fame fteady Gale, the Weather ihall be o f  the fame Degree o f  H e a t :
But we find it otherwife for the Nights, in a mild Winter, are colder 
than the Days, the fame S W  ftil! blowing *, therefore Cold, with uŝ  
is not wholly owing to a Slacknefs of the S W  Winds.

Let us now fuppofe the Privation o f  the Sun’s Heat to be the only 
Caufe o f  Cold : TheConfequence will be, that all Places equally diftant 
from the Sun, will be equally cold. But it is well known, that, in the 
fame N  Lúit. in Ejirapey CcJd is greater on the Continent than in
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Iil.uvJs : Tlicrefore Privation o f  the Sun’s Heat is not the only Caufe of 
Coltl. T h e  Sun’s Abfence, like other negative Caufcs, can amount .only 
to the Removal o f  an Obftruftion which hindered the efficient Caufe of 
Cold, wliatever it be, from afting.

Sinccthe larger the T r a t l  o f  Earth, the greater the Cold, the efiicient 
Caufe of Cold feems to be in the Earth •, and yet, when we defcend a 
little W ay under-ground, not only in Mines, but in fome Cellars, we 
find an even Temperament: W e  muft therefore confine this efficient 
Caufe o f  Cold to the Earth’s Surface.

But i f  the Earth’s Surface be the foie efficient Caufe o f  Cold, fince the 
Surface o f  the Earth ftill continues the fame, the Cold fliould be the 
fame on that Surface every Winter whereas we find itotherwife. W e 
muft, therefore, feek for fome concurrent Caufe, between whom and 
tlie Earth’s Surface this Cold is generated ; and that, I think, can be no 
other than what is carried on the Wrings o f  the W ind.

Dampier obferves, that, after a tornado at Land in Jamaica, the 
Land-wind will begin by 4 or 3 in the Afternoon. T h e  Materials of 
this 'Tornado muft be carried thither by the W ind ; where the Tornado 
burfts, it cools the A ir  which makes the Land-breeze begin fome 
Hours fooner than it’s ufual Courfe.

That the S W  W ind, warm as it is, carries with it the Seeds o f  Cold, 
is evident from thofe violent Storms of Thunder, attended with great 
Rains, and large Hailftones, feveral o f  which happened this laft Sum
mer.

T h e  8th o f  laft Sept. was a cold Winter’s D ay at the Place where I 
dwell. In the Morning, when I awoke, I perceived a great Dew on 
the Infide o f  the Gl?fs o f  my Chamber-window ; W hen I went out, I 
obferved the W ind to be N  E ,  ftrong, black Clouds, and little Rain 
early, reft dry. 9th in the Morning, the Wind was N  E ,  brifk, dry. 
I began to think, that the Winter was going to fet in very fevere ; but I 
was in a little time undeceived. T h e  Afternoon o f  the 9th was overcaft. 
O n the loth, I faw Colts-tails, as the Sailors call them : I take them to 
be Virgil's Tenuia lance vellera: Marks o f  Rain, that feldom deceive thofe 
who are ufcd to obferve them. On the i ith, the W in d  returned again 
to it’s old Point o f  S W ,  with Rain. Some time after, I did read in 
the News-papers, that on the 7th a violent Storm fell about Worcejler  ̂
which is diftant from hence about 2 Degrees, and bears, nearly, on the 
N  E  Point, Then I found out the Caufe o f  that little Winter.

I could mention more Fadls o f  this Kind, but thefe, I believe, are 
enough to fatisfy us, that the Seeds o f  Cold are carried on the W ings of 
the Wind. It will be needlefs to take notice, that the W ind carries the 
Cold back again : Every one who feels his Hands tingle in a frofty 
Morning, and looks at the Weather-cock, muft be fenfible o f  it.

Since, therefore, a large Surface o f  Earth to the N  o f  us, affifted only 
V'ith a Privation o f  the Sun’s Heat, cannot produce Cold to fo great a 
Degree, as to aSeft the Weather with us; and fince it appears, that that
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which is to helpthefe two Caufcs to produce fuch a Cold, is brought by 
the W inds, and carried off  again ; I muft conclude, that there are fri- 
gorific Particles floating in the A ir ,  whether they be Nitre, or by what
ever Name the Chymifts will call them ; that they are always aéling, 
unlefs obftru6led by other Caufes; and that, when they find a proper 
Recipient, and ail Obftruftions be removed, they adl with Vigour.

W h en  I fpeak o f  the Seeds o f  Cold, I do not mean, that Cold aits 
as a Vegetative: Though whoever confiders the Order that Froft ob- 
ferves in building it’s Ice upon the Water, will be apt to think, that i f  

it be not the Effedt o f  Vegetation, it is Ibmething that refembles it very 
near.

It firil ihoots out a fmall flrait T w i g  •, then, from the fame Centre, 
one on each Side*, from thefe main Beams dart out fmaller Sprigs on 
each Side, to form the Contignation \ then thefe Rafters fending forth 
their Sprays, the whole Floor is laid, weak at firfl:; but as they gather 
Strength, they make a Plancher, ftrong enough, fometimes, to bear 
the W eigh t o f  whole Armies paflingover ih^Bahic,

I do not expeft, that the Ladies will cxpofe themfclvesfo much to the 
Cold, as to fee all this: But if they plcafe to give themfelves only the 
Trouble to look on their Chamber-windows in a Frofl:y Morning, i f  
they rife foon enough, they will fee there fuch Embroidery made by 
Ice, as their own Fingers, were they ufed to work, and the fineft 
Needles, could not equal.

A l l  this, I fay, would tempt one to imagine, that there is fomething 
vegetative in what I call the Seeds o f  Froil-. But that is not what I aoi 
about at prefent. A ll  I contend for now is, that that which co-operates 
with the Earth^s Surface, to produce Cold, which way foever it produces 
it, is carried to and fro by the Air.

Inftead o f  their a ilin g  like Seeds, let us fuppofe them to aft  like in
animate Bodies : T h a t  each Particle adls with a determined Force ; and 
that, confequently, the more o f  them aft together, the greater their 
Efleft.  Upon this Suppofition we can eafily account for the different 
Temperament o f  the A ir  in the fame Seafons. i 'o r  a Continuance o f  
N  E  W inds for fome Years will carry off many o f  thefe Seeds, or Grains 
o f  Cold ; and an equal Continuance o f  S W  W inds will bring them back 
again; and thefe Periods will be longer or iliorter, according to the 
Strength or Weaknefs o f  the Blaft.

A n d  thus, at length, I have fatisfied myfcif, till I can find out a better 
Reafon, why a cold froity W inter produces a dry Summer ; and a mild 
W inter a wet Summer. For thefe Seeds o f  Cold being the chief Cauie 
o f  Froft, and their Strength l>eing in Proportion to their Number, when 
the W inter is fevere, there is fo vaft a Quantity o f  thefe frigorific P ar
ticles \Vi North-Europe^ that their Strength will not foon be exhaufted j 
and, confequently, that the N E  W in d s will blow long, aiid make the 
Summers dry.

Bur,
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^^5 ñ c  Catifes of a m t  artd dry Summer,

But, on the contrary, when the W inter is mi!d, there are but a few 
o f  thofe Particles in Norths Europe  ̂ not enough to cool the A ir  there to 
fuch a W eight, as to enable it to hinder the S W  from reaching us, even 
in Winter*, and therefore, when once the Sun’s Heat comes to deilroy 
thofc few, the Soiuh-wefl:, which is always afting with equal Force, pre
vails, and brings Rain in SumnrKr.

I make no doubt, but that a Courfe o f  Obfervations, kept for fome 
Years, in feveral Places, would reduce the Knowledge o f  thefe ViciiTi- 
tudes of W ind and Weather to fome Certainty.

I have taken notice only o f  two W inds, the North-eaíland South-weft, 
as the Producers o f  a long Run o f  dry or wet W eather: But if I have 
hit upon the trueCaufes of thofe Winds, the fmaller Variations may be 
eafily accounted for. I ihall mention a few,

NVxt to thofe T w o ,  the N  W  W ind blows longeft here, and with the 
greateft Force, but with various EfFefts. Sometimes it confpires with 
the South-weft, to blow a mere Storm, with hard Rain ; and Ibmetimes 
it takes part with the North eaft, blows dry, and freezes. W e  are, in 
a great meafure, beholding to this W in d , for the little dry Weather we 
have in a mild Winter.

I take this W ind to proceed from the Continent o f  North-America^ 
■where the Cold muft needs be very intenfe, that can drive the A ir  from 
thence hither, with fuch itrongGufts. It is well known, that Places of 
the fame N  Lat. are much colder in America than in Europe, U pon Sup- 
pofition that the N  W  Wind blows from N  America^ I can, methinks, 
eafily account for all théfe contrary Eftefts produced by the fame Wind.

Though it blows from a cold to a warmer Quarter, yet it brings Rain 
at firit, for this Rcafon, becaufe the A i r  over the Ocean about us is 
warmer than that over us. W hen the N  W  begins to blow, it muft 
drive the A ir  before it j and then the Vapour that floated in warm Air 
will fall down with us. Even the N  E, the drieft and coldeft Wind 
we have, will bring Rain, and for many Hours, when it fcts in after a 
South-weft.

Hence alfo it is that the S E  and S Winds bring much Rain, and for 
many Hours together. I take t h e S E t o  come from th t Alps^ and the 
South from the Pyrenees,

I ihall, at prefent, run no farther into Particulars ; my Defign 
being only to inquire into the Caufes of a long Continuance o f  dry 
or wet Weather. It would be endlefs to enter into all the Predic
tions o f  Weather, that may be colleifled from Books, and private 
Obfervations : M oft  o f  them pretend to foretel the W eather no "far
ther than a few Days. I f  thofe Predi¿lions and my Hypothefis be 
founded on Nature, they will all admit o f  the fame, or of a confiftcnt 
Explanation.

N . F. Dec, 3 1 , 1 7 3 5 ,

X I X .  T h e
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Storm, and violent Hurncane.

X I X .  T h e  Place from which I write, and where I reficle, !s 14 Miles 
South o f  Durham, L.at. 54̂  ̂ 46^ 'I'he Evening before the 8th, my 
Barometer ñood at 29 Inches, but had been gradually falling for two 
Days. T h e  W in d  was then S W  high in the fecond D egree; which 
increafcd towards Midnight a Degree more. M o il  o f  the Day was at
tended with Snow or Sleet.

T h e  8th in the M orning I found m y G k f s  fallen to 28 Inches, 98 
Parts, and at 4  p. down to ?.8 Inches, 5 Parts, and by 10/>. rifen 
again to 28 Inches 45 Parts, A l l  this while the W ind with us was in 
the N  E ,  with only a /moderate Gale, tho’ attended all Day with Snow, 
which at N ight was 2 i  Inchcs deep ; and about 8 it began to freeze. 
A s  the W in d  in the South Parts was all that while in thcoppofite Quar
ter, I iliould have expected an Accumulation o f  the A ir ,  and, as a Con- 
fequence, the rifing o f  the Barometer at the time o f  it’s falling the lowclt. 
H ad the Storm been the Night before, when our W in d  was in ilie fame 
Direition, and had afterwards fallen, I fliould then have imputed the 
F i l l  to the quick Retum o f  the Current o f  A ir  to reftore the iliquili- 
brium: But as it is, the fmall Progrefs I have made in Natural Philofophy  ̂
leaves me in Ignorance.

P. 5 . A s  we have been fortunate in efcaping the lafl: Storm, we have 
been no lefs fo in Regard to the melancholy EfFeds which the great 
Rains have produced in the more Southerly Parts; for tho* we had more 
than ufual with us the lail Month (for I find by my Regiftcr that 13 ife 
8/;P'\ fell through my Funnel, whofe Area is juft 100 Inches, \nDec. 
lait) yet the almofl: conftanc intermitting Frofts we had, kept it from 
going off in any confulerable Quantity at a time.

Inches.
Barometer, greateft Altitude —  —  30 : 10

leaft ditto —  —  --------  29 . 13

X X .  Ycilerday was the moil violent Hurricane o f  W ind in thefe
Parts, that ever was known fince the Memory o f  Man. Cambridge was 
pot in the midil o f  the Hurricane^ fo that it has efcaped very well. I 
happt-ned to be paying a Vifit to D r Knight^ at Bliintpam in Huntington^ 

pjire^ about 10 Miles N  W  o f  Cambridge, W e  were in the midíl o f  the 
H urricane; but, by getting into the ftrongeil Part of the H oufe, we 
tfcapcd without any great Danger. T h e  M orning, till half an Hour 
after n ,  was (till, with very hard Showers o f  R a in ; A t  half an Hour 
after j i it began to clear up in the S, with a briilc A ir ,  fo tjiat we e x 
p e l e d  a fine Afternoon : T h e  S W  cleared up too, and the Sun iliining
warm drew us out into the Garden. W e  had not been out above I0^ 
before we faw the Storm coming from the S W  : It feemed not to be 30 
Yards high from the Ground, bringing along with it a M ift ,  which 
rolled along with fuch incredible Swiftnefs, that as near as we could guefs, 
it ran a M ile and an half in half a M in u te :  It began exaillv at o’ c lo ck
, V O L .  V l i r .  P a r t  ii.  U u u  and
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J  violent Hurricane in Huntingíoníliire.

and larted about l3 ^  eight Minutes in full Violence : It prefently untiled 
the 5Houfe we were in, and fome o f  the Tiles, falling down to W in d 
ward, were blown in at the Saíhes, and againil the VVainfcot on the 
ocher Side of the Room ■, the broken Glafs was blown all the Room over, 
the Chimnies all efcaped •, but the Statues, which were on the T o p  o f  
the Houfc, and the Baluftrades from one End to the ocher, were all 
blown down. T h e  Stabling was all blown down, except two little Stalls. 
A ll  the Barns in the Parirti, except thofe that w'ere full of Corn quite up 
to the T o p ,  were blown flat upon the Ground, to the N um ber o f  about 
60. T h e  Dwelling-houfes efcaped to a Miracle ; there were not above 
a Dozen blown down out of near 100, T h e  Alehoufe was levelled with 
the Ground •, but by good Luck not a Soul in it. I f  the Storm had 
lafted ¿ 'lon ger, almoft every Houfe in theT ow n muft have been down *, 
for they were all, in a manner, rocked quite off irom their Underpinnings. 
T h e  People all left their Houfes, and carried their Children out to the 
Windward Side, and laid them down upon the Ground, and laid them- 
fclves down by them ; and by that means all efcaped, but one poor 
Miller, who v/ent into his M ill to fecure it againft the Storm, and was 
blown over, and cruihed to Death betwixt the Stones and one o f  the 
large Beams : I faw him taken out. A l l  the Mills in the Country are 
blown down : I do not hear o f  any more bodily M ifc h ie f ; only one 
Miller at Willingham^ fo much bruifed, that they hardly expedí his 
Life. Hay-ftacks and Corn-ftacks are fome quite blown away, fome 
into the next Corner o f  the Field. T h e  Pigeons, that were catched in 
it, were blown down upon the Ground, and daihed to Pieces 9 one o f  
■which I found, myfclf, above half a Mile from either Houfe or Hedge. 
Wherever it met with any boarded Houfes, it feemed to exert more 
than ordinary Violence upon them, and fcattered the W recks o f  them 
for above a quarter o f  a Mile to the N  E ,  in a Line : I followed one o f  
thefe W recks myftlf; and, about 150 Yards from the Building, I found 
3r Piece of a Rafter, about Feet long, and about 6 Inches by 4 , ftuck 
upright 2 Feet deep in the Ground ; and at the Diftance o f  400 Paces 
o f  my Horfe, from the fame Building, was an Inch Board, 9 Inches 
broad, 14 Feet long : I am convinced, that thefe Boards were carried up 
into the A i r ;  for I faw fome, that were carried over a Pond above 30 
Y a rd s ;  and I faw a R o w  o f  Pales, as much as two M en could lift, 
carried 2 Rods from their Places, and fet upright againft an Apple-tree. 
Pales, in general, were all blown down, fome Pofts broke off  ihortby 
the Ground, others torn up by the Stumps. T h e  whole A ir  was full o f  
Straw: Gravel-ftones, as bigas the T o p  o f  my little Finger, v/erc blown 
off the Ground in at the W in d o w s ; and the very Grafs was blown quire 
flat upon the Ground, After the Storm was over, w e went out into 
the T ow n, and fuch amiferable Sight I never faw : T h e  H avock I have 
defcribed ; the W om en and Children crying, the Farmers alldejeited ; 
fome blefllngGoD  for the Narrownefs o f  their Efcape, others wonder
ing how fo much.Mifchief could be done with one Blaft o f  W in d , which

hardly
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hardly lafted long enough for People to get out o f  their Houfcs. I talked 
to two People, that were out in it all the T im e , who faid, that they 
heard it coming about half a Minute before they faw it \ and that it made 
a Noifefomething refembling Thunder, more continued, and continually 
incrcafing. I faw a Man in the Afternoon, who came from Stives^  
who fays, the Spire o f  the Steeple, which is one o f  the fineil in England^ 
is blown down, as is the Spire o f  Hemmingford^ the T ow ns having rc  ̂
ceived as much Damage as Bluntfiam, There was neither Thunder nor 
L igh tn in g  with it, as there was at Cambridge^ where itlafted above half 
an Hour, and confequently was not fo violent. Some few Booths in 
Sturbridge-Fair were blown down. T h e  Courfe o f  the Storm was from 
Huntington to St Ives^ Erith^ between IVifoich and Downham to Lynn  ̂
and fo on to Suetpmm : W e  have heard nothing o f  it farther to the S W  
than Huntington^ nor farther N  E  than Dozvnham, ^^ery few Trees 
cfcaped: T h e  Barns that ftood the Storm, had all their Roofs more 
damaged to the Leeward Side than to the Windward. W e  are in great 
Hopes the Storm was not general j I am apt to think it was much fuch a 
Storm as ran through SuJJex about 10 Years ago. T h e  Storm was fuc- 
ceeded by a profound Calm, which lafted about an H o u r;  after which 
the W ind continued pretty high, til! 10 o’Clock at Night.

X X I .  A bout a Quarter before one in the N ight, there happened Concerning a 
a very fudden and terrible W ind W hirl-puff, as 1 call it; Some fay it 
was a Water-fpout, and others a Vapour or Exhalation from the E a rth ; "̂ appen̂ Jt 
but be it o f  what Name it will, it began on the S W  Side o f  the T o w n , C o m e  A b b a s  

carrying a direft Line to the N  E ,  croiTmg the Middle o f  the T o w n  in /«Dorfccihire, 
Breadth 200 Yards. It ftripped and uncovered tiled and thatched 
Houfes, rooted Trees out o f  the Ground, broke others in the midft o f  ^  No. 4/4" 
at leafl: a Foot fquare, and carried the T o p s  a confiderable way. T h e  p. 229/juIyi 
Sign of the new Inn, a Sign o f  5 Foot by 4, was broken off  6 Foot in 1739, 
the Pole, and carried crofs a Street o f  40 Foot Breadth, and over an op- 
pofite Houfe, and dropped in the Backfide thereof. It took off and threw 
down the Pinacles and Battlements o f  one Side o f  the T o w e r ;  by the 
Fall o f  which, the Leads and T im ber o f  great Part o f  the North A lley  
o f  the Church was broken in. I 'he  Houfcs o f  all the T o w n  were fo fhock- 
ed, as to raife the Inhabitants ; no hurt was done but only acrofs the 
M iddle o f  the T o w n  in a Line, N o  L ife  loft, but three had a very 
providential Efcape. *Tis computed by judicious Workemen, that the 
Damage fuftained by this Accident amounts to 258 Pounds, and upwards.
It is very remarkable, it only affefted, as I have related : no other Parts 
o f  the Neighbourhood or Country fo much as felt or heard it. It is fup- 
poied by the moft Judicious, that it began and ended within the Space 
o f  iK  It was fo remarkably calm a Quarter after 12, that the Excife- 
man walked through 2 Streets, and turned a Corner, with a naked 
lighted Candle in his Hand, unmolefted and undifturbed by the A i r ;  
and asfoon as over, a mighty Calm , but foon followed by a prodigious
violent Rain, Minttm Magna, Nov. 13. 173Í.

U u u 2  X X I L



I" Concerning X X II .  I think the Caufcs o f  the General Trade-winds have not been
r theCaufiofiht explained by any o f  thofe who have written on th atSu bjed , for
' more particularly and diftindly confidering the Share the diur-

j  G e o / f ia d ic y . n̂ I Motion o f  the Earth has in the Production o f  them ; F or although
Efq\ F. this has been mentioned by fome amongft the Caufes o f  thofe Winds,
No. 437* P- yet they have not proceeded to iliew how it contributes to their Produc- 

B̂.ApriJ  ̂ applied it to the Explication o f  thefe Phrenomena,
upon fuch Principles as will appear upon Examination not to be 
fufficient.

T hat the A filón  o f  the Sun is the original Caufc o f  thefe W inds, I 
think all are agreed ; and that it does it by caufing a greater Rarefadlion 
o f  the A ir  in thofe Parts upon which it’s Rays falling perpendicularly, 
or nearly fo, produce a greater Degree o f  Heat there than in other Places > 
by which means the Air there becoming fpecifically lighter than the reft 
round about, the cooler A ir  will by it’s greater Denfity and Gravity^
•remove it out o f  it’s Place to fiicceed into it itfelf, and make it rife
upwards. But it feems, this Rarefaftion will have no other EíFeít than 
to caufe the A ir  to ruili in from all Parts into the Part where ’ tis moft 
rarefied, tfpecially from the N  and S, where the A ir  is coolefl, and not 
more from th eE  than the W , as is commonly fuppofed : So that, fetting 
afide the diurnal Motion o f  the Earth, the Tendency o f  the A ir  would 
be from every Side towards that Part where the Sun’s Action is moil in  ̂
tenfe at the T im e, and fo a N  W  W ind be produced in the Morning, 
and a N  E  in the Afternoon, by Turns, on this Side o f  the Parallel o f  
the Sun’s Declination, and ¿v S W  and S  E  on the other.

That the perpetual Motion o f  the A ir  towards the W ,  cannot be de  ̂
rived mcerly from the Adtion ol the Sun upon it, appears more .evidently 
from this: I f  the Earth be fuppofed at Reft, that Motion of the Air. 
will be communicated to the fuperficia] Parts, and by little and lictb 
produce a Revolution o f  the W hole the fame W a y, except there be the 
lame Quantity of Motion given the Air in a contrary Direélion in other. 
Parts at the fame T im e, which is hard to fuppofe. But i f  the Globe of 
the Earth had before a Revolution towards the E ,  this by the fame means 
muft be continually retarded : A nd i f  this Morion o f  the A i r  be fuppofed. 
toarife from any aftion o f  the Parts o f  it on one another, the Confe- 

I quence will be the iame. For this reafon it feems neceiiliry to lliew hovv̂
thcfe PhiEnomena o f  the Trade - W inds may be caufed, without the Pro- 
dudion ofany real general Motion ofthe A ir  weftwards. T h is  will readily  ̂
be done by taking in the Confideration of the diurnal Morion o f  the E a rth : 
For, let us fuppofe the. A ir  in every Part to keep,an equal Pace with the. 
Earth in it’s diurnal Motion j in which there.will be no relative.

 ̂ Motion of the Surface o f  the Earth and Ai *̂, and confequently no W in d  j.
then by the Aélion o f  the Sun on the Parts about the Equator, and the

I Rarefaftion of the A ir  proceeding therefrom, let the A ir  be drawn down:
' thither from the N  and S Parts. T h e  Parallels are each o f  them bigger.
J other, as they approach to the Equator, and the Equator is.

b ig ger
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Tie Caufe of the General Trade-Winds, 50 r
bigger than the Tropicks, nearly in the Proportion of 1000 to" 91%  and 
conl'equently their Ditfcrence in Circuit about 2083 Miles, and the Surfacc 
o f  the Earth at theEquator moves fo much faflcr than the Surface of the 
Earth with' it*s Air at the Tropicks, From which it follows, that the 
Air, as it moves from the Tropicks towards the Equator, having a lefs 
Velocicy than the Parts.of the Earth it arrives at, will have a relative M o
tion contrary to that of the diurnal Motion of the Earth in thofe Parts, 
which being combined with the Motion towards the Equator, a N  E  Wind 
will be produced on this Side ol the Equator, and a S E  on the other,
Thefe, as the A ir  comes nearer to the Equator, will become ftronger, and 
more and more Eaftcrly, and be due Eaft at the Equator itfclf, according 
to Experience, by reafon o f  theConcourfe o f  both Currents from the N  
and S where it’s Velocity will be at the rate of 2083 Miles in the Space 
o f  one Revolution o f  the Earth or Natural Day, and above i M ile and \ 
in a Minute o f  T im e ;  which, is greater th.in the Vck)city o f  the W ind is 
fuppofcd to be in the greatcfl Storm, which, according to T)vDcrham^s 
Oblervations, is not above i M ile in a Minute. But it is to be confidered, 
that before the A ir  from the Tropicks can arrive at the Equator, it muft 
have gained fome Motion Eaft ward from the Surfacc o f  the Earth or Sea, 
whereby it’s relative Motion will bediminiihed,' and in fevcral fucccíTn^e 
Circulations, may be fuppoicd to be reduccd to t!ie Strength it is found 
to be o f

Thus I think the N  E  Winds on this Side of theEquator, and t h e S E /  
on the other Side, are fully accounted for. T h e  fame Principle as ne- 
ccflanly extends to the Produdion o f  the W c fl  Trade-winds without the 
'I'ropicks *, the A ir  rarcfred by the Heat o f  the Sun about the Equato
rial Parts, being removed to make room for the A ir  from the cooler 
Parts, mud riié upwards from the liarth, ,and as it is a Fluid, will then;
Ipread itfclf abroad over the other A ir ,  and fo it’s Motion in the upper 
Regions mufl: be to the N  and S from the Equator. Being got up at a 
Diilance from the Surface of the Earth, it will foon iofe great Part o f  
ii ’a H^at, and thereby acquire Denfity and Gravity fufficient to make it 
approach it’s Surface again, which may be:fgppofcd to be.by thai'Timc:
*tis arrived at thofe Parcs beyond the T ropicks wherq the wefterly WiAds 
are found. Being fuppofcd at firft to have the Velocity o f  the Suriace 
o f  the Earth at the Equator, it will have a. greater Velocity than the 
Parts it now arrives a t ; and thereby become a w-elterly W ind , with*
Strength proportionable to the Ditierence of Velocity, which in feveral 
Revolutions will be rediKcd toa certain Degree, as is faid before, o f  the:
Eafterly W inds, at the Equator: A n d  thus the A ir  will continue tol 
circulate, and g.un and ioie. Velocity by Turns from the Surface o f  the 
Earth or Sea, as it approaches to, or fecedeir from, the Equator. I do 
not think it neceíTary to apply thefe Principles to foive the Phnenomena, 
o f 'the  Variations o f  thefc W inds at different T im es o f  the Year, ánd 1 
tlifferent Parts o f  the E arth; and to do it would draw this Paper - into» 
greater Lerfgth than I propofer Fsom what has been faid itíollow^s*: ¿
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C02 Obfervatloin on fa llin g  De^\ and fla kes o f Snow.

1-„P , I'hat without the Afliftance o f  the diurnal M otion o f  the 
Earth, Navigation, cfpecially Eaftcriy and W efterly, would be very 
redious, and to make the whole Circuit o f  the Earth perhaps imprac-
ticablc.

Secondly, That the N  E  and S E  Winds within the T rop icks  miift be 
compenfated by as much N  W  and S W  in other Parts, and generally 
all Winds from any one Quarter muft be compenfated by a contrary 
Windfonnc where or other*, othcrwife fome Change muft be produced 
in the Motion of the Earth round it’s Axis. 

nhfervauom X X I I L  25. at Noon, the Height o f  the Parometer was 297?/^«. 
cn falling land Inchcs and 2 i  Lines. T h e  Height o f  Fahrenheit^ Thermometer

7^ Degrees, T h e  Sky was clear, and the W ind blew gently from 
Zeeland weftward. But at the T im e o f  the Obfervations, from 1 0  to the
kadtnFlat- fitft Hour o f  the N ight, the H eight o f  the Barometer was 29 Inches 2
/orw. in the Lincs, o f  the Barometer about 60 Degrees, there being hardly any W ind

between ftj^ring, and the Sky alfo being clear.
zcUxj^i. There fell much D ew  upon Glafs of various Kinds, fo that it was wet

S. nviih all over.
Figurei 0/ the On poliílied Brafs but little and only a thin Vapour,

On rough unpoliihed Brafs a little more.
By O n  Iron tinned (in Dutch Blick) a little : On the fame o f  a blue Colour,'

Leonard much : On the fame rough very much ; On the fame fmooth hardly
Stocks, M .D .  any : On the fame rufty, none.
No. 464. p. g  Quickfilver none,
112. Read ^
M3y2o.i742. O n  fmooth T m  none.

O n  rough Lead much : O n poliihed Lead a little.
O n white Silver n one: On poliilied Silver none; On Silver gilded 

none.
O n  blue Porcelaine none.
O n  a ftone Slab much.
O n a  Bafl<et made o f  Indian Cane finely woven, a little.
On a fmooth Plank of Oak, o f  a white Colour, very m uch: O n the 

fame o f  a black Colour, much lefs.
A  fmooth Plank o f  Firr was only juft moift,
A  fmooth Plank of white Deal had very little Dew,
On moving thofe Bodies, which received much Dew, a little higher,

2 or 3 Inches above the leaden Platform, the Lead dried, and the Bodies 
themfelves were wet underneath as well as above; but the T in  and Silver, 
being placed in like manner, continued dry, tho* the Placc, which was 
bedewed before, dried up.

23* 2. 174^' "I here fell Flakes o f  Snow early in the M orning
partly formed like Fig. 23. Their  Diameters from the extremities o f  their 
Points were i  o f  a Line,

Fig. 24, y f ? ' N o o n  Fig. 24. o f  a Line in Diameter, in the middle
o f which was a hexagonal Rofe, as in F ig . 22, T h e  oval Figures were 
empty,

Jan,
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New Experiments upon Ice. 503
Jan. 20. About Noon Fig. 25. i Line in Diameter, and Fig. 26, 1 i  Hg. sj.- 

Line in Diameter. The laft flione like Mufcovy Glafs. Fig. 26.
X X I V .  I. Ice that begins to melt, and Water that begins to freeze, A'lfoy Expert- 

have always the fame Degree o f  Cold. m entsuponU n

2. That Cold may be increafed by a Mixture o f  Salts, Abbé'^der
3. It has been thought for a long time, that Salt-pelre was moft fit to p  ̂

increafe the Cold of lce\ but Experiments have Ihewn, that few Salts Paris, and 
increafe Cold fo little as that Salt. M ix one Part of fine Salt-pelre with communkaud 
two Parts of beaten Icê  and M. Reaumur^ Thermometer will defcend
in it but 3 Í Degrees below the freezing Point. nV.̂ 449. p. *

What had caufed thisMiftake, is, that People generally made ufe o f  307. Aug, 
Salt-petreoi the firftor fecond melting, as being the cheapeft ; but that *73 *̂
Salt’petre not being purified, contains a great deal of Sea-SaU; and it 
was in Proportion to the Quantity o f  the Sea-Salt that the EfFeft 
was the greater.

From this laft Obfervation, one may deduce an advantageous Method 
for trying Gunpowder; for as o f  the three Ingredients o f  which it is made 
up, Salt-petre is the only one that can increafe the Cold of Ice\ if  one 
Part of Gunpowder  ̂ or a little more, be mixed with two Parts of Icê , 
and it increafes it’s Cold more than 3?  Degrees,- it isa Sign that the 
Salt-petre contained in it is not wejl purified; and the beft Powder will 
be that which does leaft increafe the Cold of Ice,

4. Sea-Salt  ̂ that is the Bay-Salt  ̂ which is commonly ufed at Table in
France  ̂ and that which is immediately taken from the Mines, called Sal '
gemmae, give the greateft Degree of Cold, for the moft part; for Pot-̂
ajh gives fometimes a little more, but generally lefs. Sea-Salt mixed 
with Ice in the. aboveiixid Proportion, gives 15 Degrees of Cold oi>
M . Thermometer, znd Sal-gem, 17,

Degrees.
5. of green IFood —  —  —  —  —  —  3
6. of Sea-Coal -—  . —  —  — . —  —  —
7. o f  Vitriol —  —  —  —  —  —  —  —  —  2
8< Tartar —  —  —  —  —  —  —  —  —  10
9. Common Pot-afl) (in French called Soude ordinaire) 3

10. Pot-ajh made of  Vreck or Sea-weed —  —  -----  1 1
This laft Pot-aJh may be fubftituted inftead of Sea-Salt  ̂ for. making 

Ice-Creatns  ̂ in Places where Salt is dear, as in France  ̂ where it is fold 
for 10 Sols a Pound.

17?, Becaufe in France this Pot-afo Is fold only for 2 \ Sols a Pound.
Becaufe, not freezing fo faft, it does not fpoil the Creams by 

reducing them to Icicles,
3̂ /̂ , Becaufe Ice-Creams made this way, will keep longer in a Condi

tion fit to ferve at Table.
Degrees,

IT. Sugar •— • —  ■—  —  ^  ̂
12. JIbm  — —  I—  ^

.13. ScU



V

l;i:

' . - ‘ ' : I Degrees,
Gldfr ‘ —  — ■ —  —  — ' —  —  lO

■ SM'Anmmiat^ —  — ■ —  —  —  *—  —  i Zs\
15. ^iick-Lim e  —  —  —  —  —  —  —  — . i v
16. Sa! Glauber} —  —  —  —  —  —  —  —  '—  2
17. The Gó!d o f  la- may ftill be confiderably increafed by -a Mixture 

of Sfirii of W m \  about a Drinking-glafs full o f  S fif it  of Wine to a 
Pound o f  beaten Ice.
■ iS, The'C oid  o f /fi will not increafe, unlefs t!ie /<ri melts.

Experiments. Put into one V eficr^ iv  o f / i i  beaten very fmall, and into another 
Veifd  §ij o f  Sea^SaU \ fet the two VeiTeJs in a Mixture o f  Ice and Salt  ̂
which is to be renewed ftill, till by Means o f  the 7 'Hermometer you 
find, that f h e 5 /̂i and the Ice of the two firfl: Vcflels have acquired 
each o f  tl>ém 10 or 12 Degrees o f  Cold •, then mix your5¿?// with your 
Icê  and this Mixture will not increaie the Degree o f  Cold that the In
gredients had acquired, becaufe the Mixture does not melt.

But i f  inftead o f  Salt you mixed with your Ice Spirit of Niire^ coolcd 
to the fame Degree as the'/fi, as this laii is liquid, it will melt the Ice  ̂
and confideiKibly increafe it’s Cold.-

19. Sak mixed with Watei', increafes it’s Cold.
• Cío. O f  Sal Ammoniac gives the greateft Degree o f  C o ld ;

fo that if  that Salt has been cooled in Ice.̂  and then one Part o f  it be 
thrown into two Parts o f  Water cooled t o ‘the fame Degree in Icê  that 
Water will become colder than Iccy and will freeze other W«iter thrown 
into it in a fmall Quantity.

T h is  laft Obfcrvation may be applied t-o the cooling o f  Liquors 
where no Ice is to be had ; foF there is hardly any Place but what has 
W ells : N ow the Water o f  a' W ell moderately deep, wants about 8 or
10 Degrees o f  the Cold o f  /¿"i; and Sal Ammoniac being coolcd before
hand in the W ell ,  will, by mixing with fome of the Water o f  that
W ei!, come very near to the Cold o f  Ice.

Jn Auauttt of X X V ,  I. A  Tradefman in this Place having put up a great Number 
an extraordi- o f  Knivcs and Fotks in a large Box, fome in Cafes or Sheaths, and
^Lpktnh^if difierent Sizes, and o f  different Perfons making, in.or-

JímunL'íhg beyond S ea ; and having placed the Box m the Corner of
Magneiifm. By  ̂ large Room , there happened afudden Storm o f  Thunder, liightning,

which the Corner of the Room was damaged, the Box fpiir, 
Vo^kftfre  ̂ good many Knives and Forks melted, the Sheaths being untouch-

'̂o-437 P74* The Owner emptying the Box upon a Counter where ibme Nails 
Apr. lay, the Perfons who took up the Knives that lay upon the Nails, ob-
>*735- ferved that the Knives took up the Nails. Upon this the whole Num ber

was tried, and found to do the fame, nay, to fuch a Degree as to take 
up large Nails, Packing-Needles, and other Iron Things o f  confidera- 
ble Weight. Needles or other Things placed upon a P e w ter-D if l i ,  
would follow the Knife or F ork, though held undtr the Diih, and 
would move ^ong as the Knife or F o rk  was moved 5 with fevera! other

odd

L ig U m n ^  c o m m u n i c a t in g  M a g n e i i fm ,
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odd Appcaranccs, which I won’ t now trouble you with, only this, that 
though you heat the Knives red-hot, yet their Power is ilill riie lame 
when cold.

Y o u  may be afflired o f  i h e T r u t h o f  this, having myfelf made n good 
mnny Trials of the Knives and the F o r k s : H o w  they came by this 
nnagnetick Power, or how Lightning iliould be capablc o f  communi
cating fuch a Power, is the ^ e r y .

Decern. 6 , 1732-

2. This Storm o f  Thunder and l.ightning happened the latter End A  further Ac- 
of July^ not only broke the Glafs and Iron Frames o f  the
Crofs-Chamber W indows, but at the fame T im e  fplit fomeStudds in ^EpéuófThe 
the Corner o f  a W o o d -H o u fe ;  and paifing into a Room , fplit like- f a m e  U g h tr .w g  

wife a large D^al Box, which flood in the S. Corner o f  the R oom , /a^Wskeidd. 
where the L igh tn in g  entered, and difpcrfed a great many Dozen o f  
Knives and Forlcs which were put up in the Box, all over the Room . * ■ r* 75*

U pon gathering up thefe Knives and Forks, fome o f  then  ̂ were 
melted, others fnapped in funder*, others had their Hafts burnt v others 
their Sheaths cither finged or burnt ; others n ot:  But what was moil 
remarkable, upon laying them on a Counter where there were Iron 
Nails, Rings, it was obfcrved, that when any o f  them were taken 
up, there hung a Nail or R in g  at the End o f  each o f  them : M oft o f  
them were tried, and found tĉ  do the fame-, but little further Notice 
being taken o f  tliem at that T im e ,  they were thrown afidc as damaged 
Goods.

Some Difcourfe concerning the EiTefts o f  Thunder and Lightning 
happening to be the Subje£l o f  Convcrfation in a Company, where the 
Owner o f  thafe Knives was not long ago, he told them what had hap
pened at his Houfe, and particularly to the Knives and Forks ; and be
ing afked whether he had any o f  them left, faid that he had ; and upon 
Trial, it was found that a good many o f  them were poíTeíTed o f  this 
magnetick Virtue.

Hearing o f  this, I went and found what was related, and what I 
fent you an Account o f  before, to be F a d ,  and have now fent you a 
couple o f  Knives and Forks, one for yourfelf, another for the Royal 
Society. '

T h e  W hittle-Knife, with the B o x-H an d le ,  is that which I would 
have you prefent to the Society ; it is an excellent one, and one o f  the 
befl:: I had T hought to have kept it m yfe lf;  but i f  it will be acceptable 
to that famous Body, it will be much more agreeable to me. T h e y  
will perceive that it has been.ufed pretty much ; and the Owner’s Son, 
who gave it to me, told me, that he has made ufe o f  it for alm oil a 
Year and an half to all Manner o f  Purpofes ; notwithflanding which it 
ftill retains the magnetick Virtue to an extraordinary Degree.

T h e  Situation o f  the R oom , Pofition of the Box and Knives, and 
Diredtion o f  the Lightn ing, may poffibly contribute to a fuller Idea oi

V O L .  V I I I . -  P a r t i i ,  X x x '  tl^
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Light ning communicating Magnet if?n.

t!)e M atter: I ihall therefore prefume to give a Plan o f  them, an H o -  
rizontal one, and fubmit it and the following ^ e r i t s  CO the Confidera-
of that learned Body.

Fig. 27. A .  The South Angle o f  the Room where the L ightning entered.
B. The Diredion o f  the Lightning.
C. T h e  polar or magnetick Line.
D. The Box with the Knives lying in a Direition parallel to the 

longer Sides o f  the Box.

!^iery. Whether the Knives and Forks lying in fucli a Direftion as 
either to coincide, or make but an acute A ngle  with the magnetick 
l.ine, might any W ays contribute to their imbibing this magnetick 
Virtue ; fince a Bar o f  Iron placed in fuch a Dircilion, fliall in a fmall 
T im e receive a tranfient Polarity, and if  it continue a long T im e  in 
that Pofuion, a fixed and permanent one ?

^ le r y .  Whether the Knives and Forks lying in fuch a Pofition, and 
being violently heated by the Lightning, might not, as they cooled, 
ilrongly imbibe this magnetick'Virtue; fince a Bar o f  Iron heated and 
placed in a certain Direftion to cool, will fooner imbibe this Power than 
in the fame Diredcion cold ?

S^uery, T h e  Polarity o f  the Compafs has been altered by Lightning, 
as it is to be feen in the Philofophical T’ranfaEitons : N ow  how ihould 
Lightning be capable o f  communicating fuch a Power in this Cafe, 
fince It is plain that it has taken it away in another

Cmtrtt'tng a 3. I have received a Letter from the Coaft o f  St André in Dauphine^
Filtrtndered dated Sept. 7, 1739, giving an Account o f  a Faiit o f  the fame Nature,
^ h ‘tnr^ %  with the preceding, which I here fend you as I received it.
Jlf. ar&e- “  Three W eeks ago the L ightning fell 30 Paces from my Houfe on
mord, M. D. “  that o f  a Clock-maker. I ihall not enter Into the Particulars o f  the
‘Tranjíaud n  Ravage It Committed, Every Body knows how furprifing the Effeéls
F̂rench h  ** Thunder are : But here is one that is very fingular. T h e  Thun- 
T. s. M. D. “  tier broke one o f  the Ciock-maker’s Files, 4 Inches from the End j
F.R.S.  No. “  fo that there rtill remained 7 Inches of it in the H andle; and the Piece
459- P' ^>4- “  of 4  Inches long, that was broken off, remained on the Shop-board.
Jan. f.1741. „  T h e  next Day after the Accident, the Clock-maker, obferving that

the remaining Part o f  this File might ftill be o f  Service to him, 
took it up, and worked with it. But he was much furprifed to fee, 
that Imn followed the End of his broken File. H e  applied this 

“  End to a Punch, (or Drill) and the Punch was immediately attraéled 
j “  to the File. H e called to me, and I made feveral Trials o f  this at-
I “  traftive Quality. I  took the Piece o f  the File that had been broken

“  0ÍF3 and applied it to an Iron Ring for hanging Keys j which it 
I “  lifted

• ifuD n
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Extraordinary EfflSis o f Lighfn'mg.

lifted up perfciUy well, and held fufpcnded as long as 1 thought 
proper. I doubted not but it was the Lightning that had communi
cated a magnetick Qaality to this F i le ;  and I foundj upon Tr:al, 

« that this Quality was given only to the Infide o f  the File, and the 
“  broken Piece ; for I applied Bits o f  Iron to every Side o f  it, with- 

out any EfFed, the Virtue rcfiding no-where but in the Place tl;at 
was broken, I broke in two the fame Piecc o f  4 Inches; and one 
o f  the two Pieces attraded Iron at both Ends> the other only at it's 

“  broken End. I rubbed the Point o f  niy Knife on one o f  thefe two 
“  Bits o f  the File, and it communicated to my Knife a Degree of 
“  Magnetifm fufficient to raife Needles, and hold them fufpended.”  

X X V L  Looking into the fecond Volun-ie o f  that ingenious Gentle
man Suphen Haleses Staticks, o f  which I have lately happened to have, 
a curfory V iew , I obferved him to mention that Phsenomenon of the 
Streaks or Darts o f  I/ightning in Thunder-Storms appearing crooked 
and angular, (I do not remember his W o rd s;  as a T h in g  not yet ac
counted for ; and therefore he gueflfed at a Solution o f  it

T h e  Clouds are generally diftinft Colleiflions o f  Vapours like Fleeces, 
and therefore the Rays o f  L ig h t  through them muft pafs through very 
different Denfities, and accordingly fuffer very great Refraflions : From 
thence therefore, undoubtedly, that Appearance muft arife: For it is 
moft highly abfurd to imagine, that F'ire, darted with fuch a Rapidity, 
can from any aíTignable Caufe deviate in F a d  from a right Line, in the 
Manner ic appears to us. A n d  this, if  duely confidered, may probably 
be found a plenary Solution.

X X V I I .  I was lately in Cumberland^ where I obferved in prhinjield- 
Park^ belonging to the Earl of ‘Thanet  ̂ a huge O ak, at leaft 60 Foot 
high, and four in Diameter, upon which the lail great I'hunder had 
made a very odd Impreillon j for a Piece was cut out o f  the T ree  about
3 Inches broad, and 2 Inches thick, in a ftrait Line from T o p  to Bot
tom. In another Tree o f  the fame Meighth, the Thunder had cut out 
a Piece o f  the fame Breadth and Thicknefs, from I 'o p  to Bottom, in 
a fpiral L ine, making ,3 Turns about the Tree, and entering into the 
Ground above 6 Foot deep.

X X V I I I .  On Tiiefday M orning, between 3 and 4., we had at "Thorn- 
don fome o f  the moft terrible Thunder I ever heard ; and, indeed, by 
the Effe6ls o f  it, I have Reafon to conclude, that it was very near us, 
as well as by the Noife, to which I really think no other Thunder I 
ever yet had any Notion of, could be compared. It has beat down a 
Chimney at a Farm-houfe juft by, and the L igh tn in g  has alfo ftruck 
two large Oaks in my Par!:, which ftand about 40 or 50 Feet apart. 
In one o f  them I do not obferve any thing much different from ocher 
Trees which I have before feen ftruck with L ig h tn in g ;  the only T h in g  
that feems remarkable, is, that the greateft Damage appears to be done

5^7
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A  Udh\ and Hm Parhelia, or Mock-Suns.

to the Eail Side o f  the Tree, although it is certain, that the Storm all 
caine from the S W .  T h is  Tree is extremely ihactered, and fplit from 
the T o p  to the Bottom ; and on the S W  Side, juft by the Root, there 
is a large Hole made in the Ground, about 6 or 7 Inches Diameter, and 
about a Foot or 15 Inches deep. But in the other Tree, I think, there 
is fojnething more particular ; for there, without fhattering or fplitting 
the Tree in the leaft, or fo much as difturbing a fingle Branch, although 
there are a great many upon it, the Lightning has taken o ff  the Bark 
about 5 Inches wide, in a complete fpirul Line, from about 40 Feet 
high, down to within about a Foot o f  the Ground, where the W id th  
diminiflies to about 2 Inches, and fo goes quite o f f : In the Centre o f  
thefe 5 Inches, it has entered the W ood about i  o f  an Inch deep, and 
aboirt I and i Inch wide: This Hollow it has in great Parc cleared out 
entirely, and the reft is left hanging like Picces o f  broken or untwifted 
Ropes'i this H ollow  alfo diminiilies near the Ground, and dies quite 
out exadly at the Ground: T h e  fpiral Line is exactly regular, and goes 
juft once round the Tree, or but very little more, and, as near as I can 
obferve, is exaélly o f  an equal W idth all the W a y. T h e  Surface of 
the Bark o f  both the Trees is remarkably touched for about 10 Feet 
from the Ground, as if it were ihot all over with fmall Shot, each o f  
which feems to have taken off little Scales or outfide Pieccs o f  the Bark, 
from I § Inch or 2 Inches broad and long, to ; o f  an Inch.

AHaiooh’  X X I X .  A  fimple Halo, terminated on all Sides, and exaftly circular
je^edat encompaffed the Sun from o in the Morning till 2 in the Afternoon.

T h e  Breadth o f  the Zone feemed to equal the apparent Diameter of the 
ibe AhBot h\- Sun. T h e  inmoft Colour was red, the others paler, and analogous to 
dacusdeRevil- thofe o f  the Rainbow, but ending in white, and fomewhat altered a-

bout Noon. T h e  Sky was a little hazy, and there was a gently N  
W ind. T h e  M ift thickened afterwards into whitiih Clouds, whilft the 
H alo difappeared, the Diameter o f  which, from the inner Edge o f  the 
Zone, was 45®,

Height o f  the Barometer Paris Inches^
E igh t in the Morning —  —  — . .—  -----  27 11

27 10 iNoon
T w o  in die Afternoon — ■ —  —  -—  ̂ —  —  27 10 i

Ohĵ r'vauoyu X X X .  On I ’uefdaŷ  Dec. 5̂0, 1735, as I was riding betwixt Cherry-
and Alwallon in the County o f  I obferved two Par-

which flione fo bright, that at firft Sight I took it for
30, 1 7 3 5 ,  iy the real Sun, till looking a little farther on my Left-hand, I was con- 
ffjeRe^,Mr vinced ot my Miftake, by feeing the true Sun much the brighteft in

Middle, and a Mock-Sun on each Side, in a L ine exaólly parallel to 
iaryofthiGtn- Horizon, I gueffcd their Diftance to be about 40 Diameters o f  
iUmens^ocH' the Sun, Or, as they ufually appear, 23 Degrees. T h a t  on the Left-  
tj at Pcterbo- hand o f  the Sun,, when I faw ic firft, was fmall and faint, but in about 2^

T i m e

im£D



Two Parhelia, or Mock Suns, 509
T i m e  became as large and bright as the other, and appeared at once as rough. No. 
two white lucid Spots on each Side the Sun, Eaft and W e i l ,  feemingly | 4S* 
as big, but not fo well defined : In about 3 '  they loft both their Colour 
and Form , and put on thofe o f  the Rainbow ; the Red and Y ellow  in 
both very beautiful and ftrong neareft to the Sun, the other Colours 
fainter. T h e y  became as two Parts o f  an A rch , or Segment o f  a Circle, 
with the Concave towards the Sun, only round at T o p ,  the L ig h t  and 
Colours ftreaming downwards and tending towards a Point below. T h is  
continued for about 4 or 5 ^ when the Colours gradually difappearing, 
they bccame, as before, two lucid Spots, without any Diftindtion of 
Colours. T h e y  lafted a full Hour, fometimes one brighter, and fome- 
times the other, according to the Variation o f  the Clouds and A ir ,  as 
I fuppofe. W h en  I firft faw it, it was exaólly a Quarter after 11 .  There 
kad been a Froit in the M orning, which went away pretty foon with a 
thick M ift, and between 10 and 11 cleared up, leaving only aH azinefs  
in the A ir  behind it :  T h e  Weather quite calm. W in d ,  as I thoughty 
N  W .

Thefe Parhelia commonly are feen with a Circle or H alo round the 
Sun, concentricalto it, and pafTing through the Difks of the fpurious or 
Mock^Suns, But there was not the Icaft appearance o f  fuch a Circle 
here,' it having only a Tendency towards one, when it was feen with 
the Rainbow Colours.

X X X I .  T h is  D ay, a little after 10 in the M orning, a Friend told Oh/en;a* 
me, that feveral Suns were to be feen in the Heavens ; Whereupon I 
went direftly into the Garden adjoining to my Houfe, and immediately Mock-Sunŝ  
faw near the Sun S, on it’s Left or W eÜ ernSide (1) the Parhelion B ,  as feen at W it -  

Big as the true Sun. T h is  to ?  (2) was amidft little, round, white 
Clouds, fct thick, and clofe to one another. (3) T h e  Part o f  the Par- 
kelion^Wich. faced the W eft  was not round, but broken, having about a 0.5. John-
third Part o f  it’s Circumference open, and ihooting out the long bright F rid .W cid ler , .  

Stream or Tail B H ,  (4) T o  this, both above and below, adhered 
another Stream F  G  (5) fomewhat curved, (6) with it’s Horns turned, .*
from the Sun W cftward. (7) T h e M id d le  o f  xh\% Mock-Sun ihonewith 
fo great a L ig h t,  that the naked E y e  c o d d  not bear it \ wherefore I P* R. S, Ibid

viewed it attentively through a Glafs darkened with the S m o a k o fa  W a x -  P- 54-
candle, ( 8 )  T h e  L ig h t  of the Parhelion B appeared much weaker than F ig .  28. 

tha’t o f  the true Sun. (9) It’s Circumference which faced the Sun, was 
red: Likewife ( io )  that Part o f  the Stream F G ,  which ŵ as towards 
the Sun, was purple. W ith in  the red Border appeared the other 
Colours o f  the Rainbow, as yellow, green,, and azure. A n d  the Stream 
B H w a s  likewife emhelliilied with red and yellow. Both Edges o f  
this were reddiih, and it’s Middle yellowiih. ( i  i)  T h e  Sun S, was 15 
above the H orizon ; and it’s Image B was near the fame Altitude, for 
I then found it to be 14®. (12) I mcafured the Diftance from S to B;
more than once, and found it to be 20^. (13) T h e  A rch  F  G  was
near 6̂ . in Length. (14) M oft of the South pare of tJie Hcmifphere wv.s

oyerfpread.
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ovdforeaJ with white Clouds, intcrfijei-fcd here and there with fome 
d.ulceV ones. There were feme thin Clouds before the true Sun, through 
v.-hich it’s Rays eafily palTcd, (15) When thicker Clouds furroianded 
rhe Sun, tiie Brightnefs of the Parhelion was leflened. (16)  T h e  P a r
helion was now and then hid by dark Clouds. (17 )  T h e  thin white 
eiouds, with which the Northern Part of the Sky was ovcrfprcad, reachcd 
up to the Zenith. (18) Soon after my firft obferying the Parhelion B, 
as I looked up to the Zenith, I faw the beautiful Rainbow C  D  E  
pardllcl to the Horizon, with ii’s Horns turned to the North, i t  had 
the ufual Colours o f  the Rainbow, all very diftinét. T h e  Purple was on 
the Side facing the Sun next to it was the Yellow , then the Green, and 
iaft the Azure. (19) A  Line drawn from the Sun’s Centre to the Middle 
D  o f  the Iris tended to the Zenith, and was a Portion o f  that vertical 
Circle, in which the Sun then was. (20) T h e  Point D  was 6 1°  diftant 
from the H o r iz o n ; wherefore the Diameter o f  the Rainbow was 58" : 
(21) However, there was but Part o f  the Rainbow C D  E  feen, the Ends 
o f  which were fometimes but 38° from one another : For more or lefs 
o f  it appeared at different Times, but fcarcely above 5 Part o f  it’s Cir
cumference at any Time. (22) It was fometimes feen among fmall white 
Clouds, which were about the Zenith, and fometimes in a clear S ky. 
It laited till the Sun and moft part of the Sky was overead by thick 
Clouds. (23) T h e  Thicknefs of the Rainbow C  K ,  as well as I could 
cftimate by the bare Eye, was one Degree- o f  a great Circle.

But as the neighbouring Houfes prevented my having a free Profpeft 
Eaftward from my Garden, I went to another Place, whence I had a 
full View o f  the Hemifphere. A n d  having reached thither a little be
fore I I ,  I immediately faw another Parhelion A  to the Eaft, (24) 20® 
from the Sun, as the foregoing was, and raifed 1 5® above the Horizon. 
(25) This Mock-Sun was not inferior to the other B, in Brightnefs, for 
the naked E ye could no more bear it than that. (26) It ’s Light was 
white ; ( z j )  it’s Figure round, and it’s Size equal to that o f  the Sun S. 
f28) T h is  Parhelion A ,  ihot out the Stream I L ,  which was redilinear, 
white and refplendent, 8° long, and, as far as I could poiTibly difcover, 
void o f  Colours; (29) for it appeared among fmall white broken Clouds, 
and lafted fomewhat longer than the former, without changing it’s F i 
gure. (30) Upon the Sun’s being hid by thick Clouds about half an 
Hour after 1 1 ,  both Ú\tíc Mock-Suns diiappeared, but became vifible 
again, upon the Sun’s ihining bright.

T h e  W hole o f  the Phicnomena obferved in thefe Parhelia comes to 
this: That the true Sun, S, was accompanied by two Parhelia, both 'io'  ̂
diftant from the Sun, one on each Side, and having nearly the fame 
Altitude with the Sun from the Hortzoi. Above the Parhelia, Part o f  
a Rainbow furrounded the Zenith and each o f  the Parhelia fcnt forth a 
bright luminous Stream or T a il ,  one redtilinear and white, the other 
fomewhat curved and coloured. Moreover, from the weftern Parhelion, 
a Stream parallel to the Horizon, and fomewhat pointed, ejaend."d itfclf

on
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on the Side oppofite to the S u n ; and this Scene lafted the two Hours o f  i o 
and 11 before Noon, until thick Clouds put an end to it. There was no 
Appearance o f  an entire Crown, fuch as ufually accompanies Parhelia^ 
and encircles the Sun ; although I obferved the T ra c k  o f  the S ky  near tiie 
Sun, both with the naked E y e  and through Glafles,

A s  to the State o f  the Heavens on the i i t h  o í  January^ when the 
Parhelia were obferved; early in the M orn ing a thick F o g  overfpread 
the Horizon \ about nine this F o g  condenfed into fmall Drops o f  Rain, 
which fell ilowly: Soon after, the Vapours were collefted into thin 
Clouds, particularly in that Part about the Sun. T h en  the Sky became 
clear about the North, and there blew a gentle W in d  a little to the South 
o f  the Eaft,

After N oon, Clouds gathered to the W e f t ; about 30 Minutes after 
12, the whole Hemifphere was overcaft, but in the Evening it became 
clear and ferene on all Sides. On the following Days, from the 12th to 
the 17th o f  January^ N .  S. the Sky was conftantly cloudy or dark, and 
the Sun fcldom feen thro* the breaks o f  the Clouds. O n the 18th D ay, 
the Weather cleared up, which lafted three Days. On the 21ft, that I 
am writing thefe Obfervations, the whole Surface o f  our Hemifphere is 
overcaft with Clouds ; and therefore this Appearance o f  Parhelia has not 
been attended with any uncommon Weather.

N , B . T h e  Publiiher having fent M r  Profefibr WetdUr an Account o f  M r  'N e v ii Sig 33. o f  
Obfervation of  the MockSiimy feen by him in England, which feem to agree in fo this Chap. 
many Circumílances vvich thofe feen by the oiher in Germany: T h e  ProfeiTor faith 
in his Anfwer, “  T h a t  it fecms to him very worthy o f  R em ark, that Parhflia,  fo 

very much alike, fíiould appear two fubfequert D ays in Places fo diftant from each 
"  other; which indicates a fjmilar State o f  the A ir  or Atmofphere in both.”  T h is  
extraordinary Jncident pat the Profefibr upon writing an EHay on the Caufe o f  P a rM ta , 
and accordingly he hath publiíhed a fmall Pamphlet in Quarto, intituled, Friderici 
WetdUri Commcnratio ¿e Parheliis menfe J a n u a rii Anno i M . d c c . x x x v ' i .  prope Petro- 
hurgum Anglia^ Sc Viiemhurga Saxonum vifis. Accec’it de Ruhore C¿cÍt igneo menfe De* 
itm hri Anno 1737-  obfervato Corollarium. Vitim hergia, 1738.  in 410.

X X X I I ,  A s  I was reading this M orning a little after 7, in a R oom  An Ohftrma. 
looking towards the N  E ,  I accidentally took Notice o f  an odd Stream o fth r te  

o f  coloured L ig h t ,  ftiooting upwards from the Sun, as I then thought, 
fliining through a thin waterifh Cloud ;  but recollecting the Appearance a o n . Sept. 17 . 

was feveral Degrees more northerly than the Sun’s true Place at that 1736 ¿vMar- 
T im e , I immediately went to the W in d ow , and found what I had taken y n  F o lk s , 

for the Sun was a Parhelion ftiootingout a fliort horizontal Stream or T a il  
towards the North j the Sun itfeif ihining pretty bright and clear at the p. 
fame T im e. I alfo obferved, the Stream I had at firft feen, was part o f  
an A rch  concentric to the Sun, and paiTingthrough the Parhelion : T his  
A rch  was for a good W a y  tolerably defined, and tinged with R ed  on 
the Infide, and a blueifh W hite  on the other. I then caft my E ye ta  
the other Side the Sun,‘ where I perceived a fecond Parhelion^ at the 
fan:ie Diftance from him> towards the South, the* not yet fo bright as the

firl^
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firíl. I thcji went up to my Lea(;ls, m y.Profpeil being too con fined be- 
]ow : Where foon after I was coine, I found the Phenomenon confidera- 
,b]y to improve, the Arch round the Sun forming itfelf into more than a 
Srmicirclc, reaching almoft to the Horizon Northward, and with very 
little Difcontinuance beyond tlie fecond Parhelion towards the South. I 
then began to perceive a thjrd Púrhelion where the Circle furrounding the , 
Sun would have been cut by the Vertical paiilng through him j and in 
the fame Place his Circle was touched by the Arch o f  another, in fome 
fort confounding itfelf with ic in the Place where the third Parhelion ap
peared : T h is  was fainter a good deal than the ocher two, and the laft 
A rch  I have been fpeaking o f  extended but a little way, fo as for it to be 
difficulcxo determine where it’s Centre lay ; this A rch  was coloured alfo, 
but with Red on it’s convex Part. I had fome T im e  bciore this began 
to fee alfo another Circle, furrounding the Sun at the Diilance oí about 
45^, which appeared to be about twice the Diftance o f  the firfi: j and 
this alfo increañng whilfl: I was confidering it, became litde lefs than a 
Semicircle, being alfo tinged with Red like the other on the inner Sidc. 
AVhen this Circle had thus pretty well formed itfelf, I alfo difcovered the 
A r c h  o f  a fourth, touching this, or rather confounding itfelfwith ir, in 
i i ’shigheil Parr, and furrounding, asitfecmed, the O fth is la i t
Circle I faw, when it was moft complete, better than half, and it was 
muchftronger coloured chan any o f  the others, being o f  a bright Red on 
it’s convex Part, and a good Blue on tlie Concave. In the Part where 
this Circle confounded itfelf with the larger o f  thofe that were concentric 
to the Sun, their common Part was nearly white, and brighter than the 
reft, though hardly enough to call it a fourth Parhelion, T h e  principal 
MochSuns continued tolerably bright till near 8, the fouthern Part o f  the 
Phaenomenon improving as the northern decayed ; and the fouthern P a r
helion was once fo bright, that, taking the Advantage o f  a place where 
a Chimney iliadcd the true Sun, it caft a very vifible Shadow ; T h e  
white and luminous horizontal T ail  alfo, that went from this Parhelion^ 
was much longer than that o f  the other, reaching at one rime beyond 
the outer o f  the 2 concentric Circles. T h e  Parhelia themfelves, tho’ 
very luminous, were however never defined with any Exaftnefs as to 
their Difes, but looked aswefometimes fee the Sun through a thin whitirti 
Cloud, and they were themfelves of a reddiili Colour on that Side next 
the true Sun. A bout 8 the Phenomenon was fenfibly decreafed, and had 
entirely difappeared by 20  ̂ after.

Au Account of X X X I I I .  This T ra ft  is divided into 17 Señions. In the i j l  ajul 2d
cicicribes his own Obfervation o f  two Mock-Suns 2xW iitcm-

deric! Weid-  ̂735’ ?̂ N , S .  In the 3^ he gives a Meteorological
leri Commcn- Diary from Jan, i .  to 18. and in the 4/^ the Rev, M r  Neve*s Obferva-

]i1s Parhelia near Peterborough, But thefe Defcrip-

nuario Anni tions have been already communicated to the Royal Society"*, ' In the 5/6

. ?  S e c  § . , x x x ,  an d  x x x i .  o f  th is  C h a p . .

he
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he con'^parcs the two Obiervations. In the 6 'b and 7//% he mentions 7̂3 *̂ prope 
liveral Parhelii taken notice o f  by the Ancicnts and M o d ern s; and in 
the 8/¿ enumerates t!ie different Obfcrvabies o f  this Pbmommon^ for the temberg» 
better inveftigatmg it’s Ciufcs. S.ixonum

T h e  qih gives the Opinions of feveral o f  the Ancients concerning the vifis, Acccdit 
Prefages taken from Mock-Suns, dcrub^ccali

From the \oth to the i^ih inclufive, he relates divers Manners o f  
accounting for-them, by the ciiief o f  the Ancients and Moderns., ni 1737. ob-

In the preparatory to his own Opinion, he lays down the i'ervato Corol-

Doc^rine o f  the Rife o f  Vapours in fmall globular Bubbles o f  A ir ,  with 
a watery Coat to cacli, 4*0.

In the 15/^, he refutes, by feveral Reafonsand Experiments, H u y g e n s ^ u p  
Manner of accounting for Haloes  ̂ which is by a vail Number o f  very T h o . S ta ck ,

and drives them towards the Surface, tiil they arc collc<5i:ed in fuch a 
Q^)antiry, and at fuch a D'ilance fiom the Sun on each Side, that ii*s 
Rays are twice refraik-d, and twice nfiected, by the time they reach 
rhe E y e ;  they exhibit the appearance o f  a Halo  ̂ adorned with the 
Colours o f  the Rair.bov/: W hich  may happen in globular pelluCid V a
pours without fnowy Kuiki^  as appears by the Experiment o f  hollow 
glafs Spheres filled with Water, 'i'herefore, whenever thofe fpherical 
Vapours are fituated, as before, theRefra£lions and Reflexions will hap- 
j)en every where alike, and the Figure o f  a circular Crown, with the 
ufual Order of Colours, will be the Conf^quencc.

A s to t h e t l i a t  attends being 44 or 45^ in Diameter,
he adopts G¿¡JJen¿Hh Opinion as probable, who applies to it the Geome
trical 'I'heorem: Dc Angulo ad Centrum  ̂ duplo Anguli ad Peripheriam. 
For when a Halo furrounds the Sun, the Sun is in the Centre, a¡id the 
Eye out o f  it, .as it wxre on the Surface o f  the Phcencmenon \ whereas, 
when the Rainbow appears, the E ye is placed in a Line drawn from the 
Sun to the Centre o f  the Rainbow : And thus the E ye ftrvcs fora Centre, 
from which the Diameter o f  the Iris is beheld, the Sun being placed on 
the Circumference. Y e t  he fays, it ilili remains to be accounted for, 
W h y ,  when two Haloes appear at once, the Greater is double the D ia
meter o f  the Lefs, /. e. about 90^ ?

Haloes often appear about the Sun and M oon, w ith
out Parhelia or Parafelin^^ there mufl be a peculiar Djfpofitioa o f  V a 
pours requifite for iorxwiv^Parheui.

Parhelii^ he fays, are fituated either in the Interfeclion o f  a vortical 
llalo^ and the horizontal Annulus^ which paiTes through the Sun •, or in 
the Sedion o f  fome horizontal Bands and the Corona ; A n d  the angr.lar 
Figure o f  Parhelia leaves us no room to doubt, that it is produced by 
Planes o f  the Annulns or Bands running into the Corona. N o w  l\’ezvUn*á 
Theory o f  Colours, and the Experiments it is built upon, iliew* that

V O L .  V I Í L  Part ii, Y  y y W hitencfs/
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 ̂ Whitcnefs, which is a heterogeneous Light, is reftored by blending or

collefting the couloured Lights; And this will likewife happen, when 
the white heterogeneous Light of the bright Ring or Band does penetrate 
and confound the Rays of the Halo, now fomewhat weakened. It is 
plain, that in order to a genuine Explication of Mock-Suns, it is chiefly 
requifite to have a clear Notion of the Origin of the horizontal Ring, 
or Bands. And from Huygens'̂  Experiment with a cylindric Giafs full 
of Water expofed to the Sun, whicli produces a white horizontal Ring 
by Reflexion alone, without an opake Nucleus-, he aflerts that the hori
zontal Bands, that interlea: the folarC¿>m;^, are formed, when cylindric 
frozen Vapours are fufpended about the Sun, chiefly where the Halo is 
depifted, in a Situation perpendicular to the Horizon ; which being 
redilinear, each of them exhibits by Reflexion a lucid Line equal to the 
Sun’s Diameter; and leveral of thefe optic Lines joining, compofe the 
Plane of the Ring or Band.

His laft Seftion is fpent in explaining the Appearance of Part o f  an 
inverted Iris, which accompanied his Mock-Suns: In order to which, 
h,e thus accounts for a (common or) primary Rainbow.

A  primary Iris is formed, when the Sun’s Rays falling on Drops of 
Rain, after fufFering two Refraflions, and one Reflexion, tend to the 
Eye in fuch a Direftion, that the Axis of the Iris, coming diredly from 
it’s Centre, and paiBng by the Eye to the Sun, makes with thefe Rays 
returning from the Drops, an Angle o f  40® below, and of 42° above ; 
whereby the Width of the 7w  is 2" 15 ',  and it’s Diameter 42° ly' .

But as this inverted Iris was but one Degre® broad, and the Diameter 
of the Arch probably but half that o f  the primary Iris; he is o f  Opinion, 
that the Sun’s Rays, refrafted and reflefted as above, entered the Eye at 
half the aforefaid Angle, by the Eye’s being placed beyond the Point, 
where the Rays met with the Axis. For thus the Order of the Colours 
is preferved, and this Iris is but half the Size o f  t.he common one.

See Señ. xlvi 
of  this Chap

ñ. As an Appendix to this Traft, Profeflbr íFí/W/fi-adds the following
• Account of the remarkable red Lights on the ^  Decer/jber 1737, feen 

not only by him at Witteviiberg, but here at London, and in moft Parts 
of Europe.

December 9, 1737, the Barometer was remarkably low; v iz . 28 Inches 
8 Lines Evglijh Meafure. It rained all that Day very plentifully ; and 
from thence to the End of the Month the Sky was much loaded with 
thick Vapours. But on the 16th, the little Wind there was being at 
N  W , and the Barometer at 30 Inches 2 Lines h London Meafure, foon 
after Sun-fet, (the Moon in it’s lait Quarter) the Sky began to appear 
very red ; and, from Seven to Nine, gave a Light as ftrong as that of 
the Full-Moon behind a thin Cloud. The whole Sky was o f  that 
Colour, which is occafioned by a Fire feen at a Diltance in the Night. 
Sych an unconnnon Sight put the Inhabitants o f  this Town in great

Terror,
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Terror. T h e  greateft Brightnefs here was about S'* 4 5 ' ;  from whi(?h 
T im e  it gradually decreafcd and at a Quarter after nine it feemed al- 
inoft diflipated. But it returned now and then, and continued, by In 
tervals, all N ight. N o w  though the whole Face o f  the Heavens was 
remarkably red, yet the greateft Brightnefs was in the N ,  and a little to 
t h e W .  T h e re .w e re  neither Pyramids, nor luminous Streamings, ib 
common in Aurorae Boreales ; nor even the leaft Appearance o f  the h o 
rizontal black Cloud at North. T h e  following Day was equally d aik  
with the preceding, yet without the leaft Remains o f  theRednefs, Such 
was the Face o f  the Heavens at Wiltemberg, and in the Neighbourhood.
A n d ,  foon after, the publick News gave an Account o f  the like Pha-no- 
mnon being feen at Vienna, Venice, Mantua, Florence, Rome, and fomc 
other Places. A t  Vienna the greateft Brightnefs was obfervcd at 15 '.
T h e  moft enlightened Parts were the N  W ,  and S S E  •, and there were 
fome Returns o f  the Brightnefs on the 17th and i8th : But in Italy, at 
Mantua, Florence, and Rome, the Rednefs was accompanied with lucid 
Columns and Pyramids. A n d  from Ro-,ne, in particular, they write, 
tliat this Aurora Borealis exceeded in Brightnefs all thofe that fiad been 
hitherto obfcrved. From thefe Obfervations it is no difficult Matter to 
deduce the Caufes o f  thefe red Lights.

T h a t this Aurora Borealis, on the i6 th , was a very confiderable one, 
appears both by the great Expanfion o f  the luminous Matter from it’s 
Rile in the N  towards the S, and by the Return o f  the Brightnefs feen 
at Vienna on the fubftquent Days. A t  Mantua the Northern L ig h t  
rcachcd the Zenith, and it is more than probable it did fo in our more 
Northern Horizon : W herefore, as the Matter was collefled at the Z i-  
nilh, the L ig h t  was rcfledted thence to all Parts o f  the Sky. But as 
the lower Region o f  our Atmofphere was at the fame T im e  overfpread 
with Vapours o f  a certain uniform Denfity, and entirely proper for fe- 
jurating an homogeneous L i g h t ; thofe Rays o f  the heterogeneous 
L ig h t,  which are the leaft refrangible, or which produce the red C o 
lour, were accordingly feparated by Reflexion and Refraftion in great 
Quantities, and coloured the whole Sky with a fiery Rednefs. And 
whei'e the L ig h t  was brighteft, w z .  between the N  and W ,  w'lich is 
generally the Focus o f  Aurora Boreales, there likewife the Rednefs was 
ftrongeft.

X X X I V .  I. I have inclofed a Draught o f  the Parhelia feen in Kent AHepreJenia- 
the 19th o f  December laft, as I took it from a private Letter fent from Par-
thence to a Gentleman in this T o w n  ; T h e  W riter  o f  the Letter is not Kent Dec'% 
fo particular in his Account o f  it as could be wiftied : His W ords were 1741’ hy the 
to this Purpofe : “  A s  to the Appearance o f  the M ock-Suns on the üív. il7r FJ.
“  19th o f  December, I have inclofed a Scheme, fuch as I could draw,

in which you may obferve S is the Sun, Z  the Zenith —  « a  an in- •
verted Rainbow o f  the moft lively Colours *, the M ock-Suns d d  were 1^41.2., 
fometimes almoft too bright to look upon, and then diey feemed pjg, 
round, but oftfen were fringed (as drawn) with the-prifmaticOolours*,

Y  y y  2 “  ;lic
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 ̂16 P a rh elia , Atithelion, and a M eteor.

I » the Arch bb  was but faint, and a whitiih L igh t in inner Part de-
“  fcribed at c. The Appearance ended about N oon, or rather a little 
“  before twelve V how early the whole was to be leen, I do not "know.”

The two largeft Semicircles, I find no Notice taken o f .-------
On ^uefday the 19th Inflant, at 10 at N ight, being the T im e I gene

rally regifter the Account o f  the Barometer and Thc-rniometer, I found 
the Mercurial Thermometer abroad, at 20 Degrees above o, or freezing 
P o in t : This I thought extraordinary, and for that Reafon I conllilted 
iiiy Regifler of lafl Year, and found 16 Mornings and 13 Evening in 
May colder Air, And in At>ril there were two Mornings and three 
Evenings only, a warmer Air.

Wind was Weft all Day 19th,  and 
began to rife when Í made the Obfer- 
vation, at going to Bed.

Of the fame, 2. “  Dr SHikeley likewife gave in a Scheme o f  the lame Appearance, 
^jVriTenni- «  as it was fccn at Ccinicrbm'y 10  ̂ i2 ^  T>cc, 19, 174 1,  in which the 
fon, ti i^ight at c was not taken Notice o\. H e copied it from a Drawing

made by Mrs Ten?iifon, who fcnt it in a Letter to his Grace the Arch- 
biiliop of Canterbury*^ C. AL

JnObfer<va- X X X V .  ^73^’ One o f  my Auditors, as he was meaiuring
*theiicn%fl't Fickls in a Plain near JVittemberg before Noon, hapj)encd to fee an 
Wittcmberg, Antheiiou^ or Image o f  the Sun oppoCite to the true Sun, fituatcd in the 
^ J . F r e d .  Nortli- About 8 in the Morning, the Sky was very clear. A bou t 9 
Weidler,Pr .̂ fypie Clouds arofe in the North, and there condenfcd by Degrees, and

Noon extended themfelves farther. A t  9  ̂ 30', when dark Clouds 
454. p.* 221/ had almoft touched the there appeared in them a Sun oppofite
Ju ly, to the Sun, o f  equal Magnitude, round, very bright, fo that the E y t

could not bear it*s Splendor, encompaffed with an oval Crown, or 
3̂ . Halo. T h e  greater Diameter o f  the Crown was about 5 Diameters o f  

the Sun, and the leiTer about 3. 7 'he Crown itfelf was adorned with 
red and yellow Colours, the red being turned toward the Anthelion, 
T h e  T ra ft  o f  Clouds within the Crown was yellow, and here and 
there red. In the Anthelion 2 Portions o f  an Iris croíTed each other  ̂
under an Angle o f  about 60®, and mrned both to E  and W ,  and were 
continued to the Circumference o f  the oval Crown ; zsHevelius alfo ob- 
ferved SepL 6, 1 661, T h e  Phenomenon continued a Quarter o f  an H o u r ; 
for when the Clouds were extended farther to the S. and hid the true 
Sun, the Anthelion difappeared. It fnowed a little at 11 .  In the M o rn 
ing the W ind blew gently from the S W .

a\ltuTfefn The Sim Ihining bright, the Weather warm, and W in d
in the A ir  in ‘ South-Eafl, fomc fmaH Clouds paffing, I.faw fomething (between 11 
tht Day time, and 12) in the Sky, which reiembled a B oy’s Paper Kite, which ap- 
^ M C  ' towards the North, and foon vanifhed from my Sight, being in- 
i  F k e u n .  by the Trees which were near the Valley where I was fland-
Dorfetihire. Colour of it  was 'of a pale Brightnefs, like that o f  burnifhed

or
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or new-waihed Silver. Ic darted out o f  my Sight wich a fceming Co- p.
rufcation, like chat o f  Star-lhooting in the N i g h t ;  but had a Body 
much larger, and a Train much longer, than any T h in g  of that K ind 
I had ever feen before. A t  my coming home, one Brown aíTured me, 
he had fcen the fame T h in g ,  for the Continuance o f  a M in u te;  and 
that the Body and Train appeared to him to be about 20 Foot long, 
and feemed to him to fall to the Ground fpmewhere about the Kennel- 
garden, whither 1 accompanied him in Expeilation o f  finding fome o f  
thofe Gcllies which are I'uppofed to owe their Beings to fuch Meteors:
But we might have fiiarchcd long enough, as I undcrfhood the next 
Day, when M r Edgcomhe informed me, that he and another Gentleman 
had fecn the fame App^-araiice at the fame T im e abouc 15 Miles from 
us, fteerino; the fame Courfe from E  to W ,  and vaniflied from them 
between I'Valkhampton and Oakhampton : T h e y  gave the fame Account 
o f  it’s Figure, Length, and Colour.

X X X V I I .  A s  I was obferving Aíí/rj near a fmall, fixed Star, then An Account 
in the W eft, on the T o p  o f  my Houfe in Buckingkam-fireet^ about 5 '  a luminous Ap- 
after 8, equal T im e  *, happening to turn my Face Southward, I was ^
furprized with an uncommon bright Glade o f  Liglit. Ic was flraic, a- London, 

bout 2 i Degrees broad, and n o ,  or 120 Degrees long, ill defined at March 13, 
either End, but pretty well at the Sides, that is, much as the common 
Rainbow, or one o f  thofe Pyramids which are ufed to dart up from the 
l io rizon  in an Aurorr: Borealis^ which L ig h t  it refemblcd m all Re- p. 3 4 7 .  

fpeñs, except in it’s Place and Pofition, and that this was fteady, and 
altogether without that tremulous Kind o f  Motion, which ufually ac
companies that. Befides Saturn^ Mars^ and the fixed Stars,
there was then no other L ig h t  in the S k y ,  nor the leaR Cloud, nor any 
o f  that horizontal Blacknefs which we fee Northw^ard in the Aiirorci 
Thti Stars were as difcernible through it, as if  nothing had been there.
A  Gentleman who was with me, fanfied it to be the T ail  o f  a Comet 
but as neither he nor m yfclf had ever feen one, I gave but. little Llcedi 
to that C o n je d u re : However, I carefully direded a 17 Foot Glafs tô  
all Parts o f  it’s W tftcrn Extremity, but could difcern nothing like a.
Nucleus, When I-firjl faw it, it extended itfelf from about the M id 
way between Aldebaran^ and Orion*^ left Shoulder, through Gemini a 
little under p, and fo on tlirough Cancer and hco  ̂ juft above Ganda- 
hconii^ fill it arrived between Vindemiatrixz.^^ Coma Berenices  ̂ where it 
ended very dilutedly. In about half an H our it grew dim about the *
M iddle, where in a fhorc T im e  it feparated in two,, or rather became 
quite dark there*,, but then methoughc the disjoined Parts were more lu
minous than before ; but they too in a little while after grew dimmer, 
and fhortened away, on to their remote Extremities, which remained, 
vifible the longeft ; the Weftern one about 9, the T im e  o f  it’s Extinc
tion, being near O m w ’s right Shoulder, and the other near the. left Knee 
o f  Bootes \ fo that this Meteor fecms pretty nearly to have accompanied, 
the Earth in it*s diurnal Motion, and to have had little, or no. Motion-.

hefides^
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betides, riiavef looked for this L ig h t  fince, but could find nothing 
like it.

The Day was exceeding fine, and by my Journal I find, that,

A t Noon, the Barometer W3S —  —  —  —  —  29 98.
Thermometer —  — ■ —  —  — ' ^7 -
Wind —  ----  -  ---- . —  —  iiaft.
D ed. o f  the Needle —  —  —  —  14 ' ’ lo^

A t  I oat N ight, Barometer —  •—  —  -----  —  2986,
Thermometer —  —  ■—  —  —  57 -5 -
D ed . o f  the Needle —  —  — • —  13 °  50'.

'Melton nh- XXXV'III. T\\c. Atfrora BorealiSy that was fcen in
yirWa/fhi- the Beginning of h’.ft Dcc. was not feen here.

But we had a v\ixh\t Aurora Borealis, Dec. 29, 1736. The Day was 
rlMíyJofcph dear, with a briílí cold Wind N W , the Evening calm and fercne, and 
Breintnal. about 7 we had a red Aurora Borealis.
Ibid. p. 359. 1737» about Sun-fct, many People in this T o w n  faw a

Melccr in the Air, large and bright; it feemed in the ZcTtiih, and
9, i-’38. feemcd to them Tome Miles from Town ; it was obferved to be

higher than the lower Clouds.
Dec. 7, 1737, a Minute or two before 11 at Night, we had two 

Shocks of an Earthquake, greater than ever felt here before. The fo- 
cond Evening after, and for feveral Evenings in this Month, a red V a
pour appeared to the S and S W , like the Aurora Borealis, 

jín Actouni of X X X IX . The whole of 1737, having been the moft irregularly 
feveral Me- conftituted Year of any in my Time 5 not one Month but what had the 
ína7 ’siior7 °̂ Weather oí all the Seafons in it, and that not by gradual I'ranfitions, 
M.D. N o. Jerks ; Summer was dry, Auguft was as cold as Wint«r,
459. p. 625. September full of great Changes •, hence that fudden and general Catarrh 
Dated in O£loh. fucceedcd in the latter End of the Month, and ail Nov. by a

Diarrhcea among the Poor. From Nov. 29, to Dec. 5, was mild 
‘ ' '740 '- warm, cloudy and clear mixed, like Spring Weather-, the Wind 

daily veering from S to N W , and every Night falling back to S W  or
S. Dec. 5, at 5-at Night, the Sky round the Elorizon was very cloudy, 
and clear in the Zenith -, the Weft Quarter was all of a deep Blood-red 
Colour, with Streamers of a very beautiful light Red, not running or 
dancing with fudden Occurfions and Mixtures, like the Aurora Boreales, 
but waving li|̂ e Vapours, toward the Zenith, by N  W  to N  : All the 
Clouds in the Interim were of a very dark red Colour, exccpt that in 
the W , which was of a deep Blood-red. After it had continued fome 
Time there, the fame appeared in the N. Under the Clouds, from 
whence thefe Streamers came, wa-s a Brightnefs fuperior to that o f  a full 
Moon. Then both N  and W  ient forth their Blood-like Streamers, one 
toward the other, v/hich paiTed one another, and came to thtir oppofite 
iunds before they were quite fpent. Between 7 and 8 at Night, the

Scene
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Scene íhifced E ;  then that in the W  was exhaufted, and that in the N  
weakened : None of them fent their Streamers beyond the Z o iith  to 
the S ■, only the Clouds in the S.. were of a very opaque Red. Laftly, 
it removed S E, where the Remainder was fpenc: All was over about 
half a n . Hour after ten. I had no Inilrument to take it’s Altitude,

The chief Remarkabks of this Meteor were,
1. From whatever Qiiarter thefe Streamers came, they iflued out o f  

a thick, deep-red Cloud, under which was hid fo luminous a Body, 
that I could have eafily read on a large Church Bible.

2. Thefe Streamers differed from chofe of all ^xtctámg Aurorae Bo
reales : I. That they were not white and clear, but a bright Red, like 
the Surface of arterial or pulmonary Blood. 2. They were not fmall 
or narrow, but broad like the milky Way in a frofty Night. 3. They 
did not dart or fly fwiftly from the Fund, or luminous Cloud, but 
moved (lowly i then flood ilill fome Space of Time 5 then fent out thin 
red Vapoucs, through which the Sky and Scars were vifible; thefe 
quickly fpent themfelves, and vaniihed. 4. Not only werjc their Funds 
red, but the whole Clouds were thick, and of a deep fiery Red.

3. They were above the Region of  the Winds; for, though the 
laft was S W ,  yet they moved from N  to W ,  as quickly as from W ' 
to N.

4. Whilft the Sky on the Ẑ w/7¿ was of the common azure Blue, that 
in the S, on the opening of the Clouds, was a deep biueifli Green, like 
Grafs.

5. The whole Time was attended with an extraordinary Heat of the 
Air for the Seafon ; for I was obliged to itrip to the Shirt, though a- 
broad in the Air all the Time.

6. This Meteor was feen at Venice at the fame Time j and,, over 
Kilkenny in Ireland^ it appeared like a great Ball of Fire, which burfir 
with an Explofion, tliat fhook great Part of the Ifland, and fet the 
whole Hemifphere on Fire ; which burnt moft furioufly, till all the fui- 
phureous Matter was fpent.

7. This Meteor put an End to the Remains of both the Catarrh^ and’ 
watery Diarrhisa\ and reftored general Healrh, till the next epidemic 
Catarrh among the Infants in February 1738, two Months after.

The next Meteor was on , 7̂35  ̂ a clear, calm, exceffive hot
Day, at p at  Night, a frightful Glade of Fire, or Draco Volans^ from 
E  to W.

05t, I ,  1736, Day cloudy, Wind S W ,  clear Ei^ening, 6 at Night,, 
fell a great Ball of Fire out of the Air to the Earth, no Rain 15 Days 
before, and only a few Drops two Days after.

1738» five p. m. Wind S W , Sky clear, the Sun bright. 
Ihining, a fiery Meteor appeared N E ,  ran N , like a Spear of Fire, 
with a great round Head, which bur ft like a Rocket, fpread about in 
a large Fire, and vaniihed fuddenly. T h is  was a great D rought, which, 
continued without. Rain to Septemkr 7.

Several Meteors obferved.

The
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Several M etecrs obferocii

The next was D¿c. 2, 1739, fix at Night, Wind N ,  Sky clear, a 
white Froft, a gttat Halo about the Moon. This Meteor appeared like 
a large round Body of Fire, of about a Foot and an half Diameter; 
feemed very low, therefore could not be obferved far, though it went 
all over this Country from N to S, pretty iharply, but nothing near fo 
quick as a Glade of Lightning, was fucceedcd inilantly by a moft dif- 
mal Sound in the Air, like Carts, Drums, and Groans mixt: It kept 
the Track of the Meteor, but in an oppofite Courfe, l i z .  from S to 
W . Tliis was a moft frightful Time of Rains, Snow, Storms,

As to the. Aurovie Boreales, the moft remarkable were, i. That of 
Sept. 14, 1 7 3 6 ,  Wind N VV, Sky. clear, next Day very rainy. This 
fXMiftly refembled a'Crown nobly adorned with the richeft Jewels; it’s 
concave Side facing the W , and it’s Convex reaching near the Zeni:h.

2. September^, 1737, W i n d N W , the Day was very rainy, and the 
Night a clear 1‘Voft. About one in the Morning, was another Aurora 
Bonali.', like a Crown, it’s concave Side full of Streamers, fcveral 
Times red, had very fwift Motions ; but the fplendid Crowns ftood 
fteady and fair 2 or 3 Hours. We find an Inftance of the like im r 
Bohemia in the Phihfophical 'TranfaHions.

The common l.ite//«rcr.r were, 1736, 05Iolcr 16, 17, 18, \Yind S, 
all three D.iys fliowery, the Nights bright and clear. March 10, 1737, 
Wind VV a Day and Rain, S at N'ght and dear. September 16, Wind 
W , clear Night. 17, Wind W, a Shower in the Day, and clear at 
Night. 19, 20, 21, Wind W , all iair, feme lirile Froft. OHobcr 13, 
r4. Wind N, citar D.iys, frofliy Nights; the 15th was much Rain. 
A'Lirch 7, 1738, Wind S W, Streamers reddidi, D.iy cold and clou'.ly ; 
the Sth w’3s rainy; 30th, Air temperate, Wind N W , Day drilling, 
next Day fair and clear. February ^7S'h  Wind N  W , D.ty and 
Night clear; next Day fnowy : 23, 24, both Days clear. Wind W ;  
the next Day good. March i. Wind W ;  that Night frofty, the next 
after clear and good. SepL 13, 14, 15, Wind N W  in the Morning, 
and S VV by S at N igh t; all 3 Days fliowery or drilling. Nights clear; 
18, 19, Wind E, cloudy fiiir Days. 0 ¿í. 22, at Night, Wind North, 
cloudy; appeared a frightful, fiery Dragon, feen over a.\\ Evglafí.í. This 
Month was the only good Weather from the 6th Day to the End, that 
this Country had that Harvcft. Nov. 2^, Wind N  VV, clcu iy Diy, 
with a Shower, clear frofty Night, with Aurora Boreales. 7 ’he next L 
faw was on OStoher 6, 1740, Wind W  N  W  by W  ; Day clear, a 
fmall Shower, a frofty Night. February 2%, 17 4 1, Wind N W . March
5, VViiid S. 6th, Wind W , then N. 9th, Ŵ ind S : A ll droughty 
Weather, with fmall Frofts.

Our Northern Lights have been much fcldomer, and fainter, both 
in Appearance and Motion, than formerly ; and whether they will 
dwindle away and vaniih wholly for fome Years, or whether they have 
had their former periodic Returns, is not certain : Nor is it lefs dubious, 
-whether they afFeft our W’ êather, Seafons, and Animal Bodies, or not.

X L .  Dcc.
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X L . Dcccmler x i ,  1741, at leven Minutes pail one in the Afternoon AnAccv̂ m̂  f  
by the common Clocks, a Globe of Light, ibmewhat larger chan che 
horizontal Full-Moon, and as bright as the Moon appears at any Time i;ec.i 1,1741. 
while the Sun is above the Horizon, indantaneouily appeared, in a blue by'Tha. MU- 
clear Sky, about the S S E, moving towards the L, with a continual nt-r.ii; ¿). No. 
equable Motion, and leaving behind it a narrow Streak of Light, 
than the Globe itfelf, throughout it’s whole Courie. Towards thc-End .
it appeared lefs than ac the Beginning of it’s Motion ; and within or 
at n)oft 4^  ̂ it fa.ldcnly vaniilicd. It’s apparent Velocicy was neaily 
equal to half the Velocity of thofe ufual lyieceois commonly callcd fal
ling or Ihoocing Stars : I'his may be thought an indeterminate W\\y of 
exprcffing it’s Velocity, as thofe faihng Stars v^ry in the Swiftncis ol 
their Motions ; but if fuch be undcrflood as have a mean Velocity, be
tween the fwifteii; and the iloweiV, it expreQcs, in the bcft Manner I can 
thir.k of, the apparent Velocity ot it’s Motion.

The narrow luminous Screak remained very diflincl after the Globe 
was gone *, and give a fair Opportunity for taking the Elevation of this 
PLwwmcnon above the Horizon, at the Beginning and End of it’s Mo
tion, had there been proper Inftiuments ready at hand : I'his not 
Uing the C;ife, I gueíTed the Elevation of the Globe, when ic ñrít ap- 
paired, was near 30^. But fome Days after, being exaclly in the fame 
Situation as when 1 faw this Meteor, I cook the Elevation of a fmail 
Cloud, wliich appeared to be in the fame Place, with a Qiiadrant of 
two Feet Radius, and found it to be but 20 .̂ This luminous Track, 
or Path, feemcd a right Line, not quite parallel, but a little inclined to 
the Plane of the Hoiizon, v iz . highell towards the Eaft. It was at 
firft vc'-y narrow, and pointed ac cach Extremity; but foon grew broader, 
and within 20̂  after the Appearance, which was the lalt Time 1 faw 
any thing* of this Affair, it appeared exadly like a long, bright, rare 
Cloud, difcontinucd in two Places, above three Times it’s firft Breadth, 
and a little more inclined to, and elevated above, the Horizon, than it 
was immediately after the Motion of the Globe.

X L Á . l^homas Savory\ Jokn W'alker  ̂ and others of Lord LovcU% An Account of
Ploughmen, being at Plough about the Middle of Augujt 1741, on a <i Mettorfem 
fair Day, at 10 in the Morning, faw on a Heath, about a Qiiarter 
a Mile from them, a Wind like a Wliirlwind, come gradually tow'ards 
them, in a ftrait Line from E. to \V. Ic paflfed through the Field h  ths Right 
where they were at Plough, tore up the Stubble in the ploughed Ground, 'i'lionus 
and alfo the Grafs bdides the fame, for two Miles in Length, and 30 
Yards in Brt adih. When it came to fome Clofcs at the Top of a rifiiig 46-. p. 183.' 
Ground, cú\^á Ftvrybujh-Clofes^ Philip Hennvfg., and others, who were Nov. 4.
houghing Tttrwi’/ij, faw it appear like a great Flaih or Bail of Fire. *742*
After having feen the Wind come into the Clofes, Rcbcrt }Aay was in 
a Cottage ŵ here be lives by a Road-fide, ac the Bottom of the Park, 
about a Furlong down-hill from the Clofe, when one o f  his Children 
about 6 Years old, wbowas playing at the Door, cried our. That K rry .  ■ 

v o l . .  VIII. Part Ü, Z z z  bujh.

Several Meteors obfervcd. 5  ̂^



buJh-Clofes were on F ire ; on which he went ouc to look, but faw no 
fire, only a terrible Smoak, and heard fuch a Noilc as Fire makes 
when a Barn is burning. He then faw the Wind come from the Clofes 
in the fame Manner as b<;rore-mentioned, making a terrible Noife,
Jike that of a violent Fire •, alfo like Carts over ñony Ground, which 
pafled by his Ilouie, tearing up the Scones in the Road, and tore up a 
Rank of Pales, and fprung fcveral of the Pofls out of their Places, and 
carried a Pewter Plate that ilooci on the Outfide of the Window, about 
40  Yards from the Houle ; and a large Box-cover about an Inch and 
half thick, and 4  Feet fquare, and crofs-barred, which he covers his 
Birds with, was carried away much further, and torn all to Pieces *, and 

' the Gravel flew about, and alfo the Flint-ftones like Feathers. It alfo 
broke down fome of Mr Knotts*  ̂ Fences, and frightened the Cattle in a 
terrible Manner. And, what is moil remarkable, that every where elfe, 
but in this Place the Weather was clear and fine, and no Sign of  any 
Storm or Difturbance whatfoever. About a Quarter of an Hour after,
Philip Hennings and two of his Partners, ^umep-hotighcrs^ who were 
at Work about two Furlongs off, came to the faid Robert May^ and 
told him, they were glad to fee him alive j for they expedted, that he 
and his Family, Houfe and all, had been deftroyed, having feen the 
Fire go that Way, and heard a Noifc, as if the Houfe had been de- 
moliflicd. Robert May fmelled a moil ttrrible Smell of Sulphur, both 
before and after the Wind pafled him, and heard the Noife a great while 
after feeing the Smoak, before he faw the Wind, an Hedge intercept
ing his Sight. He fays it moved fo flowly forward, as to be near lo^ 
in coming from the Clofes to the Houfe.

Concerning a  X LII. The great Heats we have lately fuflPered, were ufliered in by
Ball o f Sul- a very gloomy Night of almoft continual IJghtning, accompanied with
phurfuppofedio yg j-y  loud Claps of Thunder, which, as ufual, were towards the Morn- i
thê AÍr^% followed by very heavy Showers o f  Rain. Early next Day, in a
Berjam’in Meadow near the Sea-ihore, far from any Houfe, and where it has not
C o o k , 5. been known that any Improvement has been carried on, a Hufliandman

 ̂ beautiful yellow Ball lying on the Turf, which he gladly took 
N e w p o r t Hopes it would well reward him for ftooping. 
tf/’WighOJu)/ Eut it proved to be of Sulphur, of which it fmelt uncommonly
9» *733’ ilrong. It was frofted, as it were, all ovxr with an Eflorefcence of i

fine, fliining, yellowifla Cryfl:als, which foon fell ofl"' with the lighteft 
Touch;

32̂ ' It has on one Side a deep Hole admitting the End of a middle- 
fized Knitting-needle, and on the oppofite Side a deep Depreflion B  \ 
which would induce one almoft to think it̂ s Form had been at firft 
nearly fpheroidal, formed by a Revolution round a fuppofed Axis drawn 
from A  to B, It has feveral other Holes fcattered irregularly up and 
down it*s whole Surface, fome fit to admit a Hog^s Brittle, others a 
Hair ; as if it had been made of a fine Powder, and fome thin Liquid, 
and after mixing had fuíFered fome Fermentation 5 but thofe Parts of it

which

-22 A  Ball of Sulphur fuppofed to he generated in the Air.
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which are folid, fccmed more compact than thofe o f  the common roJI 
Brimñonc of the Shops, and the Powder o f  ic burns with a whiter 
Flame, and lefs acid Fumes. It’s longeft Diameter is betwixt eight and 
nine, and it’s iliorteft betwixt —  and 7- of an Inch ; it’s Weight is loS 
Grains. T o  fave more Words, I have roughly defcribed two Sides, 
one of which has the Flole the other the Depreffion B.

W e find frequent Mention in the Defcription of Thunder-Storms in 
hot Climates, that there falls often a ñmVmg bituminous Matter to the 
Ground, which fometimes .burns not to be foon cxtinguiflied, but more 
frequently fpatters into an infinite Number of fiery Sparks, doing in
credible Damage where they ilrike, always attended with a fulpliureous, 
Aiffocating Smell, commonly comjnred to that of Gunpowder.

Whether this fulphureous Ball was intended for one of thefe, but by 
fome Accident miifed firing, it is now 'Fiffie to confider.

Hivd it been formed in the I:’.arth, how ihould it get to the Surfacc, 
without lüfing that moll elegant, frofty Covering of fine fliining Cry- 
llals, and appear not in the lead fullied, or it*s Pores filled with Karth, 
or other tcrrcilrial Matter; on the contrary, not the lea!l Adhefion of 
any thing of that Kind can be obferved : Befides, Brimilone made the 
ordinary Way, feems to have a different Texture of it’s iiiternal Parts 
from this Ball. From thcfc* Obfcrvacions I am ready to conclude it not 
formed in the F>arth j but however fubmit it to the Determination of 
the Curious.

X L III. I .  Being on the Mount in Kcnfington Gardens at a Quarter 
\\\il 10, rhe Sun iliining bright, in a ferenc Sky, I faw towards the 
South a Ball of Fire, of about 8 Inches Diameter, and fomewhat ova), 
which grew to the Size of about i 2 Yard Diameter. It feemed to de- 
fcend from above, and at the Diilance of about I a Mile from the Earth, 
took it’s Courfe to the Haft, and feemed to drop over Wejltninjler, In 
it’s Courfe it aíTumed a Tail of 80 Yards in Length ; and before it difap- 
peared, it divided into 2 Heads, It left a Train of Smoke all the Way 
as it went; and from the Place where it feemed to drop, there arofe a 
Smoke which continued afcending for 20̂  (as another Gentleman and I 
obferved by our Watches); and at length formed into a Cloud, which 
alTumed different Colours.

2. In the Afternoon, between twelve and one, all this Part of the 
Country was alarmed with a moft terrible Clap of Thunder, as it is ge
nerally imagined. The Sound came from the N , where the Weather 
appeared very black and dark all the Morning. The Sound was double, 
as if 2 very large Cannons had been difcharged at the Diftance of about 
1'  ̂ from one another. Moft People thought, juft at the firft hearing, 
that it was the Difchargc o f  Cannons, till by the rolling and ecchoing 
of the Sound afterwards, they were convinced it was not. Our Neigh
bours thought fome Powder-Mills had been blown up; and I look upon 
them to be no bad Judges in fuch Kind of Blafts, having been more 
than once alarmed with them, by the Powder-Mills in the Neighbour-

Z  z z  2 hood,
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hood. I have it by Report, that a Countryman, at Work in the Fields 
a ix ) U t  7 Miles N. of us, i,iw a Flaili of Lightning before he heard the 
Noifc, but I cannot anfwer for the Truth o f  i t ; It is very eafy to ima- 
i îne, that Fancy and Fear in a poor Countryman upon fuch an uncom
mon Occafion, might conjure up the Idea ot Lightning. If it was 
I'hunder and Lightning, the Fffeéts of it mufl be very terrible fome- 
where ; for it gave the lame Report, and fliook all the Houfes ]ui\ in the 
fame Manner  ̂ that were above 20 Miles diftant from one another N. 
and S', which 1 think is an Argument, that it was more general than 
Thunder can poflibly be. 

ihi About onc in the Afternoon I found my Houfe violently fliiken
fameiVfuorin for fome Seconds of Time, as if Ib'cral loaded Carriages had been 
K e n t,  drivingagainil my Walls; and heard a Noife, which at firil my Family
jfam Golilin**" uncommon Sound. For my own Parr,

(as I thought Thunder which would fliake us at that Rate, would have 
cfth eC a ih e-  been much louder) I concluded it an Earthquake : And, going imine- 
dral Church o f  ¿¡a^ely to the Top of my Houfe, found the Sky cloudy, but nothing

 ̂Thunder-cloud in View ; only there was a Shower of Rain from 
the Eaftward prrfcntly a t̂er, and the coldeft that I have felt. I thought it 
the Shock an Earthquake, as I told you before ; but fince find it was at
tended (and Ifuppofe caufedj by a Ball of Fire, which pafled with great 
Rapidity over our Country, from Wcftward to Eaftward, for how long 
a Journey I cannot tell. It began with 2 great Blows, like the Reports 
of Cannon (which the jumbling of my Saihes prevented my diftin- 
guilhing); and then rolled away tiil it was heard no more. 'I'he A p 
pearance, I hear, was as that of a very large fliooting Star-, and it left 
a Train of Light, which foon difappeared, it being Noon-day. I met 
a Pilot I'o-day coming from Deal  ̂ whom I aiked about i t ; and he told 
me he faw no Fire-ball, but heard the Noife, and that it made the Ship 
ihake he was in, going from Grave/end to the Nore.

Canttrhury, Dec. 1 3

/fcSuftcjr, 4- A t Buckjicsp in Warbkton Parifh, in the County of Suffev;̂  about
 ̂  ̂ \ \  ̂ ‘ l A i *  T t / ^  1 i »-  - -------------• /  • ^  w  ^  j  /

hyMrCW.'ii i  before I in the Aiternoon, I obferved a very dark, uncommon Ap-
Alafon.̂  N̂o.̂  pearance in the N, and at the fame Time the Sun ihonc bright at my
Jan 7̂ ,'74/-2. when, on a fudden, there was an Explofion, as violent as the

■ Report of a Mortar-piece, attended with a rumbling F.ccho, which run 
Eaftward ; and as near as I could conjeture, it came from about 40° of 
Elevation. Several People faw a Ball o f  Fire, which ran nearly Eaft
ward, leaving a Train of Light, which continued fome Time. The
Ball of Fire was feen, and the Report lieard very loud, at Sompting^
beyond Sborebam. Although I had been gazing upon the black Cloud
for fome Minutes, yet I faw no Fire nor Lightning.

— -Jt New- 5. 1 did not fee the Phenomenon, but a Gentleman of my A c-
on a Hill about 3 Miles W . of this Town, and had a 

fy M r  Benj. ’ advantageous View of it. He fays, that at that Time the Bright-
neis

UfliD



nefs of the Sun was a little obfcnred by the Interpofition o f  fome thin Cooke. 
Clouds, when he faw it pafs by to the Eaftward, at about the Diftance 
of fomething more than a Qiiartcr of a Mile, and apparent Height of 
30 Feet above the Level of the Place where he ftood. It’s Colour was 
that of a burning Coal ; it’s Figure a Cone, whofe Length might be 8 
Feet, and Diameter at . the Bafc 18 Inches. From about it ’s Apex, 
which was it’s hinder Part, iffued fcvcral bright Streams fparkling with 
fiery Drops, to the Length of about 4 or 5 Feet. It’s Motich was Fig, 33, 
nearly parallel to the Plane of the Horizon, and it’s Dire ¿lion (as near 
as we can find by comparing the Places it paficd overj from S \Y by S 
to N E  by N, without any Noife, Wind, or Motion of the Earth at- 
tending it. The Time of it’s Appearancc did not happen to be taken 
Notice of with the difired l".xa¿lnefs *, but by the bed übfervation we 
can mal.c, muft be about a Qi.iartcr before i at Noon. There were a 
few others who faw ir, to whom it appealed difierent in Shape, accord
ing to the Point it was ícen from j and perhaps it’s Shape might charge 
as it became nearer confuming» and only it’s Head, in the Form of a 
Bell, remain at laft.

6. About one, P . M . coming by Water from the City to Whitehall^ --- Loii-
and near to Hungerford-jt irs  ̂ there appeared to me, between Vauxhall
and hawhetb^ a Body of Fire ; It fprung upwards in it̂ s Afcent almoft 4̂^
perpendicular to the Horizon, to the Height, as near as I could guefs p. (¡9' -Rcai
liy my Fye, o f  3 5 ^ ,  in the Space of a few Seconds, and nearly in March 

Form of a large Boy’s Kite, projeóting a long Tail towards the North- 
Wefr,/ not unhkc thofe of Slips of Paper iet on Fire : In this State it 
continued fo long, ihat I made the Waterman lay his Oars in, that I  
might tl'.e more eafily obferve whether it was the Work of Art or Na
ture, for I was in fome Doubt. It had from it’s firft Appearance ex
panded itfelf confiderably, fo that the extreme Breadth was feemingly* 
equal to the Diameter of a Full-Moon, arifingfrom a duiky Horizon.
In this Form it continued afcending for the Space of 2^ gently fhoor- 
ing withal to the N  E, till it arofe to about 45̂  ̂ *, then fuddenly quit
ting it’s Tail, which vaniOied, colouring the neighbouring Clouds with 
a Yellow on their Separation, it formed itfelf firil into a Ball of Fire ; 
then (hooting quickly to the Sonth-Eaft in a Stream of Light, difap- 
peared, making a Noife like a Clap of Thunder at fome Diilance,. and 
leaving behind it a fmoaky Subfiance in it's Track.

The Weather moderate and cloudy, Wind, as nigh as I can remem
ber, W  S W . It continued in Sight upwards of

7. A s the Fire-Ball appeared at Noon-day, and the Sun ihining, A  farther At-

People faw it, and they could only guefs at the Courfc. The beft Ac- ^  
count I have had is at Second-hand, from two Farmers who faw irtp- X/rWiI
gether, and make it’s Courfe from N  W  by N , to S E  by S, and right liam Goftlingi. 
over l.itilcloryi (which is the firft Village in the Road from Canterhtry p-6o.
to Deal). Their W ay of telling it’s Courfe was by faying  ̂ it went from March
Wefthen toward Ratlmg^ near which Place Lord Co^vfei* was then hunt- *741-2-

ing,

A  F ire-B allfeen  in the Air^ ícc. 5£5
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iiig, and hciud but piie Explofion, which feemcd to be within a Few: 
Üüds^of him : 'Fbe, pther, I luppoíé, happened at fuch a Diftance, aŝ  
to, be in one with fo near him.

X L IV . S'Miday March 12̂  1731-2^ between i and 2 in the After
noon, -walking in my Garden by the Side of a Canal, I heard as it had 
been a large C’!ap of Thunder from the N E, being a very clear Day, 
qnd no Clouds appe.aring. While 1 was looking into the Air, the Noife 
was- repeated ve(y loud, but feemed more like the violent Fall of a 
Houfc, inlblnnch that I expelled every Moment an Out-cry from the. 
Town ; But- 1 was foon undeceived, when it began again, and I found 
ic made towards me, with a different Noife from what I had heard, 
that is, like the Grinding of Flint-ftones, but very loud : I ’he Dimen- 
fions of ir feemed to he about  ̂ Foot w'idc. 1 found it fink in the Air, 
and as it ieemed to point directly at my Head, I laid myfclf down upon 
a Grafs^flope, to let it pafs. over me. However, at the upper End of 
the Walk Í found it fcil tq the Ground, and came rolling down the 
Grafs-w^alkj and I can compare it to nothing better than to that of a 
violent Grinding of Flint-fiones, or a Coach and fix upon the full Speed 
upon aCaufvvay of loofe Stones. I lay attentiv-’c, expeding to fee Ibme- 
thing, and faw a Piece of Wood came running before it. When the 
Phaenomenon came to the Water-iide, it twifted up a large Stake that 
flood in it’s Way, and toíTéd it towards me with ’much Violence, and 
immediately fell into the Water with the Violence and the Noife of a 
red-hot Mill-ftone. I have feen the Seas break againfl a Rock in a 
Storm, but neyer faw a greater Ferment caufed by the boiling of the 
Waters. It flaid about i  of a Minute in the Water, and then mounted 
again into the Air, and went rattling,a way, but with much lefs Violence:
I heard it for about  ̂ of, a Mile, and loft it. N . B. It came againft the 
Wind, and not faiter than a Man may walk. The Froth and Foam 
upon the Water remained 20 Hours after, when I iliewed it to fome 
Friends.

ObprvCitioin on Ex¡>¡ofwm hi the A lt.

Halfted in EíTíx, 
1751-2. Vievar,

^uefday*^ March 15, 1731-2, between 11 and 12, the Sun fliining 
\'cry bright and hot, withoat the leaft Cloud, the W ind fo calm, that 
the Water ŵ as as fmooth as Glafs, I was dreifing in my little Room next 
the Garden, about 40 Yards from tlie Canal, when I heard a very fur- 
prifing Noife o f  Fire, refembling, as I told you ^tLondofjy as if  a very 
large Quantity o f  Oil had been thrown into a great Bonfire, burning 
in it’s greateil Rage. I ilepped immediately to the Window which was 
open, where I faw the Middle o f  the Canal, which this dry Seafon has 
funk about fix Inches, in extreme Agitation, as rough as the Thames in 
a Storm, foaming and fmoaking, and forced up, to my Appearance,

*  Manh  15 was that Year on a Wednefday, J ,
f u l l
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full 2 Poot above the Surface, but it might be much more, my Window 
being greatly higher than the Canal > and the Fellow who was at W ork, 
whom I examined again this Morning, protefts he faw the Water, like 
the Spray of the Sea, above the Dwarf-Trees, which muft neceffarily 
be 5 or 6 Toot. I wiili I had feen the Beginning of this uncommon 
Ph<enomcnon, the Duration o f  which, I think, might be i a Minute, 
and made the Houfe ftink, as if a Gun had been fired in it.

M y Canal bears E. and Ŵ , and the Fellow fays he heard it coming 
Jom the W , bringing the Leaves of fome tall Trees from an adjacent 
Field in it’s Paflage ; but could not difcover any material or fubftantial 
Body to fall in the Water, where the Hiiling, as I obferved above, was 
very loud and violent; neither was there any Lightning or Thunder bcr 
fore or afer, but the Day remained bright, ftill, and hot. I forgot to 
fay, the Space of the Canal that was affedted by it, micrht be 12 or i c 
Yards. °  • ^

A n  Explojion in  the A ir ; and R ed Lights. 527

Springfield in EíTcx, 
A u g . 22,  1 7 32 . Sam. Shepheard.

X L V ,  O^ob.22^ 1725, about 2 in the Afternoon, the Sky being Jn Accouni 0/ 
very ferene and clear, Capt. Richard Sjmfb as he then thought, <̂ nExpkfionin
the Noife of a Gun, of a Minion Size, about 12 Miles Eañward from 
him,- which Noife was repeated at lead 20 Tin'.es, but at unequal Mr Richard 
Diftances of Time, and foon afterwards followed a very loud Explofion, Lewis. N o .  

as if a Ship had been blown up : Upon Enquiry, he was rold by feveral 479 P- 
Perfons who lived about 12 Miles diilancfrom hisHoufc, that they were 
greatly amazed with the Appearance o f  an extraordinary Brightnefs in -
the Zenith^ rcfembling Flame, which continued for abouc 5 ,̂ and then 
the imaginary Guns were fired 20 or 30 Times, v/hich fo difturbed the 
Atmofphere, that the Birds loft the Ufc of their Wings, and fell to the 
Ground in great Diforder. This Noife was heard about 50 Miles cach 
Way, from the bright Appearance aforefaid.------fa r  the Captain,

I heard the Noife (as moft People did) but faw not the Brightnefs 
Po.iGpJko  ̂ beit^g about 60 Miles from the Captain’s Houfe, I was told 
that the Shock, occafioned by the Noife, threw down Pewter that was 
fet to dry againft the Side of a Houfe.

X L V I .  I .  Dec. 16, 1737, (TV. S.) in the Evening, the Sun being An Aaomt o f  

about 25̂  ̂ below the Horizon, a Light was obferved in the N, as if 
the Air was on Fire, and flaihing; the Intenfenefs of which gradually 
increafing, at the third Hour of the Night it fpread Weilward in fuch 
a Manner, that if  a Perpendicular was let fall from the Polar Star, and pies) hyth$ 
afterwards a Parallel to the Horizon fuppofed, and divided into 6 equal Caf-
Parts, which P-arallel ihould pafs through the whole Extent o f  the a- 
forefaid Light, it is certain, that 5 Parts of the 6 would be towards 
the W ,  and only one toward to E, iian, f y T .  S.

The greateil Height of this Light was about 65^'; f6r*it occupied'tfie 
■whole Extent of both the Bears^ and the Polar S/ar; Y et at the Sides it 58̂ 3 jan.

was X 7 4 1 .
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^28 L íg tís  (ibferved at Naples.

was noi To high ; lor in fome Places near the N . it arofc only to 
i ; o ‘’ , and g r a d u a l l y  diminillicd, fo as to become infenfible at the true
Horizon.

T h e  above-mentionecl L.igbf at it’s Extremities was unequally jngged, 
nnd fcattered, and followed the Courfe o f  the W efterly W ind ; lb that 
for a few Flours it I'pread confiderably wider, yet without ever reaching 
llie Zefiith.

The greatert: Redncfs and Infiammarion appeared half W a y ,  between 
the vifible Pole and the Northern Point o f  the Horizon ; and in th"e 
Middle o f  this inflamed Parc there appeared fome Streaks Icfs iiülamed, 
and moftly perpendicular to the Horizon ■, fome o f  which fladied from 
T im e  t o l ’ ime, while others fuccefTively vanifhed. About the fixch 
Hour of the N ight the Intenftnefs" o f  the Colour difappearcd; fome 
1‘mall Traces of the Inñammation itill remaining towards the N  E  and 
W ,  which were all vaniilied at ). f c f  the N ight.]

During the g ’’eateft Vigour of the TnAammarion, ibme fmall dark 
Clouds often croifed the Light parallel to the Horizon : Rut the Sky 
was very clt*ar, except in fome Parts near the Horizon, where it was 
much overcalt with Clouds.

"I'he infl-imed Matter, in the greareft Part o f  it’s l".xtent, g iv e  a frt̂ e 
PaiVage to the Rays o f  t!ie Stars, even o f  the third and fourth M igni- 
rude, fituated behind it. About the fourth Hour o f  the N ighr, a veiy 
regular Arch of a parabolic Figure was fccn to rife gently, to 2  ̂ of 
redangular tlevation, and to 20"̂  o f  horizontal Amplitude.

This Pb¿sno»mon was feen all over as appears by feveral A c 
counts o f  it, though wiih f(3me Difagreemcnt between them.

But how bright foever and diftindl it appeared, vet it’s Caufc has been 
deemed by many to be very obfcure: For fome call ic an Aurora Borea
liŝ  therein following the Opinion o f  Ĝ JJcfiduŝ  and deducing all the 
Appearances from the Laws o f  fimple Refradion o f  the folar Rays. 
Others think it an irradiation o f  fame luminous Comet, placed below 
our Horizon. Others more politely fay, it was a new' celcitial Body de- 
fcended from it’s upper Habitation down to us, and courteouily received 
by the Earth’s Vertex. Ochers, in Love with Authority, and Frauh 
Names, have endeavoured to eflabliih the Meteor as a Mixture o f  the 
two Atmofphcres o f  the Sun and.Earth; therein ti.nacioudy adhering 
to the new Opinion of M . de M air  o f  xX\t Acadany of Sciences zx. 
Paris. In fine, others more accurately deduce the W hole  trom the 
fimple firing o f  a bituminous and fulphureous Matter, upon account 
o f  it’s very little fpccific Gravity, raifed to the upper Parts o f  the At- 
moiphere^ and there, by the clafliing o f  contrary W inds, broken, 
comminuted, and at lad fee on Fire, T h is  Opinion has been defended 
with ftrong Arguments, in the Peterflnirg Commentaries, by Mayerus^ 
upon Occafion o f  the Appearance o f  a fimilar Phaenomenon in thofe 
Northern Countries.-

And,



And, indeed, the preceding Eruption of Vefuvius, the Contrariety 
of the moving Forces, the Keadinefs of the Matter to take Fire, the 
unequal Intenlenefs o f  the Light, the Streaks, and all the other Cir- 
cumftances obferved in this Meteor, are plain Arguments of a genuine 
and real Accenfion. Ax\¿.lVoljius^ on the Appearance of a Phenomenon 
much like this, which was feen all over Germany on the 17th of March^
1717, is of Opinion, that it ihould be callcd imperfeól Liglitning, as 
being produced by the inflammable Matter of Lightning : And pofilbly 
we ihall fee the fubfcquent Rains fall quietly, without Lightning or 
Thunder,

i_/?. That it could be a Refraflion, happens to be diametrically con* 
trary to the Laws of Rcfradtionj becaufc the Sun was then in the op- 
pofice Tropic.

á̂l \̂ The Light ought to have been moil intenfe in theEaft, and weak 
in it's Elevation *, whereas quite the contrary was feen to happen. Thus 
the Whole is accounted for, not by Dioptrics, but by the Ible Laws of 
direft or reflex Vifion ; and the Streaks already taken Notice of, were 
Spaces containing lefs of the inflammable Matter j whereby the lumi
nous Rays of the neighbouring kindled Matter, being weakly reflefted, 
made the Appearance of a fainter Colour.

The uneven Appearance of the Light at it’s Extremities cannot 
be accounted for by Refra¿lion, but perfeftly well by Accenfion : Where
fore I think it rather deferves the Name of a Northern Lights or Fire  ̂
than that o f  an Aurora: But I leave the further Confideration thereof 
to better Heads.

2. The Sky was entirely clear, not only in the Beginning, but during — Pa-.̂  
the whole Night. The Wind was at N ; which was rather known by h  
the Weather-cock, than fenfibly felt, the Air being very fl:ill. The 
Quickfilver in the Barometer flood at 30 Dig. 24 Dec. (Englijh Mea- franjlated 
fure) an extraordinary Height; fince in the Space of 14 Years, that 1 from tht Ln\n 
have applied with great Care to Meteorological Obfervations, I have ^ 
but once obferved the Quickfilver at 30. 48. which I have hitherto look- 
ed upon as the greateil Height.

In my Thermometer of M. Amonton'% Make, the Fleight o f  the 
Quickfilver was 48 Dig. 78 Dec. And in Monfieur ¿/i/*^^s Thermo
meter, which he fent me from Peterjhurgy (in which the Heights arc 
changed by the greater or lefTer Denfity of the Mercury, and the Mear 
fure is taken behind the vacant Space at Top) I reckoned 142.

But before I treat o f  the Obfervation, it becomes neceíTary to remark 
two Things, vi%. that I fuppofe, that the Divifions of the Horizon 
into Degrees Eaftward and Weflward begin from that Point, where the 
Meridian interfeds the Horizon in the N . : And befides, when I men
tion the Degrees o f  the Horizon, or Degrees only, I mean thofe Diflances 
which can be defined by the vertical Circles reaching the Degrees 
mentioned.

R eJ Lights ohferved at Naples and Padua. 529
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R rd L ig h ts  obferved at Padua.

In fetting clown my Obfeivations, I made ufe of apparent Time
{p. m.) Airernoon.

At 5" i ,  there appeared near the Horizon a bUckiih Zone, with it̂ s 
upper Limb of a Sky-colour, fomcwhat obfcure. Above this Zone was 
another very luminous, refembling the Dawn pretty far advanced. The 
highell Zone was of a red, fiery Colour. The Altitudes of the Zones 
fc^meti to bear fuch Proportion, that the fecond was double the firft, 
and the third triple; And, at tiu: fame I'ime, they in many Places roie 
Ibmewhat ab >ve the 40th D/gree of Altitude. Hailward they extended 
to rhe 5jeh D-gree on the Horizon, and Weft ward to the 70th. They 
had 3 perpendicular Hender Di ’̂ifions, like Slits; but they were parallel 
ro the Horizon, excepting that the third had fome Part.s of it's upper 
Limb unequal in Height, with iome Afperities upon it; and I'rom the 
firft to the fixth Degree Wedward, a Sore of Beam wider than the reft 
was obfcrved. The Stars of Parc of the Grent Bear  ̂ the Dragoji, Iler^ 
atles, and others, appeared more or lefs through the Ph^notmton (and 
others afterwards, according as the Appearances varied). But through 
the lower Zone they appeared more obfcurciy, and in fome Places not 
at a ll: Through the middle Zone, they flione bright *, but through the 
higheft, they were lefs diftinrt.

I cannot determine with Certainty the firft Moment of the Appear
ance of this Aurorh : Nor indeed does it fccni feafible, to define the 
llife of fuch Phenomena with fuificient Accuracy. BjC it is worthy of 
Remark, that after Sun-fet on the preceding D ŷs, as well as this, there 
appeared in the W. a remarkable Redntfs expanded on each Side: And 

 ̂ moreover, on the enfuing Evening, the fame bright red Colour, ap
pearing near the Horizon, deceived the common People i.-r.) a Behel’, 
that a new PhatGmcnon^ like the foregoing, was breaking out of the 
Horizon. Wherefore I am of Opinion, that in this Cafe there is a 
confiderable Difference between ú it Aurora Borealis^ and the Redncfs 
occafiohed by the Sun’s fettirg.

About 4. of an Hour after, the Length of the Zones was contratfled, 
their Extremities having receded about 10  ̂ from the E. and W , The 
white lucid Part was not now To diftinguifhable from the red as before: 
And this laft Colour grew fainter’ almoft every-where elfe but at the 
Weftern Lrmrf, where it was more vivid ; But in that Weftern Space, 
from which the Aurora was withdrawn, there remained a brighter Spacc 
of 3 or 4®, furrounded by a fmall black Cloud, fo that it Teemed to be 
a Kind of Hiatus, Near our Zenith there appeared fome thin lucid 
Clouds, partly of a whitiih Red, in fuch a Manner, that they feemed 
as if occafioned by the burning of Houfes at fome Diftance to the N. 
Others of this Sort had happened before, and fome were feen after
wards.

A  little after fix, the upper Parcs began to emit red Streamings, or 
Rays, in Plenty; but in thefe, the Red was now-and-then intermixed 
with whitiih and darkííh Colours,

l u r u D
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In a few Seconds after, there ifiued forth from the very -^Iquinodial 

\V, a red and very bright Column, which afcended to the third Part 
of the Heavens 5 and a little after, it became curved in the Shape of 
the Rainbow.

A t i  after fix, the red Colour appeared fainter, and the Zones were 
not fo diñiníl fron* one another *, the Phaenomenon reached only to the 
20th Degree E, but to the W . it retained it's Length, as before.

A t  7 the Phenomenon appeared interrupted, and divided into two 
Parts, the intermediate Space becoming almoll invifible. The red Part 
of it’s Weftern Extremity was curved into an Arch terminating near 
the Horizon. Not far from the 84th Degree to the W , there appeared 
a Sort of Hiatus^ not unlike that in the E. already defcribed, and which 
had vanifhed by this Time.

Seven Hours 20' the whole Aurora was become paler, fo that the red 
Colour was fcarce difcernible, except at the Weftern End, where it was 
of the Colour of Fire.

A  little after eighty the lowermoil of the Zones, as they now ftood, 
was blackiih ; and above this another whitiih bright one was fccn : 
And feme Parts of thefe feemed to fluiluate, and be agitated (as it 
often happened before and after); and, if any of them difappeareS, 
t+iey were foon fucceeded by others.

At i  an Hour after eight, almoft in an Inftant of Time, the bright 
Zone, from the 8th Degree W. to the 50th E, became more vivid, 
and rofe higher; and above this appeared a new large one, of a red 
fiery Colour, with feveral fucceifive Streamings tending upward, and 
pailing 60*̂  o f  Altitude : The Wcilern Part had aflumed the Form of 
a thin Cloud. _ •

A  little before nine, at 16  ̂ Eaftward, a curved red Beam, for Bow) 
though irregular in fome of it’s Parts, rofe up to the Zenith \ and at the 
fame Time fuch another, commencing at the Horizon beyond the 80th 
Degree W ,  arofe to the fame Height, and joined the Eaftern Arch in 
the Zenith.

A t 9, after thefe Beams had been up to the Zenith a very ihortTime, 
they parted, and began to fall confiderably lower: But in that Pl*:ce 
where thev were in Contadl, there remained a certain reddiih Cloud, 
v/hich gradually changed in Magnitude and Figure : However, I never 
obferved it to afiume that Figure which might properly be called a 
Corona. In fome Time it vaniilied, as the other Appearances did from 
the Zenith: Nay, the whole Ph¿eno7nenon grew.lefs, and fainter ; and 
was reduced to the irregular Form of bright Clouds and Beams, whofe 
Light ftill diminiflied.

A t i  after nine, the Weftern Part was transformed into the Appear
ance of one Cloud, of a very red Colour, with very little Roughneffes 
on it’s Edges ; but it was fomewhat more contrafleJ than before.

A  little after 10, the Heavens became brighter from the 84th Degree 
W , to the 18th degree Eaftward, and to 50^ h ’gh, .ftr better, 
l  i  A a a a 2  A t
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Red Lights obferved at Boiionia.

A t io'‘ 36̂  the Pb^nomenon was contrafted, being now about 10° ¡n 
Longitude íhorter on each Side. But it’s upper Part was very red, as 
if on Fire, with feveral Rods, or narrow Beams, fhooting from ir. 
In a Word, the Dilpoficion and Brightnefs of it’s Parts came very near 
the Shape and Vigour the Phanomenon had at the Beginning.

A t 11 the red Fart did not afford the Sight of thefe Rods and Dart- 
in^s; and the Colour being now fainter and pale, tiie whole Aurora was 
divided into 2 Parts, and the Light was weaker.

In 10' after, the intermediate Sciffure was larger, being now near 
20̂ ' i and the Part on the Right-hand ran fomewliat E.

About 10'’ the Rednefs became ilronger, but more fo io the W ,
than to the oppofice Part.

In j o f  an Hour, both the Light and Rednefs diminiilied ; fo that 
the only Space that retained a vivid Light was that of to the W .

A t 12 the Light of the Aurora was nearly extinil, there appearing 
only a very weak I^ight along the Tops of the Mountains.

Twenty Minutes after, there appeared a white brightiih Beam, at 
30® W , and 60® high j but it foon became invifible.

In i an Hour after, a very weak L-ight remained in the Wefl-, near 
the Horizon ; which had not been obfervable, if the Brightnefs of the 
preceding Phaenomenon had not invited me to continue the Obfervation.

A t  Í after one, that weak Light was much contraded.
• The Tranquillity of the Air continued the fame, or nearly fuch, as 
in the Beginning; and yet there was not the leaft Report, or even hifling 
Noife, heard to iffue from fo much Matter.

A t I*' 30/, that Part of the Heavens where the Autora Borealis had
fhone forth, was no Ways different from the reft ; and the only 1-ight
in the Sky proceeded from the Stars, and the Moon, which was now

“P-
I had at other Times obíérved fome luminous Appearances in the 

Heavens, which may be referred, in fome Meafure, to the Clafs o f  the 
Phenomenon above defcribed ; but I was of Opinion, that the Memory 
of this ought to be preferved with the greater Diligence, as it far fur- 
p.:iTed all that preceded it in Magnitude, Light, Figure, Colours, and 
Duration.

— -Attht 3. T h t  Aurora Borealis, which was formerly dt. Phanomenon, and
of almoft unknown in this our Climate, is now become very frequent. 

Bononia!”  In a great Number have been obferved for fome Years paft, as
D r  Euilachio appears by the Regifter of the Obfervations made in this Inftitute. This
Zanotti, Dt- Time it was fo very remarkable, that I do not think any one remem-

Extent, ir fpread fo as to
latedfrom the about 1 4 0  Degrees of the Heavens: And, as to it’s Light, it
Italian, iy was fo vivid, as by it to diftinguiih Houfes at a great Diftance; which 
'r u-  ̂ Colour, and made fome People attribute this Light

 ̂ Neighbourhood. But when they were aíTured what it
wasj they remained no lefs frighted, fuperftitioufly believing it im*

poffible.



Red Lights ohferved at Bononia,

pofiible, that ilich an uncommon Light, and of a red Colour too, Jikc 
Blood, Ihould appear in the Sky without prefaging Tome unhappy A c 
cident. While the whole City was intent upon viewing this new A p 
pearance, I and fome young Gentlemen were employed in calculating 
i\\t Ephemerides \ and, being apprized thereof, we jointly began to take 
Obfervations of it. This uncommon Light drew to the Obfervatory 
feveral others, that were ufed to come at other Times : But I ihall only 
relate what is entered upon the Regifter of Aílronomical Obfervations, 
leaving to thofe who are fond of philofophical Hypothefes, to inveftigate 
it*s Caufe according to their Fancy.

7̂  9 ' ,  p. m. when we firft perceived Ú\t Aurora Borealis^ it’s Centre 
was near the N. Pole. The Brightnefs extended along the Horizon 
about 70®, and it’s Height was judged 20^. The Sky was almoft totally 
overcail with Clouds, but the Light was vifible in feveral Parcs, where 
the Sky was clear. The two Scars, ^ and e, of the Great Bear  ̂ ihone 
bright in the Midft of the reddiih Light o f  i\\t Aurora,

7** 34', no Change having happened for fome Time, the Light now 
appeared fomewhat weaker, and removed from it’s Place,; for it*s 
Centre was no longer in the North, but paffed Weftward. [N, W .]  
The Stars, ^andf, were ftill vifible, but more Eaftward, with refpeft 
to that Part where the Light was brighteft.

7  ̂ 39^ the Light continued diminiiliing. T o  the W ,  the Sky was 
quite overfpfead with Clouds \ fo that it was not pofiible to diftinguiih> 
it’s Limits.

7^'42^ ih t Phc€no7nenon on a fudden re-affumcd new Strength, and 
became more vivid, and of a Colour as red as Fire.

7  ̂ 44^ it again became languid, but was fpreading at the fame 
Time. T o  the E. it was not poffible to determine it’s Limits, by 
reafon of  the Weaknefs of the Light, which difappeared by Degrees. 
About the Pole, and to the Weft, it was loft behind the Clouds.

7^49^ it continued to fpread wider, and had already taken in the 
two Scars, (3 and 5/, of the 'Dragon' ŝ^Hcad  ̂ and Lucida Lyra.

52^, the Expanfion of the Light ftill increafed, which took in 
a great Part o f  the Swasty furrounded by a Mift. At. this-Time the 
Height of th t Aurora was 40°, and it’s brighteft Part was a little under 
Lucida Lyr¿e.

7  ̂ 54^ on the other Side towards the N ,  the two Stars, iand j/, of 
the Great Bear were immerfed in the Light.

7*' 59^ ĥe Aurora formed itfelf into a concave Arch towards tl)C 
Horizon. The Polar Star was near the Top of it’s Convexity, and 
fome Stars ihone bright in the Midft of the L ig h t ; and, among thefe, 
Í and 5/, of Urfa major. The concave Part was terminated by a Bafia 
fomewhat dark j which fcparated the red Light of the Arch from a 
white and very bright Light, that remained within it. The Archj 
which-was 15® broad, was o f  a deeper Colour towards the Horizon 
than towards the Pole. The Weftern Limit, which was inccrrupred by

Clouds,
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Fi> ■>% Clouds, was wider and more irregular than the Eaftern L>imic. Fig. 38
 ̂  ̂ ' exliibits the Phenomenon conformable to the Defcripcion now given.

1 I ' 8̂  9 ',  to the W , the Limit of the Arch remained confufed, though
■ of a r e d  Colour, fomcA^hat vivid : But to the E. it became more faint,

and changcd rather into a whitiih Colour.
8̂  I9^ the red Light fpread to the Conflcllation of the Dolphin.
S’’ 22', the Arch, v/hicn was ftill diftinft, grew bigger, paiTingEaft- 

ard by the two Scars, and *, of Urfa major, and Weftward by the
¿'cars of the Swanks ^aiL

8̂  29', Lucida Lyr.^ remained clear o f  the red Light, which moved 
higher, and was immerfed in the bright Light.

30^ at che Eailern Limit of thtJurora, that is, at 54^ from the 
N. Pole, there was faddenly feen to ril* vertically up, a Beam of Fire, 
at firft of a very bright L ig h t; but, in Procefs of Time becoming more 
refplcndent, it changed into a red Colour, like that of the Moon in the 
Horizon.

8̂  31', the Light dill increafed in Vigour, and was now entirely 
like the red Rays, Vv'hich are feparated by the Prifm. It’s Figure was 
changed ; for it refembled a Pyramid, with it’s Bafis on the Horizon, 
4  ̂ wide, and it’s Height was about 20 .̂ Near the T o p  o f  the Pyra
mid, the Redncfs was kfs than at the Bafis, and it’s Limits were not 
very diftinft. ^

8’' 34^ the red Light continued fpreading, and made, as it were, a 
Bafis of u weaker Rednefs, for the aforefaid Pyramid. A t  this Time 

j.. the Aurora appeared unfcttled and curious, as in Fig. 39. Ac it’s
Eailern Limit the Pyramid continued vifible, but o f  a more intcnfeCo- 
Jour towards the North, and from it’s Middle there iliot up vertically 
a Streak of Light, between a white and a yellow Colour. A  very dark 
narrow Cloud eroded the whole Phaenomenon  ̂ and went to terminate in 
the Pyramid. Ac the upper Part, a confiderable Track of the Heavens 
was enlightened with a very vivid red Light, which was interrupted by 
fcveral Streaks or Columns of a bright yellowifli Light. The faid 
Streamings fliot up vertically,, and parallel to each other j and the nar
row Cloud feemed to ferve them for a Bafis. ' Under the Cloud there 
iíTued forth two Tails of a whitiih Light, hanging downward on a 
Bafis of a weak Red, and it feemed as if they kindled and darted the 
Light downward. There was likewife fcen a white Screak, w'hich paiTed 
acrofs thefc two Tails, and extended from one End of the Phenomenon 
to the other, in a Pofition almoft parallel to the above-mentioned Cloud. 
■Weftward the Sky was all cloudy, fo as to fuffer nothing to be ob
ferved. A t  this Time fome of the Company perceived other little 
Shootings, like thofe which are frequently feen in Summer, and are 
commonly called falling Stars, More than one o f  thefe were obferved 
in that Part of the Heavens that was free from the Phenomenons at 
about 45 Degrees of Altitude, not far from the Eaft,

Red Lights obferved at Bononla.
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8̂  36^ there re-appeared a Portion of  the Arch, which was ícen at 
firft. The Pyramid was fprcading, and lofing it's Figure.

8̂  38^ the very bright red Light, which firll formed the Pyramid, 
fprtrad Northward on the Tracks of the Arch ; which ncverthelefs con
tained wiihin it a bright Light extending to the Horizon, excepting 
that it was covered here and there by Clouds.

8̂  3.9  ̂ the Stars, f, of Urfa mojcr  ̂ flione through the rcdLighr, 
which contained feveral white luminous Screaks.

8̂  44^ the red Lighr, row very vivid, was all interfperfcd with 
white luminous Streams, which darted cut of the Bafis or lower Extre
mity of the Arch. T o  the W , the Northern Light terminated exañ- 
ly in a white Streak, and Eailward it fpread as far as the Horizon. The 
N. Pole began again to become red, yet there ilill remained fomevvhac 
of the ufual bright Light between the Red of the Pole, and that of the 
Arch.

8̂  5I^  the red Arch began a!fo to appear to the Weft, and reached 
to the Stars of the Svcan  ̂ which at firft were hid by the Clouds.

8̂  54', the red Light began to fpread on every Side, but ftill con
tained within it fomewhat of the Brightnefs. The Zcni h was now all 
red, and with ic that Part o f  the Sky which takes in 70® on each Side,
Fig. 40 exhibits the Vhtnomencn as ic was obfervtd at that I'ime. The F ig . 4a. 
Circle defcribcd by the Figure denotes a Paralkl to the Horizon at the 
Altitude of 45^; on which is a Portion of the Arch, /0 often mada 
mention of. '

8̂  56^ there appeared fcveral white Streaks to the Eaft, where the 
Light of Aurora was ilrongcft ; which Light was rifing higher, and 
fcemed to have entirely quitted that Pait of the Sky near the Horizon.

g*" 4', there now remained but a little rtddifii Light at the N. Pole;, 
all the reft was collcfted neiir the Zenith^ not txtending lower than the 
Star a of IJrfa major. In the South, where the Sky was clear, there 
were ftren fome of thofe Stars which we have called falHng Stars.

9̂  6^ about the Zenith the Light continued red and vivid, but de- 
fcended lower. Jurera ab.uidoned the F ,  and rock Pciltfil'on of 
the N. W . Ic appeared as if the Corufcations had almoft conftantly 
taken their Rife from the Eafttrn Qiiarter, and afterwards extended to 
the W.

9*̂  9^ a confidcrable Streak, or Track of red Lighr, more vivid than 
the rt-ft, croiTcd the Stars of the Su'an almoft horizontally.

9*‘ 12', in the Eaft, where the Aurora feemed to have entirely diilip- 
peared, ic began again to make it’s Appearance ; but to this Time the 
Light was but faint, in Compariibn of that which was feen in the Be
ginning.

9̂  19', the Light was become pretty faint, and confined within ;v 
fmall Space, ac the Height of about 40® above the N  W . Many Vnth 
Changes that occurred, are not fct down, it being impoffible to keep

Account
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Account of Them all, inafmuch as they fucceeded one another very
quit-k.

34^ ú\t Aurora k tm tá  entirely extinguiílied. In fome Minutes 
after, It began to revive; but the Clouds, which were in great Num 
bers, and jprcad round on every Side, left but a few little Spaccs free. 
The greattil Brightnefs was in the Zenith^ which appeared like a red 
Veil, declining to the N. where it loft itfclf behind the Clouds.

II*’ 6^ the Light gathered new Strength, and was all at N. up to 20’* 
of Altitude, the Zenith being quite clear of it. The Brightnefs w'as 
greateft about the Pole, and grew weaker as it receded from it, taking 
in, upon the Whole, 90 Degrees of the Horizon. The Clouds con
tinued to increafe, and prevented feeing the Pbctnomcnon but now-and- 
then; and in this manner the Light lafted to the 13th [ift]  Hour. 
Some fay they have feen Foot-fteps of it at the i6th [4th] Hour; but 
our Company parted long before from the Obfervatory, thinking it en- 
tirelyatan End ; and the rather, becaufe the Clouds had deprived us of 
all Hopes ofbeing able to purfue the Obfervation,

I fiiall add fome things which have been communicated to me by the 
celebrated Dr Beccan\ and are of his own Obfervation.

The Day of the ŷ urorâ  the Barometer was very high, v iz . at 28 
Degrees 5 i I.ines. The preceding Day, the Winds were different, in 
different Regions of the Air. Near us [the Earth], the Wind was 
W . N. W. and pretty cold. Higher up, the Clouds came from the E. 
and moved Weftward ; which Clouds were globular Colleélions of Mifts. 
Above that Region the Wind blew at South-weft by South, as appeared 
by fome fmall Fleaks of Clouds coming from that Quarter. The i6th 
Day, tJie Wind that reigned in the Region of the Clouds was Greco- 
iramontana  ̂ and was in the fecond Degree of Strength.

Several Perfons have pofitively aflured us, that, in the Evening of 
the 16th Day, they perceived a certain Stench in the Air, like that 
which is fometimes occafioncd by a Fog. The fame has been taken 
notice of at other times, when fuch Phenomena have appeared.

There was a very thin Fog in the Air not only on the i6th Day, but 
alfoon the preceding and enfuing Days. The Mornings of the 17th and 
18th, before and a little after Sun-rife, the A ir  appeared o f  an uncom
mon fiery Colour, The Evening of the 17th, the Crepufculum was of 
an extraordinary Height. Between the N. and W .  there was feen a 
very thm red Vapour, which lafted almoft till Night.

The various Appearances o f  the Atirora, obferved by that Gentle
man, are here omitted, becaufe they very well agree with thofe above 
defcribed.

to obferve a very bright Light in the 
dacusdeRc- 7  ̂ 30^ yet I had the following Informations from Eye-
v\\h% Pub wicnelles of good Credit, i .  When the Twilight was fcarce ended.
Pro/, th6 N. Part of rhe Heavens was ftained with a red and fiery Colour,
/JiV. p. 601 afterwards with fome whitiih Streaks. 2. A  little afterwards

the
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the Light declined from the N . toward the W . the Streaks fometimcs 
vaniilung and then appearing again, refting for fome time upon 2 
whicifli concentric Arches, very near the Horizon, 3. Near their 
Edges a more vivid Light darted from the Morizon. 4. About the 
Conflagration travelled again toward the N. and the Arches at the lame 
Time difappearcd. Thus much I had from others; The reft is irom 
mv own Obfervation.

A t  7*' 30' a red and -fiery Light illuminated the N. Part o f  the Sky., 
which was then ierene: it rofe to the Height of about 8  ̂ and extended 
10^ to the E. and 35® to the W . and the fixed Stars appeared thro’ it. 
Near the Horizon there was an unufual wiiitencfs in the Sky, rcfemblirg 
the true Aurora.

A t 40' a blackifli Screak rofe toward the Pola; Star, and in the mean 
time the red Colour was gradually propagated.

A t 7** 45  ̂ a great Conflagration was collecled between 26 and 30? 
from the N. tovvjrd the W , and two whitiih Screaks arofe convergint  ̂
a licile in the under Part : A little afterwards the Conflagration roie 
to tht; Height of 40̂  ̂ che N. Part of the Heavens being fcarce fcnfibly 
red.

At 8̂  the Inflammation was abated, where it had been very bright a 
little before. But at the N. and at E. N. E, as it v/ent higher, it was 
kindled again.

A t  15' the horizontal white Light appeared in all the N. Part under 
an Angle of Elcvat'on of almofl: 7®, but the Conflagration which 
occupied the upper Parts tended a little to the Horizon near the N. E. 
Perhaps this Whiteneis had the Figure of an Arch, but the Buildings 
hindered the Sight of it. A little afterwards at 32^ to the Weftward of 
the N. the red Colour almolt difappeared. Ac the N. and N. E. it was 
more intenfe. In the mean time, about Lucida Lyr^^ there appeared 
an almoft elliptic of a bright red Colour, it's greater y f w  being
perpendicular to the Horizon, and white Streaks were fent from it 
toward the T o p  o f  the Sky. Another equally white extended from 
the Bottom of the Ellipfe to the Head of Urfa Major. The greater 
A xis  of the occupied about 10^.

A t  20  ̂ this new elliptical Conflagration was raifed lugher, and 
declining a little from the W . receded from Lucida Lyr¿e  ̂ aflTuming a 
trilateral Figure, or rather that of the Seftor o f  a Circle, the Arch 
being turned to the Horizon, In the Centre of this Señor was a bright 
Scar in the Breaft of the Swan^ much about the fame time a bright Streak 
inclining from the burning N. Part toward the Centre of the Seólor 
terminated the almofl darkened intermediate

' A t  45 ' the lucid Seftor difappeared. A  blackiih Cloud between 
28 and 30® from the N. toward the W . almofl the whole Conflagration

• was extinguifhed, except about the Polar Star,
A t  50' a Light o f  a blood-like red Colour was again kindled between 

the Polar Star and the Head pf Í7rá? Major^ and was eijtended above 
. Y O L .  V III .  Partii.   ̂ B b b b  , ‘
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the Height of 60® : In the mean time another Portion of  the Heaven 
was kindled, feparate from the former ; toward the W. A  little after
wards the intermediate Space was alfo kindled above, a whitiíh and 
bright loterval being left near the Horizon at N. N. E.

A t 9̂  a greater Conflagration about the Head of Urfa Major^ a red 
Light was difFufed ahnolt to the Zenith, and again toward the W . 
many biackifh Streaks converging a little below rofe up within the 
Conflagration, and the largeft of them reached to the Polar Star.

A t  9̂  i c '  the Streaks difappeared, a brighter Conflagration continu
ing above the Head of Urfa Major^ and extending itfelf quite to the 
Horizon, which was whitifli a little before.

A t 13' a greater Conflagration about the Polar Star. But the whole 
northern Heniifphere was very red.

A t 20̂  a large whitifli Streak rofe up to 12® from the N. to the W* 
and the Inflammation about Urfa Major was diminiflied. Between 30 
and 34° it continued ; where the Horizon, being whitifli toward 
the W . wasftill tinged with red.

A t 30̂  it grew very faint, and deeper again near the N.
A t 40  ̂ it difappeared again, a faint Light continuing toward the W* 

which wasextinguiflied by flow Degrees.
A t 10̂  an Inflammation again at the N. which was extended a little 

toward the E. but between each Stream of Light a Space of about 15® 
was interpofed, into which the Inflammation on each Side faded, and 
colleéled itfelf again.

A t 15' the Sky was cloudy toward the W . the Horizon only was 
clear. The Conflagration was now extinguilhed, fcarce any Redneis 
remaining at the N.

A t  1 it revived again at the N. N. E. and continued till Midnighti, 
then it was gradually diminiihed. But the doubtful Light and Rednefs of 
the Air which remained, fcarc« difappeared in 2 Hours afterwards.

On the 16th at 9̂  a, the Barometer was at 28. i
9 p. 28. I ^

17 7 ^  28. I

— ^ Mr 5* Ycfternight we were furprized upon looking out at the Windows,
James Short, about Six, to find the Sky, as it were, all in a Flame ;  but upon further
b̂ gĥ D̂cc? nothing but the compofed of red Light.
6.1737. There was an Arch of this red Light reached from the Weft, over the

Zenilby to the E. the N. Border of this Light was tinged with fomewhat 
of a blue Colour. This Jurora, as far as I faw, did not firft form in 
the N. and after forming an Arch there, rife towards the as they
commonly ufe to d o ; neither did the Light iliiver, and by fudden Jirks 
ipre^ ufelf over the Hemifphere, as is common, but gradually and 
gently Itole along the Face o f  the Sky, till it had covered the whole 
Hemiiphcre V which alarmed the Vulgar and was indeed a ftrange

Sights
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Sight: In fome Places we faw the Clouds pafs betwixt us and it. During 
the wholeTinne, which was from 5 till 8, there was a mofl violent Wind 
from the S. W . I looked at Jupiter with a 15 i Inch Telefcope, but the 
A ir  was in fuch an Agitation I could not fee him diftinftly. Lucida 
Lyr<e appeared through the red Light very dim to the naked Eye.
About 8 this red Light formed a Corona  ̂ a little to the S. o f  the Zenith  ; 
and inftead of a dark Fund in the Middle, as ufiial in fuch Occafions, ic 
was of a deep Red. There was always a great Circle o f  this Light came 
from the W . to the Zenith^ which feemed to be the Magazine whence 
all the reft were fupplied. It is but about a Year fince I firft obferved 
this red Light in the Aurora Borealis^ and only then in very fmall 
Quantities.

6. It was a ftrong and very fteady Light, as near as can be o f  the -----^ John
Colour of red Okre •, it did not feem to dart or flaih at all, but continu- Fuller, jztn.
ed going on in a fteady Courfe againft the Wind, which blew frefli from 
the S. W .  It began about N. N. W . in Form of a Pillar o f  Light, at 
about 6** 15  ̂ in the Evening j in about lo^ X Part of it divided from 
the reft, and never joined again ; in 10' more it defcribed an Arch, but 
didnot joinat T o p i  exa£l)y at 7, it formed a Bow, and foon after quire 
difappeared; it was all the while lighteft and rcddeft at the Horizon:
It gave as much Light as a Full Moon,

A t 8̂  it began again exactly N. it was very light then, but not near 
fo light as before; in half an Hour it made an Arch from E. to W . and 
went quite away to the S. ŵ hen it ended much with the fame Appearancc 
as it began in the N. but not quite fo red.

Rofebili,
Dec. 20. 1 737 .

X L V I I .  The frequent Appearances of the Northern Lights in feveral 
Parts o f  Europe and America^ and the furprifingly beautiful Phenomena 
that have been obferved in fome of them, fuch as the Rainbow-Colours,
Canopy, have very juftly engaged the Philofophers of the prefent 
A ge in a Search after the Caufes of them. Several Hypothefes have 
been invented and propofed by the Learned, in order to explain thefe 
things. Moft o f  them fuppofe thefe Phofphorus’ like  Appearances to pro
ceed from certain Effluvia^ either perfpired oift of our Earth, or at eaft 
pafTing through it. But our ingenious Author has thought o f  a Caufe 
very diftant, as well as very different from all thefe, v iz .  the Atmofphere 
o f  the Sun, which at fome times fliews itfelf under the Appearance o f  a 
Light, which he calls the Zodiacal Light, but at other times produces 
zn Aurora Borealis, T h e  Zodiacal Light is the purer unmixed A tm o
fphere of the Sun: But an Aurora Borealis is the EfFeft of the Solar 
Atmofphere, confequent upon it̂ s making a Defcent into, and blending 
itfelf with the Atmofphere o f  our Earth, at certain Tim es and Seafons 
o f  the Year. But a more particular Account of this Matter will be given 
hereafter.
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” M r Eames’i  Account o f M. M airan ’j

The learned Author of this Work has taken a great deal o f  Pains in 
cornpiling it. Me, has looked over the Accounts o f  Meteors, from the 
fifth C e n m r y  down to the preient 7 ‘ime, in the Hiilorical Fart •, and 
has ranged them in very good Order, in Ilegard of  tlie fcveral Returns of 
this pttnomenoiu making fuch Remarks by the way, as fcrve to lupporc 
his Sohition of it in the Philofophical Part.

By a Return he does not mean barely a fingle Appearance, but a Series 
of tliem after a Ceflation or Non-appearance for Icvcnil Years. Thus 
he makes but twenty-two Returns from the Year 400 to 1716, while 
the feveral Appearances of thefc Lights from 1707 to 1710, after a 
ceafing to be fcen for 20 Years, arc reckoned but one Return.

Mr Mairan hopes the learned World will take the whole Per
formance under their Confideration, and give their free 7 'houghts 
upon ic.

The Work confifts of 5 Scdions the firft gives a iliort Hiftory of 
the Zodiacal Light. In the fecond he tratsat large of the Anriofphcre 
of the Earth; it’s Altitude, and the Height of Aurora Eorealisinxx^ and 
theExclufionthisCircumííancegivestofomeoftheCaufes, which have been 
already aifigncd, of this Pb^enomencn, In the third he propofes the Caufe, 
and accounts for the Formation of this Appearance in general, and then 
defcends to a Detail of the feveral Particulars, adding the Solution of each. 
The next Sedion is employed in relating the Iliftorical Proofs of his Hy- 
pothefis concerning the Northern Lights^ taken froni the Records we have 
o f  feveral Appearances of thofe Lights, to be met with in ancient A u 
thors, compared with thofe of the Zodiacal L.ight, their iuppofcd Caufe, 
and the Situation of the Earth in her annual Orbit at thofe times. 
The laft Seftion confifts of 28 curious Queftions concerning fcveral other 
Phenomena of Nature, which the ingenious Theorift believes to have a 
Dependance upon his new Hypothefis, and explicable by it.

But a more particular Account of thefe Matters may iuilly be ex
pelled.

Mr Mairan begins the whole with laying before the Reader a fliort 
View of his Hypothefis concerning the Nature of an Jurora Borealis^ 
defining his Terms as he goes along.

T h e  Aurora Borealis  ̂ fays he, is a luminous Phenomenons fo called 
from the Place of it’s Apppirance, ufually in the Northern Parts o f  the 
Heavens, and with a Light near the Horizon, refembling that of 
the Morning Dawn. This Name is fuppofcd to be firft given k  by 
Mr GaJfendij but it appears otherwife, from a Piacc in his Animadver- 
fions on Dtogenesy quoted by Mr Mairan.

The Caufe of an Aurora Borealis^ in general, he takes to be a Light 
called the Zcxliacal Light, which is in reality nothing elfe but the Ac- 
mofphere of the Sun fpread on each Side o f  him along the Zodiack, in 
the Form of a Pyramid. This fometimes is extended to fuch a Length 
as to leach beyond the annual Orbit of our Earth, and in thefe Circumr 
ftances fometimes to blend itfelf with our Atmoiphere, and being o f  an
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Heterogeneous Nature, produces the fcveral Appearances which are 
obferved in, and ufually compofe, the Northern Lights. 'Fhis he 
undertakes to explain, and prove more largely, in the Sequel o f  the 
Work.

A  Difcourfe upon the Nature of the Zodiacal highly or Sun’s Atmo- 
fptre, and the Matter of which it confifts, is the Subjc6l of Chap. 3. 
That it is very different from the ambient TEther, he fays is evidenr, 
in that the ^.ther rcfieds none of the Light of the Sun, is extremely 
rare, and altogether imperceptible. Whether the Zodiacal Light the 
Solar Acmofphtre be any Emanation from the Body of the Sun, a Species 
of EfTervefcence, or Depuratioñ of it’s groíTcr Párts, an Amafs of H e
terogeneous Parts difflifcd in the 7Ether, that meeting from all Parts, 
tend cowards the Sun, i^c. he will not undertake to determine.

It is enough for his Purpofc, that it is of a luminous Nature, whether 
in itfcif, or bccaufe fi.rongIy illuminated by the Rays o f  the Sun, wh'ofc 
Body it environs. Fie does not deny but that it may be' alfoof an infl.mv 
inable Nature, nay a£lual Flame or Fir.-̂ , though very jfine and rare.’

He obfervt'S, that the Form in which the Atmofphere of the Sun h  
commonly fecn in total Eclipfes o f  the Sun is round, though fometime£ 
conical, of which he gives us a Figure.

A t  all other times it moil ufually prefents itfelf to us in the Form of a 
lucid Pyramid, or Lance, lying oblique to the Horizon, along, the 
Zodiac, and for that Rcafon caUal by the late M v Cajini the Zodiacal 
Light, M r y . Childrey in his Hillory of the Natural and Artificial 
Rarities of England^ deftribes it thus: There is another thing which I 
inuil needs recommend to the Obfervation of Mathematical Men, which 
is, that in February, and for a little before, and a little afrer that Month, 
fis I have obferved feveral Years together about fix in the Evening, whert 
ihe Twilight has almoil departed the Horizon, you fhall fee a plainly 
difcoverable W ay of the Twilight, ftriking up towards the FlciaddSy 
and fpcming almoil to touch them. It is to be obferved any clear Night, 
but it is beft feen illuni N c5fe. There is no fuch Way to be obferved at 
any other Tim e o f  the Year, that I can perceive, nor any other W ay at 
that time to be perceived dartingup elfewhere ; and I believe it has been, 
and will be, conrtantly vifible at that Time of  the Year, But what the 
Caufe of it in Nature fhould be, I cannot yet imagine, but leave it to 
farther Enquiry,

Upon a farther and clofer Enquiry,, and Confideration of this Matter, 
the ingenious Author, y ix  Mairan^ tells us, he rakes it to be the Solar 
Atmofphere, and therefore treats'at large of the Reality, Vifibility, and 
Antiquity o f  this Light.

I beg leave to tranfcribe the Accounts of the fame, given in by th'e 
Reverend Dr Dcrham^ Canon of JVindJor. He informs us, that about
4 o f  an Hour after Sun-fet, A p ril *7^7) he perceived in the Weftern 
Parts of the Heavens a long flender Pyramida Appearance, perpendi
cular to the Horizon. The Bafe of this Pyramid he judged to be the

Sun ,̂
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Sun then below the Horizon. It’s Apex reachcd 15 or 20® above the 
i-Iorizon : It was throughout of a rufty red Colour, at firft pretty vivid 
nnd ftrong, but the Top part much fainter than the Bottom nearer the 
Horizon. He did not remember he ever faw any thing like it, except the 
white Pyramidal Glade, which is now entitled by the Name of the 
Aurora Borealis, that being like it except in Colour and Length. Again, 
on the 20th of March, 1715-16, in the Evening, he efpied a very odd 
Sort of Liglit in the Conftellation of Taurus. This Glade o f  Light had 
the fame Motion that the Heavens had, and was rnuch like the Tail of a 
Comet, but pointed at the upper Tind. This Light, I doubt not, is 
fuch as Dr Childrey firft obferved in England, and Cajfmi and others after
wards in France,

M r Matron proceeds to give an Account of the true Figure, Extent, 
Situation, & c . of this Light, or Atmofphere of the Sun. It’s true 
Figure he judges, with Mr Fatio, to be lenticular, and gives a Projec
tion of it upon the Plane of the Sun’s Equator, the Eye being fuppofcd 
in the Axis of the Sun produced through his South Pole at fuch a 
Diilance as makes the Solar Atmofphere appear under the Angle of 
45°. In it y o u  h a v e  a View of the Nodes, Poles, Limits, Declination, 
and Extent, pafling through and beyond the Orbits o f  Mercury and 
Venus, and in fome Parts beyond the Orbis Magnus. This laft Article 
o f  it’s Extent he demonftrates from feveral Obfervations of the Elonga
tions of the Apex of this Pyramid from the Centre of the Sun. Tliis 
has been found to be fometimes double that of Venus, and other times 90® 
and once or twice above 100, whereas an Elongation of  90° gives the 
Diftance of the Apex from the Sun equal to that of the Earth at the time 
of Obfervation.

This Seilion is clofed with an account of the Changes, both real and 
apparent, to which the Zodiacal Light, or Solar Atmofphere is liable. 
It’s Length has been for fome time upon the I'ncreafe, afterwards in a 
diminiihing Condition, and has been altered fo much in the Compafs 
of 37 Months, as to have been 30° longer at one time than at another. 
The Changes in Luminoufnefs, Denfity, and Tranfparency, has like- 
wife been found to be very confiderable. Sometimes the Zodiacal Light 
Jias been fo rare and weak as to be but juft vifible, afterwards for a long 
time not vifible at all.

Hereupon our ingenious Author thinks proper to obferve, that thefe
Confiderations may ferve in fome Meafure to account for the Inconftancy
of the Aurora Borealis, as alfo for their Non-appearance for fome Years;
fincethey owe their Original to, and have fo clofe a Connexion with, the
Zodiacal Ligky  whofe Appearance is fo uncertain. Add to this the
Zodiacal Light, as he afterwards ihews, muft not only be of a fufiicient
Length and Denfity, but the Earth muft be in or near the Nodes, formed
by the Interfeftion of the Plane o f  the Sun’s Equator with the Plane of 
the Ecliptick.

The
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The fecond Seflion treats at large o f  the Altitude o f  our Atmofphere, 
and of  that o f  the Region in it ufually poíTeíTed by thzjiurora Borealis. 
Under this Head he difcourfes o f  the fevcral Methods the Mathematicians 
have ufed to find the greateit Heights o f  the Air, fuch as the Durati£)n 
of  the Twilight, the Altitude o f  the Mercury in the Barometer, and re- 
jefts them as infufficient for that Purpofe; the Atmofphere being much 
higher than what has been ever found by them, and confifting of a Fluid 
much finer than the grofs or common Air, the Height o f  which laft only 
is meafurable by thcfe ways.

y\x Mairan therefore goes on to fettle the Altitude o f  'Northern 
Lights^ after another manner, founded upon feveral Obfervations made 
at very diftant Places at the fame time, and fixes fome Aurora Boreales 
to be but ICO Leagues, though others are no lefs than 300, and the far 
greater Number o f  them about 200 Leagues above the Surface of the 
Earth.

y ix  Cramer^ Profeflbr of the Mathematicks at computes the
Height o f  the Aurora Borealis^ feen at the fame time at Geneva and 
Montpellier^ Feb. 15th, 1730, tobe of a Semidiameter of the Earth,
i. e. about 160 Leagues.

M r Meyer has propofed in the Memoirs of the Academy of Peterjburgh^ 
a very ingenious Method of finding the Height and Diftanceof z. Boreal 
Arc^ from any Obferver, by a fingle Obfervation. Mr Mairan applies 
this Method to fuch Aurora Boreales as were capable o f  it, and finds that 
the Boreal Arcs o í  feveral were no lefs than 100 Leagues high.

It is on this account that in the next Chap. our Author confiders fome 
Solutions that have been offered to folve thefe Appearances of the Northern' 
Lights^ and fets them afide as infufiicient, becaufe they fuppofe Caufes 
which have no Exiftence, or at leaft no Efficacy at fo great a Height in 
the Atmofphere.

The next Seilion is the principal, and is engaged in explaining the 
feveral particular Appearances of the Lumen Bcreale^ fuch as it’s Situation, 
ordinarily towards the N. declining a little towards the W . it*s dark, 
duiky, circular Bafis, furmounted fometimes with one or more luminous 
Arcs ; from behind which Columns, or Streams of Light, feem to iíTuc 
either perpendicularly or conccntric with the Arcs-, add to thefe the 
Rainbow-Colours, Flaihes, Vibrations, and in the laft Place, a Glory, 
Canopy, or Corona  ̂ formed by a Concourfe o f  the Rays of the Matta' 
o f  this Phenomenons near the Zenith of the Place.

Mairan premifes an Inveftigation o f  the Loctis^ or Limit o f  the 
Attradive Forces o f  the Sun and Earth, fo that a Particle of Matter 
placed any where in it, will be equally attrafted by both, or tend as 
much towards the Earth as it does towards the Sun. He finds, that ii 
in a Line connefting the Centres of the Sun and Earth, a Point be taken 
at the Diftance o f  about 43, Semidiameters of the Earth from her Centre,, 
that Point will be in this Limit, fo that a Particle placed  ̂ there,, will 
not gravitate either towards the Sun or Earth, but remain in Mqtiúíhtio^
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the cqm\ anci contrary Forcrs'of the S«n and-Earth déftroyíng each
ocher. The V k  he makes of this is to ihew, that an Ac^ora Borealis may
poiiibly be farmed by a Defcent oPthe Mo.tlcr^ lying between
this Point of Aiqu:!ibrit:in and che Earth though it does not reach fo
far as to involve the' Earth itfclf. But the Aurora in this Cafe will be an
incompleat and partipbr one.

The Lumen Boreak ordinarily appears in the Northern Parts o f  the 
Tk-avcns, K-caufe tho* the whole Acmofpheré^of the Earth be involved 
in the Zodiacal Matter (or Solar Atmofphere) yet it is thrown off both 
Ways, from the Equatorial towards the Polar Regions.

This is owing to a double Caufe, the firit is the centrifugal Force, 
arifing from the diurnal Motion of the Earth, which being greateft at 
the Equator (and gradually leffening as you approach the Poles, where 
it vanillies) makes greateft Oppofition there, and not only hinders the 
Entrance of the Zodiacal Matter into the Earth’s Atmofphere, near the 
Equatorial Region, but turns it afiJe into a Courfe towards each Pole ; 
and the Author does not queftion but an Aurora Auftralis might be feen 
'It proper Times in the Southern temperate Zone, juft as an Aurora Bo
realis is in ours, which is Northern, attended with fimilar Pk^nomefta^ 
were there but attentive Obfervers

The fecond Cuife is the progrefilve Motion of the Earth in it’s an
nual Orbit near one half of the Year with the North Pole forcmoft, 
and in the other half with ih t South Poky moving through the Zodiacal 
Matter.

The natural Confequence of which will be a heaping up of Matter, 
more on the Polar Regions than the Equatorial or Temperate, and this 
accounts i-n Part for the Declination of the Centre o f  the luminous 
Arcs, fometimes near from the Pole\ the Direction of this Motion 
of  the Esrth not coinciding with the Direiftion of the Axis of the 
Earth at thofe Times.

The dark arcular Segment next the Horizon appearing like a heavy 
black Cloud, or Mift, is formed out of the denfcft and fpecifically heavieft 
Parts of the Zodiacal Matter^ which in their Defcent muft fink deepeft 
into the Earth’s Atmofphere, and are leaft inflammable in their Nature, 
while the rarer and lighter Parts, which are more inflammable and lu
minous, if not aftually inflamed, form the Arc or Arcs that lie above 
the dark Segment. The ingenious Author fpeaks of a Fort de l*in- 
cendie  ̂ a Place where the Zodiacal Matter colleiled together, and moving 
or pafling through it, is aélually turned into Flame. Thus long Trains 
of defcending Zodiacal Matter arriving in their Defcent at this Place, 
being kindled, or at leaft refleiting the Light of that Incendium^ pro
duce the feveral Columns or Streams of Light that appear above, or 
behind the obfcure circular Bafe, or luminous Arches.

The Breaks that are fometimes vifible in thefe Arches, are occafioned 
b y  the Defcent and PaiTage of feveral difcontinued Trains and Flakes
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of the denfcr and lead inflammable Parts o f  the Zodiacal Mailer^ be
tween the Eye of the Speétacor and the luminous Arch,

The various Colours arife from a Separation of  the Rays o f  Light 
from each ocher, either by a Sort of Filtration in paiTing throjgh Me
diums of different Denfuies, or by the Divergence o f  the difi'cTently 
refrangible and coloured Rays (or rather from the different Celerities o f  
thofe Rays, as the Author fays he has explained more at large in ano
ther Place) after the Manner that the Colours are formed in Clouds near 
the Horizon about the rifing or fetting Sun.

T o  conclude, the Canopy in a compleat Aurora Borealis he looks upon 
to be an Objeft purely optical, a fimple App^'arance arifing from a 
fingular Diftribution of fcveral perpendicular Columns, or I'rains of 
Zodiacal Matter^ as he explains more at large in two Figures. This 
Exaftnefs and Regularity in the Diftribution makes it an uncommon 
Phaenomenon \ fo that among an hundred Aurora Boreales that have been 
obfcrvcd, he has met with but three attended vvith a Corona.

W hat remains, is only to take Notice of fome of the Queries which 
relate to feveral Appearances in Nature, that feem to be explicable by 
our Author’s Hypothefes o f  a folar Atmofphere, fuch as the NebuLe^ or 
lucid Spots obferved among the fixed Stars, the Spots in the Sun, the 
Atmofphere and Tails o f  Comets, í¿c .

The Nebulae are certain luminary Spots or Patches, which difcover 
themfelves only by the Telefcope, and appear to the naked Eye like 
fmall fixed Stars, They are fix in Number, and are accurately defcribed 
in Philofoph. l^ranfaEl, N® 347 Some of them have no Sign of a 
Scar in the middle of them, and are properly others have, and
then are called Nebtilof¿e. They are looked upon by fome to be in 
Reality nothing elfe but the Light coming from an immenfe great Space 
in the -3Zther, through which a lucid Medium is diffufed, that iliines 
with it’s own proper Luftre, making a perpetual uninterrupted Day, by 
no Means owing to the Illumination of a central Body, or Star.

But Mairan fcems to be of another Mind, and queries thus: 
Since the fixed Scars are Bodies o f  the fime Nature with our Sun, may 
not fome of them have Atmofpheres furrounding them fo luminary 
and extending, as to become vifible to us by a Light eafily diilinguiih- 
able from that o f  the central Body, and may not Atmofpheres of others 
be fo denfe as well as luminous, and extended, as may fuffice to obfuf- 
cate (to ufe the Author’s Expreffionj the Light o f  the Star involved in 
it? Are not the Nebulcf<e of the former Sort, and the Nebula o f  the 
latter? The lucid Spot in Ch:̂ îî o A n J r o m c d ^ r ^ . zíttx H:velius^ 
our Author continues to call a Nebulofa^ has been found by the hte M r 
C^ffini to refemble ihz Xodidcal I.ight in fome Circumilances, and by 
Mr Kirch to have fuffered fome Changes appearing and diiappeanng by 
I'urns.

Treattfe of the Aurora Borealis.

*  See V o l .  I V  tChao.  I j l .  J . v i i  ' ,
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>- • jvir Mairan obferves by the Way, that this Spot was firil difcovcrcd,
not by Mr BuWaUus in 1660, as is commonly believed, but by Mr 
Simon Marius in 1612, who fully defcribes it in the Preface to his M un
dus Jovidlis,

The luminous Space round the NehulofiC of Orion's Sword^ difcovered 
4nd defcribed by Mr Huygens, he takes to be an Aflemblage, or Sum 
total of the feveral Atmofpheres of the Stars, plainly vifible within 
that Sp;ice, and it may be o f  leme others that are concealed from our 
View. The Irregularity of the Shape is no Difficulty to him, it arifing 
from the different, and to us feemingly irregular, Pofitions o f  their At- 
mofpheres. He adds, as a Confirmation of his Hypothefis, that the 
Brightnefs and very Figure of this Space has fuffered fome Alterations 
fince Mr Huygens’s Time, That one of the Stars delineated by Mr Huy
gens without any furrounding Light, has fince been found to have a pale 
Light like an Atmofphere furrounding it.

^lery  2. Is not the folar Atmofphere liable to frequent Fermenta
tions, and fubfequent Precipitations of it’s groíTer Parts towards the Sur
face of the Sun ? And are not the different Degrees of Brightnefs and 
Tranfparency owing hereunto ? fince the Changes in our Air, or A t 
mofphere, are not fufficient to account for the Non-appearance of the 
Zodiacal Light in fome convenient Seafons, and clear Nights.

^ e r y  3. May not the Spots, fo often of late obferved in the Surface 
of the Sun, be owing to thefe Precipitations of the groffer Parts of the 
Zodiacal Light, fince there feems to be fome Analogy or Correfpon- 
dence between the Frequency, Ceflation, and Returns o f  thefe Spots, 
with the Ceffation, Returns, and Apparitions of the Zodiacal Light ?

^ ’cry 4. Are not the inferior Planets, Mercury and Venus, almoft 
always immerfed in úit Zodiacal Matter ? And may not that be one 
Reafon why it is fo difficult to obferve Spots in them ? May not a 
Change, the Denfity, or Magnitude o f  the folar Atmofphere, be one 
Reafon why the Aftronomers at Paris have not been able to obferve 
thofe Spots in the Diik of Venus that have been taken Notice of, and 
defcribed by Mr Bianchini at Rome, a little before, fince the Telefcopes 
at Paris were of equal Length and Goodnefs ?

, ^u ery  20 . May not the Augmentation of the Quantity o f  Matter in
the Earth and i ferior Planets, by the continued Accumulation o f  the
Zodiacal Matter on their Surfaces during a long Courfe o f  feveral Ages,
produce, among other Things, fome Alteration in their periodical M o
tions r

^ e r y  21, Ü í. May not the Atmofphere and Tail of a Comet be 
©wing to the Zodiacal Matter, which the Comet, during it’s Paffagc

through
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Northern Lights feen at Witt'eniberg,

through tlie Atmofphere of the Sun, intercepts, and afterwards carries 
away with it in it̂ s Afcent from the Sun ?

^ e r y  28. Is not the Earth fafc enough from all Danger o f  any Inun
dation, much more of an univerfal Deluge, tho* it ihould pufs through 
the Atmofphere, or Tail of a Comet ? fince the EfFciSts of fuch a Paffagc 
can only be an Aurora Borealis^ whofe Matter is not at all o f  a watery 
vaporous Nature ? A  Conflagration rather than an Inundation might 
have been imagined to be the natural Confequence, but Experience in
forms us, that if this Hypothefis be admitted as genuine, that our Eaith 
has been entirely puingcd in this Zodiacal M atter without any fcnfiWc 
Heat attending it.

X L V III .  Fch. 18, 1732, O. 5 . about 9 at Night, the Sky being 
clear, there was an Aurora Boreaiis. In the N. there was a dark Arch 
elevated 20  ̂ in it’s middle Part, whereas a little before the Sky had 
been obferved to be very clear in the fame Part. The Region over this 
dark Arch was white, and Radiations or luminous Pyramids broke out 
o f  it as ufual, and thin white Vapours ran fwiftly toward the VerteXy 
like little Clouds.

A t 10 the Motion of the luminous Matter feemed to ceaie a little; 
and prefently white Vapours like Waves proceeded again from that 
white Region of the Heavens: But there was no Refemblance o f  a Ca
nopy feen toward the Vertex,

A t 10*' 30^ the white Border of the dark Arch was extended ; but 
only a few lucid Vapours proceeded from it. Lucid Pyramids arofc on 
both Sides near the N. P o le : But the fluctuating Vapours were more 
frequent toward the W . The Air was continually calm,

12, 1732, 0 . 5. prt-fcntly after 6 in the Evening there ^ y ano
ther Aurora Borealis. A  dark Arch was extended between N  N. ' V̂ andI

N  E. Above it there was a bright Region of the Heavens, about 10  ̂
broad, not exadtly cxprefTing the Figure of an Arch. A  broader Por
tion declined about 10° from the N. Pole to the W ,  and from this, as 
from a Fountain of lucid Matter, at 6̂  30' there went feveral white 
Pyramids, which reached almoft to the Zenith. Some of them were 
reddiih, and prefently difappeared, one of them, which was extended 
between the Northern Crown and Hercules to the Zenith, Jailed longer ; 
and I obferved but one Radiation only toward the N  E. Within a Quar
ter of an Hour the Appearance was over. I 'he Clouds, which before 
hung about the W ,  were difperfed by a S W  Wind, and driven to
ward the E. But under them, toward the E ,  there remained a lucid 
Region, and the dark Arch was hidden below the Horizon, the white 
Arch, which lay over the dark one, defcended below the Horizon with 
the Clouds, and the Darknefs and thin Clouds being difperfed, there 
was an univerfal Brightnefs at 7^: But a thin Light poíTefifcd the N.
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Bwiides thefe Obfervations, which I made myfclt, other Northern 
I.ights are faid to have appeared, tho’ lefs bright, on March 10, Apr, 
1 °  Aug. II ,  and 30, O .S . but I have no certain Knowledge of the 
particular Phenomena of them. But from thefe and other Oblervations, 
whicli I have made in former Years of that Light, I am more and more 
perfuaded that it has it’s Seat entirely about the magnética! Pole, or at 
Icaft that it’s Motion is thereby in fome Meafure ruled and determined, 
which was firft of all apprehended by the great Sagacity o f  the illufiri- 
ous Halky.

We have not yet any certain Knowledge o f  the Effefls of the A u 
ro ra .Borealis. I have only obferved, that fome ftrencDays have always 
followed that Deflagration. The Suedes and Normgia'/is, to whom this 
Ph<eHomenon more frequently appears, are faid to have learnt from long 
Experience, that the Northern Light, when it fhines frequently about 
the Beginning of Autumn, promifes a more temperate Air, and plenti
ful Harveft, for which Reafon they call the Aurora BorecUs, l \ 0]lini0D, 
or ripening of Corn. They alfo look upon the frequent Returns o f  them 
in Winter as a Token or Prefagc of a fliarper Cold, as M. Leopold re
lates in his Letter to Dr Woodward. I'he Experiments made in our 
Climate in 1731 agree with this Hypothefis \ for the Northern Light was 
very frequent and bright in thatYear on 051. 4, 7, 8, 10, and 23, S. N. 
and was followed by fo fruitful a Seafon, that we had a great Plenty both 
from the Fields and Gardens in 1732.

X L IX . Sept. 13, 1735, at Woodford., 6 Miles to the N  E  of London., 
at 11 i** at Night, there appeared a bright Band, almoft parallel to the 
Horizon; and it’s Middle was judged to be under v of the Great Bear. 
At Times another Light fliot along the Great Bear; but almoft con- 
ftantly covered the 5{ars y  and

Oñob. 4, in King-flreet, Bloomfbury.

Obfervations of the Aurora Borealis,

p. m, A  Ray or Stream of Light appeared under the 
Polar Star perpendicular to the Horizon.

That Ray difappeared.
Two perpendicular Rays fliot forth 5 or 6°  from the 

N. towards the E.
A  whitiih Ray again exañiy under the Polar Star,.
That Ray moved Weftward.
'Twas fcen under n of the Great Bear.
It entirely diíáppeared.
A  Ray afcending perpendicularly by the Polar Star,, 

and a and ¡3 of the Great Bear.
The Ray feemed to move gradually under g o f  the 

Great Bear,
No more Rays, appeared. Bat whether there were 

any Remains of Light near,the Horizon, or in the Weft,
1  could

‘ f • « f >
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I could not fee, upon account o f  the neighbouring 
Houfes.

«  »
%

05lob, I I ,  in London»
f

37 />. w. There were two bright Rays under ^ and f of thé̂  
Great Bear.

39 A  Ray ^between $ of the Great Bear and the Polar
Star.

39 i A  Ray in Form of a Pyramid above n of the Great 
Bear.

43 Thefe Rays had not any Motion parallel to the H o 
rizon i but they entirely difappeared.

4

Jan, I I ,  1736, in London.

0 p .m . A n  indifferently bright Arch, pale towards the 
Edges, appeared 16 Degrees high: One of the Ends 
of which defccnded Eaftward under % of the Great' 
Bear: And lucid Screaks appeared nowand then over 
this Arch.

Under this A rdi was another very bright Track pa
rallel to it, 5  ̂ above the H orizon; in which Track 
there were Rays, that ihot from \V towards the E.

This Arch was very faint.
T h e  firft Arch became brighter, and the lower Arch 

was almoft blended with the upper, and broken in the 
middle.

The whole Arch was befet with faint Rays.
One of the Rays under the Polar Star.
N o Arch, nor Rays, but bright Tracks difperfcd here 

and there.
The Light reached up to the Polar Star, and fome- 

what higher,
A  lucid Ray under the Polar Stan 
The Sky was overcaft with Clouds, except one lucid. 

Streak, which appeared three or four Degrees to the 
Eaft of the North.

Fehruary 16, in Clare-HalU Cami'ridge.

A t  a Quarter paft eight in the Evening, the Moon- 
ihining very bright, there appeared two perpendicular. 
Streams betweeen the great and little Bear..

A p ril 3, in London,

S  4 6  I  obferved a lucid Arch one Degree broad, wKich-.
. extended alon£ the Northern Cfown,- the Cingulum Boo^

tis^.

Obfervatiom  o f the Aurora Borealis. Í 40
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Aurórae Boreales obferved at W lttem berg-

//>, the Coma Berenices  ̂ the lefTer Lion and Cancer, as 
far as the fmaller D jg .

b '
A t S 49 36 This Arch quite difappeared ; But at the fame Time

I faw anotiier broader and brighter Arch under Cajio- 
péa  ̂ fcven or eight Degrees high.

in the Obfetvations of Ocl, 4, and in the lad, I am certain as to the
Time of the Clock: So that if it has happened that others have ob-
itrvcd the fame Pkicnomcna^ the Longitudes of Places may be determined 
by them with greater ExaÁnefs than by the Satellites of Jupiter^ which 
I take to be the principal Ufe that may be n>ade o f  thefe Obfervations, 
efpecially in n'jaking Maps of the Northern Countries, where thefe 
Lights more frequently occur,

AurorsBo- I... May 3, 1733? an Aurora Borealis is faid to have appeared,
reales ohfer̂ t̂d Juúc 26, an Aurora Borealis appeared in the Evening, and darted out

the ufual Pyramids about Midnight.
Fred.Weidler, OíÍ?. 27, about 7̂  in the Evening a dark Arch appeared in the N, 
Pro/. Math, covered with a white Border. A t  8̂  30  ̂ the white Border was expanded

higher to the Height of about 40^, and this lucid Region remained 
‘ ftill to pail 10. After 10 pyramidal Eradiations darted with great 

Quicknefs from the white Track, and feme waving Clouds moved along 
the Sky, and the whole white Border was feen to rife toward the Pole, 
like’a lucid Wave. ThisUndulation of iliining Matter, with fome pyra
midal Rnys mixt here arid there, much more bright than that lucid Re
gion, lafted till i r ,  the whole Jucid Matter was gradually moved to
ward the E, and in it’s Place fome black, fcattered Clouds fucceeded
toward the W. A  little before 11, near the N  W , there remained a 
white Cloud, which fometimes grew red, and the Matter o f  it alfo 
waved. The Appearance ceafcd after 11 : The Air was calm during 
the Appearance, and the Stars ihone through the white Region, I 
thought it remarkable, that the Sky was dark and rainy the next Day, 
and that in the Night after the 29th, the Wind was very impetuous and
ftormy, whereas calm Weather commonly follows rcm zvkabk Aurora 
Boreales.

The fame Phtcnovmon was obferved alfo at Sicckholm.
-----/»1734» 17349  ̂ very Aurora Borealis appeared at 7  ̂ 6',
fythifame, p.m . Under the N. was feen a dark Arch, with a double white Bor-
¡óó.líjy & c .  i * *  by a dark Region in the middle. The laft white
1736. -j arofe to the Height of 2^ .̂ In the dark Part fome lucid Pyra

mids now and then ihot forth ; and a fimilar v/h ite Arch was produced
Zenith. A t  7̂  30  ̂ the white Track was 

diffufed further to the W , and in the middle reached to the Height ot. 
50°. A t  7*̂  35' the bright Regbn was drawn up quite to the V̂ ertê ĉ  ‘ 
lome intermitting Clouds tended toward the W ,  which very feldom

happens
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A u ro ra  Borealis obferved at PeterborougB.
happens in an Aurora Borealis. I wondered alio at fome Clouds tliat 
hung about the N  E , and moved before the lucid Region, the Light o f  the 
Aurora being diftinftly feen beyond them ; whence it appears, that this 
Light is far above the Clouds, A t  7  ̂ 38' the lucid Region of  the A u- 
rorfi funk below the Horizon, efpecially toward the W  5 and it is wor
thy o f  Obfervation, that tho* this Aurora was very bright, it ihewed 
but very few lucid Pyramids. A t  8̂  30  ̂ almoft the whole Light was 
hid below the Horizon, but appeared near the W . to the Height of 
10*̂ . A  Track of the dark Arch under the Pole, with a fmall white 
Border over it, was yet vifible at io \
. M arch  19, 6̂  45^ p. m. about the N  N  W  there appeared under 

the Pole a dark Arch, covered with a broad white Border ; the Lighr 
o f  the white Border was brighter toward the W ,  than toward the E , 
but was not followed by lucid Pyramids or Waves, fuch as ufe to ac
company the Aurora Borealis : Therefore there are ibme Aurora Borea- 
leŝ  which difcover only a white Region in the North, but without any 
Motion of  Light.

March 29, there was a remarkable Borealis^ which I did not fee
till 9. The Moon was then near fctting, and flione only through 
Clouds: The whole Sky was almoft covered with Clouds, and yet a- 
bout the Pole there was a bright Region behind the fcattered Clouds, 
from which fome lucid Pyramids now and then proceeded, afure Mark 
of an Aurora Borealis, I perceived alfo behind the Clouds a lucid Track 
of an Aurora^ that was formed into an Arch. The lucid Pyramids con
tinued till II ; a rare Speélacle in a cloudy Sky, agitated by W inds; 
for Aurora Borealis is feldom feen but in very calm, üill Weather,

Aug. 9, at 11*̂  fome thin Clouds about the N  N E  fcemed to burn. 
But a few Radiations being emitted toward the Vertex^ the Inflamma
tion ceafed, and the little Clouds were driven toward the Eaft by a 
gentle Wind.

From thefe and other Obiervations w-e may plainly perceive how 
variable a Phaenomenon is the Light of the Aurora Borealis,

LII. Dec, I I ,  1735, a little after five o’Clock, I obferved the 
Northern Hemifphere to be obfcured by a dufky red Vapour, in which, 
by Degrees, appeared feveral very fmall black Clouds near the Horizon.
1 thought it feemed to be a Preparation for thofe Lights which after
wards were feen ; the firft Eruption o f  which was within a Quarter of 
an Hour, full E ,  from behind one of the fmall dark Clouds, and foon 
after feveral others full N, Thefe Streams of Light were of the fame 
duiky red Colour as the Vapour, juft appeared, and vaniíhed inflantly. 
I faw 8 or 10 of thefe at once, about the Breadth cvf the Rainbow, o f  
different Heights, feveral Degrees above the Horizon,, and looked like 
fo many red Pillars in the A ir ;  and no fooner did they difappear,' but 
ethers ihewed themfelves in different Places, In about half an Hour; 
this Colour o f  the Vapour gradually changed itfelf towards the ufual

' ......................................  -  • •  '

5 5 *

An Aurora Bo
realis objfr^ed 
at Peterbo
rough, Dec.

' 73?. h- 
M r T im othy
Neve, K o .  

44S- P- 53 '

ED



552
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Wiiifc, and fpre.d iifclf. much wider and higher ; and after thnt, ap-
p c i r » <  a i i c p m n i o n .

 __ í̂Edin- I came here on 5 ?̂/. laft: That Evening, about 6, there was
bu'gh, !y Mr f}̂ (. remarkable Aurora Boreales that ever I faw. A t  firft
^nTe^cT'e appeared the ordinary kiminoiis Arch, the Vertex o f  which was 
tf/Kdinburgh. about 30® abcve the Horizon, and had it’s Centre fomewhere in the 
No 4̂ 6. p. Meridian Circle. After this was perfedly well formed, there appeared 
368 Jan.i?V. Qp none of the purple and red Colours which are ufuaily in that 

Arch ; but immediately there broke out, from the moil Weltern E x
tremity, a great deal of that Northern Light which formed this Arch, 
and, rufliing along with Rays diredled to the Zenith, formed another Au
rora Borealis above the firft, the Centre of which was to the Eaft of the 
Meridian : After this was formed, there followed from the fame Extre
mity a great deal of purple and red-coloured Light, quivering and 
ihaking towards the Zenith, with a flapping Noife in ruihing along, 
till it formed a third Aurora Borealis, above the fecond, the Centre of 
which was fomewhere on the Eaft-fide o f  the Meridian. When I was 
pleafing myfclf with this remarkable Phmomenon, looking again to the 
Wcftern Source of thefc Arches, I perceived,, as it were, a huge Pillar 
o f  a dull red coloured Light, rifing out of the fame Place whence the 
Arches took their Beginning, extending itfelf in a Diredion towards 
the Zenith, till it rofe almoft 60° high. Thefe Arches and Pillar laftcd 
very near an Hour; the two uppermofl: Archcs were continually qui
vering and ihaking, and the Pillar always turning to a paler Red.

I forgot to tell you, that the Night before the Aurora. BoreaUs, there 
was a prodigious Hurricane of VVind, which lafted till the Saturday 
Morning; but all that Day it continued to blow, though not fo hard. 
The Arch from whence the Wind blew, was from the N W , the fame 
Quarter from whence the Arches took their Rife. T o  this Day, ever 
fince the Murrican of Wind, there has been a moft intenfe Frofl:; It 
froze fo hard, that in lefs than 24 Hours after it began, the L.ake on 
the North-fide of this City was fo itrong as to bear People on it. Juft 
now the Wind has changed, lb that we exped: a Thaw.

>iAaroraAa- L IV .  i. March 1738-9, at 8*’ 30', being informed, that there 
tin\U,jeen was a great Fire towards I made Hafte towards an upper Win-
m S - V i  N  N E :  I found an extraordinary Rednefs in
CheJfcy, near determined a Figure to arife from the burning of a
liondon, hy Houfe; A  broad red Band extended itielf to the Northward of  the E ;  
JohnMartyn, in the middle of which I very plainly Ar^urus, then about 25''
Boun Cantab.* Northern Edge touched C^r It fcemed to be
No. 461. p. and permanent; not radiating, or fading, as in a conimon Aurora 
841.A u g . Borealis» This red Band, or Arch, was bounded on the N. by Streams 
J>4*' of a greenifii Blue, in the fame Direñion ; the moft Northern Edge of 

of which touched the Star marked n in the T ip  o f  the Tail o f  Urfa 
Major, After I had confidered.this Phaenomenon for fome little Time, 
I retired into my Garden, where I faw a great Brightnefs almoil in the

Zenith,


