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T O  H I S  

R O Y A L  H I G H N E S S  

PRINCE E D W A R D ,  

s I R, 

S Heaven has infpired A your ROYAL HIGHNESS 

with fuch love of ingenious 
and ufeful arts, that you not 
only Rudy their theory, but 
have often condefcended to 
honour the profeffors of me-, 
chanical and experimental 
philofophy with your pre- 
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fence and particular favour ; 
!I am thereby encouraged to 
lay myfelf , I  and the following 
work at your ROYAL HIGH- 
NESS'S feet; and at the fame 
time beg leave to exprefs that 
veneration with which I am, 

E -& <' ' 

S I R, 

Ydur ROYAL H I G I - I N E S ~ S  

MOfi ,obliged, 

&id mok obeaient, 

Hum'ble Servant$ 

JAMES FERGUSON, 



T H E  

P R E F A C E .  

E Y E  RJtzce tbc days ofthe LORD CIHAN- 
. CELLOR BACON, natural pSilc#opiy 

hatb been more and more cultivated in Eng+ 
land. THAT great genius jirJ j t  out with. 
ta&g a general furvy of dl ibe naturd 

JZences, dividing thtm into dpn" Irancba$ 
which he ehneratcd with great exa8ncSs, 
He inpired $.rapdouJy into ihe &give of 
Rnowleajp alrea4 attained t o  iir each, and 
&CIV up a @ of what Jill remained to l e  
dijovered: this was thefiope of disj+' uta- 
drtaking. Afterward he carried his vims 
.muck farther, and firwed ihe necc@y fl atz 
axpcriniental phiioSqphy, a thing nmcr before 
thought 6 As be was n proflfid enetny to 

fiJeins, he con&red pbi/ofoOply no otkrwij 
than as thnt part 0s knowledge which con, 
tributes t o  make metz Letter and huppiw: he 
j iem to  limit it t o  the ktiowledge of thing& 
ujfid, rccommvading above all the&& @ 
vaagw-e, and Jhewitg that no psogrej can be 
made thercin, I M  hy colle8iqg fa@,  and 

A 4  CO??a* 



P R . E  F A C E. 
conparing experiments, of whit6 he points 
oui a great number proper t o  Ire made. 

’ But notwiivan&ng the trzie palrJ t o  Science 
wm t5zu exa@ marked out, the old notions 
of the fihools $0 Jron& poJ$WpeoprC’i mitlds 
at that time, us not t o  be eradicated by‘uny 

new opinions, how rutionaib fityuer advnatGed, 
kntil the ilhJrious Mr. BOYJ~E, the j $  
‘who pufued LORD BACON’S plun, hgaq 
t o  put experiments in pra,2;ce with an a&- 
b $ v  epual t o  bis great talents. Next, the 
ROYAL SociETY being @abiz@ed, the iruc 
pbiZoJophy begar) t o  be thb reknkg taJc ofthe 
&get and continues $0 to  this dy. 

i 

7he inainortal SIR ISAAC NEWTON inl 
JJed, even in his tw-4 year$, that it was /JkS 
tim t o  ban@ v a p c  cotjeEtZlres and hyptb$$ 

from Maturul phihjiphy, and t o  bring that 
&;Fnce undvr a@ entire fibjetZion t o  experi- 
ments and genmety. He fiepuently cqlled it 
the experimental philofophy, 4 as t o  ex- 
prfljgn@cantb the +@rence bc.tw-en it and 
the nutnbe~h$fiJeEms which bad ar$n mere4 
*but6 cf the conceits o f  inventive brains : the 
o m  Juv@’i?g no longer than the &kit o f  go- 

Vtlty. 



P R E F A C'E.  
veIp Z g s  ; the other never faihbg while tlic 
nature of t h i q s  rmain unchanged. 



P R E F A C E :  
fought t o  ayerue, that though ti5e ZaJJw 

Ieh'ures pannot de proper4 faid t o  concern ex- 
perihental p.Si@ihy, I coqMered, however, 
'that t h q  were not of@ dgerent a chJ, 'but 
that they might, without n ~ c h  ippropriey, 
be Jubjoiged t o  the precedifig ones. 

My apparatus (part o f  which is described 
&we, 'and the reJz in a * former work) is 
rather JmpZe than magngcent, which is 
vwing t o  a particular point I had in view 
at Ji-  fitting out, namely, t o  nvoidd.. fu- 
per-uity, land t o  rqnder every thing a$ plaiq 
and inteIiz-ib/e as I thozgbt tbeJiLje8 wollkrj 
UdkZit of. 

* Aftronomy cxplained upon SIR ISAAC NEWTON'U 
principles, and made eafy to thole who have not Audicyl 
qmhematics, 

T H E  
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PubliPed .!$ the fame Autbor. 
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added, the Method of finding the Diitancesof tlie Planets 
from the sun, by the TRANSIT of V r N u s  over the Sun’s 
Dib;~ in the Y e a  1761. There Diitances deduced from that 
Tranlit ; and an Account (;?f Mr. HORROX’s Obfervations 
hf the Tranfit”in the Year 1639. hluitrated k i t h  Plates. 
Ninth Edition, 8v0, gs. 

2 .  An Eary TntroduAion to ASTRONOMY, for oung 
GENTLEMEN and LADIES : ?efcribing the d p e ,  
Motions# and Dimeniions of the Earth ; the different 
Seafoils; Gravity and Light ; tlie Solar Syitcm; the Tranfit 
of Venus, and it8 Ufe in Afirowrny; the Moon’s Motion 
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krming tlic Experiments, and to put it in qrPer if i t  be not. 
5. How to make the Exgeriments and-to referve~uildin s 
frpm llamagc by Lightning, k. hcdical &eEfricity. 111uf- 
traced with Plates, I Third Edition, 8vo. 5s. 

5. SeleR M ~ ; H ~ N I c A L  E X E R C ~ E B ,  hewin how to 
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is .prefixed, a fiort AccQunt of the Life of,the Author. 
$eCond Edition. dvo. 5s. 
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6. The Art of Drawing in PERsracTrve ma+ eafy to 
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S E L . E C T  S U B J E C T S ,  

L E  c T. r. 
Of Matter and its Properties. 

S the delign of the firfi part of this courf5 A is to explain and demonitrate thofe laws 
by which the material univerftt is governcd, re- 
gulated, and continued; and by which the va- 
PIOUS appearances in  nature are accounted fora 
it is requifitc to begin with explaining the prot 
gerties of matter. 
By the word matter is here meant every thing Matter, 

that has length, breadth, and thickne6, and re- what* 
d i l l s  the touch. 

The inherent properties of matter are folidity, Ita pro’ 
jnattivity, mobility, and divifibility. perties. 

The Jdidiiry of inatrer arifes from its having solidity. 
kngth, breadth, thicknefi ; and hence it is that 
*all bodies are coinprehended under Come fhape 
OT other, and that each particular body hinders 
,all others from occupying the fame part*of ipace 
which it poireffes. Thus, if a piece of wood 
or metal be fqueezed ever fb hard between tvm 
plates, they cannot be broughr into coma&. 
And even water or air has this property ; for if 

-a hall quantity Qf it  be fixed betwcen my o k r  
3 bodies, 



2 Of the Properties of Illafler. 

bodies, they cannot be brought to touch one 

A iecond property of matter is ilmBivity, or 
pa@veneJs; by which it always endeavours to 
continue in the itate that it is in, whether of reit 
or morion. And therefore, if one body contains 
twice or thrice as much matter as another body 
does, it wili have twict of thrice as much inac- 
tivity ; that  is, it will require twice or thrice as 
much force to give it an equal degree of motion, 
or to fiop it after i t  hath been put into fuch a 
motion. 

That  mztter can never put itrelf into motion is 
allowed by all men. For they fee that a itone, 
lying on the plane finface of the earth, never 
removes itfelf from that place, nor does any one 
imdgioe it: ever can. But molt people arc apt 
to believe that all matter has a propenfity to 
fall from a itate of motion into a itace of re i t ;  
becaufe they fee that if a itone or a cannon-ball 
be put into ever To violent a motion, it Coon it0 s 
not confidering that this floppage is cau P ed, 
J .  By the gravity or weight of the body, which 
finks it to the ground in fpite of the impulfe; 
and, 2. By the refitlance of the air through which 
it moves, and by which its velocity i s  retarded 
every momelit till it falls. 

bowl moves but a ho r t  way upoh a bowl- 
ing-green 5 becaufe the roughnefi and uneven- 
nefs of the graffy furface foon creates fri&ion 
enough to fiop it. But if the green were per- 
fedilly level, and covered with poliflied glafs, and 
the bowl were perfe&ly hard, round, and finooth, 
it would go a great way farther; as it would 
have nothing but the air to refiit it; if then the 
air were taken away, thc bowl would go on 
without any friaion, and confequently witboar 

, another, 
M v i t y .  

6 any 



'Of ihe Prcpcuties of MuMr. % 
Any diminution of the velocity it had at fttting 
our: and rhercfore, if the green were extended 
quite around the e;irth, the bowl would go oh, 
rourid and round the earth, for ever. 

If the bbwl were chrriecl feveral miles above 
the earrh, and there projeeed in ;1 Iiorizontal 
ciireLtion, with filch a velocity as would make 
i t  move iiiore than  a feinidiameter of the earth, 
i n  the time it would take to f i l l  to the carrh by 
gravity ; i n  that  cafe, and if there were no re- 
fiiting medium in the way, the bowl would not 
fall to the e;mh at all ; but would continue to 
circiilate round it, keeping always in tlig fhne 
tra& and returning to the fame point from 
which i t  was projetled, with the fame velocity as 
at firit.. I n  thii manner the moon goes round 
the earth, althougb fie be as unzlEtive arid dead 
as any itone upon it. 

we find that all inntter is capable of bring moved, 
i F  a fiificient dcgrer of force be applied to over- 
come its innRivity OT reGfiance. 

of which t iwe  can .bo no end. 
tcr can never be aiinihilated by cutting 41. break- 
ing, we can never iinngine it to be cut ihto fuch 
iinall particles, but that if one of them be laid 
on a table, tlic uppermoft fide of it will he fur- 
ther from the table than the undcrmoft fide. 
Moreover., it would be a b h d  to fay that  the 
greaten: mountain on earth has more lialvcs, 
qiiarcet s, or tcntli parts, t han  the finallcit particlc 
of' matrcr has. 

We have m a n y  fiirprifing infiances o f+  thc 
finallneli to whicli matter can be diviclcd by 
art  : of which the two following PIT very re- 

' l h e  third property of matter is iiiobiZi[y j for Mobility, 

The fourth property of matter is diviJslility, nivifibi, 
For, finre mat-  lit^. 

kllJrk i\blt!, 
R r. ,If 



4 Of the Properties of Matter. 
1. If a pound of tlver be melted with a Gitgle 

grain of gold, the gold will be equally difiiil'ed 
through the whole Glver j fo that taking one 
grain from any part of die mars (in which there 
can be no inore than the 5760 part of a grain 
of gold) and din"o1ving it in a g u  Jortis, the 
gold will fall to the bottom. 

2. The  gold beaters can extend a grain of gold 
into n leaf containing 50 fqquare inches ; and this 
leaf may be divided into 500000 vifible parts;. 
For an inch in length can be divided into IOO 
parts, every one of which will he vifible to the 
bare.eye : confequently ,a fquare inch can be 
divided into IOOQO parts, and 50 fquare inches 
into 500000. And if one of thefe parts be 
viewed with a tnicrofcope that magnifies the 
diameter of an obje6t only ten times, it will 
magnify the area IOO times ; and then the 100th 
part of a 500cooth part of a grain (that is, the 
50 millicinth part) will be viGble. Such leaves 
are commonly ufed in  gilding ; and they are fo 
very thin, that if izi500 of' them were laid upon 
OJX another, and preKed together, they would 
nor exceed one inch i n  tI;icIcnefs, 

'* 

Yet all this is nothing in coinparifon of the 
lengchs that nature goes in the divifion of mat- 
ter. For Mr. Leewenboek tells us, thar tliere aLe 
more animals in the milt of a fingle cod-filh, 
than there are men upon the whole earth : and 
that, by cotnparing thefe ariiinals in a iiiicro- 
fcope with gr.ains of co im~on  h i d ,  it appeared 
that one Gngle grain is biggcr t l m  four inillions 
of them. Mow each a n j d  1nul1 have heart, 
arteries, veins, mufcles, arid nerves,. ot,herwife 
tliey could ncither live nor move. How incon- 

.ceiv+!y fimall then muit the particles of their 
61ood be, to circulate -shrough the fmallefi rami- 

3 fications 



PLATE I. 



Of &e A.tpwsirs 4f MdMii. 5 
fitations and joinings af their arteries and veins? 
It has been lound ly w\adatim, t.h*t a partide 
of their blood mufi be ab much finaller t1mn A 
globe af the tench p~vt of ap1 iacb in diameter, as 
+that globe is findlw than the wbok m r t h  ; and 
yet, if thde partides be coinpared with the par- 
ticles of light, they will l e  fmilnd :to ;wed 
them as much in bidk 11s mountains do fingle 
ppins of fand. For, the force of any body 
firikinqagaidt an fobfiadz is direl";tly i~ prb- 
portioii to its quantity of ~ i a t t e r  inuiIti lied into 
its vehitiiry 5 and Brice the velocity ,$the par- 
ti&s d light is demon&aed t o  be at le& a 
million trEmicrs greater than the velocity of a can- 
non-ball, it  is .plain, h a t  if a million d +he&, 
partkles were a6 !big as a fin@ grain csf fand, 
wc hdurft mo wore 'open our eyes to the light, 
,than we *durff expcde rheth to fmd hot point- 
blank from tl cannon. 

That  matter is infinirely diviGble in n marhc- Plate 1- 
inaticd lienfi, is eafy to be demonfirated. For, Fig* l o  

Jet RB be the length of a particle to be divided; 
,and kt it be touched at appofire ends by t!ie 
-ptrrdlel lines CD and E&', whic'h, fuppok to be 
mfinircly emended btyond 23 and P. 
sthe equal divifims B e ,  GM, MI, &c. on the$Y$'~~ 
litre EP', toward the right hand froiq a; and matter 
take a point, .as Bt ,R, .any $where toward the .left proved. 
hand from A, $in the line CD; Then, ifrom !his 
Ip&x, draw the pigkt tines RG, RH, RJ, &e. 
each of which will ciic off a part fiom ithe par- 
rick A B ,  But after any finite' number of fuch 
a i m  are drawn, there will itill remain a par 
dip, art h e  'top of ,the pwticlc, which ctii - n 
ipardM, ma line can .ever be drawn from the 
point 1Q to any pint of the &ne E,F that will 

B 2  coincidc 

Set offThe hfi- 

be cut off: becaufe the lines D R  and E d being 



6 Of thc Properties of Matter. 

coincide with the line RD. Therefore the par- 
ticle AB contains more than any finite number 
of parts. 

Attrac- A fifth property of matter, is attrattion, which 
tion* Gems rather to be infuf'd than inherent. Of 

this there are four kinds, viz. cob&n, gravita- 
tion, magnetqm, and eleh'ricity. 

The  attrafiion OJ cohq?o~ is that by which the 
fmdl parts of matter arc made to ftick and co- 
'here to ether. Of this we have levera1 ipltances, 

I .  If a fmall glafs tube, open at both ends, be 
dipt in water, the water will rife up in the tube 
to a confiderable height above its .level in the 
bafon: which mufi be owing to the attrafiion 
of a ring of particles of the glafs all round in 
the tube, immediately above th$e to which the 
warer at any initarit rifes, And when it has rifen 
lo high, that  the weight of the column balances 
the attraffion of the tube, it rifes no higher. 
This can be no ways owing to the preflbrewf the 
air upon the water in the bafon; for, as the tube 
is open at top, it is full of air above the water, 
which will preG as much upon the water in the 
tube as the neighbouring air does upotl any 
column of ;in equal diameter in the bafon. Be- 
fides, if the fame experiment be made in an ex- 
hauited receiver of the air pump, there will be 
found no difference. 

2. A piece of loaf-fugar will draw up a fluid, 
and a fpunge will draw i n  water: and on the 
fame principle Tap afcends in trees. 

3. If two drops of quickfilver be placed near 
each other, they will run together and become 
one large drop. 

4. If two pieces of lead be fcraped clean, and 
preiked togerhcr with a twiR, they will attralk 

each 

Cohefion* 

fome o z; which follow. 
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each other To firongly, as to require a force 
much greater than thei;. own weight to feparate 
thein. And this cannot be owing to the preffure 
of the air, for the firne,thing will hold in an ex- 
liaiiited receiver. 

5. If two poliked plates of marble or brak 
be jmt together, with a little oil between them 
to fill up the pores in their furfaces, and. prevent 
the lodgement of any air i they will '  cohere io 
firongly, even if Ciifpended in an ediauited, re- 
ceiver, that '  the weight of the lower plate will 
not be able to fepnrate it from the upper one. In 
putting thefe plates together, the one ihould be 
rubbed upon the othcr, as a joiner does two 
pieces of wood when he glues them. 

6. If two pieces of cotk, equal in wdght, be 
put near each other in  a balon of watrr, they will 
move equally fatk toward each other with an ac- 
celerated motion, until they imet : and then, if 
either of them be moved, it will draw the other 
nfcer it, If two corks of unequal weights be 
placed near each other, they will approach with 
accelerated velocities inverfely proportionate to 
their weights : that is, the lighter cork will iiiove 
as much faiter than the heavier, as the heavier 
exceeds the lighter in weight. This fhews that 
the attraaion of each cork is in dire& propor- 
rion to its weight or quantity of matter, 

l h i s  kind'of attraltioii reaches but to a very 
fmall diitance ; for, if two drops of quickfilver 
be rolled in duft, they will not run together, be- 
caufe the psrticles of duit keep thein out of th 
fphcre of each other's attraaion. 

Jh Brcs begins ; thus, water repels mofi bodies ftOn* 
tjU they arc wet j and hence it is, that a fmall 

8 3  needle, 

Where the qihere of attrattion ends, a repul- Rcpul- 

7 



needle, if dry, fkims y n  water3 and fits walk 
upon ir’wkhcrue wetting their feet. 

The re etling f b ~ e  of the particles of a 8oid 

it eafily unites again. But if a glafs, or any ather 
hard fufubttonee, be broke ~intcr rimall parts, they 
canna be: made 10 flick together y a i n  ,withom 
being fig wetttd : the xwp.dfion being toa great 
to adrnir of a re-union. 

The repelling force between water and oil is 
fo great, that we: find it almoit impaflible to mix 
tliem fo, as not to fcparztte again?. If a ball of‘ 
light wood he dipt in oil, and then put into 
water, the water will rccrck fi as ta form 1 
channel of fome depth alt around the ball. 

The repulfive force of the arciclcs of air is fo 

gether by condenfation as to makc them flick or 
cohere. Hence it is, that when the wqighc Uf 
’the incumbent atmofphere is taken off frmn any 
fmall quantity of air, that quantity will diffdc it- 
filf fo as m occupy (in cornparifon) an icrfiniply 
greater portion af fpdtrc than jt did before. 

Gravita- &m!i%# qf pmit&n is that power by 
&nr which diftqnt bodies rend coward qne soother. 

Of this we have daily infiances in tho falliiig 
of bodies t0. the earth, By chis power in the 
earth i t  i3, that bodies, on whatever fide, fdl jn 
lines erpendicular to i t s  furfitace j and code-, 
quent P y, on O ~ P O ~ ~ C C  fides, they fall in cypofite 
direaions; all rowarJ the center, where the 
fwee OF gravity is as it were acciiimlated ; an4 
by this power it is, that bodies, on the earth’q 
furface are kept to it on all fide& fo that they 
cannot fall froh‘it, And qs it a&s upon all bo- 
dies in prbprtion t~ rheir ‘ refpe&t’tive quantities 
of matter, without any regard to their bulks or 

is But fma f 1 3  and therefore, if a fluid be divided, 

great, that they can never br: E raugiit fu near to- 

figures, 
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figures, it accordingly conftituteg their weight. 
H'enp, 

If two bodies whish contain equal quantities 
of matter, were placed at ever fs great a diftance. 
fi-otn one another, and then left at liberty in free 
fpacre ; if there were no other bodies in the mi- 
verk to affett theh, they would fall equally fwifc 
toward one another by the power of gravity, 
with velocities accelerated as they approached 
each other; aiid would meet in a point which 
was half-way between them at firfi, Or, if two. 
bodies, conraining unequal quantities of matter, 
were placed at any diitance, and left in the fame 
manner at liberty, they would fall toward one 
another with velocities which would be in an 
inverfe proportion to their refpeRive quantities 
of matter j and moving fafcer and fafter in their 
mutual approach, would at lafc meet in a point 
as much nearer to the lace from which the 

from which the lighter body began to fall, as 
the quantity of matter in the former exceeded 
that in the latter, 

All bodies that we. know of have gravity or 
weight. For, that there is no filch thing as PO- 
fitive levit), even in fmokc, vapours, and fumes, 
"rs demonfirable by exyeriinents on the air- 
pump ; which hews, that although t k  imokt 
of a candle afcends to the top of a tall receiver 
when full of air, yet,' upon the air's being ex- 
haufied out of the receiver, the hoke falls down 

the bottom of it, So, if a piece of wood be 
merfcd in a ja r  of water, the wood will rife ro 

the top of the water, becaufe it has a lefs degree 
of*weight: than its bulk of water bas: but if the 
jar be emptied of water, the wood falls to the 
bottom. 

heavier body began to P all, than to the place 

B 4  AS 
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times, Now it is plain, that if one be doubie' or 
triple the weight sf another, it niutt require a 

r triple pOwer of gravity to make it 
rh the fame celerity: j u f i  as it 
double or triple force to p io jd t  

r thirty pobnds weight, wit 
f fwifciirfs that a bullet of ten 
require. Hence it is - evident, 

and fi on. T h i s  too, is copfirmed bv comparing 
nce hhich the moon falis in a ininure, 
right line touching her orbit, with th i  
through which heavy bodies near the, 

earth fall in that time.? And alfy by comparing 
the forces wliich r tain Jupiter's mons  in their 

Fer. Thefe forces will be explaincd i 
ledure. 

The vclacity which bodies nrar the earth ac- 
quire in ciriceding freely by tlie force of gravity, 
is proportional to the times of their defcent; 

For, 

orbits, with their 4 efpettive diitances fr 
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For, as the power of gravity doesbot confifi 19 
a iingle impulfe, but,is always operating i 
confiant and uniform manner, it niufi prud 
equal effeas in equal times ; and confequently 
in a double or triple time, a double or triple cf- 

nd To, by aaing uniformly on the: body, 
derate its motion proportionably to the 

time of its defcent. 
.$TI@ be a little more particular on this fubjen, 

kt us fiippde that a body begins to move with 
o celerity conitantly and gradually increafing, in 
fuch ,a nianaer, as would carr"y it through a mile 
in a minute j at the end of this @ace it wi l l  have 
acquired Cuch 3 degree of celerity, as is fufficient 
to carry it two miles the next minute, though it 
Qiould then rcceive no new iinpulfe from the 
caufe by which its motion had been accelerated ; 
but if the fame accelerating caufe continues, it 
$11 carry the body a iqile farther; on which 
account, it will have run through four miles at  
the end of two minutes; and then it will have 
acqui'red iiich a degree of celerity, 
to carry it through a-double $ac 
iyorc time, or eight miles in two minutes, even 
though the accelerating force ihould a& upon it 
no more. But this force itill continuing to ope- 
rate in an unifhrm manner, will again, in an 
cqual time, produce an cqual effeEt j and fa, by 
carrying it a mile fvrther, c;iufi it to move 
through five miles the third minute j for, thd 
celerity already acquired, and the celerity itill 

, will have each its complete eFFeB. 
y learn, that if the body fhould move 

ile the firit minute, it would move three 
he fecond, five the third, feven the fGurth, 

And 

fifth, and fo on in  proporjion. 
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And rhus it appears, that the fpaces dercribed 
in  fkcefive equa'l parts of time, by an uniformly 
accelerated motion, are always as the odd num- 
bers I ,  3, 5, 7, 9, &c. and confequently, the 
whole [paces are as the fquares of the times, or of 
the lafi'ac uired velocities. For, the continued 
addition o 7 rlm odd numbers yields the fquares 
of all numbers from unity upward. Thus, Y is 
the firit odd number, and the f uare o f  I is I i 
3 is the fecond odd number, an 1 this added to 
I makes 4, the fquare of 2;  3 ,is the third odd 
number, which added to 4 malces 9, the fquare 
of 3 ; and fo on for ever. Since, therefore, the 
times and velocities proceed evenly and con- 
fiantly as I ,  2,3,4, &c. but the fpaces defcribed 
in each equal times are as I ,  3, 5, 7, &e. it is 
evident that the fpace defcribed 

In I minute will be ,- - - ~=fquarreof I 
In 2 minures - - r+3= 4=rquareoF.2 
Jn 3 minutes - 1+3+5= 9=fquareoF 3 
In 4 minutes I +3+5+7= 1 6 ~ f q u a r e  of+, &c. 

IN. B. The chara&er + fignifies mwe, and =z 
e p d .  

The (le. As heavy bodies are uniformly accelerated by 
f w d i n g  rlir Imwer of gravity in their defcent, it is plain 
~ ' ~ c ~ e  that they muff be uniformly retarded by the 

Therefore, the vc- 
oi equal locity which a body acquires by fidling, is luf- 
a f c m  ficienr to carry it up again to the fame height 

fiom wbence it fell : allowance being made for 
the refiftance of the air, or other medium in 
which the body is moved, Thus, the body D 
i n  rolling down the inclined plane X B  will 
acquire filch a velocity by the time it &rives at 

B, as 

power faine power in their aicent. 

Fig. P: 
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B, a3 will cirry it up  the inclined plane BC, a]- 
moR to C; and would carry it quite up to C, if 
the body and plane were perfe&ly fmooth, and 
the air gave no refitlance.-So, if a pendulum 
were put into motion, in a +ace quite free of 
air, and all ocher refiflance, and had no fri&ion 
o n  the po.inr of fufpenfion, it would move for 
ever : for the velocity it had acquired in falling 
through the dqfcendirig part of the arc, would 
be itill fufficient to carry it equally high in the 
afcending part thereof. 

l ‘he center of gravity is that point of 3 body The CCR- 
i n  which tlie whole force of its gravity or weight terof gra” 
i s  united. 
point, bears the weight af the whole body; and 
while it is fupported, the body cannat fall; be- 
caufe all its parts arc in a perfea equilibrium 
+Lout that point, 

An imaginary line drawn from the center of 
gravity of any body t0wp.d the center of the 
earthl is called the line of. Hireflion. 
$11 heavy bodies deicend, if not obfirulted. 

Since the whole weight of a body is united in 
its center of gravity, as that center afcends or 
defcrnds, we mufi look upon the whole body to 
do fo toor But as it i s  contrary to the nature of 
heavy bodies to afcend of their own accord, or 
.not to drkend when they we prrmitted; we 
may be fure that, unlefs the center of gravity 
be fuyported, the whole body will tumble or 
fall. Hence it is, that bodies fiand upon their 
bafcs when the line of dire€tion falls within the 
bafi ; for in thi% cafe the body cannot be made 
to fall, without firR raifing the center of gravity 
higher than it was before: Thus, the inclining 
body AB CD, whore center of gravity is E, 
f t d a  firmly on its bnk..CD& becaufe the line 

of 

Therefore, whatever fupports that vity’ 

In this line: 2d2ZG 
tion, 

3r 
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of direlkion E F  falls within the bafe. ' B u t  if a 
weight, as ABGH,  be laid upon the top of rhc 
body, the center of gravity of the whole body 
and weight together is raifcd up to I ;  and then, 
as the line of direAion ID falls without the 
bafe at D, the center of gravity I is not fup- 
ported ; and the whole body and weight tumble 
down together. 

Hence appears the abfurdity of people's ricng 
haitily in a coach or boat .when it is likely to 
overfet: for, by that means they raife the ten- 
ter of gravity fo far as to endanger tlirowing it 
quite out of the bafe; and if they do, they 
overfet the vehicle effcCtually. Whereas, had 
they clapt down to the botlom, they would. 
have brought the line of diredion, and conk- 
quently the center of gravity, farther within the 
bafe, and by that means might luve faved thein- 
felves. 

The  broader the bafe is, and the nearer thc 
line of direeion is to the middle or center of ir, 
the more firmly does the body fiand. On the 
contrary, the narrower the bafe, .and the nearer 
the line of direkhn is to the Gde of it, the more 
eafily may the body be overthrown, 3 lefs change 
9f pofition being fufficient to reimve the line 
of dire&ian out af the, bafe in the latter cafe 
than in the former. And hence it is, that  a 
fphere is fo eafily rolled upon a horizontal plane; 
and that i rks  io dificult, if not jmpoRible, to 
make things which are harp-pointed to itand 
upright on the poine.A?ram what hat11 been 
faid, it plainly appears, that  if 'the plane be in- 
clined on which the heavy body is placed, the 
body will flide down upon the plane while the 
line of direhion falls within the: bafe; but 'i, will 
tumble or roll down when that line falls without 

the 
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the bak. 
down the inciiried plane CD, while the body B 
rolls down upon it. 

When the line of JjreRion falls within the 
bafe of our feet, we ftand ; and moil firmly when 
i r  is i n  die middle: but when it is out of that  
bare, we iinmedi+tely fall. And it is not only 
yleafing, but even fiirprifing, to reReR upon the 
various pnd unthought-of methods and pdtures 
which we d e  to retain this poGtion, or to reco- 
ver it when it is loit. For this purpofe we bend 
our body forward when we rife fiom a chair, or 
when we go up itairs : and for this purpofe a 
n,nn leans forward when he carries a burden on 
his back, and backward when he carries it on 
his breafi ; and to the right or left fide as he car- 
ries ic on the oppofite fide. A thourand more 
infiances might be added. 

The  quantity of matter in all bodies is in cx- 
a& proportion to their weights, bulk for bulk. 
Therefore, heavy bodies are as much more denti 
or coinpa& t han  light bodies of the hme  bulk, 
as they exceed them in weight. 

All bodies are full of pores, or fpaces void of All bo- 
matter: and in gold, which is the heaviclt ot tj:S,aPo- 
all known bodies, there is perhaps a greater 
quantity of $ace than of matter. For the parti- 
cles of heat and magnetifin find an eafy pafl:Jge 
through the pores of gold j and even water itfdf 
Iias been forced through them. Befide~, if we 
confider how eafily the rays of light pafi through 
fi) fdid a body as glaii, in all manner of direc- 
tions, we h a l l  find rearon to believe tha t  bodies 
are much more porous than is generally imrr- 
gined. 

All bodies are Come way or other aFeEtcd by me ex- 
heat j and all metallic bodies arc expnndccl in piifion oc 

Thus, the body R will only f l i c k  Fig. 4. 

Ie~~gth,  Inetn1?* 
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length, breadth, and thicltnefs thereby.-The 
proportion of the expanfion of fevcral metals, 
according to the beit experiments I havebeen 
able to make with m y  pyrometer, is nearly thus: 
Iron and fieel, as 3, copper 4 and. a half, brafs 5 ,  
tin 6, lead 7. An iron rod 3 feet long is abotit 
one 70th part of an inch longer in funimer than 
in winter. 

Thepy- T h e  pyrometer here mentioned b4ng (for 
rome ter. aught I know) of a new confirutlibn, a de- 

fcription of it may perhaps be agreeable to tlie 
read e r . 

pi& I* AA is a flat piece of mahogany, in which arc 
fixed four brafv fiuds B, C, D, L ; and two pins, 
one at F and tho other a t  H. On the pin F 
turns the croolred index E an$ upon the pin 
H the firaight index GK, againit which a piece 
of watch-+ring H bears gently, and To preffes 
it toward the beginning of the fcale MN,  over 
which the point of ' t h a t  index moves. This 
fcale is divided into inches and tenth parts of an 
inch : the firfi inch is marked 1000, the fecond 
2c03J and fi on. A bar of metal 0 is laid into 
notches in the top of the Ccuds C and D ; one 
end of the bar bearing againfi the adjotling 
fcrew P, and the other end againfi the crooked 
index E I ,  a t  a 20th part of its length from its 
centre of motion P.-Now it is plain, that  how- 
ever mdch the bar 0 lengthens, it will tnove 
that part of the index E Y, againfi which i t  bcars, 
iuit as far: but the crooked end of the Came 
'index, near H, ,being 2 0  times as far from the 
center of motion F, as the point is againfi 
which rhc bar bears, it will move 20 times tfs 
f i r  as the bar lengthens. And as this crooked 
end bears againfi the index G K at only a 20th 
part'af the whok lengrh GS from its center of 

morion 
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motion H, the point S wili move through 20 
times the @ace that the point of bearing near If 
does. Hence, as 20 niiiltiplied by 20 prbduces 
400, it is evident that if the bar lengrhens hit a 
400th part of a n  inch, the point S will move ii 

whole inch on the fcale; and as every inch is 
digidrd into IO equal parts, if the bw Icngtheus 
but the xoth part of the 4~0th  part of an inch, 
which ia only the 4000th part of an inch, the 
point S will move the tench parc of an inch, 
which is very perceptible, 

To firid how much a bar lengthens by hear, 
fire lay it cold.into the notches of the fiuds, and 
turn the adjufiing h e w  P until the fpring R 
brings the point S of the index G K  to the be-. 
ginning of the divifions of the fcale at M :  then, 
without altering the fcrew any farther,. take off 
the bar, and rub it with a dry woollen cloth till 
it feels warm ; and then, laying it on where it 
was, obferve how far it puflies the point S upon 
the kale by means of the crooked index L I l  
and the point S will hew exa€tly how iriuch the 
bar has lengthened by the lieat of rubbing. As 
the bar cools, the fpring I< bearing againlt tha 
index XG, will caufe its point 5' to move gm-. 
dually back toward M in the M e :  and when 
the bar is quite cold, the index will reit at A I ,  
where it was before the bar was made warm by 
rubbing, The indexes have frnall rollers under 
themsat I and K ;  which, by turning roiind on 
the finooth wood as the indexes move, make 
their motions the eafier, by taking off a great. 
part of the fiiAion, which would otherwife be 
on the pins F and H, and of,the points of the 
indexes themfelves on the wood, 

tioned, there arc bodia which have properties "** 
Befide the univerfal properties above men- P g n t t -  

peculiar 
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peculiar to tliemfelves : fiich as the loadllcone, in 
which the molt remarkable are there: I .  It at- 
tra&s iron and Reel only. 2. .It conltantly turns 
one of its iidcs to the north and another to the 
fouth, when fiifpended by a thread that does not 
twiit. 3. It communicates all its properties to 
a piece of fieel when rubbed upon it, withouf 
lofit..$ any itielf. 

According to Dr. Ht@am's experiments, rhe 
attraQton of the loadftonc decreafes as the fquare 
of the ditlance increafes. Thus, if a IoadiEone 
be fufpended at one end of a balance, and coun- 
xerpoifed by weights at the other end, and a ,  
flat piece of iron be placed beneath ir, at the 
difiance of four tenths of an inch, the Rone will 
immediately defcend and adhere to die iron. 
But if the Rone be again removed to the f'me 
dittance, and as many grains be put into the 
kale at9he other end as will exaEtly counterba- 
lance the attra&ion, then, if the iron be brought 
twice as near the itone as before, that'is, only 
two tenth p r t s  of ail inch fiotn it, there mutt be 
four times as inany grains put into the fcale as 
before, in order to be a j u f l  counterbalance to 
the attraltive force, or to hinder the ftone from 
clefcending and adhering to the iron. So, if four 
grains will do in  the firmer cafe, there 1 1 ~ f i  be 
iixteen i n  the latter. But from fome l a w  cx- 
pcriinents, made" with the great& accuracy, it 
is found that the force of inagnetifm decreafes 
in a ratio between the reciprocal of the fqiiarc 
and the reciprocal of the cube of the difiance ; 
approaching to the on: or theiother, as the mag- 
Jiittidcs of the attraeing bodies are varied. 

EIctIri- Several bodies, particularly amber, glafs, .jet, 
W ' e  fealiiig-wax, .agate, and almofi all precious 

hnes,  have i peculiar property of atrrakting 
and 
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and repelling light bodies when heated by rub- 
bing. This is called elenrical attraLFtion, in 
which the chief things to be obferved are, I .  If 
a glafs tpbe about an inch and a half diameter, 
and two or three feet long, be heated by rub- 
bing, it will alternately aura& and repel all light 
bodies when held near them. 2. It does not 
attralt by being heated without rubbing. 
3. Any light body, being once repelled by tlie 
tube, will never be attratted again till it has 
rouched fome oclier body. 4. If the tube be 
rubbed by a rnoilt hand? or any thing that is 
wet, it totally defiroys the eletkricity. 5. Any 
body, except air, being inter ofd,  itops the 

rubbed over with bees-wax,'and then with a dry 
woollen-cloth. 7. When it is well rubbed, if 
,a finger be brought near it, at about the diitance 
of half an inch, the effluvia will fnap againit the 
finger, and make a little crackling noifc; a n 4  
if this be performed in a dark place, tlierc will 
appear a little Bath of light. 

elearicity. 6.  The  tube attra K s ftronger when 

L E C T. 11. 

Of cenlral Farces. 

E have already mentioned it as a necef- Alltodiu w firy confequence arirtng fiom the dead- ;$$:- 
nefs or ina&iviey of matter, that all bodies cat fO 

endeavour to continue in the itate they are in, inotion or 
whether of refl or motion, 
p!aeed in any part of free .f'ze:', and notlhig ' Plate Fig, I ,  11, 

either drew or impelled it any way, it would for 
ever remain in that  part of $ace, b e c d e  it 
could have no tendency' of itklf to reinove any 
way from thence. If it .receives LZ Gngle im- 

I f  the body A were refla 

- c  pulfe 
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pulfe any way, asfup ofe from A toward B, i t '  
will go on in that 8reRion; for, of itfelf, ir 
could never fwerye from a right line, nor itop 
its courf i .When it has gone through the [pace 
AB, and met with no refiftance, its velocity 
will be the fame at B as ir was at A; and this 
velocity, in as much more time, will carry it 
through as much more fpace, from B to C; and 
€0 on for ever. Therehre, when we 'fee a body 
in motion, we concludi that fome other fib- 
fiance muit have given it tdat motion; and 
when we fee- a body fall from 'motion to refi, we 
conclude that fome other body or caufe ftopt it. 

AI) mo- As all motion is naturally reailineal, it ap- 
z h n a -  pears, that a bullet projelled by the hand, of 
turally h o t  from a cannon, would for ever continue to 

move in the fame diret'cion it received at firfk, if 
no other power diverted its courfe. Therefore 
when we fee a body move in a curve of any kind 
whatever, we conclude it muit be a&ed upon by 
two powers at leait; one putting it in motion, 
and another drawing it off from the1 reailineat 
courfe it would otherwife have continued to 
move in : and whenever that power, which bent 
the motion of the body from a firaight line into 
a curve, ceafes to a&, the body will again move 
on in a itraight line touching that point af the 
curve in which it was when the attion of that 
power ceakd. For example, a pebble moved 
round in a fling ever fo long a time, will fly off 
the moment it is fet at liberty, by nipping one 
end of. the ding cord : and iwill go on in a linc 
touching the circle it defcribed before: which 
line would a&ually be a itraight one, if the 
earth's attraaiori did not affeR the pebble, and 
bring it down to the ground. This lhews that 
the natural tendency Qf the pebble, when put 

into 
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into m o t h ,  is to continue moving in a Rtaight, 
line, although by the force that moves the fling 
it be made to revolve in a circle. 

The chan e of motion produced is in propor- The ef- 
'tion to the r orce imprered: for the effees 
natural caufes are always proportionate to the forces, 
force or power of thofe: caufes. 

By there laws it is eafy to prove that a body 
will defcribe the diagonal of a fquare or pad 
rallelogram, by two forces conjoined, *in the 
fame time that it would defcribc either of the 
fides, by one force fingly. Thus, fuppofe tha 
body A to reprefent a hip at fea; and that it is Fig. 2, 

driven by the wind, in the right line AB, with 
fuch a force as would carry it uniformly from A 
to 4 in a minute : then fuppofe a itrezm or cur-, 
rent of water running in the direRion'AD, with 
Qch a force as would carry the h i p  through an 
equal fpace from A to D in a minute. By thcfc 
two forces, aEring together at righr angles to 
each other, the hip will defcribe the line AEC 
in a minute : which line (becaufe the forces arc 
equal and ,erpendicular to each other) will be 

this law by an experiment, let there be a wooden 
fquare A B C D  fo contrived, as to have the part Fig. 3. 
B EFC made to draw out or pufh into the fquare 
at pleafure. To this part let the pulley €3 be 
joined, fo as to turn freely on an .axis, which 
will bc at N when the piece is puflied in, and 
at h when it is drawn out. To this part let the 
ends of a itraight wire k be fixed, To as to move 
along with it, under the pulley; and let the ball 
G be made to flide eafily on the wire. A thread 

is fixed to this ball, and goes over the pulley 
to 1; by this thrqid the ball may be drawn UP 
on the wire, parallel to the fide AD, when the 

( 3 2  parr 

the diagona 'p of an exa& fquare. To  confirm 
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part BE F C is puked as far as it will ga into 
the fquare. But, if this part b'e drawn out, it 
will carry the ball along with it, parallel to the 
bottom of the fquare D C. By this means, the 
ball G may either be drawn perpendicularly pp- 
'ward by pulling the thread m, or moved hbri- 
mntally along by pulling out the part B E  FC, 
in equal times, and through equal fpaces ; each 
power a&ing equally and feparately upon ir. 
Biit if, when the ball is at G, the tipper end of 
the thread be tied to the pin 1, in the corner A 
of the fixed fquare, and the moveable part 
BEFC be drawn our, the ball will then be a&ed 
upon by both the powers together: for it will 
be drawn up by the thread toward the top of 
the fquare, and at the fame time be carried with 
its wire k toward the right hand B C, ,moving 
all the while in the diagonal line L ;  and will be 
fouhd at g when the fliding part is drawn out as 
far as it was before ; which then will have caufeff 
the thread to draw up ,the ball to the cop of rhe 
infide of the fquar'e, j u f i  as high as it was before, 
when drawn u fingly by the thread without 

I f  the aAing forces are equal, but at oblique 
angles to each other, fo will the fides of tbe 
parallelogram be: and the diagonal run  through 
by the moving body will be longer or ihorter, 
according as the obliquity is gre$cer or fmaller, 
Thus, if two equal forces a& conjojntly upon tho 
body A, one having a rendeky to move it 
through the fpace AB in the fame time that the 
other has a tendency to move it through an equal 
fpace A D  j it will defcribe the diagonal A G C 
in the fame time thar either of the jingle forces 
would have caufed it to defcribe either of the 
fides, If one of rhe forces be grearcr t l w  the 

moving the fli B ing part. 

%4b 
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otlier, then one fide of the parallelogram will be 
fo much longer than the other. For, if one force 
6ngIy would carry the body through the fpace 
A& in  the fiune time that the other would have 
carried it through the fpace AD, the joint a h n  
of both will carry it in the hme  time through 
the fpace AHF', which is the diagonal of the 
oblique parallelogram AD E F. 

If both forces a& upon the body in fuch a 
manner, as to move it uniforkly, the diagonal 
defcribed will be a itraight line; but if one of 
the forces a& in fuch a manner as to mdte the 
body move faiter and faiter, then the line de- 
fcribed will be a curve. And this is the cafe of 
all bodies which are projelted in re&ilineal di- 
reaions, and at the fame time alted upon by the 
power of gravity ; which has a conitant tendency 
to accelerate their motions in the dire&ion where- 
in it a&s. 

From the uniform projeQile motion of bodies The I a w  
in itraight lines, and the univerfal power of gravity $a$a, 
or  attraltion, ariks the curvilineal motion of all mOtlOnsr 
the heavenly bodies. I f  the body A be projeAed 
along the ftraight line A F  H in open fpace, Fig. 5,. 
,where it meets with no refiitancc, and is not 
drawn afide by any power, it will go on for 
ever with the fame velocity, and in the fame 
direEtion. But if, at the fame moment the 
yroje&ile force is given it at A, the body S be- 
gins to attratt it with a force duly adjut'ted*, 
and perpendicular to its motion at At it wlll then 
be drawn froin the itraight line AFH, and forced 

i b  Tg pwke the rojeAile force a jiin balance to the 
gravitating power, fo as to keep the wet  movin in a 

uire by gravity, when it bad fol e~ 1h;ough half the kmi- 
iamcter of &at circle, 

circle, it muit give fuch a veluciq a5 t y' ie planet wou f d 'at- 

c 3  to 
a 
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to revolve about S in the circle A T W ;  in'the 
fame manner, and by the fame law, that a peb- 
ble is moved.round in a fling. And if, when 
the body is in any part of its orbit (as fiipyofe 
at K) a fmaller body as L, within the fphere of 
attra&ion of the body K, be projetted in the 
right line LM, with a force duly adjufted, and 
perpendicular to the line of attraRion LK; then, 
the h a l l  body .L will revolve about the large 
body K in the orbit NO, and accompany it in 
its whole courfe round the yet larger body S. 
But then, the body K will no longer move in 
the circle A'I'W; for that circle will now be 
defcribed by the common center of gravity be- 
tween K and L. Nay, even the great body S 
will not keep in the center; for it will be the 
common center of gravity between all the three 
bodies 8, K, and L, that will remain immove- 
able there. So, if we fuppofe S and K conneRed 
by a wire P that has no wei ht, and K and L 
conne&ed by a wire q that f as no weight, the 
common center of gravity of all there three 
bodies will be a point in ,the wire P near S ; 
which point being fiupported, the bodies will be 
all in epilibvio as they move round it. Though 
indeed, firi&ly rpeaking, the common center of 
gravity of all the three bodies will not be in the 
wire P but when thefe bodies are all in the right 
line, Here S may reprcfent the fun, K the 
earth, and L the moon. 

fcribed by two bodies revolving abouc their com- 
mon center of gravity, while they themfelves 
with a, third body are in motion round the com- 
mon center of gravity of all the three; let 

Pjate11I. US firR h p p f e  E to be the fun, and e the 
earth going round him without any moon ; and 

their 

In  order to form an idea of the curves de- , 
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their moving forces regulated as above. In  
this cafe, while the earth goes round the fun in 
the dotted circle RTWWX, &c, the fun will The 
go round the circle A B  0, whofe center C is curve5 de- 
the common center of gravity between the fun fcribed re- by 
and earth : the right line (3 6 reprefenting the volving 
mutual attraaion between them, by which they about 
'are as firmly conne&d as if they were fixed at their common 

center of the two ends of an iron bar itrong enou$h to 
hold them, So, when the earth is at e, the fun gravity. 
will be at E; when the earth is at T', the fun will 
be at Fj and when the! earth is at g, the fun will 
be at G, &c. 
Now, let us take in the moon'q (at the+htop of 

the figure) and fuppofe thc carrh to have no pro- 
grefiive motion about the fun; in which cafe, 
while the moon revolves about the earth in her 
orbit HB@, @, the earth will revolve in the 
circle S 13, whofe center R is the common cen- 
ter of gravity of the earth and moon; they bel 
ing conneAed by the mutual attra&ion between 
them in the Came manner as the earth and fun 
are. 

But the truth is, that whiie the moon revolves 
about the earth, the earth is in motion about 
the fun; and now, the moon will caufe the 
earth to defcribe an irregular curve, and not a 
true circle, round the fun j it being the common 
center of gravity of the earth and moon that will 
then defcribe the fame circle which the earth 
would hate moved in, if it had not been at- 
tended by 3 moon. For, fiippofing the moon 
to defcribe a quarter of her progrefive orbit 
<about the earth in the time that the earth moves 
from e tof; it is plain, that when the earth 
Comes to J the moon will be found at rj  in 
which time, their common center of gravitv 

c 4  wiil 
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will have defcribd the dotted arc R I T, the 
earth the curve!K 5 f, and the moon the curve 
g 14 Y. In the time that the' moon defcribes 
another quarter of her orbit, the center of gra- 
vity of the earth and moon will defcribe the dot- 
ted arc 2" 2 V, the earth the curve f 6 g, the 
moon the curve Y 15 J, and fo on-And thus, 
while the moon goes once round the earth in 
her progreflive 01 bit, their conimon center of 
gravity defcribes the regular portion of a circle 
Jz I 1' 2 U 3 V'4 W, the earth the irregular curve 
R 5 f 6  g 7 h 8 i, and the moon the yet more 
irregular curve 9 14 Y 1 5  J 16 t 17 u ;  and then, 
the fame kind of tracks over again. 

The center of gravity of the earth and moon is 
6000 miles from the earth's center roward the 
moon ; therefore the circle S 13 which the earth 
defcribes round that center of gravity (in every 
courfe of the moon round her orbit) is 12,000 
miles in diameter. Confequently the earth is 
12,000 miles nearer the fun at  the time of full 
moon than at the t h e  of new; [See  the earth 
at f and at b.] 
. T o  avoid confufion in To final1 a figure, we 
have fiippofed the moon to,go only twice and a 
half round the earrh, in the time that the earth 
goes once round the fun: it being impofible to 
take in  all the revolutions which flie m a l m  in a 

ear, and to give a true figure of her path, un- 
rc i i  we ihould make the femidiameeer of the 
earth's orbit :tr IeaR 95 inches 3 an& then, the 
proportional femidiameter of the moon's orbit 
would be only a quarter of an inch.-For a true 
'iigure of rhc moon's path, I rcfer the reader to 
m y  treatife of aftronomy. 

If the moon made any complete number of 
revqlutions about the earth, in the time,that the 

earth 
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earth makes one revolution about the fun, the 
patlp of the fun and moon would return into 
themfelves at the end of every year; and To be 
the fame over again ; but they return not into 
themfelves in lefs than I g years nearly j in which 
time, the earth malm nearly 19 revolutions about 
the fun, and the moon 235 about the earth. 

with fir& a force as would male it fall from A Fig9 s- 
to B, in the time that the projeaile impulk 
would have carried it from A to F, it will de- 
fcribe the arc AG by the combined adtion of tliefi A douhsr 
fokces, in the fame time ,that the fortner would projettile. 
have caukd it to fall from A to B, or the latter kFwbr 
have carried it from A to I;. But, if the projec- quadr,,p~c 
tile force had been twice as gear ,  that is, h c h  as power of 
woukl have carried the planet from A to H, i t i i P v h ' -  
the fame time that now, by the fiippofition, it 
carries it only from A to F ;  the fun's attraElion 
mull then have been four times as firong as for- 
merly, to have kept the planet in  the circle 
A I W ;  that  is, it inuR have been Cuch as would 
have caufed the planet to fa11 fiom A to E, 
which is four times the diltance of A from B, in 
the time that the projeQile force fingly would 
have carried it from A to Id, which is only twice 
the &fiance of A from F'*. Thus, a double 
projeflile force will balance a quadruple power 
of gravity in the fame circle; as appears plain 
by the figure, and hal l  foon be confirmed by 
an experiment. 

for ihewin experiments of this nature. A A  is Fig. 11 

If the planet A be attrafied toward the fun, Platen, 

T h e  whirling-table is a machine contrived Plate Iv. 

a firong I: raine of wood, B a winch or handle 
* 'Here the arcs A G, A I ,  mull be Tu >oicd to be very 

fmall; ot1ierwife AR, w\iicli is equal to 01. will be more 
thall c l~adrt~ph  to AB, \viiicIi is  equaj to JG, 

fixed 
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q e  fixed on the axis C of the wheel D, round which 
wljirling is the catgut firing F, which alfo goes round the 
tablede- fimall wheels G and K, c r o h g  between them 

and the great wheel D. On the upper end Qf 
the Axis of the wheel G, above the frame, is 
fixed the round board d, to which the bearer 
&fSX may be fdfiened occafionally, and remov- 
ed when it is not wanted. On the axis of the 
wheel H is fixed the bearer N T Z :  and it is 
eafy to fee that when the winch B is turned, the 
wheels and bearers are put into a whirling mo- 
tion. ' 

Each bearer has two wires, W, X, and T, 53, 
fixed and hewed  tight into them at the ends by 
nuts on the outhde. And when there nuts are 
unfcrewed, the wires may be drawn out in or- 
de,r to change the balls U and Y, which flide 
upon the wires by means of brafs loo s fixed into 

ing the wood below them. A itrong filk line 
goes through each ball, and is fixed to it at any 
length from the center of the bearer to its end, 
as occafion requires, by a nut-fcrew at the top 
of the ball; the h a n k  of the h e w  goes into the 
center of the ball, and preffes the line againit 
the under Gde of the hole that it goes through, 
-The line goes from the ball, and under a h a l l  
pulley fixt in the middle of the bearer ; then up 
through a focket in the round plate (fee S and I) 
in the middle of each bearer; then through a 
flit in the middle of the fquare top (0 and P) 
of each tower, and going ovcr a fmall pulley on 
the top, comes down again the fame way, and 
is at lalt ORened to the upper end of the rocket 
fixt in the middle of the above-mentioned round 
plilte. Thcfe plates S and sl' have each four 
round holes near their edges for letting them 

flide 

the balls, which keep the balls up B rom touch- 
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aide up and down upon the wires which make 
the corners of each tower. The  balls and plates 
being thus conneaed, each by its particular line, 
it is plain, that if the balls be drawn outward, 
or toward the ends M a n d  N of their refpe&ive 
bearers, the round plates 8 and 7' will be drawn 
up to the top of their ref e&ive towers 0 and p- 

There are feveral bra P s weights, fome of two 
ounces, Come of three, and fome of four, to be 
occafionally put within the towers 0 and P, upon 
the round plates S and I': each weight having 
a round hole in the middle of it, for going upon 
the fockets or axes of the plates, and is flit from 
the edge to the hole, for allowing it to be flip 
Over the aforefaid line which comes from each 
ball to its refpedive plate. 

The  experiments to be made by this machine 
are as follaws : 

1. Take away the bearer MX, and take the Fig. I. 

ivory ball a, to which the line or filk cord b is 
fafiened at one end; and having made a loop on 
the other end of the cord, put the loop over a 
pin fixt in the center of the board d. Then, The pro- 
turning the winch B to give the board a whirling pen fit^ of 
motion, you will fee that the ball does not imrne- ~~~~$ 
diately be in to move with the board, but, on Itate it is 
account o f its ina&ivity, it endeavours to con- in,  
time in the fiate of refi which it was in before.. 
Continue turning, until the board communicates 
an equal degree of motion with its own to the 
ball, and then turning on, you will perceive that 
the ball will remain upon one part of the board, 

the fame velocity with it, and having no 
re!atlve motion upon it, as is the cafe with every 
'"lng that lies loofe upon the plane furface of the 
earth, Which, having the motion of the earth 
com'nunlcated to it, never endeavours to remove 

from 

(See Fig. 2.) 



30 Of centrat Forces. 
from that place. But frob the board fuddcnly 

, by hand, and the ball will go on, and con- 
tinue to revolve upon the board, until the 
friaion thereof fiops its motion : which hews, 
that matter being once put into motion would 
continue to move for ever, if it met with no 
reGfiance. In like manner, if a perron ftands 
tipright in a boat before it begins to move, he 
call fiand firm; but the moment the boat fets 
off, he is in danger of falling toward that place 
which the boat departs from : beCaUfe, as mat- 
ter, he has no natural propenfity to move. But 
when he acqukes the motion of the boat, let it 
be ever io fwift, i f  it be finooth and uniform, he 
will itand as upright and firm as if he was on 
the plain fhore 1 and if the boat Rrikes againft 
any obfiacle, he will fall toward that obitacle ; 
on account of the propenfity he has, as matter, 
to keep the motion which the boat has put him 
into. 

. 2. Take away this ball, and put a longer cord 
to it, which may be put down through the hol- 
low axis of the bearer MX, and wheel G, and 
fix a weight to the end of the cord below the 
machifie ; which weight, if left at liberty, will 
draw the ball from the edge of the whirling- 
board to its center. 

%dies Draw off the ball a little from the center, and 
moving turn the winch ; then the ball will go round and 
have a round with the board, and will gradually fly off 
tendrncy farther and farther ficm the center, and raik up 

fly out the weight below the inachine : which h e w s  
Of that all bodies revolving in circles have a ten- orbits, dency to fly off from there circles, and mufi liave 

foome power ading upon them from the center of 
rnotion, to keep them from flying off. Stop the 
machine, and the ball will continue t0 revolve 

8 for 

in orbits 
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for fome time upon die board ; but as the fr-ic- 
tion gradually itops its motion, the weight aCting 
upon it will bring4it nearer and nearer to the 
center in every revolution, until it brings it 
quite thither. This hews, that if the planets 
met with any refiflance in going round the fun, 
its attraAive power would bring them nearer 
and nearer to it in every revolution, until they 
fell upon it. 

with one hand, and with the other throw the ball JTIOVC 

upon the round board as it were at right angles 
to the cord, by which means 

with what velocity it moves, pull the cord be-Oms* 
low the machine, which will bring the ball nearer 
to the center of the board, and you will fee that  
the nearer the ball is drawn to the center, the' 
Oiter it will revolve ; as thofe planets which are 
neareit the fun revdve fafier than thofe which 
are more remote ; and nor only go round fooner, 
becauk they defcribe iinaller circles, bur even 
move faller in every part of thcir reipeklive 
circles, 

4. 'l'ake away this ball, and apply the bearer Their 
MX, whofe center of motion is in its middle atccntrifu- 
w, diretlly over the center of the whii4ing-board ke,"". 
d. T h e n  put two balls (Y and U) of equal 
weights upon their bearing wires, and having 
fixed them at equal diftances from their refpefiive 
ceiiters of motion w and x upon their iillc cords, 
by the fcrew n m ,  put equal weights in the 
towers 0 and P. Lafily, put the catgut firings 
E and I+' upon the grooves G and El of' the finall 
wheels, which being of equal diameters, 'will give 
equal velociiics to the bearers above, w l ~ c n  thc 
winch B is turned: aiid the bdls U a i d  l i  will 

f'Y 

3. Take hold of the* cord below the machine Bodies 

faller in 
h a l l  or- 

will go round bits tllan 
and round upon the board. $! lien obferving in large 

a1 forccp 
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fly off toward M and' N; and will raife the 
weights in the towers at the fame initant. This 
fhews, that when bodies of equal quantities of 
matter revolve jn equal circles with e us1 velo- 
cities, their centrifugal forces are equd. 

5. Take  away the6 equal balls, and infiead 
of them put a ball of fix ounces into the bearer 
MX, at a iixth part of the diftance w z fioin the 
center, and put a ball of m e  ounce intp the op- 
gofite bearer, at the whole diftance xy, which 
is equal to w x from the center of the bearer; 
and fix the balls at there difiances on their cords, 
by the fcrew nats at top; and then the ball U, 
which is fix times as heavy as the ball V, will be 
at on1 a fixth part of the difiance from its cen- 
ter o r morion ; and confequently will revolve in 
a circle of only a fixth part of the circumference 
of the circle in which Y revolves. Now, let any 
equal weights be put into the towers, and the 
machine be turned by the winch ; which as the 
catgut firing is on equal wheels below\ will 
caufe the balls to revolve in equal times; but Y 
will move fix times as fail as U, becaufe it re- 
volves in a circle of fix times its radius; and 
both the weights in the towers will rife at once. 
This hews, that the centrifugal forces of revolv- 
ing bodies (or their tendencies to fly off from the 
circles they defcribe) are in dire& proportion to 
their quantities of matter multiplied into their 
refpe&ive velocities ; or into their difiances from 
the centers of their refpeaive circles. For, fup- 
pofing U, which weighs fiz ounces, to be two 
inches from its center of motion w, the weight 
multiplied by the difiance is 12 : and fuppofing 
V, which weighs only one ounce, to be I 2 inches. 
difiant from the center of motion x,  the weight 
I ounce multiplied by the difiancc 12 inches 

2 is 

3= 



Of central ForceJ. 33 
is 12. And as they revolve in equal times, their 
velocities are as their difiances from the center, 
namely, as I to 6.  

If thefe two balls be fixed at equal diftances 
from their refpellive centers of motion, they 
will move with equal velocities; and if the 
tower 0 has 6 times as much weight put into ic 
as the tower P has, the balls will raife their 
weights exattly at the fame moment. This 
h e w s  that the ball U being fix times as heavy as 
the ball V, has fix times as much centrifugal 
force, in defcribing an equal circle with an equal 
velocity. 

6. I f  bodies of equal weights revolve in equal A doubk 
circles with unequal velocities, their centrifugal ve*ocity i n  thc forces are as the lsuares of the velocities. 'To fame cir- 
prove this law by an experiincnr, lct two balls cle, is 
U and Yof equal weights be fixed on their cords bahicc 
at equal difiances from their refpeltive centers :",U",ra- 
of motion TU and x ;  and then let the catgut po,nrof 
Aril16 E be put round the wheel K (whofe clt-gravity. 
cumference is only one hdf of the circumference 
of the whccl H or G) and over the pulley J to 
keep it tight i and let four times as much weight 
be put into the tower P, as in the tower 0. 
Then turn the winch B, and the ball Y will re- 
volve twice as fafi as the ball Uin a circle of the 
fame diameter, becaufe they are equidiitant from 
the cehters of the circles in which they revolve; 
and the weight in  the towers will both rife at 
the fame i n h n t ,  which hews that  a double ve- 
locity in the fame circle will exaRly balance a 

uadruple power of attraRion in the center of 
31, circle. For the weights in the towers may 
be confidered as the attrafiive forces in the cen- 
ters, &in@; upon the revolving bids ; which 

Jnov i ns 
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moving in.equa1 circles, is the fame .thing as if 
they both moved in one and the faye circle. 

Kepkr’s 7.. If bodies of equal weights revolve in un- 
problem, e ual circles, in fuch a manner that the fquares 

cubes of their dittances from the centers of tlie 
circles they defcribe ; their centrifugal forces are 
inverfely as the fquares of their dilkances from 
thofe centers. For, the catgut firing remaining 
as in the lait experiment, let the diitance of tha 
ball Yfrom the center x be made equal to two 
of the croG divifions on its bearer j and tlie dif- 
tance of the ball Ufiom the center w be three 
and a txth part; the balls themfelves bein5 of 
equal weights, and Y making two revolutions 
by mirning the winch, in the time that U makes 
one: fo that if we fiippofe the ball Y to revolve 
in one fecond, tlie ball U will revolve in two 
feconds, the rqunres of which are one and four: 
for the fquarti of I is only I, and the fquare of 
2 is 4; therefore the fquare of the 1)eriod or 
revolution of theball P”, is contained four times 

But 

‘and the diltance of Uis 3-2, the cube of which 
is 32 very pearly, in which 8 is contained four 
times ; and therefore, the fquares of the periods 
of Vand U are to one another as the cubes of 
their difiances from x and w, which are the cen- 
ters of their refpeltive circles, And if the 
weight in the tower 0 be four ounces, equal to  
the fquare of 2, the djfiance of Y,from the cen- 
ter x;  and the weight in the tower I-‘ be ten 
ounces, nearly equal to the fquare of 3& the dit; 
tance of‘ U from w i it will be found upon turn-  
ing the inacliine by the winch, that the balls 
and Y will raife their refpeLtive WLI,! ’1.0 its a t  

tl1c 

o 9 the times of their going round are PS the 

the fquare of the period of the bal: U. 
,$! e di,f€ance of Yis  2, the cube of which is 8, 
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the fame infiant of time. Which confirms that 
famous obfervation of KEPLER, viz. ’That the 
iquares o i  the times in which the planets go round 
the fun are in the fame proportion as the cubes 
of their difiances from him; and that the fun’s 
attrafiion is inverfely as the fquare of the difinnce 
from Iiis center: that is, at twice the diitance, 
his attra&tion is four times lefs; at thrice the 
difiance, nine times Ids ; at four times the dif- 
tance, fixteen times lefs; and h on, to the re- 
mot& part of the fyflein. 

8. l’ake off the catgut firing E from the 
great wheel D and the fmall wheel H, and let 
the firing F remain upon the wheels D and Gi 
Take  away alfo the, bearer M X from the whirl- 
ing-board d, and infiead thereof put the ma- 
cljine AB upon it, fixing this machine to the 
center of the board by the pins c and d, in fuch Fig. 3. 
a manner, that the end e f may rife above the 
board to an angle of ,?o or 40 degrees. In  the The,aab- 
upper Gde of this machine are two glafs tubes :‘;ir:f 
cz and b, clofe fiopt at both ends; and each tefiHn ! fop  
tube is about three quarters full of warer. Iri texes. 
the tube a is a little quickfilver, which naturally 
falls down to the end n in the water, becaufe 
it is heavier than its bulk of water; and i n  the 
.tube B is a fmall cork which floats on the top 
of the water at e, becaufe it is lighter; and it 
is fmall enough to have liberty to rife or fill1 
in the tube. While the board b with this ma- 
chine upon it continues at reit, the quickfilver 
lies at the bottom of the tube .CE, and the cork 
floats on the water near the top of the tube B. 
But, upon turning the winch, and putting the 
machine in motion, the contents of each tube will 
BY off toward the upperiiiatt ends (which arc 
fidrchefi from $be center of motion) the heavie& 

D with 
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with the greatelt force. Therefore the quick- 
filver in the tube a will gy off quite to the end 
f, and occupy its bulk of @ace there, excluding 
the water from that place, becaofe it is lighter 
than quickfilver; but the water in the tube b 
flying off to its higher end e, will exclude the 
cork from that place, and caufe the dork to de- 
fcend toward the lowermoit end of the tube, 
where it will remain upon the lowefi end of the 
water near 6; for the heavier body having the 
greater centrifugal force, will therefore poirefs 
the uppermoit part of the tube ; and the lighter 
body will keep between the heavier and the 
lowermoft part. 

This demonhates the abfiirdity of the Carte- 
iian doEtrine of the planets moving round the 
fun in vortexes: for, if the planet be more 
denfe or heavy than its bulk of the vortex, it will 
fly off therein, farther and firther from the fun ; 
if iefs denfe, it will come down to the lowefi 
part of the vortex, at the fun: and the whole 
vortex itfelf mull be firrounded with fomething 
like a great wall, orherwife it would fly quite off, 
planets and all together.-But while gPavity ex- 
ifis, there is no occafion for fuch vortexes; and 
when it cedes to exiR, a itone thrown upward 
will never return to the earth again. 

~f one 9 .  I f  a body be fo’ placed on the whirling- 
body board of the machine (Fig. I . )  that the center of 

gravity of the body be direltly over the center round 
another, of the board, and the board be put into ever fo 
both of rapid a motion by the winch B, the body will 
them mufi turn round with the board, but will not remove 

from the middle of i t ;  for, as all parts of the move 
round 
their body are in equilibria round its center of gravity, 
common and the center of gravity is at reft in the center 
center Of of motion, the centrifugal force af all parts of gravity. thc 
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the body will’ be equal a t  equal diltances from 
its center of motion, and therefore the body will 
remain i n  its place. But if the cehter .of gravity 
be placed ever fo little out of the center of .mo- 
tion, and the machine be turned fwiftly round, 
the body will fly off toward that fide of the 
board 011 which its center of gravity lies. 
if the wire C with its little ball B be taken away 
From the de+-globe A, and the flat fide E f of 
this derni-globe be laid upon the whirling-bmrd 
of the machine, fo that their centers may coin- 
cide; if then the board be turned ever fo quick 
by the winch, the demi-globe will remain wliere 
it was placed. But if the wire C be rcrewed inm 
the demi-globe at d, the whole becoiiies one 
body, whofe center of gravity is now at or ncar 
d. Let  the pin c be fixed in  the center of the 
whirling-board, and the deep groove I cut in the 
flat fide of the demi-globe be put upon the pin, 
fo as the pin may be in the center of A rSee Fig. 
5. where this groove is reprefented at b] and let pig. s. 
the whirling-board be turned by the winch, 
Which will carry tlie little ball B (Fig. 4.) with 
its wire C, and the demi-globe A, all round the 
center-pin c i ;  and then, the centrifiigal force of 
the little ball B, which weighs only one ounce, 
will be fo great, as to draw off the demi-globe 
4 which weighs MO pounds, until the end of 
the groove at e itrikes againfi the pin c, and 
f0 prevents the demi-globe A from going any 
farther : otherwife, the centrifiigal force of B 
wotrld have been great enough to have carried 
A quite off the whirling-board. Which fliews, 
that if the fun were placed in the very center of 

orbits of tlie planets, it could not pofihly 
remain there; for die centrifug~l forces of the 
@lanets would carry them qiiitc off, and thc Gin 

n 2  with 

Thus ,  Fig- 4. 
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with thcm j e$ecially when feveral of them hap- 
pened to be in any one quarter of the heavens. 
For the fiin and planets are as much conneaed 
by the inutiial ntrraEcion that f'hfitis between 
them, as the bodies A and B are by the wire C 
which is tixed into them both. Arid even if 
there were but one fingle planet in the wholc: 
heavens to go round ever fi) large a fun in  the 
center of its orbit, its centrifugal force would 
foon carry off both itfclf and the Gin. For, tile 
greateit body placed in any part of free $ace 
might be eaGly moved: becaufe if there were no 
other body to attraa it, it could have no weight 
or gravity of itklf; and confeqce.itly, thou h it 

that part of fpace, yet it might be very eafily 
moved by any other f~rbfiance. 

IO. As the centrifugal force of the light body 
B will not allow the heavy body A tolemain in 
the center of motion, even though it be 24 times 
as heavy as U ;  let us now take the ball A (Fig. 
6.) whioh weighs 6 ounces, and come& it by 
the wire C with the ball B, which weighs only 
one oiince; and ict thc fork E be tixed into the 
center of die whirling-board : then hang- the 
balls upon the fork by the wire C in fiich a man- 
ner, that they may exaRly balance each other4 
which will be when the center of gravity between 
them, in the wire at  d, is fiipportcd by the fork. 
And this ccntct' of gravity is as rniich nearer to 
the center of the ball A, than to the ccnter of the 
bill1 B, as A is heavier than B, allowing for the 
weight of the wile on each fide of the fork. 
T h i s  done, let the machine be put into motion 
by the winch ; and the balls A' a i d  B will go 
round their common center of gravity d, kccp- 
in8 their bnlmce, becaufe cither will not allow 

9 the 

could have no tendency of itielf to remove f- rom 

Fib6* 
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the other to fly off with it. For, fuppofing the 
ball B to be only one ounce in weight, and the 
ball A to be fix ounces ; then, if the wire C were 
e ually heavy on ea& fide of the fork, the center 

center of the ball'B as from chat of the ball A, 
and con'fequently B will revolve with a velocity 
fix times as great as A does; which will give B 
fix times as inuch ccntrifiigal force as any h g l e  
ounce of A has :, but then, as B is only one 
ounce, and A fix ounces, the whole centrifugal 
force of A will exa&ly balance the whole centri- 
fiigal force of B ; and therefore, each body will 
detain the other To as to make it lccep in its 
circle. T h i s  hews  that the fun and planets muit  
all move round the common center, of gravity 
of the whole fyAem, in order to preferve that jolt. 
balance which tnlces place among them. For, 
the planets being as unafiive, and dead' as the 
above balls, they could no inore have put them- 
Celves into nmtion than thefe Lalls c i i  ; nor have 
ke t in their ohits without being b;ilanced ac 
fir! with the g:l.catcIl degree of exa&nefs upon 
their co~nnioii center of gravity, by the Almighty 
band that unade them and put them in motion. 
, Perhaps it may be hcrc ailced, that fince the 
Center of gravity between thefc balls ivufi be 

.fupporfed by the fork E in this experiment, 
%bat prop it is that: flipports the center of p a -  
vity of the' folar fyftem, and confequcntly bears 
the weight of all the bodies in it j and by what 
is the prop itfclf Cupported ? ' l he  a n f w r  is eafy 
and plaiil; for the center of gravitv of our balls 

be fiipported, becauli: they gravitate td- 
Ward the earth, and would thvefore f21  to it: 
but as the fun and planets gravitate only toward 

3 3 3  one 

o 4 gravity d would be fix times as far from the 
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one another, they havc nothing elk to fall tu; 
and therefore have no occaGon for any thing to 
fupport their common center of gravity : and if 
they did not move round that center, and conk- 
q~~cnt'ly acquire a tendency to fly off from it by 
I heir iiiotioiis, their n ~ ~ t u a l  ateratlions would 
i ton bring thqni together; and ib the whole 
~ ) u l t f  bccoi-ne one rnafs i n  the fun : which would 
3lib be the cafe if their velocities round the fiin 
were not quick enoogh to create a centrifugal 
force rqrisl to the fiin's attra&ion. 

But after all this nice adjuitment, i t  appears 
evident that the Deity cannot withdraw his re- 
gulating hand froin his works, and leave them 
LO be f d d y  governed by the laws which he has 
irnprelt upon them at firfi. For if he ihould 
once leave tliem io, their order would in time 
come to an end ; becauk the planets mufi ne- 
cefiirily dilturb one another's motions by their 
mutual nttraltions, when feveral of them are in 
the fiinie quarter of the heavens ; as is often the 
cafe: and then, as. they attra& the fun more 
roward t h a t  quarter than when they are in Q 
manner difperkd equably around him, if he was 
not at that time made to defcrihe a portion of a 
larger circle round the common center of gravity, 
the balance would then be immediately de- 
firayed; and 51s it could never reitore icfelf again, 
the whole fyitem would begin to fall together, 
and would in time unite in a mafi a t  the fun.- 
O f  this difiurbance we have a very remarkable 
infiance in the comet which appeared lately ; and 
which, jn going Lifi up before fiom the fun, went 
fo near EO Jupiter, and was fo affefied by his 
attraaion, as to have thc figure of its orbit much 
& a 1 1 p 4 )  and not only fo,'but to have its period 

8 altered, 
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altered, and its courfe to be different in the hea- 
vens from what it was lait before. 

whirling-board, and place the trough A' B there- 
on, fixing its center to the center of the whirl- 
ing-board by the pin H. In this trough are two 
balls D and E, of unequal Weights, conneded 
by a wire f; and made to aide eafily upon tlie 
wire C itretched from end to end of die trough, 
and made fait by nut-fcrews on the outGde of the 
ends, Let thefr balls be io placed upon the wire 
C, that their cornmon center of gravity g may be 
direEtly over the center of the whirling-board. 
Then, turn the machine by the winch, ever fo 
fwiftly, and the trough and balls will go round their 
center of gravity, fo as neither of the balls will fly 
off; becaufe, 0; account of the equilibrium, each 
ball detains the other with an equal force acCing 
againfig it. But if the ball E be drawn a little 
more toward the end of the trough at A, it will 
remove tlie center of gravity toward that end 
from the center of motion; and then, upon 
turning the machine, the little ball E will fly 06 
and itrilte with a confiderable force again[t the 
end A, and draw the great ball 13 into the middle 
of the trough, Or, if the great ball D be drawn 
toward the end B of the trough, fo that the cen- 
ter of gravity rnny be a little toward that end 

'from the center of motion, and the machine be 
turned by the winch, the great ball D will Ay off, 
and firike violently againft the end B of the 

and will bring the little ball E into the 
mlddk of it. If the trough be not made very 

the ball D will break through it. 

abfolute time on oppofite fides of the,earth, and tidees- 

I I .  Take away the fork and balls from the Fig. 7 m  

2o The reafon why the tides rife at the fdme Of the 

D 4  coli& 
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conrequently in oppofite direeions, is mada 
abundantly plain by a new experiment on the 
whirling-table. The  caufe of their rifing oil the fide 
next the moon every one underfiands to be owing 
to the moon’s attraaion : but why they fiould 
rife on the oppofite fide a t  the hme  time, wliere 
there is no moon to attrae them, is perhaps ndt 
fo generally underftood. For it would reem 
that the moon fhould rather draw the waters (as 
it were) clafer to that fide, than raik them upon 
it, direltly contrary to her attrahive force. Let 
the circle n b c d reprefent the earth, with its fide 
c turned toward the moon, which’will then at- 
tra& the watersfo, as to raife them from c to g. 
But the qiieftion is, why ihould they rife as high 
at that very ti’me on the oppofite fide, froin a to 
e?  I n  order to explain this, let there be a plate 
AB fixed upon one end of the flat bar DCj with 
filch a circle drawn upon it as a b  c d (in Fig. 8.) 
to reprefent the round figure of the earth and 
fea; and fuch an ellipfis as efgh to reprefent the 
fwelling of the tide at e and g, occafioned by the 
influence of the moon. Over this plate AB let 
the,three ivory balls e,A g, be hung -by the Glk 
lines h, i, k, Fdfiened to the tops of the crooked 
wires H, 1; K, in fuch a manner, that the ball a t  
e may hang freely over the fide of the circle e, 
which is fartheit from the moon A4 at the orher 
end of the bar; the balI at f may hang freely 
Over the center, and the ball ac g hang over the 
fide of the circle g, which is neareit the moon. 
The ballf may reprefent the center of the earth,, 
the ball g fome water on the fide next the moon, 
and the ball e fome water on the oppofire fide, 
On the back of the moon is fixt the ihort bar 
N parallel to the horizon, and there are three 
holes in it above the little weights p ,  g, K. A ’  

fill< 

Fig* 8. 

Fig. 9. 
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Ttllc thread o is tied to the line k clofe above thG 
ball g, and paGng.by one fide of the moon A t ,  
goes chrough a hole in the bar N, and has the 
weight p hu'ng to it. Such another thread n is 
tied to the line i, clofe above the ball f, and 
pafh?  through the center of' the moon M and 
middle of the bar N, has the weight q hung to 
it, which is lighter than the weight p .  A third 
thread m is tied to the line h, clole above the hall 
e, and paning by the other fide of the tnoon M, 
through the bar N, has the weight r hung to it, 
which is lighter than -the weight q. 

T h e  ufe 'of there three unequal weights is to 
repreient the moon's unequal attraeion a t  dif- 
ferent difiances from her. With whatever force 
ihe attraas the center of the earth, h e  attraas 
the fide next her with a greater degree of force, 
and the fide fartheit from her with a leis. So, 
if the w'eights are left at liberty, they will draw 
311 the three balls toward the moon with diffkr: 
ent degrees of force, and cauk them to malic the 
appearance hewn inEig. i o ;  by which means Fig. I &  

they are evidently farther from each other than 
they would be if they h u n g  at 'liberty by the 
lines h, !, k ;  becaufe the lines would then hang 
perpendicularly. This fliews, that 1 s  the moon 
attralts the fide of the earth which is nearefi her 
with a greater degree of force than ihe does the 
center of, the earth, fie will draw the water on 
that fide more than f i e  drnws the center, and fo 
caufe it to rite on that iide : and as flie draws the 
center more than fhe draws the oppoGte fide, 
the center will recede farther from the furface of 

water on rltat oppofite fide, and io leave ir as 
I],@ there as fie raifed it on the fide next to her. 

h e  center will be in the middle between 
thC 
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the tops of the oppofite elevations, they muit. of 
courfe be equally high on both fides at the fame 
time. 1‘ 

But upon this fuppolition the earth and moon 
would fbon come together: and to be lure they 
would, if they had not a motion rotind their 
common center of gravity, tosreate a degree of 
centrifugal force fufficient to balance their mu- 
tual attrattion. This motion they have ; for as 
the moon goes round her orbir every month, at 
the diitance of 240000 miles from the earth’s 
center, and of 234000 miles from the center of 
gravity of the earth and moon, fo does the earth 
go round the fame center of gravity every month 
at the diitance of 6000 miles from it; that is, 
from it ro the center *of the earth. Now as the 
earth is (in round numbers) 8000 miles in dia- 
meter, it is plain that its fide next the moon is 
only moo miles from the common center of gra- 
vity of the earth and moon; its center 6000 
miles diftant therefrom ; and its farther fide from 
the moon ioooo. Therefore the centrifugal 
forces of there parts are as 2000, 6000, and 
~oooo; that is, the centrifugal force of any fide 
of the earth, when it is turned from the moon, 
is five times as great as when it is turned toward 
the moon. And as the moon’s attrafiion (ex- 
preR by the numbers 6000) at the earth’s center 
keeps the earth from flying out of this monthly 
circle, it mufi be greater than the centrifugal 
force of the waters on the fide next her; and 
confequently, her greqter degree of attraRion on 
that fide is fufficient to raife them; but as her 
attrafiion on thc’oppofte fide is lefs than the 
rentiifugal force of the water there, the excefs 
of this force is fufficient co raik the water jufi as 

hi& 
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high on the oppofite fide.-To prove this expe- Fig. 9. 
rimentally, let the bar D C with its furniture be 
fixed upon the whirling-board of the machine 
(Fig. I . )  by puhing the pin P into the center 
of the board ; which pin is in the center of gra- 
vity of the whole bar with its three balls e,& g, 
and moon M. Now if the whirling-board and 
bar be turned flowly round by the winch, until 
the ball f hangs over the center of the circle, as 
in Fig. I I .  the ball g will be kept toward the 
moon by the heavieit weight p (Fig. 9.) and 
the ball e, on account of its greater centrifugal 
force, and the leKer weight r, will fly off as far 
to tha other fide, as in Fig. I I .  And thus, while 
tbe machine is kept turning, the balls e and g 
will hang over the end of the ellipfis Zfk. So 
that the centrifugal force of the ball e will ex- 
ceed the moon's attraAion juit as much as her 
attrahion. exceeds the centrifugal force: of the 
ball g, while her attraAion jui t  balances the cen- 
trifugal force of the b a l l 5  and makes it keep 
in its circle. And hence it is evident, that the 
tides muil rife to equal heights at the fame time 
on oppofite fides of die earth. This experi- 
ment, to the befi of my knowledge, is entirely 
new. 

evident &at the earth moves round the fun, and ~~~~n 
not the fun round the earth ; for the centrifugal 
law will never allow a great body to move round itmCd. 
a fmall one in any orbit whatever j efpecially 
Wwn we find that if a fmall body moves round 
a 'great one, the gyeat one muit alfo move round 
the coinmon center of gravity between them two. 
And it is well known that the quantity of matter 
i n  the fun is 227000 times as great as+the quan- 
tity of matter in the earth, Now, as the fun's 

diitance 

From the principles thus eftabliihcd, it is The 
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difiance from the earth is at leait 8 I,OOO,OOO of 
,miles, if we divide that difiance by 227,000, we 
hal l  have only 357 for the number of miles that 
thecenter of gravity between the fua and earth 
is diitant from the fun's center. And as the 
fun's femidiameter is 5 of a degree, which, at'fo 
great a difiance as that  of the f h ,  muit be no 
leh than 38 I 500 miles, if this be divided by 357, 
the quotient will! be nearly 1069, wliich fhews 
that the common center of gravity between the 
fun and earrh is within the body of the f u n ;  
and is only the 1069 part of his femidiameter 
from his center toward his furface, 

All globular bodies, whofe parts can yield, 
and which do not turn on their axes, mufi*be 

,perfelk fpheres, becaufe all yarts of their furfaces 
are equally attraeed toward their centers, But 
all fuch globes which clo turn on their axes will 
be oblate fpheroids ; that  is, their furfaces will 
be higher, or farther from the center, in the 
equatorial than in the polar regions. For, as 
the equatorial parts move quickefi, they mull 
have the great& centrifugal force; and will 
therefore recede f'arthefi from the axis of mo- 
tion. Thus, if t w o  circular hoops AB and 

gigi r2 r  'CD, made th in  and flexible, and crofing one 
inother a t  right angles, be turned round their 
axis E'F by means of the winch na, the wheel n, 
and pinion 0, and the axis be loofe in the pole 
or interfeQion e, the middle parts A, B, C, D, 
will fwell out fo as to itrilce agninil. the fides of 
the frame at i'J and G, if the *pole e, in finking 
to the pin E, be not itopt by it from finking 
farther: To that the whole will appear of an oval 
figure, the equatorial diameter being confider- 
ably longer than rhe polar. Thdt  our earth is 
of this figure, is demonfirable from aCtual mea- 

furemeot 
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hrement of foine degrees on its furface, which 
are found to be longer in the fligid zones than 
in the torrid: and the difference is found t9 be 
fuch as proves the earth’s equatorial diameter to 
be 36 miles lunger than its a x i s d e e i n g  then, 
the earth is higher at the equator than at the 
poles, the ka,  which like all other Auids natu? 
rally runs downward (or toward the places which 
are nearefi the earth’s center) would run toward 
the polar regions, and leave the equatorial parts 
dry, if the centrifugal force of the water, which 
carried it to thofe parts, and To raifed them, did 
not detain and k it from running back again 
toward the poles 

L E C T. 111. 

Of tbe mechanical Powers. 

F we confider bodies in morion, and corn- The foun- 
pare them together, we may do this either dation of 

all mecha- I 
with refpea to the quantities of matter they nits. 
contain, or the velocities with which they are 
moved, T h e  heavier any body is, the greater 
i s  the power required either to move ic or to flop 
its m o t h  : , and again, the fwifter it moves, the 
greater is its force. So that the whole moinen- 
turn or quantity of tbrce of a moving body is the 
r e f~~ l t  of its quantity of matter multiplied by the 
velocity with which it is muved. And when the 
produ&s wifing from the multiglication of the 

articular quantities of incrrter in any two bodies 
their rerpefiive velocities are equal, the mo- 

nlertta or entire fwces are fo too. ’rhus, fup- 
Pofe a bodv, which we hall call A, to weigh 40 
&WndS, and to move at the r~Le of two iniles 

in 
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in a,mirlute 5 and another body, which we haSI 
call B, to weigh only four pounds, and to move 
20 miles in a minute; the entire forces with 
which there two bodies would itrike againtl anp 
obfiacle would be equal to each other, and there- 
fore it would require equal powers to 'top them, 
.For 40 multiplied by 2 gives 80, the force of 
the body A :  and 20 multiplied by 4 gives 80, 
the force of the body B. 

Upon this eafy principle depends the whole 
of mechanics: and it holds wniverfally true, 
that when two bodies are fufpended on any 
machine, fo as to a& contra to each other; if 

pendicular afcent: of one body multiplied into 
ats weight, be equal to the erpendiculiir defcent 

thofe bodies, how unequal foever in their weights, 
will balance one another in all fituations: for, 
as the whole afcent of one is performed in the 
fame time with the whole defcent of the other, 
their reipeaive velocities muft be direRly as the 
+aces they move through; and the excefs of 
weight in one body is compenfated by the excefs 

How to of velocity in the other.-Upon this principle it ::FPEer is eafy to compute the power of any mechanical 
of any engine, whether fimple or compound; f& it is ~ 

mechani- but only finding how much fwifter the power 
cal en- moves than the weight does (i. P. how much 
ginee farther in the fame time) and jufi fo much is the 

power increafed by the help of the engine. 
In the theory of this fcience, we fuppofe all 

planes perfeRly even, all bodies perfealy fmooth, 
levers to have no weight, cords to be extremely 
pliable, machines to have no friEtion; and in 
mort, all jmperfetkions mull be fer afide until 

thq 

the machine be put iqto & ion, and the per- 

of the other body multip P ied into its weight, 
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the theory be eftablihed i and then, proper al- 
lowances are to be made. 

The fimple machines, ufually called fiftCh@BicdThe me- 
powerj, are fix in number, viz. the l e ~ f f ~  thechanic 
Wheel and axle, the pulley, the inclined plane, the $? 
izmdge, and the )rew.--Thcy are called mecha- 
nical powers, becaufe they help US lnecllanically 
to raife weights, move heavy bodies, and over- 
come refifiances, which we could not effekt With- 
out them. 

of which being fupported by a propI all the 
other parts turn upon that prop as their center 
of motion : and the velocity of every part or 
point is direaly as its diitance froin the prop 
Therefon, when the weight to be raifed at one 
end' i 9 . h  the power applied to the other to raife 
it, as the diftance of the power from the prop 
is to the difiance of the weight. from the prop, 
the power and weight will cxa&iy balance or 
counterpoire each other; and as a common lever 
has next to no friaion on its prop, a ver 

the weigh e, 
There are four kinds of levers. I .  'The 

Cornmoll fort, where the prop is placed between 
the weight and the power; but much nearer to 
the weight than to the power. e. When the 
Prop is at one end of the lever, the power at  the 
otller~ and the weight between them. 3. When 
the Prop is a t  one end, Fhe weight at the other, 
and.the power applied between them. 4. The 
beWkd lever, which differs 011ly in form from 

fort, but not in property, Thofe of the 
fecond kind are often ufed in mechani- 

cal enpines i but there are few infiances in which 
the third fort is ufcd. 

A cow 

. 

I. A (ever is a bar of iron or wood, one part ThcIcenr+ 

little additional power will be fufficient to rai cy e 
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A cowzon balm6 i s  by fome reckoned a lever' 

of theFrit kind; but as b its ends arc at equal 
ditlapces frQm its center motion, they move 
with equal velocities ; and therefort, as it givcs 
QO mechanical advanta-ge, it c,annot properly be 
reckoned, arnsng the mechanical powers. 

A lever Q f  the firfi kind is reprefented by the 
b p  ABC, fupported by the prop D. Its p i n -  
cipal,.uk i s  to loofen large hones in the ground, 
or raife great weights to fmall heights, in order 
f~ have rgpes put under them for r a i h g  them 
higher by other machines. The parts AB and 
@ C, 9n different fides of the prop L), are called 
qhe arm of the lever: the end A of the fliortrr 
ar.r~~ A B  being applied to the weight intended 

e. raifed, or to the rcfifiance to be overcome; 
and the power applied to the end C of the longer 
arm BC. 

In making experiments with this machine, the 
fhorter arm A B muit be as much thicker than 
t;he lopger arm B C, as will he fufficiene to ba- 
lance it on the prop, This fuppofed, let P re- 
prefgnt a power, whok gravity is equal to I 
ounce, and W a weight, whofe gravity is eqyal 
to 12 ounces. Then, if the power be 1 2  times 
as far from the prop as the weight is, they will 
exaEtly counrerpoife; and a finall addition ta 
the power P will caufe it to defcend, and raife 
rhe weight V; and the velocity with which the 
koyrer defcends will be to the velocity with 
phich the weight rifes, as 12 to I : that is, 
direaly as their difiances from the prop; and 
confequently, as the fpaces through whicb they 
~novc,  Hence, it is plain, that a man, who by 
his natural itrength, without the help of any 
mqchine, tould Cupport a hundred weight, will 
by the help of this lever .be enlabled to CuppNi 

twelve 

ba 
The ba- 
&er. 

Plate V. 
Pig. I .  
The firfi 
kind of 
lever, 
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twelve hundred, If the weight be lefs, or the 

ower greater, the prop may be placed fo much 
grthcr from the weight, and then it can be 
raifed to a proportionably greater height. For, 
univerfally, if the intenficy 'af the weight mul- 
tiplied into its difiance froin the prop be equal 
to the intenfity of the power multiplied into its 
difiance from the prop, the power and weight 
will exaaly balance each other; and a little ad- 
dition to the power will rail'e the weight. Thus, 
in the prefent infiance, the weight W is 12  
ounces, and its difiance froin the prop is I inch j* 

and 12 multiplied by I is t 2  ; the power P is 
equal to I ounce, and its difiance from the prop 
is 12 inches, which multiplied by I is 12 again; 
and therefore there is an equilibrium between 
them. So, if a power equal to 2 ounces be ap- 
plied at  the difiance of 6 inches from the prop, 
It will jufi balance the weight W; for 6 multi- 
plied by P is 12, as before. And a power equal . 
to 3 ounces placed at  4 inches diitance from the 
prop would be the fame j for 3 times 4 is 12 ; 
and fo on, in proportion. 

this kind, and is ufed for finding the weights ofWd 
different bodies by one fingle weight placed a t  
different diftnnces from the prop or center of 
*Qotion D. For, if a kale hangs at A, the ex- 
tremity of the fiortqr arm AB, is of ftlck 
a weight as will exaaly counteryoifc the longer 
arm B C; if this anm be divided into as many 

as it will contain, each equal to AB, 
igle weight P (which we may fuppofe to 
' nd) will ferve for weighing any thing 

itfrlf, or as many times heavier as 
vifion3 in the arm BC, or any quan- 

ween its own weight atid that quantity. 
E As 

The Jatercz or Roman Jeelynrd is a lever O f T h e  @?. 
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As for example, if P be I pound, and placed, 
at the *fir& divifion I in the arm B C, it will 
balance I pound in  the fcale at A: if ' it  be re- 
moved to the fecond divifion at 2, it will ba- 
lance 2 pounds in the fcale: if to the third, 3 
pounds j and fo on to the end of the arm B C. 
I f  each of thefe integral divifions be Eubdivided 
into as many equal parts, as a pound contains 
ounces, and the weight I-' be placed at any of 
thefe fubdivifions, Eo as to counterpoifi what is 
in the fcale, the pounds and odd ounces therein 
will by that means be afcertained. 

T o  this kind of lever may be reduced feve.. 
ral forts of infiruments, fuch as fcirars, pincers, 
fnuffers; which are made of two levers aRing 
contrary to one another : their prop or center of 
motion being the pin which keeps them toge- 
ther. 

In  common pra&ice, the longer arm of this 
lever greatly exceeds the weight of the fhorter : 
which gains great advantage, becaufe it adds fo 
much to the ower. 

The fc- 
cond kind between the prop and the power. In this, as 
Of lever* well as the former, the advantage gained is as 

the diitance of the power from the prop to the 
diitance of the weight from the prop: for the 
refpeaive velocities of the power and weight are 
in that proportion ; and they will balance each 
other when the intenfity of the power multi-, 
plied by its difiance from the prop is equal to 
the intenfity of the weight inulti lied by its dif- 

on which the weight W of 6 ounces hangs at the 
difiance of I inch from the prop G, and a power 
P equal to the weight of I ounce hangs at the 
end B, 6 inches from the prop, by the cor& 

A lever o P the fecond kind has the weight 

Fig. Z, tance from the prop, Thus, i P A B  be a lever 

C8 
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CD going over the fixed pulley E, the power 
will jufi firpport the wei.?t : and a finall addi- 
tion to the power will raife the weight, I inch 
for every 6 inches that the power defcends. 

This lever fiews the reafon why two men 
carrying a burden upon a Rick between them, 
bear unequal hares of the burden in the in- 
xrerfe proportion of their diitances from it. For 
it is well hiown,  that the nemr  any of them is 
to the burden, the greater h a r e  he bears of it  : 
and if lie goes direCt1y under it, he bears 
the whole. So, if one man be at C, and tlie 
other a t  P, having the pole or flick AB reiting 
on their lhoulders j if the burden or weight W 
be placed five times as near the man a t  G, as it 
is to the man at P, the former will. bear five 
times as much weight as the latter. This is 
likewife applicable to t!ie cafe of two Iiorfes of 
rinequal itrength to be io yoked, as that each 
horfe may draw a part proportionate to his 
itrength j which is done by fo dividing the beam 
they pull, that the point of traaion may be as 
much Oearer to the itronger hori'e than to the 
weaker, as the firength of the foriner exceeds 
that of the latter. 

T o  this kind of lever may be reduced oars, 
rudders of hips, doors turning upon hinges, 
cutting-knives which are fixed at the point of 
the blade, and the like. 

Weight to change places, j o  that the power may kind Of 

be between the weight and the prop, it will be- 
come a lever of the tliird kind: in  which, that 
there may be a balance between the power a n 4  
the weight, the intenfity of the power mull- ex- 
ceed the intenGty of the weight, iurt as inuch 
as the diitance of tlie welght from The prop ex- 

E 2  ceeds 

If in this lever we fiippofe the power and Tlic t h i d  

leveh 
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yig. 3. ceeds the diRances of the power from it. Thus 
let E be the prop of the lever AB, and W a 
weight of I pouiid, placed 3 times as far from 
the prop, as the power P a& at I;; by the 
cord C going over the Axed pulley D ; in this 
cafe, the power niuR be equal to three pounds, 
jn order to hpport the weight. 

To this fort of lever are generally referred 
the bones of a man’s arm: for when we lift a 
weight by the hand, the mufcle that exerts its 
force to raife that weight, is fixed to the bone 
about one tenth part as far below the elbow as 
the hand is. And the elbow being the center 
round which the lower part of the arm turns, 
the mufcle mull therefore exert a force ten times 
as great as the weight that is raiied. 

As this kind of lever is a difadvantage to the 
moving power, it is never ufcd but in cafes of 
necefity ; h c h  xi that of a ladder, which being- 
fixed $t one end, is by the ftrength of a man’s 

y&1. And in clock-work, 
,may be reckoned levers of 

this kind, becaufe the power thsr moves every 
wheel, except the firit, a& upon it near the cen- 
ter of motion by means of a finall pinion, and 
the refiflance it has tO overcome, aQs againfi the 
teeth round its circumference. 

The The fourth kind of lever differs nothing from 
fourth the fiIR, but in being bended for the fake of con- 

venience. A C R  is a lever of this fort, bended kind of 
lever. 
~ ig .  4. at C, which is its prop, or center ,of motion. 

P is a power aRing upon rhe longer arm AC at  
F, by means of the cord D E  going over the 
pulley G ; and W is a weight or refiflance aRing 
upon the end I3 of the ihorter arm B C. If the 
power is to the weight, as C B  is to CF, they 
arc in eguilitria, Thus, fiiypofe W to be 5 

po\\Mki 



pounds a&ing at the dinance of one foot from 
the center of motion C, and P to be I pound 
aEting at F, five feet from the center C, the 
power and weight will jiiit balance each other. 
A hammer when ufiid in drawing a nail is a l p e r  
of this fort. 

and axle, in which the power is applied to the 
circumference of tlie wheel, and the weight is 
raifid by a rope which coils about the axle as the 
wheel is turned round. Here it is plain that  
the velocity of the power muit be to the velocity 
Qf the weight, as the circumference of the wheel 
i s  to the circumference of the axle: and confe- 
quently, the power and wei lit will balance each 

tintenfity of the weight, a~ the circumference of 
the axle is to the circumference of the wheel, 
& L e t  AB be a wheel, CD its axle, and fuppofe ~ i g .  5. 
the circumference of the wheel to be 8 times as 
great as the circumference of the axle; then, n 
power P equal to I pound hanging by the cord 
J, which goes round the wheel, will balance a 
weight Wof 8 pounds hanging by tlie rope K, 
which goes round the axle. And as the fii&ion 
Qn the pivots or gudgeons of the axlq is but 
h a l l ,  a fmali addition to the power will cauk 
it to defcend, and raife the weight: but the 
weight will rik wicli only an eighth part of the 
Yelociry wherewith the power dekepds, aod con- 
fequently, through 110 inore than an eighth part 
df an equal fpaced in the Came time. If the 
wheel be pulled round by the handles S, S, the 
&wer will be increafed in proportion to their 
Icngtb, And by this means, any weight may 
b raikd as Iiigh as the operator pleafes, 

k: 3 To 

2. The fecond ineclianical power is the wheelThewAd 
~ X * A  

other, when the intenfity o fes the power is to the 
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To this fort of engine belong all cranes fur 
raifing great weights; and in this cafe, the 
wheel may have cogs all round it inltead ofhan- 
dles, and a iinall lantern or trundle may be inade 
to work in the cogs, and be turned by a winch; 
which will inalte the power of the engine to ex- 
ceed the power of tlie man who works it, as 
much as the number of revolutions of the winch 
exceed thofe of the axle D, when multiplied 
by the excefs of the length of the winch above 
the length of the femidiameter of the axle, 
added to the femidiameter or half thicknefs of 
the rope K, by which $e weight is drawn up.- 
Thus, fuppofe the diameter of the rope and 
axle taken together, to be 13 inches, and confe- 
quently, half their diameters to be 6+ inches; f i  
that tlie weight Wwill hang at 6$ inches per- 
pendicular diftance from below the center of 
tfie axle. Now, let us fiippofe the wheel AB, 
which is fixt on the axle, to have 80 cogs, and 
to be turned by means of a winch 64 inches 
long, fixt on the axis of- a triindle of 8 fiaves or 
rounds, working in tlie cogs of the wfieeJ.-- 
H e r e  it is plain, that the winch and trundle 
would make 10 revolurions for one of the wheel 
AB, and its axis D, on which the rope K winds 
in raifing the weight W ;  and the winch being 
no longer than the Cum of the fendiameters of 
the great axle and rope, the trundle could have 
no more power on the wheel, than a m i n  could 
have by pulling it round by the edge, becauk 
the winch would have *no greater velocity than 
the edge of the wheel has, which we’ here fup- 
pore to be ten times as great as the velocity of 
the rifing weight : fo that, in this cafe, the 
power gained’would be as i o  to I .  But if the 
length of the winch be 13 inches, the power 

gained 
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gained will be as 20 to I : if: 193 inches (which 
is long enough for any man to work by) the 
power gained would be as 30 to I ;  that is, a 
man could raife 30 times as much by fuch an 
engine, as he could do by his natural Rrengtli 
without it, becaufe the velocity of the handle of 
the winch would be 30 times as great as the ve- 
locity of the riGng weight; the abfolute farce 
of any engine being in.proportion o f  the velocity 
of the power to the velocity of the weight raifid 
by it.-But then, juit as much power or advan-, 
tage as is gained by the engine, fo inuch time is 
lofi in working it. I n  this fort of machines it is 
requifite to have a ratchet-wheel G on one end 
of the axle, with a catch N to fall into its teeth ; 
which will at any time fuupport the weight, and 
keep it  from defcending, if the perfon who turns 
the handle fliould, through inadvertency or care- 
leffnefs, quit his hold while the weight, is railing. 
And by this means, the danger is prevented which 
inighr otherwife ha pen by the running down of 
the weight when le P t at liberty. 

r iiits either of one mouedle pul~ey, or a hgetn glv* 
pulhy;  foine in a block or cafe which‘is tixed, 
and others in a block which is moveable, and 
rifes with the weight. For though a fingle 
pulley that only turns on its axis, and moves not 
out of its place, may firve to change the di- 
reCtion of the power, yet it can give no mecha- 
nical advantage thereto ; but is only as the beam 
of a balance, whofe arms are of equal length and 
weight. 
hang by the cord B B  upon the pdley A, whofe 
frame I is tixed to the beam f I l ;  they will coun- 
terpoifi each other, juR in the fame‘ manner as 
if the cord were cutein the middle, and its two 

E 4  ends 

3. l’he third mechanical power or engine con- The 1).t. 

‘rhus, if the. equal’weights W and P Fig. 6. 
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ends hung upon the hooks fixt in the pulley at 
A and A, equal1 diltant from its center, 

the moveable block p of the pulley D, and the 
cord GF goes under that pulley, it is plain that 
the half G of the cord bears one half of the 
weight W, and the half F the other; fortthey 
bear the whole between them. Therefore, 
whatever holds the upper end of either rope, 
fufiains one half of the weight! and if the cord 
at F be drawn up fo as to raife the pulley D to C, 
the cord will then be extended to its whole 
length, all but that part which goes under the 
pulley : and confequently the power that draws 
the cord will have moved twice as far as the 
pulley D with its weight W rifes; on which 
account, a power whofe intcnfity is equal to one 
half of the weight will be able to flip ort it, 
becaufe if the power moves (by means o P a fmall 
addition) its velocity will be double the velociry 
Qf the weight; as may be ken by putting the 
cord over the fixt pulley C (which only changes 
the dire&isn 9f the power, without givkg any 
sldvantage to it) and hanging on the weight P, 
which is equal anly to one half the weight W ;  
in which cafe tliere will be an equilibrium, and a 
little addition to P will caufe i t  to defcend, and 
raife W thrnugh a fpace equal to one half of that 
through which P defcends.-I-Ience, the advan- 
tage gained will be always equal to twice the 
numbgr of pulleys in the moveable or underinoit 
block. So that, when the upper or fixt block 
g contaiw two pullqs, which only turn on their 
axis, and the lower or moveable block U con- 
tains two pulleys, which not only turn upQn their 
pxis, but alfo rife with the block and weight; 
i,~ &vaqta&e gained by this is as 4' to the 

working 

But if a weig y1 t W hangs at the lower end of 
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working power. Thus, if one end of the rope 
K MO 3 be fixed to a hook at and the rope 
paces over the pulleys N a n d  R, and under the 
pulleys L and P, and has a weight T', of one 
pound, hung to its other end at 'T, this weight 
will balance and f'upport a weight W of four 
pounds hanging by a hook ar the moveable 
black V, allowing the faid block as a part of the 
weight. And if as much more power be added, 
as is fufficient to overcome the friAion of the 
pulley's, the power will defcend with four times 
as much velocity as the weight rifes, and confe- 
qugntly through four times as much $ice. 

I The two pulleys in the fixed block X, and 
the two in the moveable block 2", are in the 
fame cafe with thbfe lafi mentioned ; and thofe 
in the lower block give the h m e  advantage to 
the power. 

As a fyfiem of pulleys has no g ~ a t  weight, 
and lies in a frnall compafs, it is eafily carried 
about; and can be applied, in a great many 
Cafes, for raifing weights, where other engines 
cannot. But they have a great deal of friaion 
on three accounts: I .  Becaufe the diameters of * raxes bear a very confiderable proportion to 
t eir own diameters; 2. Becaufe in working 
they are apt to rub againfi one another, or againlk 
the fides of the block; ,3. Becaufe of the itiffnefi 
of the rope that goes over and under them. 

.4* The fourth meclianicrll power is the i?z- T~IC I#. 
chnedplan8, and the advantage gained by it isclintd 
p s  .great, as its Iedgth exceeds its perpendicularPl'f''* 
height* Let  AB be a plane parallel to the hori- plate VI, 

"le 

as the perpendicular 

and CD a plane inclined to it; and fuppofe Fig- I* 

length CD to be rhree times RS great 
G f F': in this cafe, 

the cylinder E will b Qrted upon the plane 
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CD, and kept from rolling dawn upon it, by 
a power equal to a third part of the weight of 
the cylinder. Therefbre, a weight may be rolled 
up this inclined plane with a third part of the 
power which would be fufficieiit to draw it up by 
the fide .of an upright wall. If  the plane was 
four times as long as high, a fourth part of the 
power wotild be iufficient; sncl fo on, in pro- 
portion. Or, .if a weight was to be raifed fiom a 
floor to the height G F, by means-of the machine 
AB CD, (wliich tvould then aR as a half wedge, 
where the refiitance gives way only on one fide) 
the machine and weight would be in equilibria when 
‘the power applied at G F  was to the weight to 
be raifid, as G F to G B j and if the power be 
increafed, fo as to overcome the friclion of the 
machine againft the floor and weight, the machine 
win be driven, and the weight raifed: and when 
the machine has moved its whole length upon 
the floor, the weight will be raifed to the wlmle 
height from G to 17. 

The  force wherewith a rolling body defcends 
upon an inclined plane; is to the force of its ab- 
folute gravity, by which it would dsfcend per- 
pendicularly in a free fpace, as the height pf 
the‘ plane is to its length. For, fuIjpoiP the plane 

Fig. 4. A B  to be parallel to the horizon, die cylinder C 
will keep at refi upon any part of the plane 
where it is laid. I f  the plane be fo elevated, 

Fig. 3. ’ that its perpendicular Iiciglit D is equal to half 
its length A B, the cylinder will roll down upon 
the plane with a force equal to half its weight;‘ 
for it would require a power (atling in the di- 
reaion of AB) equal to’half its weight, to keep 
it from rolling. If the plane AB be elevated, 
fo as to be perpendicular,go the horizon, the cy” 
lipder C will defcend with its whole force of’ 

8 gravity, 

Fjg. 4. 
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gravity, becaufe the plane contributes nothing 
to its fiipport or hinc).ance j and therefore, it 
would require a power equal to its whole weight 
to keep it from defcending. 

flender pivots in the frame D, in which there is 
a hook e, with a line G tied to it: let this line go 
Over the fixed pulley 13'' and have its other end 
tied to the hook in the weight I. I f  the weight 
of the body I, be to the weight of the cylinder 
C, added to that  of its frame D, as the perpen- 
dicular height of the plane L M  is to its length 
AB, the weight will julE fupporr the cylinder 
tipon the plane, and B finall touch of a finger 
will either caufe it to afcend or defcend with 
equal eafe: then, if a little addition br made to 
the weight it will defcend, and draw the cylin- 
der up the plane. In the time that the cylinder 
moves from A to B, it will rife through the 
tvliole height of the plane M L ;  and the weight 
Wil l  defcend from I1  to I(, through a fpace equal 
to the whole length of the plane A B .  

If the machine be made to move upon rollers 
or frifiion-wheels, and the cylinder be fiipported 
Upon the plane CB by a line G parallel to the 
plane, a power foinewhat le& than that which 
drew the cylinder up the plane will draw the 
Plane tinder the cylinder, provided the pivots of 
the axes of the friklion-wheels be fmall, and the 
wheels t~ieinfelves be pretty large. For, let the 
machine A 13 C (equal in length and height to Fig. 6. 
A B .M, Fig. 5 . )  moue upon four wheels, two 
whereof appear at D and E ;  and the third 
under C, while the fourth is hid from fight by 
the 11or~Zontal board a. Let the cylinder F be 
laid upon the lower end of the inclined plzlne 

. C& and the line G be extended fiom the frame 
of the cylinderJ about fix feet parallel to the 

plane 

Let the cylinder, C be made to turn uponFigg5- 
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plane CB ; and, in that dire&ion, fixed to a hook 
in the wall; which will fkpport the cylinder, and 
keep it from rolling off the plane. Let one end 
of the line H be tied to a hook at C in the ma- 
chine, and the other end to a weight K, fome- 
what IeTs than that which drew the cylinder up 
the plane before. If this line be put over the 
fixed pulley I, the weight K will draw the ma- 
chine along the horizontal plane L, and under 
the cylinder F :  and when the machine has been 
drawn a little more than the whole length CA, 
the cylinder will be raifeed to d, equal to the yer- 
pendicular height AB above the horizontal part 
at A. The  reafon why the machine mufi be 
drawn further than the whole length C A  is, be- 
caufe the weight F rifes perpendicular to CB. 

T o  the inclined plane may be reduced all 
hatchets, chifels, and other edge-tools which arc 
chamfered only on one fide. 

5. The fifth mechanical power or machine is 
the wedge, which may be confidered as two 
equally inclined planes D E F  and C E F, joined 
together at their bares e EFO:  then D C is the 
whole thicknefs of the wedge at its back AB CD, 
where the power is applied : E P is the depth or 
heighth of the wedge : D P the length of one of 
its fides, equal to C F  the length of the other 
$de; and OF is its fblarp edge, which is entered 
into the wood intended to be fplic by the force of 
a hammer or mallet itrilting perpendicularly on 
its back, Thus ABb is a wedge driven into 
the cleft C D E  of the wood FG. 

When the wood does not cleave at any dif- 
tance before the wedge, there will be an equili- 
brium between the power impelling the wedge 
downward, and the rcfiitance of the wood a&- 
ing againit the two fides of the wedge when tho 
power is to tlle reliftance, as half the thicknefs 

O f  

The 
ud,e* 

Fig. 8. 

Fig. gw 
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of the wedge at its back is to the length of,either 
of its fides ; becaufe the refiitance then a& per-’ 
pendicular to the fides of the wedge, But, when 
the refifiance on each fide a& parallel to the 
back, the power that balances the refifiances on 
both fides will be as the length of the whole 
back of the wedge is to double its perpendicular 
hcig h t. 

When the wood cleaves at any diRsnce before 
the wedge (as it generally does) the power im- 
pelling the wedge w?ll not be to the rrrfifiance of 
the wood, as the len th of the back of the wedge 
is to the length o B both its fides; but as half 
the length of the back is to the length of either 
fide of the cleft, eitimated from the top or a&%ng 
part of the wedge, For, if we fuppofe the wedge 
to be lengthened down fro,m b to the bottom of. 
the cleft at E, the fame proportion will hold; 
namely, that the power will be to the refifiance, 
as half the length of the back of the wedge is to 
the length of either of its fides : or, which 
a t m m s  to the fame thing, as the whole length 
of the back is to the length of both the fides, 

I n  order to prove what is here advanced con- 
cerning the wedge, let us Cuppofe the wedge to 
be divided lengthwife into two equal parts j and 
then it will become two equal inclined planes; 
one of which, as a IC, may be made ufe of as a Fig. 7+, 
half wedge for feparating the moulding c d from 
the w$iifcot AB.  IC is evident, that when this 
lldf wedge has been driven its whole length ac 
between the wainfcot and moulding, its fide a t  
will be at e d ;  and the moulding will be fepad 
rated tofg from the wainfcot. Now, from what 
has been.alrcady proved of the inclined plane, it 
al’Pears? that to have an equilibrium between the 
Power impelling the half wedge, and the reGLt- 
ante ofthe moulding, the former muit be to the 

latter, 
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latter, as a b to a c j  that is, as the thicltnefs of the 
back wlllch receives the ftrokre is to the length 
of the fide againit which the mouldirig a&ts. 
Therefore, Gnce the power upon the half wedge 
is ro the refiflance againit its fide, as the half 
back a b  is to the whole fide a c, it is plaiii, tliat 
the power upon which the whole wcdge (where 
the whole back is double the half back) rnuR be 
ro the relifiance againit both its fides, as die 
thicknefs of the whole back is to the length of 
both the Gdes ; fuppofing the wedge a t  the bot- 
tom of tlie cleft: or as the thicltneis of the whole 
back to the length of both fides of the cleft, 
,when the wood fiilits at any difiance before the 
wedgo. For, when the wedge is driven quite 
into the wood, and the wood fplits a t  ever fo 
Emall a diItancr before irs edge, the top of the 
wedge then becol~~es the aEring part, becaufe the. 
wood does not touch it any where elk. And 
fince the bottoiii of the cleft mufi be confidered 
as that part where the whole ltickage or reliftance 
is accumulated, it is plain, from tlie nature of 
the lever, that the farther the pbwer a& from 
tlie refifiance, the greater is rllc advantage, 

Some writers have advanced, that the power’ 
of the wedge is to the refiitmce to be overcome, 
as the thicltnefs 9f the back of the wedge is tp 
the length only of one of its fidesi which feems 
very firange: for, if we fiippofe A B  to be$ a 
firong inflexible bar of wocd or iron fixt intti the 
ground at CB, and D qnd E to be two blocks of 
marble lying on the ground on oppoGte fides of 
tlie bar; it is evident that the block D may be 
feparatcd from the bar to the diflance d, equal to 
ab,  by driving the inclined plane or half we’dgd 
a b o  down between them ; and the block E may 
be feparared to an equal difiance on the other 
$de, in like manner, by the lulf wedge cda. 

13 ut 
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But the power impelling each half wedge will be 
to the refitlance of the block againit its fide, as 
the thicknefs of that half wedge is to its perpen- 
dicular height, becaufe the block will be driven 
off perpendicularly to the fide of the bar AB. 
Therefore the power to drive both the half 
wedges is to both the refiitances, as both the 
half backs is to the perpendicular height of each 
half wedge. And if the bar be taken away, rhe 
blocks put clofe together, atid the two half 
wedges joined to make one; it will require as 
much force to drive it down between the blocks, 
as is equal to the Turn of the feparate powers 
a&ing upon the half wedges when the bar was 
between them. 

cylinders, as AB and CI), be drawn toward one 
another by lines running over fixed pulleys, and 
a weight of 40 ounces hanging, at the li.nes be- 
longing ro each cylinder: and let a wedge of 
40 O U I I C ~ S  weight, having its back juit as thic:k as 
either of its fidcs is long, be put between the 
cylinders, which will then a& againR each fide 
With a reGLtance equal to 40 ounces, while its 
own weight endeavours to bring it down and 
feparate them, And here, the power of the 
Wedge's gravity impelling it downward, will bc 
to the refitlance of both the cylinders againit the 
Wedge, as the thicknets of the wedge is to double 
its perpendicular height ; for there will then be 
an eqailibrium between the weight of the wedge 
and the refifiance of the cylinders againft it, and 
I t  will reimin at any height between them ; re- 
quiring ju i t  as much power to pfh it upward 
as to pull it downwar+--If another wedge of 
W a l  weight and depth with this, and only half 
as thick, be put betwhen the cylinders, it will 
require twice as mucq weight to bc hung a t  the 

cQds 

T o  confirm this by an experiment, let two%* 824 
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ends of the lines which draw them together, to 
keep the wedge from going down between them. 
That  is, a wedge of 40 ounces, whofe back is 
only equal to half its perpendicular height, will 
require 80  ounces to each cylinder, to keep it in 
an equilibrium between them : and twice 80  is 
~60, equal to four tiines 40. So that the power 
will be always to the refiflance, as the thicltnefs 
lof 'the back of the wedge is to twice its perpen- 
dicular height, when the cylinders move off in 
2 line at right angles to that perpendicular. 

The  befl way, though perhaps not the neatek, 
that I know of, for making a wedge with its 
appurtenances for fuch experiments, is as fol- 

Let  K I L M  and LMNO be two flat 
pieces of wood, each about fifteen inches long, 
and three or four in breadth, joined together by 
a hinge: at L M ;  and let P be a graduated arch 
of brafi, on which the faid pieces of wood may 
be opened to any angle not more than 60 degrees, 
and then fixt a t  the given angle by means of 
the two fcrews a and 6. *Then, I K N O  will 
reyrefenc the back of the tvedge, LM its ha rp  
edge which enters the wood, and the outfides of 
the pieces KILM and LMNO the two fides of 
the wedge againit which the wood a&s in cleav- 
ing. By means of the faid arch, the wedge may 
be opened fo, as to adjufi the thicknefs of its 
back in any proportion to the length of either of 
irs fides, but nor to exceed that length: and any 
weisht a s p  [nay be hung to the wedge upon the 
hook hl, which weight, together with the weight 
of' the wedge itfelf, may'be confidered as the 
impelling power; which is all the fame in the ex- 
yerimenr, whether it be laid upon the back of 
the wedge to p u k  it down, or hung to its edge to 
pull it down. Let A B  and CD be two wooden 
cylinders, each about two inchcs thick, where 

they 

Sig. 11. lows. 
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they touch the outfides of the wedge; and let 
their ends be made like two round flat plates, tQ 
keep the wedge from flipping off edgewife froam 
between them., Let  a fmall cord with a loop on 
one end of it, go over a pivot in the end of each 
cylinder, and the cords S and I' belonging to the 
cylinder AB go over the fixt pulleys Wand X, and 
be fafiened ac their other ends to the bar W X ,  on 
which any weight as 2 inay be hung a! ple, f ure. 
In  like manner, let the cords %and K belonging 
to the cylinder CD go over the fixt pulleys Yand 
U to the bar vu,  on which a weight Yequal to 2 
m a y  be hung. 'l-hefe weights, by drawing the cy- 
linders toward one another, may be confidered t i s  
the relifiance of the wood a&ing equally againk 
oppoGte fides of the wedge ; the cylinders them- 
felves bring fufpended near, and parallel to each 
other, by their pivots in loops on the lines 
E, F, G, H; which lines may bc fixed to hooks in 
the cieling of the room, The longer thefe lines 
are, the better; and they ihould never be Iefi than 
four feet each. The farther a l b  the pulleys 
Y ,  U and X, W a r e  from rhe cylinders, the truer 
Will the experiments be: and they may turn 
upon pins fixed into the wall. 

I n  tkis machine, the weights Y a n 3  2, and thc 
height p ,  may be varied at pleafbre, fo as to be 
adj9fied in proportion of double the wedge's per- 
pcndiculsr height to the thicknefs of its back : 
and when tlicy are fi, adjufied, the wedge will bd 
in equilihrio with the refiitance of the cylinders. 

L he wedge is a vrry great mechanical power, 
fince got only wood but evcn  rocks can be +lie 
by ir.; which would be impoliible to effelt by the 
leter, wheel and axle, or pulley: for the force 
of the blow, or ftrolie, bakes the cohering parts, 
and thercby makes thein feparate more eafily. 

F 6. Thc 

C I  
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me 
jcrew. 

, 6. T h e  fixth and lafi mechanical power is the 
firm i which cannot properly be called a fimple 
machine, becaufe it is never ufed without th\e 
application of a lever or winch to af i f t  in turn- 
ing it: and then it becomes a compound engine 
‘of a very great force either in prefing the parts 
of bodies clofer together, or in raifing great 
weights.. It may be conceived to be made by 

Fig> 129 cutting a piece of paper A B  C (Fig. 12,) into 
13* the form of an inclined plane or half wedge, and 

then wrapping it round a cylinder*AB (Fig. 13). 
And here’it is evident, that the winch E muft 
turn the cylinder once round before the weight 
of refiflance D can be moved from one fpiral 
winding, to another, a8 from d to c : therefore, 
as much as the circuniference of a circle, de- 
fcribed by the handle of the winch, is greater 
than the interval or diitance between the fpirals, fo 
much is the force of die fcrew. ‘rhus, fuppofing 
the diitance between the fpirals to be half an inch, 
and the length of the winch to be twelve inches; 
the circle defcribed by the handle of the winch 
where the power aCts will be 76 inches nearly, or 
about I 52 half inches, and conkquently I 52. times 
as great as the diftmce between the fpipirals: and 
therefore a powcr at  the handle, whofe intenfit)’ 
is e q h l  to no more than a Gngle pound, will bw 
lance 152 pounds aaing againfi the fcrew ; and 
as much additional force, as is fufficient to over.. 
come the friaion, ,will raife the I 5z pounds j and 
the velocity of the power will be to the velocity 
of the weight, as 152 to’ I .  Hence it appears, 
that the longer the winch is, and the nearer tke 
fpirals are to’ one another, fo much the ,greatel 13 
.the force of the fcrew. 
‘ A machine for flxwing. the force or ower+of 

sthe CctxwLinay be contrived in the P ollowiN3 
maimer : 
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manner : Let  'the wheel C have a fcrkv 
its &de, working in the teeth of the wheel D, 
which fuppofe to be 48 in number. It is plain, 
tIiac for every time the wheel C and $crew, a b  are 
Nrned round by the winch A, thq wheel D will 
,be moved one tooth by the fcrew; and there- 
fore, in 48 retolurions of the winch, the wheel 
D will be turned once round. Then, if the cir- 
cumference of a circle defcribed by the handle bf 
the winch A be equal to the circumference of a 
groove e round the wheel D, the velocity of tlie 
handle will be 48 times l i s  great as the velocity 
of any given pbiht in the groove. Confequently, 
if a line G (above number 48) goes round the 
groove e, and has a weight of 48 potinds hung 
to it below the pedefial EF', a power e 'ual to 

the weight.-To prove this by experiment, let 
the circumferences of the grooves of the wheels 
C and D be equal to one another; and then if 
a weight H o f  one pound be fufpended by a line 
going round the groove of the wl~eel C, it will 
balance a weight of 48 pounds hanging by the 
line G ;  and a fmall addition to thc weight If 
will caufi it to dercend, and fo wife up the other 
weighr. 

If the line G, infiead of going ;orind the 
EPotre e of thg wheel D, goes round its axlit I ;  
the power of the machine will be as iuuch in- 
creafed, as the circumference of the groove G 
exceeds the circwnference of the axle : which, 

be fix times, then one pound a t  
6 titnes 48, o r  2 8 s  pounds huiig 

to the l ine on the axle: and hence dit. power or 
advahta€%c O'f this machine will be as 2 8 8  to I .  
That is to fay, a man, w11d by ~i is  natural 
firengrll could lift; a hundred weight, will bk 

F P  able 

b on Fig- 14. 

one pound at the handle will balance and ? upy& 
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able ro raife 288 hundred, or 14&. ton weight 
by this engine. I 

Bot the following engine is itill more power- 
ful, on' account of its having the addition of 
four pulleys: and in it we may look upon all 
the mechanical powers as combined together, 

PhteVII. even if we take i n  the balance. For, as the axle 
Fig* I *  D of the bar AB enters its middle at C, it is plain 

that if equal weights are fufpended upon any two 
A combi- pins equi-diitant from the axis C, they will coun- 
nationof terpoife each other.--It becomes a lever by 

hanging a fmJl weight P upon the pin n, and o chanical 
8 powers, weight as much heavier upon either of the pins 

J, !,,A, e, or f, as is in proportion to the pins 
being io much nearer the axis. T h e  wheel aqd 
axle F G  is evident 5 fo io the fccrew I2 which 
takes in the inclined plane, and with it the half 
wedge, Part of a cord goes round the axle, the 
reit under the lower pulleys K, m, over the upper 
pulleys L,n, and then it is tied to a hook at m 
in  the lower or moveable block, on which. the 
weight W hangs. 

In this machine, if the wheel F has 30 teeth, 
it will be turned once round in thirty revo- 
lutions of the bar AB, which is fixt on the 
axis D of the h e w  E :  if the length of the bar 
is equal to twice the dianieter of' the wheel, the 
pins G and n at the ends of the bar will move 60 
times as fait. as the teed1 of rlic wheel do : and 
confequenrly, one ounce at P will balance 60 
ounces hung upon a tooth at q in the horizontal 
diameter of the wheel. 'Then, if the diatiietcr of 
the wheel F' is ten times asagreiit as the diaiiieter 
of the axle G, the wheel will have I O  times the 
velocity of the axle j and therefore one ounce f' 
at the end of the lever AC will balance IO time3 
Go or Goo ounce5 hung to the rape II which goes 

round 



rousd the axle. Lafily, if four ulleys be added, 

K, and weight W, four times leis than the ueb; 
city of the axle: and this being the laR power 
in the machine, which is four times as great as 
that gained by the axle, it makes the whole 
power of the machine 4 times 600, or 2400. 
So that a inan who could lift one hundred weight. 
in .his arms bv his natural firength, would be 
able to raife 4400 times as tnuch by this en- 
gine.-But it is here as in all other mechanical 
cafes ; for the time loft is always as much as the 
power gained, becaufe the velocity with which 
the power moves will ever exceed the velwity 
with which the weight rifes, as much as the in- 
tenfity of the weight exceeds the iotenfity of the 
power, . 

The fric%on of the fcrew itfelf is very conii- 
derable; and there are few compound engines, 
but what, upon account of the friaion of rbc 
parts againit one another, will require a third 
'part Inore of power to work them when loaded, 
than what is fufficient to conititute a balance 
between the weight and' the power. 

they will make the velocity o P the'lower block 

L E C T. .IV. 

of mills, cranes, wheel- carriages, and the eitgine 
for driving piles. 

S thefi engines are fo univerfdiy ufefu'ul, it A would be needlefs to make any apology ' 
&w defcrjbing them. 

water may be about ten f'eet, A A  is the great 

F 3  diameter, 

In a common hreqf-tnii,?, where the fall of **att VU* 

. cvbed, 'which .is generally about 17 or 18 feet in A cOmmm 

Pig. 2. 
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diameter, reckoned from the out.ermoilc edge of 
any float board at a to that of its oppofite float at 
b. To this wheel the water is conveyed thrwgh 
a chaenel, sncl by falling upon the wheel, turns 
it round. 

On the axis B R gf this wheel, and within the 
~ill-ho,ufe, is a wheel D, about 8 or g feet dia- 
fneter, having 61 cogs, which turn a trundle E 
containing ten uprigl-rt itaves or rounds; and 
when there are the number of cogs and rounds, 
the trundle will malte 6-& revolutionq for one 
revolution of the wheel. 

T h e  trundle is fixt upon a flrong iron axis 
called the fpindle, the lower end of which turns in 
a brafs &ot, fixr at Ij; in the horizontal beam S I' 
e l led  the.brjdge-tree ; and the upper part of the 
fpindle turns i n  a wooden buih fixt into the nether 
pillfione which lies upori beams in the floor TT. 
T h e  top part of the fpindle above the bufh is 
fquare, and goes into a fquare hole in a itrong iron 
crofs a b c d (fee Fig. 3.) called the rynd ; under 

ch, aad clofe to the bu%, is a round piece of 
thick leather upon. the fpindle, 'which it: turns 
round at the f a p x  time as it does the rynd. 

T h e  rynd is let into grooves in  the under fur2 
1 face of the running niilltlone C (Fig. 2.) and fo 

turns it round i n  the fmie time that the trundle E 
is turned round by the cog-wheel D. This  mill- 
.fiw$ has a large hole quite through its middle, 
called *the eye o.f the fitone, through which the 

'middle part of the rynd and upper end of the 
Spindle may be ken; while the four ends of the 
rynd lie hid l>elow the itone in their grooves. 

T h e  end I" of the bridge-tree 5"'s (wf+h fup- 
ports the upper millfione G upon the fpiiidle) is 
fixed into a hole ii? the wall ; and the end S is let 
!ply a, beam X R  callcdthe brayer, wliofe end 8 

reniaias 
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remains fixt in a mortife : and its other end ,e 
hangs by a firong iron rod P which goes through 
the floor YT,  and has a fcrew-nut on its top at 
0 ; 'by the turning OF which nut, the edd 2 of 
the brayer is raifed or depreffed at pleafure; and 
confequently the bridge-tree 2"s and upper mill, 
&one. By this means, the upper millfione may 
be fet as clofe to the under one, or raifed as high 
fi*om ir, as the miller pleafes. The  nearer the 
millfiones aye to one another, the finer they 
grind the corn, and the more remote from ohc 
another, the coarfer. 

T h e  upper rnillftone G is inclofed in a round 
box 1% which does not touch it any where j and 
is about an inch di&ant from its edgel all around. 
On the top of this box itands a frame for hold- 

hopper kk, to which is hung the fhoe I 
lines fdhined to the hi 
o b  in the hopper, a 

the crook-firing K fatkencd PO 
at i ; the other end being twiitc! 
As the pin is turned one way, the firing draws 
up the hoe  clof& to the hopper, and fo leaens 
the aperture between thein 5 and as the pin is 
turned the ocher way, it lets down the hoe, and 
enlarges the aperture. 

l IF the fhoe be drawn-up quite to the hopper, 
no corn can fall from the hopper into the mill j 
if it be let a little down, fane will fall: and the 
quantity will be more or lefs, according as the 
fioe ,is more or lefs let down. For the hopper is 
open at bottom, and there is a hole in the bottom 
of the hoe,  not direQly under the bottom of tlie 

er, but forwarder toward the end i, over 
iiddle of tlie eye of the millitone. 
here is a fquare hole in the top OF the fpil1dle, Fig, 3. 

Which is put the keder e: this feeder (as the 
F 4. fpi ndle 

' 

. 
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fpindle turns round)-jogs the ihoe three times in 
each revolution, and fo caufes the corn td run 
copitantly down from the hopper through the ihoe, 
into the eye of the millfione, where it falls upon 
the top of the rynd, and is, by the motion of the 
rynd, and rthe leather under it, thrown below the 
upper Rone, and ground between it ana .the lower 
one. The  violent inotion of the r;one creates a 
centrifugal force in tbe corn going round with it, 
by which means it gets farther and farther from 
the center, as in a lpiral, in every revolution, 
'unril it be thrown' quite out ; and, being then 
ground, it falls through a fpout M, called the 
mill-eye, into the trough N. 

When the mill is fed too fdfi, the corn bears 
up the itone, and is ground too coarfe 5 and be- 
fides, it clogs the mill fo as to make it go too 
flow. When the inill is too flowly fed, it goes 
roo fat?, and the Itones by their attrition are apt 
ro itrike fire againft one another. Both which 
inconveniences are avoided by turning the pin L 
backward or forward, which draws up or lets 
down the h o e ;  and To regulates the feeding as 
the miller fees convenient, 

The  heavier the running millfionc is, and the 
greater the quantity of watrr that falls upon the 
wheel, fo much the f a k r  will the inill bear to be 
fed ; and confequently To mucli the more it will 
grind. And on the contrary, the lighter the 
itone, and the I& the quantity of water, fo much 
flower mufi the feeding be, But when the itone 
is coniiderably wore, and become light, the inill 
mult be fed flowly a t  any rate; otherwife the 
none will be too inuch borne up by the corn un- 
der it, which will make the meal ooarfe. 

The  quantity oE power required to turn a 
heavy millitone iu but vcry little more than whar 

. 'is 
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fufficient to turn a light one: for as it is futp., 
ported upon the fpindle by the bridge-tree 8,% 
and the end of the fpindle that turns in the brafs 
foot therein being but fmall, the odds wifing 
from the weight is but very incbnfiderable in its 
aQion againit rhe power or force of the water. 
And befides, a heavy itone has the fame advan- 
tage as a heavy fly j namely, that it regulates 
the motion much better than a light one. 

In order to cut and grind the corn, both the 
upper and under milltiones have channels or 
furrows cut into them, proceeding obliquely from 
the center toward the circumference. And rhefe 
furrows are cut perpendicularly on one fide and 
obliquely on the other into the * itone, which 
gives each furrpw a harp  edge, and .in the two 
h n e s  they come, as it were, againit one ano- 
ther like the edges of a pair of fcirars: and'fo 
cut the corn, to make it rind the eafier lwhen it 

There are cut the fame way in both itones when 
'they lie upon their backs, which makes them run 
CrNs ways to each orher when the up eFfione is 

that of the lower. For, if the furrows of both 
fiones lay the fame way, a great deal of the corn 
would be driven onward in the lower furrows, 
and fo$ corne out from between the itones with- 
out being either ciit or bruifed. 

.when  the furrows become blunt and Iliallow 
by wearing, the running itone muit be taken 

.and both itones new drefi'with a chifel and 
hammer. And every time the fione is taken up, 
there muft be Come tallow put round the fpindlt 

the bufi, which will foon be melted by 
the heat the fpindle acquires from its .turniilg 
and rubbing againit the buffi, and Co will get in 

between 

falls tipon the places $J etween rhc furrows. 

Inverted by turning its furrowed fur P ace toward 



fpoil the meal in grinding. 
Whenever tlie fpindle wears the Lufh fo as to 

begin to fhakd in it, the YEone muit be taken up, 
and a chifel drove into feveral parrs of the bufll; 
and when i t  is talcen out, woodm wedges I muft 
be driven 'into the holes ; by which i n e m  the 

e to embrace the f$ndle cbfe 
n, In doing tbis, great care 
drive equal wedges inro the 

buih on oppofire fides of the fpindle ; otherwife 
it will be thrown out of rhe perpendicular, and 
io hinder the upper fione from being feer parallel 
to the under one, which is rjbfolutely necerary 
€or making good work. When any accident of 
this kind happens,, the perpendictilar pofition of 
the fpindle mufi be refiored by adjufiing the 
bridge-tree S I by proper wedges p u t  between 
it and the brayer 812. 

It often Eiappens, that  the ryrrd is a little 
wrenched in laying down the upper fione u p o ~  
i t ;  or is madc to fink, a little lower upon one 
fide of the fpindle than on the ocher; and this 
will caufe one edge of the upper itone to drag 
all around upon the other, while tlie opportte 
edge will not couch, But .this is cafily fet I? 
rights, by raifing the itone a little with a levert 
and putting $its of paper, cards, or thin 
bitween the rynd and the fione., 

1 Thc diameter of the upper Aone is ge 
about fix feet, the lower fionc aboq an i r d 1  

2 more : 
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more : and the upper itone, when-new, contain6 
about 2zp cubic feet, which weighs fornewha 
more than 19000 pounds. A ftoqe of this dia- 
meter ought never to go more than 60 times 
round in a minute; for if it turns faiter, it will 
heat the meal. 

The  grinding furface of the under fione is a 
little convex from the edge to the center, and 
that of the upper ftone a lictlf: more concave : To 
,that they are fartheit from one another in thr: 
middle, arid come gradually negrer toward the 
edges. By this means, the corn at its firfi en- 
trance tietween the itones is only bruifed ; but as 
it goes fiirther on toward the circumference or 
edge, it is cut fmaller and finaller; but at la@ 
finely' ground j u f i  before it comes out from be- 
tween them, 8, 

arer-wheel muit 

mill to be in perfe&ion, t 
Ought to move with a third part of the velocity 
of the water, and the ilone to turn round once 
in a fecond of time. 

3n order to conAru& a mill in this pede& 
manner, obferve the following rules : 

I .  Meafure the perpendicular heightl of the 
fall of water, in feet,. above that part of the wheel 
pn which the water begins to a& ; and call that, 
the height o'f rfie fall. 
2. Multiply this conitant number 64.2882 by 

the height of the fill i i i  feet, and the fquare root 
of the produfl: fliall 'be the velocity of the water 
at the bottom.of the fall, or the number of fe 
that the water t~icie inoves pcr iiecond. 

3. Divide rhe velocity of' the water by.3 
tile quotient hall  t ie the velocity of the 
boards of the whesl j or the number of feet they 

niuit 
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muit each go through in a fecond, when tho 
water a& upon them To, as to have the grcateil: 
power to turn the mill. 

4. Divide the cirkumference of the wheel in 
feet by the velocity pf it* floats in feet per fe- 
cond, and the quotient ha l l  be the number of 
Zeconds in which the wheel turns round. 

5. By this la& number of feconds divide 60; 
and the quotient fhgll be the number of t u r n s , ~ f  
.the wheel in a minute. 

6.  Divide 60 (d ie  number of revolutions the 
millffone ought to have in a minu~e) by the num- 
ber of, turns of the wheel in a minute, and the 
quotient h a l l  be the number of turns the mill- 
itone ought to have for one turn of the wheel. 

7. Then, as the number of turns of the wheel 
in a minute is to the number of turns of the 
rnilltt-qne in a minute, fo iriuCt the number of 
Raves in the trundle be to  the nunhe r  of cogs 
in the wlieel, in the nearefi whole numbers that 
can be found. 

By there rules I have calculated the following 
table to a water-wheel 18  feet diameter, which 
I apprehend may be a good fize in genarnl. 
.To confirti& a mill by th is table, find the 

height of the fall of water in the firfi CoYuinn, and 
againfi chat height, in the fisth column, you linve 
the number of cogs in the wheel, and Raves in 
the trundle, for caufing the millitone to make 
about 60 revolutions in a minute, as near as 
pofible, when the wheel goes with a third part 
of the velocity of the water. Arid it appears b>’ 
the 7th colunm, that the number of cogs in the 
wheel, and fiaves i n  the trundle, are fi near the 
truth for the required purpofe, that the lea& 

‘number of revolution’s of the millitone in a 
minute is between 59 and 60, and the greatafi 
pbrnber never amounts to Gr. 

Ths 
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The MILL-WRIGHT’S TABLE. 

Velo- 
cit of 

wateP 
per re- 
cond. 

,Kc 

-- 
o w  

2 28 
P $5 
8.02 

11 *34 
13-89 
r6.04 
17.93 
‘ 9  *G4 
2 1 . 2 1  
22.68 
24.05 
25 935 
26.59  
27.77 
28 .gr 
30 .oo 
3 1  .os 
,32.0j 
3 3 . 0 6  
34 *02 
34 -95 
35.156 

” ’  -- 

-.. 
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Velo- 
cit of 

wheel 
per re- 
‘ cond, 

t L  

-- 
o r  

28 
c 8 8  

.n”o 

p ”  -- 
2.67 
3.78 
4.63 
5.35 
5.98 
6 .55  
7.07 
7 . 5 6  
8 . 0 2  
8 *45 
8 . 8 6  
9.26 
9.64 

Io’.oc 
10.35 
10.6~j 
I I .02 

11 -34 

I I  .95 
1 I 4 

3 -  
-. 

Kevolu. 
tions of 

the 
wheel 
per 

minute. 

-- 
ss 

p w o  
P ?; 

1.83 
4 .OG 

4.91 
5 .67  
6-34 
6.94 
7.30 
8.02 
8.51 
8.97 
9.40 
9 . 8 2  
10.21 
10.60 

10.99  

11.70 
12.02 

12.69 

4 

? Z  ---- 

I 1  

‘2.37 

-- 

Revoh. 
tiom of 

the 
mill- 
ftone 

for one 
of the 
wheel. 

2l: 

r v o  
? PY? 

Y E  

T I  .2c 
I 5 .oc 
12.2: 
10 . s t  
9.4t 
8.64 
8 .QC 

7.4t  
7.02 
6 . 6 ~  
6.36 
6 . 1 1  
~ ~ 8 ;  
5 .Gt 
5.4E 
5 ‘25 
5 . 1 :  
4.95 

4.7:  

5 

-- 

4.8: 

-- 

C O ~  in 
t e 

wheel 
rnd 

itaves in ’ 
the 

trundle. - 
3 
? - 
‘27 4 
10s 
98 8 
95 9 

. 8 5  
7 8  + 
72 
67 9 
7 0  10 
67 
64 
6r 
59 
56 
5 5  
53 
51 
jO 
+g 
47 - 

Such 

Kcv. of’ 
the 

mill- 
Itoneper 
min, by 
thcre 
Raves 

and 
cogs. -- 

o r  

Q 3  p . % 4  a ”  
$ 9 . 9 2  

760.00 
60.14. 
59.87 

959.84 
9 6 0 . 1 0  
yGo.00 

59-67 
59 *57 

ro6o.og 
1060.16 
105p.90 
roGo.18 
‘ 0 5 9 . 3 6  
1~60.48 
lO60.10 
1059 .67  
I O ~ O . I O  
10G0.61 
10.59 -59 

-- 

-LI- 
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Of Water-Mills, 
Such a mill as this, with a fall of water about 

74 feet, will require about 3 2  hogfheads every 
minute to turn,  the wheel with a third part of the 
velocity with which the water falls j land> to over- 

e refitlance arifing from the friaion of 
s and attrition of the fiones in grinding 

the corn, ' 

The greater fall the water has, the lefs quan- 
tity of it will ferve to turn the mill, The  water 
is kept up in the mill-dam, and let out by a 
fluice called the penflock, when the mill is to go, 
When the penftock is drawn up by means of d 
lever, it opens a paffage through which the water 
flows to the wheel: and when the mill is to be 
itopt, the pcntlock is ler down, which flops the 
water from falling upon the wheel, 

A lefi quantity of water will turn an overhot- 
mill (where the wheel has 'buckets intlead of 
float-boards) than a breait-mill, where the fall of 
tli,e water feldom exceeds half the height A t  of 
the wheel. So that, where there is bur: a fmall 
quantity of water, and a fall grcat enough for the 
wheel to lie under it, the ,,bucket (or overhot) 
wheel is always ufed. But where there is a large 
body of water, with a little fall, the break or float- 
board wheel mutl take place. Where the water 
runs only upon a little declivity,. it can a ~ t :  but 
flowly upon the under part of the wheel at b ; in 
which cafe, the morion of the wheel will be very 
flow : and therefore, the floats ought to be very 
long, though not high, that a large body of water 
may a& tipon them i fo that what is wanting in 
velocity may be inndc up in power; and then the 
cog-wheel may have a greater number of cogs in 
proportion to the rounds in the trundle, in order 
to give the millfione a fufficient degree ofvelocity. 

They who have read what is faid it i  the fire 
le&ure, coiicerning the acceleration of bodies 

frtlling 
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falling freely by the power of gravity a&ing 
tonit'bntly and miformly upon tlicm, mag per- 
haps a&, Why kould the motion of the wheel bc 
equable, and not accelerated, feeing the water 
'atis conitanrIy and uniformly upon it ? The plain 
aniivers is, That tKe velocity of the wheel can 
never'be fo great qs the velocity of the water 
that turns it ; for, if i t  ihould become io great, 
the power of the water would be quite loft upon 
the wheel, and then there would be no proper 
force to overcome the friRion of the geers and 
attrition of the Rones, Thertfore, the velocity 
with which the wheel begins to move, will in- 
creafe no. longer than till its momentum or force 
is balanced by the refiflance of  the working, 
parts of the mill ; and then the wheel will go 
on with an equable motion. c 

pf the cog-wheel D be made a b o N  18 inches A 
diameter, with 20 cogs, the triindie as fmall in wiiI. 
proportion, with IO fiavcs, and chc millfiones be 
each almut two feet in diameter, and' the wholc 
work be put into a firong fiamc of  WOO^, as re- 
'prefenced in the figure, the engine will be a hand- 
mill for grinding corn or malt in private fami- 
lies, And then, it may be turn@ by a, winch 
infiead of the wheel A A :  the millfitone malting 
three revolueions for every one of the winch. 
I f a  heavy fly be pur upon the axle B, near tl?c 
b ind , ,  it will hclp to regulate the motion.] 

If the cogs of the whc*el an,d, rounds of rhe 
trundle could be pvt ' i n  as exattly as the teeth 
w e  cut in the wlieels and pinions o f  a clock, 
h n  the trundle might divide the wheel cxa&ly : 
that isito fay, the wundle might make a gioen 
n\ltnber of reyolutions for one of the w h d ,  
'vlthout a fi-afiign. But as ntiy em& number is 

neceffhry in mill-work, and the cogs ilnd 
rounds cannor be fet in To truly as to make all 

tl1e 



8% Of Water- Mill. 
the intervals between them equals a fkilfol 
mill-Wright will always give the wheel what he 
calls a Bunting cog; that is, one more than what 
will adwer to an ma& divifion of the wheel by 
th-e trundle. And {then, as every cog comes to 
the trundle, it will take the next fiaff or round 
behind the one which it took in the former re- 
volution: and by that  means will wear all the 

cbgs and rounds which work upon 
qually, and to equal diitances from 

<one another in.a little time ; and fo make a true 
uniform motion throughout the whole work. 
Thus, in the Above water-mill, the trundle has 
IO itaves, and the wheel 61 cogs. 

Sometimes, where there is a fufficienr quan- 
r, the cog-wheel A A  turns a large 

on whofe axis Cis fixed the hori- 
D, with, cogs all around its edge, 
rundles E and F at the fame time ; 
r Epindles G and N turn two mill- 

itones r and  K, upon the fixcd itones L and M. 
And when there is not work for them both, 
either may be made to lie quiet, by taking out 
one of the fitaves of its trundle, and turning the 
vacant.,. place toward the cog-wheel D. And 
there may be a wheel fixt on the upper end of 
the great upright axle C for turning a couple of 
boulring-mills ; and other work for drawing 
up the facks, fanning and cleaning the corn, 
fharpening of tools, &c., 

If, infiead df the cogwheel A A  and trundle 
B B ,  horizontal levers be fixed into the axle C, 
below .tlie wheel D ; then, horfes may be put tb 
thefe levers foi turning the mill : which is oftin 
done where water cannot be had for that pur- 

A wind- s of a wind-mill differ very 
mill. Iitt2iZ:?!t water-mill ; only the forrn.fr 

A 
mill. 

. pore. 

1s 
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is rurned by the altion of the wind upon four 
fails, every one of which ought (as Ss gencrallp 
believed) to make i n  angle of 54: degrees with 
a plane perpendicular to the axis on which the! 
arms are fixt for carrying them; IC being de- 
monfirable, that when the fails are fet to i k h  an' 
angle, and the axis turned endwife toward the 
wind, the wind has the greatell power upon the' 
fails. But this angle anfwers only to the cafe of 
a vane or fail j u f i  beginnitlg to nmve"': for, 
when the vane has a certain degree of  motion, it 
yields to the wind: and then that angle mu& be 
increnfed to give the wind its full eEeCt. 

Again, the increafe of this angle fliould be 
different, according to tlie diffcrcnr velocities 
from the axis to the extremity of the vane. At 
the axis it fliould be 54; degrees, and thence 
continually decreafe, giving the vane a twifi, and 
fo caufing all the ribs of the vane to lie in dif- 
ferent planes. 

Lafily, Thefe ribs ought to decreafe in length 
from the axis to the extremity, giving the vane a 
curvilineal form ; fo that no part of the force of 
any one rib be &ent upon the reit, but all move 
on independent of each other. All this is re- 
Puired to give tlie fails of a wind-mill their true 
prm : and we fee both the t w i f t  and the diminu-' 

tlon of the ribs exemplified i n  the wings of birds. 
It is almofi incredible to think with w h a t  

the tips of the iiils move wlicn aEted 
V o n  by a moderate gale of wind. I have fe- 
veral times counted r i le number of revolutions 

by the fails in ten or fifteen minutes j and 
length of the a r m  f'rom tip to tip; 

'lave that if a lioop of that diameter 
und with tlie fame velo-' 

uxions; near rhc end. 
6 city 
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city that it would move if put upon the fdil-armsj 
it would go upward of 30 miles in a hour. 

As the ends of the fails neareit the axis can- 
not move with the fame velocity chat the rips or 
fartheft ends do, alrhougli the wind a&s eqiidly 
firong upon them; perhaps a better poiition 
than thar. of firetching them along thc arms di- 
rectly from the center of motion,might be to have 
them fct perpendicularly acrofs the farther ends 
of the arms, and there adjulted lengthwife to the 
prdper angle. For, in that cafe, both ends of 
the hils  would move with the fame velocity 5 
and being farther from thc center of motion, they 
wotild have io much the more power : and then, 
there would be no occaGon for having them-fo 
large as they are generally madc ; which would 
rendcr them lighter, and confquently, there 
would-be fo much the lefs fiiltion on the thick 
neck of the axle whcre it turns in the wall. 

A crane is an engiiie by which grcat weights 
are raikd to certain heights, or let down to cere 
t n i n  depths. It confifis of’ whcels, axles, pu1- 

Plate leys, ropes, and ~1 gib or gibber. When the 
vlII* rope H is hoolwd to thc weight I(, a man turns 

the winch A, on the axis wlicrcof is the trundlz Fig. I .  

B, which turns the wlieel C, on wliofe axis D is 
the trundle E, which turns the wheel F with its 
uprigtit axis G, on whicti the great rope IJB 
winds as the wheel turns; and going over 3 
pulley I at the end of the arm d of the gib c c d ey 
it  draws up the heavy weight K ;  which, Iseiilg 
raifed to a proper heighr, as frorri a fliip to die 
quay, is then brought over the quay by pullidg 
the wheel Z round by the handles z, z, whicll 
turns the gib by means of the half wheel C fisc 
.on tbe gib-pofi cc, and rhe firong pinion a fisc 
on thc axis of the wheel 2. l‘his wheel giv@ 
the ixian that turns it an abfolute command over 

8 the 
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the gib, fo as to prevent it fioin takhg any un- 
luclcy fwing, fuch as often l.pppeiis,when it is 
only guided by a rope tied to its) arm d ;  and 
people are fi*equently hurt, hometimes killed, by 
fuch accidents. 

The  great rope eoes between two upriglit 
rollers z and k, which turn upon gudgeons in  
the fixed beainsf and g ; and ns the gib IS turn- 
ed toward either fide, the rope bends upon the 
roller next that fide. Wcre ic  not for there 
rollers, the gib would be quite unmanageable 4 
Tor the iiioincnt it were turned ever fo little to- 
ward any fide, the weight I< would brgin to 
defcend, becnufe the rope would be fliortened 
between the pulley I and axis G ; and fo the gib 
would be pulled violently to that fide, a n d  either 
be broke to pieces, or brcak every thing that 
came in its way. Thefe rollers mutl be placed 
fo, that the fides of them, round which the rope 
bends, may keep the middle of thc bended part 
direaly ever1 with the center of' the hole in which 
the upper gudgeon of the gib turns in the beam 
S: The truer thefe rollers are placed, the eafiet 
the gib is managed, and the lefs apt to fwing 
either way by the force of the weight IC. 

A ratchet wheel ,e is fixt up011 the axis D, 
near the trundle E ;  and into this whee! the catch 
or click K falls. This hinders the machinery 
froln. running back by the weight of the burthen 
& if tlie inan wlio raifes it ~ ~ i o u ~ c t  happen to be 
Fareleis, and fo leave off working at !lie winch 
4 honer than he ought to do. 

IVhen the weight K is r i fed  to its proper 
height fi.oin tlie fliip, nnc.1 brouglit over the 
W a y  by tiirning the gib about, it is ' let down 
gently upon the quay, or into a cart fianding 
tkreon, in the following, tnaiirier : A m a n  t a l w  
hold of' rhc rope I t ( w i r i c . 1 ~  pjoes ovcr the pdley 
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z, and is ticd to a hook at S in the catch R) and 
fo difengages the catch from the ratchet-wheel 
q; and then, the man at the winch A turns it 
backward, and lets down the weight K. But if 
the weight pulls too hard againit this man, ano- 
ther lays hold of the itick Y, and by pulling it 
downward, draws the gripe Uclofe to the wheel 
T, which, by rubbing hard againit the gripe, 
hinders the too quick defcenr of the weight; 
and not only io, but even fiops it at any time, 
if required. By this means, heavy goods mag, 
be either raifed or let down at pleahe,  without 
any danger of hurting the men who work the 
engine. 

When part of the .goods are craned up, and 
the rope is to be let down for more, the catch l? 
is firit difengaged from the ratchet-wheel a by 
pulling the cord t ;  then the handle q is turned 
half round backward, which, by the crank n n  
in tlie piece o, pulls down the fi-ame b berween 
the guides m and in (in which it flides in 
groove) and fo difengagcs the trundle B frorr? 
the wheel C: and then, the heavy hook p 311 
the end of the rope H dei'cends by its own 
weighr, and turns back the great wheel F wit11 
its trundle E, and the wlieel C; and this la@ 
wheel a& like a fly againit the wheel F and 
hook p ; and fo hinders it fYom going down to0 
quick; while the weight X keeps up the gripe 
Ufrom rubbing againfi the wlleel Y, by means 
of a cord going from the weight, over the pulley 
w to the hook W in the gripe; fo that the gripc 
never touches the wheel, unlefs it be pulled dofln 
by the handle I/. 

When the crane is to be f i t  at work again, 
for drawing up another burthen, tlie handle 4 jE 
turned half round forward ; which, by thc 
crank n, raifes up the frame h, and caufes the 

trundle 
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trundle B to lky hold of the wheel C; and then, 
by turning the winch A, the burthen of goods K 
is drawn up as before. 

T h e  crank n n turns pretty Riff in the mortife 
near 0, and Aops againft the farther end of it 
When it has got juf t  a little beyond the perpen- 
dicular; fo that it can never come back of it- 
felf: and therefore, the trundle B can never come 
away from the wheel C, until the handle q be 
turned half round bazkward. 

T h e  great rope runs upori rollers in the lever 
LM,  which keeps it from bending between the 
axle at G and the pulley I. This lever turns upon 
!he axis N b y  means of the weight 0, which is 
J U f t  fufficient to keep its end L lip to the rope; fo 
that, as the great a)ile turns, and the rope coils 
round it, the lever rifes with the rope, and pre- 
vents the coilings from going over one another. 

T h e  power of this crane may be efiimated tlius: 
fuppofe the trundle B to have 13 Raves or rounds, 
ahd the wheel C to have: 78 fkwr cogs : the trundle 

to have 14 fiaves, and the wheel F 56 cogs. 
Then, by rnultiplying the itaves of the trundles, 
'3 and 14, into one another, rheir prod118 will be 
182 ; and by multiplying the cogs of the wheels, 
7 8  and 56,  into one another, their prodti& will be 
4368, and dividing 4368 by 182? the quotient 
bill be 24; which fliews thtit the winch 11 makes 
24 turns for one t u r n  of the wheel I: and its 
W e  G on which the great rope or chain H I  H 
binds. So that, if the length or radius of the 
winch A were only equal to half the diameter 
of thc great axle G, added to half the thiclcnefs 
Of the rope N, the power of the crane woold ba 
a9 24 to I : but the radius of the wincli being 
double the above lenqli, it doubles the Ciid 
power, and fo makes it as 48 to I : in which 
cafe, man may raife 48 times as mucIx weigiit 
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by this engine as he could do by his natural 
itrength without it, making proper allowance 
for the fri&ion of the working ynrts.-'rwo 
m e n  may work at once, by having another 
winch on the appofite end o f  the axis of the 
trundle under B ; and this ?vi11 make the power 
double. 

If this power be thought greatcr than what 
inay be generally wanted, the wheels m y  be 
made with fewer cogs in  proportion to the ftaves 
in  the trundlesj and So the power inay be of 
wharever degree is judged to be requifite. But: 
if the weight be io great as will require yet more 
power to raife it, iuppofe a double quantity, then 
the rope I I m a y  be pit  under a moveable pu1- 
ley, as J, and the end of it tied to a hook in the 
gib a t  E ;  which will give a double power to the 
machine, and f i ~  raife a clouble weight hooked 
to the block of the moveable pulley. 

When only finall burthens are to be raifed, 
this may be quickly done by men puffing the 
axle G round by rhe long fk)dces y, y, y, y ; hav- 
ing firit difengaged the trundle B froin the wheel 
C: and then, this wheel will only a& as I? fly 
ripon the wheel 1;'; and the catch R will prevenc 
i t s  running  back, if the men hould inadvereently 
leave off puihing before the burthen be unhooked 
from @. 

I,afcly, When very heavy burthens are to be 
raifed, which might endanger the breaking of 
the cogs in the wheel F ;  their force againit chef8 
cogs may be much abated by mcn puffiing round 
the long Qiokes y,y2y,y, while t~ i e  man ar: A 
turns the winch. 

I havc,only fiewn the working parts of this 
cranc, withoot the wliolc of the beams whicll 
lupport thcm j knowing that thcfe are eafily 
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firppofed, and that if they had been drawn, they 
would have hid a great dcal of the working parts 
from fight, and a l h  confufed the figure. 

lowing inanner. 
by inen walking within it a t  II. 
C, of its axle B C, the great rope D is woond as 
the wheel tiirns ; a i d  this rope draws up 5oods 
in the fame wny as the rope Id II does ~n the 
above mentioned crane, the gib-work here be- 
ing iilppofed to be of the fame fort. But tliefe 
cranes are very dangerous to the men in the 
wheel ; for, if any of the inrn fliould chance to 
fall, the burthen will makc die whcel run back 
and throw them all about within it: which 
often breaks their limbs, and fometimes kills 
them. The late ingeniotis Mr. Pad&-e of Brif- 
to1 ( whofe contrivance the forementioned crqne 
is, fo fir as I can remember its confirultion, 
after feeing it once about twelve years ago*.) 
obferving this dangerous confirufiion , con- 
trived a method for reinedying it, by putting 
cogs all around the outfide of the wheel, and 
applying a trundle E to turn it i which increafes 
the power as much as tlic number of cogs in die 
wheel is greater than the number of ftaves in 
the trundle ; and by putting a ratchet-wheel F 
on the axis of the trundle (as i t )  the above- 
mentioned crane) with a catch to Fall into it, 
the rent wheel is ftopt from riinning back by ' 

Another very good c m i e  is made i n  the fol- Anot11cr 
A A is a great wheel turned c m c .  

On the partFig. 2* 

the B orce of the weight, even if all the inen in 

* Siiicc the firR edition of this book was printed, I have 
feeen tlic faint! crane again ; and do find, that though the 
working pnrts arc rnuch the fame as allow defcrihed, get the 
metliod of railing or lowerin the trundle B, and thc catch 
R, arc better coiitrivcd than f had dcfccribcd them, 
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it ffiould leave off walking. And by one man 
working at the winch 4 or two men at the op- 
pofite winches when needful, the men in the 
wheel are much afliited, an$ much greater 
weights are raifed, than could be by men only 
within the wheel. Mr. Padmore put alfo a 
gripe-wheel G upon the axis of the trundle, 
which being pinched in  the h m e  manner as de- 
fcr'criberl in the former crane, heavy birthens 
may be let d o ~ n  wirl~out the Ieait danger. ' 
And bcfore this contrivance, the lowering of 
goods was always attended with the utrnofi 
danger to the men in the wheel; as every one 
mult be fenfible of, who has &en fuch engines 
at woslc. 

And it is furpriiing that  the maflers of wharfs 
and cranes fhould bc fo regardlefs of the limbs, 
pr even lives of thcir workmen, that excepting 
the late Sir 'j%mes Creed o f  Greenwich, and 
fome gentlemen at Briitol, there is fcarce an in- 
fiance of any who has ufed this fafe contriv- 
ance, 

T b c d  ' T h e  firukture of wheel-cnrriuges is generally io 
yr fagrJ*  well known, that it would be needlefs to defcribe 

them, And therefore, we fliall only point out 
fome inconveniencies attending the common 
method of placing the whecls, and loading the 
waggons. 1 

In  coaches, and all other four-wheeled car- 
* riages, the fore-wheels are made of a lefs h e  

than die hind ones, both on account of turnr 
jng ihort, and to avoid cutting the braces : 
otherwiii, the carriage would go much eafier it' 
the fore-whrels were as high as the hind-ones, 
and the higher the bctter, becaufe they would 
fink to lek depths in  little hollowings in the 
roads, and be the iiiore enfily drawn out 6f 

the Ill : 
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them, But carriers and coachmen give another 
reafon for making the fore-wheels much lower 
than the hind-wheels 5 merely, that when they 
are fo, the hind-wheels help to pufh on the fore 
ones : which is too unphilofophical and abfurd 
to dekrve a refutation, and yet for their f$%fac-. 
diorl we hall  flicw by experiment that it bas ng 
exiitence but in their own imaginations. 

Ir: is plain that the fmall wheels muil turn as 
much oftener round than the great ones, as 
their circun~fcrcnces are Icfi. And therefore, 
when the carriage is loaded equally heavy on 
both axles, the tore-axle muit fuftain as much. 
more friltion, and confequently wear out as 
much fooner, than the hind-axle, as the fore- 
wheels are lcfs than the hind-ones. But the 
great misfortune is, that all the carriers to a 
man do abltinately perGit, againit the clearefi 
reafon and demonfiration, in putting the lienvier 
part of the load upon the fore-axle of the wag- 
gon ; which not only makes the fri6tion greateft 
Where it ought to be leait, but alfo preiks the 
fore-wheels deeper into the ground than the 
hind-wlds, notwithflanding: the fore-wheels, 
being Iefs than thg hind ones, are with fo much 
the greater difficulty drawn out of a hole or over 
an obfiacle, even fiippofing the weights on 
their axles were equal. For th? difficulty, with 
W 1 8 1  weights, will be as the depth of the hole Fig, 3. 
O r  height of the obfiacle is to the femidiameter 
Of the wheel. Thus, if we fuppok the finall 
wlleel of tile waggon A B  to fall into a 1iole 
Qf the Ciepth E 17, which is equal to the fc'erni- 
r l l ~ e t ~  of tlie wlleel, and tlie waggon to t x  
c 1 r a ~ *  I1orizontnlly along ; it is evident, that 

PQiilt E of the finall wheel will be drawn 
agaiilfi tlie top of the hole ; and tlyrc- 

I fore, 
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fore, all the power of horfes and men will not 
be able to draw it out, unlefs the ground gives 
way before it. Whereas, if the hind-wheel G 
falls into fuch a hole,'it finks not near fo deep 
in '  proportion to its remidiameter ; and there- 
fore, the point G of the large wheel will not be 
drawn dire&ly, but obliquely, againfi the .top 
of the hole ; and to will be eafily got out of it, 
Add to this, that as a fmall wheel will often 
fink to the bottom of a hole, in which a great: 
wheel will go but a very little way, the iinnll 
wheels ought in all reafon to be loaded with lefi 
weight than the great ones ; and then the heavier 
part of the load would be lefs jolted upward and 
downward, and the horfes tired To much the 
lefi, as their draught raifed the load to lefs 
heights. 

I t  is true, that when the waggon-road is 
much up hill, there may be danger i n  loading 
the hind part much heavier than the fore-parr j 
for then the weight would overhang the hind- 
axle, efpecially if'. the load be high, and endan- 
ger tilting UP the fixe-wheels from the ground. 
I n  this care, the fifeit way would be ro load it 
equally heavy on both axles ; and then, as much 
more of the weight would be thrown upon tlic 
hind-axle than upon the fore one, as the ground 
rifes fiom a level below the carriage. But as this 
feldom happens, and when it does, a fmall tern- 
porary weight laid upon the pole bctween the 
horfes would overbalance the danger ; and this 
weight might be thrown into the w i ~ ~ ~ ~ o t 1  when 
it coines to level ground ; it is itrange that an 
advantage ii, plain and obvious as would ar% 
from loading the ~iind-w~iee~s lieaviefi, fliould 
not be laid hold of, by complying with this 
method. 

To 
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T o  confirm there reafonings by experinxiit, 
let a finall model of a waggon be made, with 
its fore-wheels 25 inches in diaiiierer, and its 
hind-wliwls 4 5 j the whole model weighing 
about 20 ounces. Let this little carriage be 
loaded any how with weights, and have a fniall 
cord tied to ‘each of its ends, equally high from 
the ground ir refis upon ; and let it be drawn 
dong a horizontal board, firil by a weight in a 
fcale hung to the cord at the fore-part; the cord 
going over a pulley a t  the eiicl of the board 
to fscilitate thd draught, arid the weight jut1 
fiifticient to draw it along. Then, turn the 
carriage, and hang the iczllc and weight to the 
hind cord, and it will be found to move along 
witli the fhne velocity as at firit:: which fliews, 
that the power required to draw the carriage is 
all the fame, whether the great or h a l l  wheels 
are foremoft; and therefore the great wheels do 
not help in the leait- to pufli on the fmall wheels 
in  the rod .  

I-lane :lie kale to the fore-cord, and place 
the fore-wheels (which are the finall oncs) in 
two holes, cut three eight parts of an inch deep 
into the board ; then put a weight of 32 ounces 
into the ‘carriage, over the fore-axle, and an 
equal weight over the I1ind one : this done, put 
44 ounces into the fcale, which will be juit fuf- 
ficient to draw out the fore-whcels: but if this 
weight be taken out of the fcale, and one of rG 
Ounces put into its place, if tlic hind-whcels are 
placed in the holes? the 16 ounce weight will 
draw them out ; which is little inore than a third 
part of what was necefiry to draw wit the fore- 
wheels. This hews, that the larger rhc wheels 
are, the le6 power will draw the carriage, c+e- 
Cii$’ O n  rough grovnd. 

r u t  
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Put 64 ounces over the axle of the hind.. 
wheels, and 32 over the axle of the fore ones, 
in the carriage; and place the fore-wheels in 
the holes: then, put 38 ounces into the fcale, 
which will jufi draw wit the fore-wheels ; and 
when the hind ones come to the hole, they will 
find but very little refifiance, becaufe they fink 
but a little way into it. 

But hift  the-weights in the carriage, by put- 
ting the 32 ounces upon the hind-axle, and the 
64 ounces upon the fore one; and place the 
fore-wheels in the holes: then, if 76 ounces be 
put into the fcale, it will be found no more than 
fuqcient to draw out thefe wheels; which is 
double the power required to draw them out, 

, when the lighter part of the load was put upon 
them : which is a plain demonitration of the ab- 
furdity of putting the heaviefi part of the load 
in the fore-part of the waggon. 

Every one knows what an outcry was made 
by the generality, if not the whole body, of the 
*carriers, againit: the broad-wheel a& ; and how 
hard it was to perfuade them to comply with it, 
even though the government allowed them to 
draw with more horfes, and carry greater loads, 
than ufual. Their principal objettjon was, tha t  
as a broad wheel muit touch the ground in a great 
many more points than a narrow wheel, the fric- 
tion muit of courfe be j u R  fo much the greater ; 
and confequently, there muft be io many more 
horfes than ufual, to draw the waggon. I believa 
that the majoriry of people were of the C u m  
opinion, not confidering, tha t  if the whole weight: 
of thc waggon and load in it bears upon a 
gear  many poinrs, each fuituins a propor- 
tionably lek  degree of weight and frillion, than 
wben it beais only upon a few points; fo thati 

what 
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what is wahting in one, is made up in the other; 
and thei!efore will be juft equal under equal de- 
grees of weight, as may be hewn by the follow- 
ing plain and eafy experiment. 

Let  one end of a piece of packthread be 
faeened to a brick, and the other end to a com- 
mon kale for holding weights : then, having 
laid the brick edgewife on a table, and let the 
fcale bane under the edge of the table, put as 
much weight into the kale as wlll jufi draw the 
brick along the table. Then taking back the 
brick to its former place, lay it flat on the table, 
and leave it to be a&ed upon by the fame weight 
in the fcale as before, which will draw it along 
with the fame eafc as when it lay upon its edge. 
In  the farmer cafe, the brick may be confidered 
as a narrow wheel on the ground; ancl in the 
3atter as a broad wheel. And fince the brick is 
drawn along with equal eafe, whether its broad 
fide or narrow edge touches the table, it hews 
that a broad wheel might be drawn along the 
ground with the fame eafe as a narrow one (fiip- 
pofing them equally heavy) even though they 
ihould drag, and not roll, as they go along. 

As narrow wheels are always finking into the 
ground, efpccially when the heaviefi part of the 
load lies upon them, they mufi be confidered as 
going confiantly up hill, even on level ground. 
And their fides mufi fufiain a great deal of friQion 
by rubbing againit the ruts made by them. But 
both thrfc inconveniencies are avoided by broad 
wheels ; which, infiead of cutting and plough- 
ing up the roads, roll them fmooth, and harden 
them 4 as experience teftifirs in places where 
they have been ufed, ef ecially either on wettiih 

randy ground : thotig P 'I. after all it mufi be con- 
$Ked3 that they will not do in itiff clayey crofs 

9 roads ; 



roads; becaufe they would foon gather up as 
much clay as would be almoit equal to the weight 
of an ordinary load. . 

If the wheels were always to go upon finooth 
and level ground, the befi way would be to make 
the fpoltes perpendicular to the naves.; that is, 
to itand a t  right angles to the axles.; becaufe 
they would then bear the weight of the load 
perpendicularly, which is the itrongeft way for 
wood. Bur becaufe the ground is getierally unr 
even, one wheel often falls into a cavity or rut: 
when the other does not ; and then it bears much 
more of the weighr than the ocher does: in 
which cafe, concave or diking wheels are beit, 
becaufe when one falls into a nit ,  and the othw 
keeps upbn high ground, the $ekes become per- 
pendicular in the rur, and therefore have the 
greatefi firength when the obliquity of the load 
throws moit of its weight upon them j while 
thofe on the high ground Iiave letis weight to bear, 
and therefore need not be ar their full firength, 
So that the ufual way of malting the wheels cond 
cave is by much the beit. 

The  axles of the wheels ought to bc perfeltly 
firaighr, that the rim of the wheels may be 
parallel to e:ic]i other; for thcn, they will n i o v ~  
eafieit, becaufe they will be at libcrty to go on 
firaight forward. But in the ufual way of yrac- 
tice, the axles are bent downward at their ends3 
which brings thcfides of the wheels next the 
ground nearer to one anorher than their o >polite 
or higher fides are : a d  tHis not only ma b es’the 
wheelsSo drag fidcways as they g~ along, and 
gives the load as much greater power of crufhing 
them than when they are parallel to each ather 
but alfo endangers the aver-turning of the car; 
riage when any wheel falls into a hole Or rut;  OK 

wsien 
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when the carriage goes in a road 'which has one 
fide lower than she other, a,s alo 

hus (in the hind v 
AE'and B F 'be  th 

le1 to each other, on their 
HCI the carriage loaded wi 
C to G. Then, as the carriage goes on in the 
oblique road A a B, the center of gravity of the 
whole machine and load will be at C* j and the * !kc 
line of direRion CdB falling within, the wheel Page 13- 
BF,  the carriage will not ovedet, But if the 
wheels be inclined to each other on the ground, Fig. 5. 
as AE and B F +re, .and the machine be loaded 
as before, from C to G, the line o f  direEtion 
Cd D falls without the wheel B F, and the whole 
machine tumbles over. When  it is loaded with 

ead or iron) which lie low, Fig. 4. 
on an obliqiie road fo long 
y is at C, and the line of di- 

e wheels; but if it be 
ter goods (fuch as wool- 
center of gravity is raifed Fig. 6. 
ows the line of direRion 

the loweit edge of the wheel BF,  
load overfeos the waggon. 

antage from final1 fore- 
e carriage turning more 
n be made to do when 

there is at leaR as great a difad- 
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foon become unfit for riding. SO that on ali ac? 
counts it is plain, that the fore-wheels of all car- 
,riages ought to be fo high, as to have their axles’ 
even with the breafi of the horfes; which would 
not only give the horfes a fair draught, but like- 
wife keep them longer fit for drawing the car- 
.riage. 

mate IX. .  W e  hall  conclude this leaure with a defcrip- 
Fig* 1, 2. tion of Mr. Ynuloae’s curious engine, which was 

made ufe of for driving the piles of Wefiininiter- 
bridge : and the reader may caft his eyes upon 
the f i r i t  and fecond figures of the plate, in which 
the h n e  letters of reference are annexed to the 
finieparts, in order to explain thofe in the fe- 
cond, which are eithel. partly or wholly hid in the 
firfi. 

A is the great upright fiaft or axle, on which 
are the great wheel B and drum C, turned by’ 
horfes joined to the bars S, S. The  wheel B turns 
the trundle X, on thc top of whofe axis is the 
fly 0, which ferves to regulate the motion, and 
dfo to a& againit the horfes, and keep them 
from falling when thc heavy ram 2 is difcliarged 
to drive the pile I )  down into the mud in the 
bottom of the river. The  drum C is loofe upon 
the ihaft A, but is loclced to rhe wheel B by the 
bolt Y. On this drum the great rope HN is 
wound ; one end of the rope being fixed to the 
drum, and the other to the follower G, to which 
it is conveyed over the pulleys I and IC. In the 
follower G is contained the tongs F (fee Fig. 
3.) that talres hold of the ram .% by the itaple 1y 
for drawing it up. D is a fpiral or fufy fixe to 
the drum, on which is wound the finall rope I‘ 
that goes over the pulley V, under the pulley Vj 
and is faftened to the top of the frame at 7. To 
the pulley block Vis hung the counterpoire h% 

which 

me pile- 
egi*e* 
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Which hinders the follower from accelerating as 
it goes down to take hold of tlie ram: far, as 
the follower tends to acquire velocity in its de- 
fcent, the line I' winds downward upon the 
fiify, on a larger and larger radius, by which 
means the cotinterpoife W aAs fironger and 
fironger againit i t ;  and fo allows it to come 
down with only a moderate and uniform velo- 
city. The  bolt Tlocks tlie drum to the great 
wheel, being pulhed upward by the iinall lever 
2, which goes through a mortire in the ha f t  A, 
turns upon a pin in the bar 3 fixt to the great 
wheel B, and has a weight 4, which always tends 
to puih up the Itolt T through the wheel into the 
drum. L is the great lever turning on the axis 
ibt, and rqfiing upon the forcing bar 5, 5, which 
goes down through a hollow in the fliaft A, and 
bears up the little lever 2. 
By the hories going round, the great rope N 

is wound about the drum C, and the ram is 
drawn up by the tongs F in the follower G, until  
the tongs conies betwcen the inclined planes E ;  
Which, by hutting the tongs at  the top, opens it 
at the foot, and difcharges thc' rain, which falls 
down between the guides G 2, u on the pile P, 

Qs it can go; after which, the top part is hwed 
'Off clofe to the mud, by an engine for that pur- 
Pofe. Immediately after the rani is dikharged 
the piece 6 upon t b  follower G tslces hold of the 
ropes a, a, which raife the end of the lever L, and 
caufe its end N to defcend and yrefs down the 
forcing bar 5 upon the little lever 2, which by 
Pulling down the bolt T, unloclts the drum C 
fi.om the great wheel B ;  and then, the follower, 
beifig at liberty, comes down by its own weight 
tQ the ram.i and the lower ends of tlie tongs flip 

EX ovg 

and drives it by a few flrokes as P IIT into the mud 
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wer the Aaple Rj and the weight of their heads 
caufes them to fall outward, and fliuts upon it. 
Then the weight 4. p u h x  up the bolt Y into the 
drum, which locks it to the great wheel, and fo 
the ram is drawn up as before, 

AS the follower comes down, it caufes thc 
,drum to turn backward, and unwinds thc rope 
from it, while the horfes, great wheel, trundle, 
and fly, go on with an uninterrupted motion: 
and as the drum is turning backward, the coun- 
terpoife W i s  drawn up, and its rope IC' wound 
upon the ipiral fury D. 

There are feveral holes in the under fide of the 
drum, and the bolt Yalways takes the firfti onc 
that it finds when the drum fiops by the falling 
of the follower upon the ram i until which fto - 

age, the bolt has not time to flip into any 6f t hp e Kales: 
This  engine was placed upon a barge on the 

water, and io was eafily conveyed to amy lace 
defired.-I never had the good fortune to P ee it, 
but drew this 6gure from a model which I made 
from a print of it i being not quite fldtisfied with 
the view which the prim gives. I have been 
told that the ram was a ton weight, and that tbc 
guides b b, betyeen which it was drawn up and 
let fall down, were 30 feet high. I fuppofe the 
great wheel may have had 100 cogs, and the 
trundle IO itaves or rounds; To that the A)' 
would make IO revolutions for one of the great 
wheel. 





L E C T. V. 

Of hydr&tics, and bjdtk'ic macbines. 

HE fcience o f ,  kydrojlatics treats of the 
nature, gravity, preirure, and motion of 

t3ui+ in general; an$ of weighing filids in 
them. 
I A fluid is a body that yields to  the'leafi pref- Defini- 
fure ar difference of prefiiures, Its particles are ::;,Of 
fo Small, that they cannog, be difcerned by the 
beft microfcopts j they ard hard, fince no fluid, 
except air or ileain, can be preffed into a le& 

T 
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water in both are on the fame level: which ihena 
' that the water is preired upward into the fmall 
tube by the weight of what is in the great 
one; otherwife it could never. rife therein, con- 
trary to its natural gravity ; unleii the diameter 
of t!ie bore were fo fmall, that the attraAion of 
the tube would raife the water; which will ne- 
ver happen, if the tube be as wide as that in a 
common barometer. And, 3s the water rifes no 
higher in the fmall tube than till its furface bc 
on a level with the furface of the water in ths, 
great one, this hews that  the preirure is not in 
proportion to the quantity of water in the great 
tube, but in proportion to its perpendicular 
height therein : for there is much more water in 
the great t6be all around the fmall one, than'whae 
is raifed to the fame height in the fmall one, ao 
it fiands within the great. 

Take out the fmall tube, and let the water 
run out of it; then it will be filled with air. 
Stop its u per end with the cork C, and it will 
be fuM o P air all below the cork : this done, 
plunge it again to the bottom of the water in the 
great tube, 'and you will fee the water rife up in 
it only to the height E ; which hews that the air 
is a body, otherwife it could not hinder the water 
from rifing up to the fame height as it did be- 
h e ,  namely, to A; and in fo doing, it drove the 
air out at the top; but now the air is confined 
by thecork C: and it alfo fliews that the air is 
a cornprefible body, for if it were not fo, a drop, 
of water could 0ot enter into the tube. 

T h e  prefTiit-e of fluids being equal in all df- 
refiions, it follows that the fides of a veffel are a5 
much preffed by a fluid in it, all around in' any 
$ken ring of points, as the fluid below that ring 
16 preffed by the weight of all that fiads abo* 

ix* 



it. Mencc the preITure upon every point in the 
fides, immediately above the bottom, is equal to 
the preffure upon every point of the bottom,, TQ 
h e w  this by,experiment, let a hole be made at Fig. Z+ 

g in the fide of the tube A B  clofe by the bot- 
tom; and another hole of the fame fize in the 
bortorn at C; then pour water into the .tube, 
keeping it full as long as you choofe the holes 
ihould run, and have two bafons ready to receive 
the water that runs through the two hales, until 
you think there is enough in each bafan; ahd 
you will find by meafuring the quantities, that 
they are equal ; which fliews that the water run 
with equal fpeed through both holes: whioh it 
could not have done, if it had not been equally 
preffed through them both. For,* if a hole of 
the fame fize be made in the fide of the tube, as 
about f, and if all three are permitted to run 
together, you will find that the quantity run 
through the hole a t f is  much lefs than what has 
run in the fame time thraugh either of the holes 
Cor e. 

In  the fame figure, let a tube be turned up 
from the bottom at e into the &ape DE, and 
the hole at C be itopt with a cork. Then, pour 
water into the tube to any height, as Ag, and it 
will fpout up in a jet E F G, nearly as high as it 
is  kept in rhe tube AB, by contiping to pour 
in as much there a s  runs through the 1101~. E; 
which will be the cafe while the furface Ag keeps 
st the fame height. And if a little ball of cork 
G be laid upon the top of the jet, it will be fu - 
why the jet rifes not quite To high as the furfilce 
Qf the water Ag, is owin t9 the refiflance it meets 
with in the open air: f%, if I tube, either great 
pr & a h  wq! fcrewed'upoir the piye a! E, the 

H ?  wqer  

ported thereby, avd dance upon it. The rea P on 
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water wmld rife in it until the furface of the 
water in both tubes were on the fame level; as 
will be h e w n  by the next experiment. 

Any quantity of a fluid, how fmall ioever, may 
be made to balance and fupport any quantity, 
how great ioever. This is defervedly termed 
tbe bydmJatical paradox, which we h a l l  firit h e w  
by an experiment, a d  then nccoiint for it upon 
the principle above-mentioiied ; namely, that  the 
preJire ofj’&z!r is dire@ ds their pevpendicidar 
height, without my regard t o  their yzmntity. 

L e t  a fm:i11 glars cube D CG, open throughout, 
and t)endcd at B, be joined to the end of a great 
one A I at c d, where tlie great one is a l h  open ; 
fo that rheiE tubes in their openings rnay heely. 
communicate with each odier. l‘hen pour wa- 
ter through a h a l l  nccltecl funnel into the finall 
tube a t  H; this water will run through the join- 
ing uf $he tubes at cd, and rife up into the great 
tube ; and if you continue pouring until the fur- 
face of the water comes to any part, as A, in thc 
great tube, and then leave off, you will fee that 
the furface of the water in the finall tube will be 
j u i t  8s high, at D ;  io thst the erpendiculac 

tubes, ho,wever frnall the one be in proportion to 
the other. ?‘liis hews, that the h a l l  column 
D C G balances and fupports the great column 
A c d :  which it could not db if their preffures 
were not equal againit one another in the re- 
curved bottom at B . 4 f  the’fniall tube be made 
longer, and inclined in the fituation G E I;; the 
furfax o f  the water in it will fiand at F, on the 
fame level with the furface A in the great tube; 
that is, the water will have the hne  pet-pendicular 
height in both tubes, altliough the column in the 
h a l l  tube i s  longer than that in the great one; 

thc: 

The 4 ~ -  
dy@a*ic 
paradox. 

Fig. 3. 

height of tlie water will be the 4 anie in both 



the forma being oblique, and the latter perpen- 
dicular. 

Since then the preffure of fluids is direQly as 
fheir perpendicular heights, without any regard 
to their quantities, it appears that whatever the 
figure or fize of veffels be, if they are of equal 
heights, and if thc areas of their bottoms are 
equal, the preirures ofkqual heights of water are 
equal upon the bottoms of thefe veKels j even 
though the one ihould hold a thoufand or teri 
tlioufand times as much water as would fill the 
other. 
paradox by an experiment, let two veffels be 
prepared of equal heights but very unequal con- 
tents, fuch as AB in Fig. + and AB in Fig. 
5. Let each veffel be open at both ends, and 
their bottoms D d, D d be of equal widths. Lee 
a brafi bottom CC be exaRly fitted to each vef- 
fel, not to go into it, but for it to itand iipon; 
and let a piece of wet leather be put between 
each veirel and its brafs bottom, for the hkc of 
clofenefs. Join each bottom to its veffel by a 
hinge D, fo that it may open like the lid of a 
boxj and let each bottom be kept up to its 
veffel by equal weighs .E and E hung to lines 
which go over the pulleys &‘and F (whofe blocks 
are fixed to the fides of the veffels at f) and the 
lines tied to hooks at d and d, fixed in the hrafs 
bottoms oppofite to the hinges D and D. Things 
being thus prepared and ‘fitted, hold the verel 
AB (Fig. 5.) upright in your hands over a bafon 
on a table, and caufe water to be poured into the 
veirel flowly, till the preffiire of thc: water bears 
down “its boteoin at the fide d, and raifes the 
weight E ;  and then part of the water will run 
Otit at d. Mark the height at which the furfach 
N of the water flood in, the veirel, when the botA 

H4 tow 

To confirm this part of the hydrofitatical Fig. 4,s: 
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tom bcgan to give way at dj  and then, lidding 
up  the other veKel AB (Fig. 4.) in the fame 
manner, caufe water to be poured into it at H; 
and you will fee that when the water rifes to A 
in this veKel,.jult as high as it did i r i  the former, 
its bottoin will alfo give way at d, and it will lore 
part of the water. 

The  natural reafon of this furprifing pheno- 
menon is, that fince all parts of a fluid at equal 
depths below the furface are equally prered in 
all manner of direEtions, the water immediately 
below the fixed part B f (Fig. 4.) will be preffed 
as much upward againR its lower furface within 
the veirel, by the atlion of the column Ag, as 
it would Le by a column of the fawe height, and 
of any diameter whatever ; (as was evident by 
the experipent with the tube, Fig. 3.) and there- 
fore, fince 4Ction and readion are equal and 
contrary to each other, the water immediately 
below the furfke B f will be preffed as much 
downward by it, as if it was immediately touched 
and pref€+d by a column of the height g A, and 
gf the diameter B f: and therefore, the water 
in  the cavity B D  df will be preKed as much 
downward upon its bottom CC, as the bottom 
of the other ,veffel (Fig. 5.) is preffed by all tho 
water above it. 

To illufirate this a little father, let a hole bc 
mad$ at f in the fixed top Rf, and let a tube C 
be put into it ; then, if water be poured into the 
tube A, it will (after filling the cavity B d )  rife 
up into the tube G, until it comes to a level with 
that in the tube A, which is manifeltiy owing to 
the preffure of the water in the tube A, upon 
that in the cavity of the veffel below it. Con- 
fequently, that part of the top Bf, in which the 
bole is now made, would, if corked up, be 

prefled, 

Fig. 4. 
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prellPd upward with a force equal to the weight 
of all the water which is fiipported in the tube G: 
and the fame thing would hold at g, if a hale 
were made there. And To if the whole cover or 
top B f were full of holes, and had tubes as high 
as the middle one A g  put into them, the water 
in each tube would rife to the fame height as it is 
kept into the tube A, by pouring more into it, 
to make up the deficiency that it i'ultains by fup- 
plying the others, until they are all full: and 
then the water in the tube A would fupport 
equal heights of water in all the reit of the tubes. 
Or, if all the tubes except 4, or any other one, 
were taken awa?, and a large tube equal in dia- 
meter to the whole top B f were placed upon it, 
and cemented to it, arid then if water wcre 
poured into the tube that was left in either of 
the holes, it would afcend through all the reit of 
the holes, until it filled the largt . rbe to the 
fame height that it ftands in the findl one, after 
a fufficient quantity had been poured into it: 
which hews, that the top B f was preffed up- 
ward by the water under it, and before any 
bale was made in it, with a force equal to that 
wherewith it is now preffed downward by the 
weight of all the water above it in the great 
tube. And therefore, the re-altion of the fixed 
FOP B f muft be as great, in prefing the water 
downward upon the bottom CC, as the whole 
preffure of the water in the great tube Tould 
have been! if the top had been tdwi away, and 
the water in that tube left to prers diriEtly upon 
the water in the'cavity B D df. 

Perhaps the beit machine in the world for Fig. 6. 
dcmonfirating the ypward prcffure of fluids, is The  b- 
the hydrofiatic bellows A ; which confiits of two Cf??. 
thick oval boards, each about 16 inches broad, 
pnd $8 inchcs,long, covered with leather, to 

ope4 
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open and hu t  like a common bellows, but with. 
but valves; only a pipe B, about three feet 
high, iS fixed into the bellows at  e. Let  fomc 
vrfater be poured into the pipe at c, which will 
run into the bellows, and feparate the: boards a 
little. ?'hen lay three ,weights b, c, d, each 
weighing JOO pounds, upon the upper board, 
3rd pour more water into the pipe B, which will 
f u n  into the bellows, and raife up the board with 
a11 the weights upon it; and if  the pipe be kept 
fldl, until the weights are raifed as high as the 
leather which covers the bellows will allow them, 
the water will remfin in the pipe, and fiippurt 
all the weights, even though it fliould weigh no 
.more than  a quarter of a pound, and they 300 
pounds: nor will all their force be able to caufe 
them to defcend and force the water out at the 
top of the pipe. 

T h e  rearon of this will be made evident, by 
confidering, what has been already Gid of the 
rehlt of the preirure of fluids of equril heights 
without imy regard to the quantities. For, if a 
hole be made in the upper board, and a tube be 
put into it, the water will rife in the tube to the 
lime height drat it doessin the pipe: and would 
rife as high (by fiipplying the pipe) in as many 
,tubes as the board could conrain holes. Now, 
fuppofe only one hole to be made in any parr o f  
the board, of an equal diameter with the bore of 
the pipe B ; and that the pipe holds j u i t  a guar- 
xer of a pound o f  water; if a perfon claps his 
finger upon the hole, and the pipe be filled with 
water, he will find his finger to be preffed up- 
ward with a force equal to a quarter of a pound, 
And as the fame preirure is equal upon allequal 
part. of the board, each part whofe'area is 
to the area of the hole, will be preffed upward with 
a force equal to t~iat  of a quarter of a pound I CIX 
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futm OC all which preffures againfi the under fide 
of an oval board 16 inches broad, and I 8 inches 
long, will amount to 300 pounds ; and therefore 
f i  much weight will be raifed up and fupported 
by a quarter of a pound of water in the pipe. 

Hence, if a man itands upon the upper board, HOW a 
and blows into the belfows through the pipe B, man may 
he will raife himfelf upward upon the board : ~ ~ l i ~ $ i m -  
and the finaller the bore of the pipe is, the eafier ward\; 
he will be able to raife hiqfelf. 
clapping his finger. upoh the top of the pipe, he breath. 
can fupport himklf as long as he pleafes; pro- 
vided the bellows be air-tight fo as not to lofie 
what is blown into it' 

This figure, I confefs, ought to Iinve been 
much larger than any other Fipon the plate; buq 
it was not thought of, until all the reft were 
drawn; and it could not io properly Gome into 
any other plate. 

fluids, a piece of lead may be made to fwim inlead may be made water, by immerfin it to a proper depth, and to fwi,n 

C D  be d gbfs tube, open throughout, and 
E F G  a flat piece of lead, exatkly litted to the Fig, ,. 
lower end of the tube, not to go within it, but 
for it to fiand upon ; with a wet leather between 
the lead and the tube to make clofe work. Let 
this leaden bottom be half an inch thick, and 
held dofe to the tube by pulling the packthreac) 
I lJL upward at L with one hand, while the. 
tube is held in the other by the upper end C, 
Jn this fitoation, let the tube be immerfed ,in 
water in the glzG veirel AB, to the depth of fix 
inches below the furface of tlie water at K :  and 
then, the leaden bottom E F G  will be plunged 
lo the d.epth of fomewhat more than elwen t i m a  I 

its 

And then, by his 

Upon this principle of the upward preffure of How f'lid 

keeping tlie water B rom getting above it. Let;inwnter. 
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i t s  own thicknefs: holding the tube at that 
depth, you may let go the thread at L ;  and 
the lead will not fall from the tube, but will be 
kept to it by the upward preffure of the water 
b low it, occafioned by the height -of the water 
at K above the level of the lead.' For as lead is 
T 1.33 times as heavy as its bulk of water, and is 
in this experiment imrnerfed to a depth fome- 
what more than I 1.33 times its thicknefs, and 
no water getting into the tube between it and 
the lead, the column of water E e b c G below the 
lead is preired upward againit it by the water 
KD E G L a11 around the tube ; which water 
being a little more than I 1.33 times as high as 
the lead is thick, is fufficient to balance and fup- 
port the lead at  the de th K E ,  If a little water 
be poured into the tu i e' upon the lead, it will 
increafe the weight upon the column of water 
under the lead, and caufe the lead to fall from 
the tube to the bottom of the glafs vcirel, where 
it will lie in the fituation b d. Or, if the tube be 
raifed a little in the water, the lead will fill by its 
okn Weight, which will then be too great for the 
preffufe of the water around the tube upon the 
column of water below it. 

Hawlight Let  two pieces of wood be planed quite flat, fb 
wood may as no warer may get in between them when they 
be made are put together: let one of the pieces, as b da to  lie at  
thebot- be cemented to the bottom of the veffel A 8  
tom of (Fig. 7.) and the other piece be laid flat and clofe 
water* ,upon It, and hcld down to it by a fiick, while 

water i s  poured into the veKel; !hen remove 
the itick, and the upper piece of kood wi1l.not 
rife from the lower one : for, as the upper one is 
preired down both by its own weight and the 
weight of all the water over it, while the con- 
trary preffure of the water is kept OF by the 
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 WOO^ under it, it will lie as itill as a itone would 
dp in its place. But if it be railed ever fo little 
at any edge, Come water will then get under it 1 
which being a&ed upon by the water above, will 
immerlimly prefs it upward; and as it is lighter 
than its bulk of water, it will rife, and Boas upon 
the furface of the water, 

All Auids weigh juit as much in their own 
eleinenrs as they do in open air. To prove 
this by experiment, lec as much h o t  be put inn, 
R phial, as, when corked, will make it fink in 

-water: and, being thus charged, let it be 
weighed, firft in air, and then in water, and 
the weights in both cafes wrote down. Then, 
as the phial hangs Cufpended in water, and 
counterpoifed, pull out the cork, that water may 
run into it, and it will defcend, and pull down 
tliat end of tlie beam. This done,. put as iniiclr 
weight i n t o  the oppofite fcale as will reRore the 
eq~ipoile ; which weight will be found to snfwer 
exaAly to the additional weight of. the phial when 
i t  is again weighed in air, with the water in  it. 

The velocity with which water fpoues out at a 
hole in the fide or bottom of a veii'e~, is a5 t~ie$~& 
fquare root * of the depth or diitance of the 
jhule below !he furface of the water. For, in 
srder to make double the quantity of a fluid 
r w  throtfgh one hole as through another of the 
fame fize, it will require four t inm the preKiire 
of the other, and therefore mull be four times 
the depth of tlie &her below the fiirface of thc 
water: and for the Cime reafon, three times tlie 
quantity running in an equal time through the 

* TbC $are root of any number is that which Ling 
rnr*tlP1led by itfelf produces the Lid number. Thus, z is 

fquFrc root of 4, and 3 is the Quare root of 9 :  for z 
multiPllCd bY produces 4, and 3 multiplied by 3 produce8 

* 

g, &c. 
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fame fort of hole, mufi run with. tlirec time, 
the evelocity, which will require nine times thc 
preffure ; and confequently rnuf't be nine times 
qs deep below the furface of the fluid: and io 
on.--?'o prove this by an experiment, let two 
pipes, as. C and gJ of equal Gzed bores, bo 
fixed into the fide of the veffel A B  j the pipe 
g being four times as deep below the furface of 
the water at 6 in the veirel as the pipe C is : and 
while thefe pipes run, let water be confiantly 
poured into the veifel, to keep the fiirface Rill 
;)t the fame height. Then, if a cup that holds 
a pint be fo placed as to receive the water,thar 
fpouts from the pipe C,. and at the fame mQiiient 
a cup that holds a quart be fio placed as to re- 
ceive the water that $outs from the pipe g, both 
gups will be filled at the fame time by their re- 
fpeeive pipes, 

T h e  hori- The horizontal diftdnce; to which a fluid will 
conta* $out from a horizontal pipe, in any part ofi the 
&lance towhicf, fide of an upright vend below the furface of the 
water will Avid, is equal to twice the length of a perpen6 

dicular to the fide of the veffel, drawn from the 

8. 

mouth 'of the pipe to a femicircle defcribed upon 
the altitude of the fluid: and therefore, the 
fluid will fpout to the greareit: difiance pofiible 
f'roin a pipe, whofe mouth is at the center of 
the femicircle ; becqfe a perpendicular to its 
diameter (fiuppofed parallel to the fide of the 
veKel) drawn from that point, is the longelt that 
can pofibly be drawn from any part of the 
diameter to the circumference of the feinicircle, 
Thus, if the veffel A B be full of water, the 
horizontal pipe D be in the middle of irs fide, 
and the femicircle Ndcb  be defcribed upoil D 
as a center, with the radius r or femidiametek 
Dg N, or Qf$, the perpendicular 2) d to ttk 
diameter N D b  is the longefi that can be dmwq 

from 
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from any part of the diameter to the circumfe- 
rence N d c b ,  And if the veffel be kept full, 
die jet  G will @out from the pipe D, to the 
horizontal diItance NM,  which is double the 
length of the perpendicular D d. If two other 
pipes, as C and li, be fixed into the fide of the 
vtrlTi.1 at equal diitances above and below thc 
pipe D, the perpendiculars Cc and E e, from 
thefe pipes to the femicircle, will be equal ; and 
she jets F and H fpouting from them will each 
go to die horizontal diitance NK ; which id 
doubk the length of either of the equal perpen- 
diculars Cc or E G .  

Fluids by their preKiire may be conveyed over How wx- 
bills and valliks in bended pipes, to any height terImY lx con- not greater than the level of the +ring from 
whence they f l ~ w .  But when they are deGgned over ll i i~r 
to be raifed higher than the fprings, forcing en- and v3- 
gines muit be ufed; which fliall be defcribedlia* 
when we come to treat of pum s. 

qoors, is a bended pipe, whofe legs are of un-Pboa* . 
equal lengths ; and the fliorteft leg inuit always 
be put into the liquor intended to be decanted, 
that the perpendicular alritude of the column of 
liquor in the other leg mny be longer than the 
column in the immerfed leg, efpecially above 
the fiirfacc of the water. For, if both columns 
were equally high in that rcfpeCt, the atmo- 
fpherc, which preres as rnuclr upward ns down, 
ward, and therefore a&' as much upward 
ggaiidl the column in' the leg tliat hangs without 
the vefiel, as it atis downward upon the fur& 
&e of tbe liquor in the veKel, WOLP hinder+ 
die running of the liquor through the fyphon, 
even though it were brought over the bended 
part by funion, SO that there is nothing left ta 

6 caufc 

A Syphon, generally ufcd 1 or decanting li- The&- 
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caufe the motion of the liquor, bur the fuperiar 
weight of the column, in the longer le 
account of its liaving the greater perpen ag’ icular On 

height, 
Let: D be a cup filled with water to C, and 

AB C a fyphon, whofe fhorter leg B C F is .im- 
merfed in the water from C to I;: If the end of 
the other leg were no lower than the line AC, 
which is level with the, furface of the water, the 
fyphon would not run, even though the air 
fhould be drawn out of it at the mouth A. For 
although’ t h t  fu&ion would draw Come water at 
firfi, yet the water would itop a t  the momenr 
the fullion ceded ; becaufe the air would a& as 
much upward againit the water at A, as it a&ed 
downward for it by prefing on the Curface at C. 
But if the leg A B  comes down to G, and the 
air be drawn out at G by fu&ion, the water will 
immediately follow, and continue to run, until 
the firface of the water in the cup comes down 
to F’; becaufe, till then, the perpendicular 
height of the column B A  G will be greater than 
that of the column CB; and confequently, its 
weight will be greater, until the furface comes 
down to F’; and then the fyphon will itop, 
though the leg CF ihould reach to the bottom 
of‘ the cup. For which reafon, the leg that 
hangs without the cup is always made long 
enough to reach below the level of its bottom ; 
as from d to E: and then, when the fyphon is 
emptied of air by lu&ion at E, the water im- 
me’diately follows, and by its continuity brings 
away the whole from the cup ; jut t  as pulling 
one end ole a thread will make the whole clue 
follow. 

If the perpendicular height of a fyphon, from 
the furface of the water to its bended top at B, 

ht 
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be more than 33 feet, it will draw no water, 
wen though the cther'leg were mtich longer, 
and the fyphon quite emptied of air ;  becaufe 
the weight of a column of water 33 fret high, 
is equal to the weight of as thick a column,of 
air, reaching. from the furface of the earth 'to 
the top of the atmofphere; To that tkert: will 
'then be an equilibrium, and confequently, though 
there would be weight enough of air upon the 
'furface C to make the water afcend in the leg 
C B  alinoIt to the height B, if the $phon virerd 
emptied of air, yet that weight would not bc 
fvfficient to force the water over the bend; and 
therefore, it could never be brought over into 
the leg B A G. 
* Let  a hole be made quire through tlie bottom Fig. 10. 

of the {up A, and the longer leg of the bendcd T~M@*#'# 
fyphon D E B G be cerneiited into tlie hole, focup* 
that the end D of the fhorter leg D E  may al- 
mofk touch the bottojn of the cup within. 

Then, if water be poured irlto this cup, itwill 
rSiE in the tborter leg by its upward prelTilrc, 
driving out the air all the way bcf'ore it through 
the longerleg: and when the clip is filled above 
the bend of the Cyphon at P, thc preffure of the 
Water in the cup will force i c  over the bend of 

will defcend in the longer leg 
hraugh the bottom, until the 

ally called T'sntaltrs's clcp, and 
phon in it ardalmofk clofe to- 
tle Iiollow fkatue, or figure of 

a man, is fometimes put over the fyphon to cm- 
Ceal i t ;  the bend E being withi@ the neck of' 
the .figure as high as the chin. So that 'poor 
thifpty Tunrulu~ fiands up to the chin in water, 
i*agining it will rife. a little higher, and he 

I I may 
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may drink; but initead of that, when the water 
comes up to his chin, it immediately begins to 
defcend, and Co, as he cannot h o p  to follow 
it, he is left as much pained with tlcrft as 
ever. ' 

rbefim- :The device called the fountain at commaad, 
toin Ot a& upon the fame principle with the fyplion in 
CO-Hli. 
P ~ ~ X I ,  th? cup. Let two veffels A and B be joined 
Fig. I. together by the pipe C which opens into them 

both: Let A be open at top, B clofe both at 
top and bottom, rave only a fmall hole at b to 
let the air get out of the vefi'el B, and A be of 
fuch a &e, as to hold about fix times as much 
water as B. Let a fyphon D E F  be foldered to 
the velfel B at e, fo that the part D E e  may be 
within the veKel, and F without it; the end D 
alrnofi touching the bottom of the veffel, and 
the end F below the level of D: the veflel B 
hanging to A by the pipe C (foldered into bo&) 
and the wholekipported by the pillars G and H 
upon the itand I, The bore of the pipe mull 
be confiderably lefs than the bore of the r .  fy- 
phon. 

The  wholk being thus cbnitrulted, let the 
veKel A be filled with water, which will riin 
through the pipe C, and fill the veffel B. , When 
B is filled above the top of the fyphon at E, the 
water will run through the.fyphon, and be dif- 
charged at F.' But as the bore of the fyphon 
is larger than'the bore of the pipe, the fyphon 
will Tiin faiter &an the pipe, and will Coon 
empty the veKcl 0; upon which the water will 
ceafe from running through the $phon at F' 
until the pipe C refills the veffel B, and then it 
will begin to run as before. And thus the fy-, 
phon wiil continue to rim and flop alternatclj'r 
h t i l  all the water i n ,  the veffe) A has run 

through 



rhroulfh the pipe.C.-So that after a few trials, 
one may eaGly guefs about what time the fy- 
phon vi11 flop, and when' it will hegin to run L 
and then, to amufe others, he may cqll outjop, 
or rcm, actordingly. 

Upon? this principle, we may eafily account 
for itzimm'tLiq, or rs.ciprocating [pings. \Let mitti*8 
A A  be part of a hill, ,within which there is a 
cavity B B; and from this cavity a vein or Fig- 2s 
channel running in the direaion BCDE,. T h e  
rain ehat:fails upon the fide.oY the: hill will fink 
and &rain through the fmall pores and crannies 
G, G, F, G j and fill the cavity with water K. 
When the water rifes to the level HHC, the 
v&n B CD E will be filled to C, and the water 
will run through .C D F as through a fyphon i 
which running will continue until the cavity be 
cmpfied, and then le will flop until the cavity be 
filltd again. 

T h e  'commott p m p  (imprdperly called t1ieJuek- The CQR- 

izrg p m p )  with which we draw water out o f m a n ~ u m ~ o  
wells, is an engine.both pneumatic and hydraulic. 
It conlifis of a pi e open at both ends, in which 
is a moveable pi R on or bucket, as big as the 
bore of' the pipe in that part wherein it works.; 
and is leathered round, To as to fit the bore 
exattly 5 and may be inoved up and down, with- 
Out fuffering any air to come between it and the 
pipe or pump barrel. 

We' ha l l  explain the conitruAiofi both of 
this and the forcing-pump by piatures of glafs 
models, in which both the a&ion of the pittons 
and motim of the valves arc ken. 

Hold the model D C B L  upri lit in the veffel 
of 'warer K, the watqr being k e p  enough to 
&at lea&-as high as from A to L. T h e  valve 
Q w the moveable bucket C, and the yalve B 

I 2  on 
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Of Hydraulic Engines. 
on the fixed box H (which box quite fills the 
bore of the pipe or barrel at H )  will each lie 
clofe, by its own weight, upon the hole in tke 
bucket and box, until the engine begins to 
work. T h e  valves are made of brafs, and 
lined underneath with leather for covering the 
holes the more clofely : and the bucket G is 
raifed and depreffed alternately by the handle E 
and rod D d, the bucket being fuppofed at B 
before the working begins. 

Take hold of the handle E, and thereby 
draw LIP the bucket froin B to C, which will 
make room for the air in the pump all the way 
below the bucket to dilate itfelf, by which its 
fpring is weakened, and then its force is not 
equivajent to the weight or preffure of the out- 
ward air upon the water in the veffel K r  and 
therefore, at the firit ftroke, the outward air 
will prefi up the water through the notched 
foot A, into the lower pipe, about as far as e: 
this will condenfe the rarefied air in the pipe 
between e and Cto the fame fiate it was in be- 
fore; and then, as its fpring within the pipe 
is equal to theforce or preffure of the outward 
air, the water will rife no higher by the firi l  
f i hke ;  and the valve b, whic) was raifed a 
little by the dilatation of the air in the pipe, will 
fall, and flop the hole in the box 11; and the 
furface of the dater will ftaiid at e. Then, 
deprefi tlk pitton or bucker from C to R, and 
as the air in the part B cannot get back again 
through the valve b, it will (as the bucket de- 
fcends) raife the valve a, and fo make its way 
through the upper part of the barrel d into the 
open air. But upon raifing the bucket G a fed 
cond time, the air between ,it and the water 'in 
the lower pipe at a will be again left at liberty to 

fill 
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r;ll a larger fpace; and io its fpring being again 
weakened, the preflure of the outward air on 
the water in the veffel K will force more water 
up into the lower pipe from e to f; and when 
the bucket is at its reateit height C, the lower 

H as before. A t  the next,itroke of the bucket 
or piiton, the, water will rife through. the box 
Htoward B, and then the valve 8, which was 
raikd by it, will fall when the bucket G is at 
its greateft .height. Upon depreang the bucket 
again, the water cannot be puhed back through 
the valve 6, which keeps clofe upon the hole 
while the piRon defcends, And ypon raifing 
the piiton again, the outward preffure of the air 
will force the water up through f?, where it will 
raife the valve, and follow the bucket to 
C. Upon the next deprefion of the bucket 
G, it will go dowh into the water in the barrel 
B'J and as the water cannot, be driven back 
through the new clofe.valve b, it will raife the 
~ a l y e  0 ag tlie bucket defcends, and will be 
lifted up by the bucket when it is next raifed. 
And pow, the whole fpace below the bucket 
being full, the water above it cannot fink wheq 

' i t  i s  next deprered; but upon its deprefion, 
47 fi valve a will rife to let the bucket go down ; 

and whep it is quite down, the valve u will fall 
by its weight, and fiop the hole in the bucket. 
When the bucket is next wifed, all the water 
qbove it will be lifted up, and begin to run off 
by the pipe I". And thus, by raifing and 
deprefing the bucket alternately, there 1s fiill 
more water raifed by i t ;  which getting above 
the pipe E, into the wide toy 1, will fupply 
the pipe, and make it run with a continued 
fiream. 

valve b will fall, an f itop the hole in the box 

3 3  Sgl  
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so, at every time the bucket is raifcd, the 
valve b rifes, and the valve a falls ; and at every 
time the bucltet is depreffed, the valve b falls, 
and a iik'e~. 
' As it is the preKure of the air or atmofphere 
$hich caufes the w m r  to rife, and follow the 
pitton or bucket G as ir is  drawn up ; and fincc 
a co!umn of water 33 feet high is of equal 
*tight with. as thick a column of the atmo- 
#bere, from the earth to the very top of. the air; 
therefore, the perpeudiculat height qf the piRon 
or  bucket from the Surface of the water in the 
well muit always be lefs than 33 feet ; otherwife 
she water will never get above the bucket,' 
Etrt, when the height is lefs, the preffire of the 
Btinolphere will be greater than the weight of 
the water i n  the pump, and will therefore raife 
it above the bucket:, and when the water has: 
once got above the bucket, it may be lifted' 
thereby to any height, if the rod D be made 
long enough, and a fiffi'cient degree of itrength 
be employed, to raife it with the weight of the 
water above the bucket. 

T h e  force required ro work a pump will be' 
as the height to'which the water is raif'ed, and 
as the fquax  of the diameter of the pump-bore, 
in thac.part where the pifion works. So that, 
if two pumps be of equal heights, and &ne of 
them be twice as wide in the bore as the other, 
the wideit will ni le  four times as much water 
as the narrow& ; and will therefore require four 
times as much itrength to work it. 

T h e  widericfs or narrownefs of theApiiilt 
any other part befide that in which the pi 
works, does not tnake the pump eithcr mor 
1eTs diAEcult to work, except .what difference 
may arife from the friLtion of the water 'in the 

bore i 
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bore ; which is always greater in a narrow bore 
than in a wide one, becaufi of the greater velo- 
city of the miter. 

The pump-rod i s  never raifed dirc&ly by fuch 
a handle as E a t  the top, but by means of a 
lwei, * whde longer arm (at the end of which 
the power i s  applied) generally exceeds the 
length of the ihorter arm five or fin times ; and, 
by .that weans, it gives five or Ax times as much 
advantage to the power. Upon thee principles, 
it will be eafy to find the dirnenfions af a pump 
that &all work with a given 
water from any given depth. 
calculations have been general 
pump-rnalgm. (dther for want of kill or in- 
duitry) tliC following table was calculated by the 
]late ihgenious Mr. Bclctb for their benefit". 
In  this calculation, he fi:ppofed the handle of 
the pump to be a lever increafine the power 
five times ; and had ofien found that a nian can 
work a pump four inches diameter, and 30 fee! 
high, and dikharae 2731. gallons af water (Eng- 
Iifh wine meafure) in a minute. Wow, if it b,e 
required to find the diameter of a pump, that 
,$dl raife water with the fame eafe from an3 
orhey height above the furface of the well; look 
for that height in the firfi column, and aver? 
+gainit it in the {econd you have the diarnertr o~ 
width of the pump ; and in the: third, you find 
the qtiantity of water which a man of ordinary 
firengrh can difcharge in a minute. 

* I have taken the .liberty to make a few alterations is 
hlr. Ruoib's numbers in thc tape,, tpd to lengthen it ouq 
f p m  ad feet tp IO& 

Height 
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The fovcing pump raifes water through the 
box N in the fame manner as the common pump 
does, when the plunger or pilton g is lifted 
up by the rod D d. But thj i  plunger has no 
hole through it, to let the water in the barrel 
B C get above it, when ir is depreffd to B, and 
the valve b (which rofc' by the afcent of the 

water 

'* 
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Water through the box H when the plunger g 
was drawa up) falls down sand mops the hole i4 
4 the moment that the plunger is raifed to its 
greattit height. Therefore, as the water be- 
tween the plunger g ahd box 1 -  can neither get 
through the plunger upon its defcent, nor back 
again into the lower pah of the pump L e, but 
has a free pagage by the cavity around H i n t 0  
the pipe M M ,  which opens into the air-veffel 
K K  at P; the water is forced through the pipe 

M by the defcent of the plunger, and driven 
into the air-veirel; and in running up through 
the pipe at  P, it opens the valve a j which huts  
at the nioinent the plunger beglns to be raifed, 
becaufe the aQion OF the water*againft the under 
fide of the valve then ceafes. 

The  water, being thus forced into the air- 
veRe1 K K  by repeated itrokes of the plunger,, 
gets above the lower end of, the pipe G I 1 4  
and then begins to condenfe the aiiin the veiliel 
X K ,  For, as the pipe G H is fixed air-tight 
into the veffel below F, and the air has no way 
to get out of the vei3el but through the mouth 
of the pipe at 1, and cannot get out when the 
mouth I is covered with water, and is more 
and more condenfed as the water rifes upon the 
pipe, the air then begins to ac2 forcibly by its 
$ring agsinfi the furface of the'water at  N: and 
this aftion drives the water up through the pipe 
I N G  F, fi-orn whence it @outs in a j e t  S to a 
great height; and is flipplied by alternately rai f in~ 
and deprefing of the plunger g, which con- 
Rnntly forces the water that  it hires througb 
the valve.H, along the pipe MM,  info the air- 
W&l K K.  - _ _  

The higher that the Curface of: the water H ig 
9 i f 4  in the air-ve@l, the lek Cjace will the, 
/ 



air be candenfed into, which before filled that 
ueEel; and therefore the force of its +ring wilt 
be io much the Rronger vpm rhe water, and 
wiW, drive it wit& the greater forde through 
pipe at I.': and as the fpring of the air cow 
tinies while the plunger g is rifing, the firearn 
or jet S will be uniform, as long as thc atlion 
of the plunger continues: and when the valve b 
Opens, ta iec the water follow the plunger up- 
ward, the valve $ fhuts, to hinder the water, 
which is tbrced into the air-veffcl, from rtmning 
back by the pipe M M  inco the barrel of the 
Pump 

air-veKel to this engine, the 
pipe G HI would be joined to the pipe M M N .  
at P; and then, the j e t  S wawld ftop every 
girne the plunger fy raifcd, and run only when 
@,e plunger is ctepreGd. 
Mr. Nmfinm's water-cngine, for extinpilb- 

ing fire, ' conGfts of two forcing pumps, which 
alternately drive water intQ a dofe veKA of air 
and by forcing the wqter into that veffet the air 
in it is thereby condcnfbd, and cornprefiks the 
water fo ttrongly, that it rukes out dth grcat 
impewofiry and force through a pipc that comes 
dowh into it 5 and makes a conrinaed' uniform 
firearn by the condenfation of thF air u p ~ n  its 
furface in the veKe1. 

By means of forcing-pumps, wziter may be 
raifcd to any heighc above the lwei of a river 
or fpring; and machines mxy be contrived to 
work there pumps2 either by a running fircam, 
a fall o f  water, or by horfes. An inttance in each 
fort will be fuficirnt to h e w  the method. 

Firfi, by a runiiing fiream, or a fall of 
per. Let A A  be a wheel, turned by the fall 
of water B R; aud have any number of crank4 

If. there was 

PlateXII. 
pi& 10 

' I  (W- 



n 
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(lQppofe fix) as C, D, E, F1 ", H, 1 on its axis, 
according to the firength of the fall of water, 
zfnd ihe height to which theywater is intended to 
be raifed by the engine. As the wheel turns 
round, thefe cranks move rhe levers 
Up and down, by the iron rods iJ 
which alternately raife and dqmfs t 
the otlier iron rods p ,  q, T, J J  t ,  
twelve pumps ; nine whereof, as L, M, N, 0, P ,  
.$$ R, 8, I, appear in the plate+ the other three 
being hid behind the: work a t  Ye. 
may go fiom 'all thefe pumps, t 
Water (drawn up by them to a fin 
'a dole cifiern, from which the Fain plpe gaes 

e forced into rhis ciftern by 

* iftomupon its defcent will force the water (con- 
into the ciitern by a former itroke) up 

ain pi$eo tq,'the height th6 engine was in- , 

fended to raig it i which height depends upon 
nd the pow?r(rr that  turn 

When fuch a machine is placed in a ftreani 
that runs upon B final1 declivity, the motion of 

the 
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che levers and aaion of the pumps will be but 
flow; fince the wheel muft go once round for 
each itrol<e, of the pumps. But, when there is a 
Iarge body of flow running warer, a cog or fpur- 
wheel may be placed upon each fide of the 
water-wheel A A, upoh its axis, to turn a trundle 
upon each fide; the cranks being upon the axis 
of the trundle. And by proportioning thq cog- 
wheels to the trundles, the motion of the pumps 
may be u-,ade quicker, according to the quantity 
qnd ftrength of the water upon the firft wheel; 
which may be as great as the worktnan pleafes ; 
qccording ta the length and breadth of the float- 
boards or wings of the wheel. In this manner, 
the engine far raifing water at London-Bridge is 
conkrutled j in which, the water-wheel is 20 feet 
diameter, and the floats 14 feet long, 

Where a fiream or fall of water cannot be had, 
and gentlemen want to have water raifed, and 
'brought to til$ houfcs from a rivulet or fpring; 
this may be effetted by a horfc-engine, worl<ing 
three forcing pumps which Rand in a refqrvoir 
filled by the f ring or rivulet: the pifions being 
moved up an x down in the pumps by means of a 
triple crank AB C, which, as it is turned round 
by the trundle G, raifes and depreffes the rods 
D, E, F. The  trundle may be turned by fuch a 
wheel as F in Fig. I .  of Plate VIII. having le- 
vers y,y,y,y, on its upright axle, to which horfes 
may bc joined for working the engine. , And if 
the wheel has three times as many cogs as the 
trundle 1x1s figves or rounds, the trundle and 
cranks will rrialte three revolutions for evcry one 
of the wheel: and as each crank will fetch a 
ftroke in the timejbgoes round, the three cranks 
will make nine hokes  for every turn of the great 
wheel. 

T h e  

A yuump 
'%Ine 

i$!L. 
Fig, 2r 
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The cranks fhould be made of call iron, be 
Ca&e tbat will not bend 1 and they fhodd each 
make an angle of 120 with both of the'others, 
as at lz, b, c;  which is (as it were) a view of their PlateXIr, 
radii, in looking endwife at  the axis: and then %. 2- 

there will be always one or other of them going 
downward, which will puih the water forward 
With a continued fiream into the main pipe. 
por, when b is Blrnoft at its loweit pofition, and 
is therefore jurt beginnipg to 'lofe its aEtion upon 
the piiton which it moves, c is beginning to move 
downward, which will by its pitlon continue tile 
propelling force upon the water: and when c is 
come down to the pofition of b, CL will be in the 
pofition of c. 

T h e  more perpendicularly the pifion rods 
move up and down in the pumps, the freer a n d  
better will their Ltrolces be: but a little clevia- 
tion from the perpendicular will not be material. 
Therefore, when the pump-rods D;E, and 17, 
go down into a deep well, they may be nioved 
direfitly by the cranks, as is done in a very good 
horfe-engine of ,this fort a t  the latc Sir James 
Creed's a t  Grcenwicb, which forces up water about 
64 feet'from a well under ground, to a refervoir 
on the top of his houf'. But when the cranks 
are only at 'a finall height above the pumps, the 
piitons mull be moved by vibrating levers, as in 
the above engine a t  Blenheim: and the longer 
the levers are, the nearer will the ltrokes be co a 
perpendicular. 

Jizrna Creed's, the reet wheel is I 2 feet diame- titY of 
he 

of each crank g inches, working a piRon in Itsraifcidby 
Let there be three pumps in all, and thu a Iiprfe- 

gore of each pump be four inches diameter.en@ne* 

Let us fuppofe, that in filch an engine as Sir Thequm- 

w m r  that ter, the trundle 4 f& eet, and the radius or 1eng.h 

urnp. 

Then, 
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Then, if the great wheel has bhree tirnes.as many 
cogs as the trundle has, fiaves, ehe truudla iind 
cranks will go three times round for each rcvolu- 
tbn of the horfes and wheel, and the three cranks 
will malce.ninc Strokes of the pumps in that time, 
each h o k e  being I 8 inches (or double the length 
of the crank) in a four-inch bore, Let  thedia7 
meter of the horfelwalk be 18 feet, and the pet;- 
pendicwlar height to which the water is raifed 
above the furface of the well be 64 feet. 

If the horfes go at the rare of two nailes'an 
hour (which is very moderate walking) they 
will turn the great wheel 187 times round in an 
hour. 

i n  each turn of the wheel the piitons make g 
Qrokes in the pumpsp which amount to 1683 in 
an hour. 

Each ftroke raiks a column of warer I 8 inches 
long, and four inches thick, in the pump-bar* 
rels; which column, upon the defcent of the 
piiton, is forced into the main pi e, whofe per- 
pendicular altitude above the fur P ace of the well 
>is 64 feet. 

Now, f i n e  a column of water J 8 inches lonij 
and 4,inches thick, contains 126.18 cubic inchcs, 
this number multiplied by 1683 (the flrokes in 
an hour) gives 380661 for the number of cubic 
inches of water raifed in an hour. 

A gaIlon,h wine meafure, contains 2.3 I cubic 
inches, by which divide 380661, and it quote$ 
r468 in round numbers, for the number ofgallons 
raifed in an hour; which, divided by G3, gives 
26$ hogfhead .-If the horks go fdter, the qiian- 

.In this calculation it is fiippofed that no water 
Ps w@ed by the engine. But as no forcing% 
mgine .can be fuuypofed to lofc lefs than a fifth 

pug 

tiry raifeed wil I be io much the greater. 
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part of& calculated qu'antity of water, between 
die pilloos and bai-i~ls, and bv die opening and 
Gutting of the valves, the h r f &  ought to w a k  
almoft 2.4 miles pp. hour, so fkcch up this lo&. 

A column of water 4 inches click, and 64 feet 
high, weighs 3 4 . ~ 2 ~  pounds avaidupoife, os 
42hsz: pounds troy; and chis weight, together with 
the frieion of tlie engine, is the refia;ince ehat 
%u& be overcome by the firength of the horfes, 

T h e  hork-tackle lhould be fo contrived, that 
the horks may rasher puili oh than drag die 
levers after them. For if they draw, in going 
round the walk, the outGde leather Qraps will 
'rub again& their fides and hams ; which wiU 
hinder them fmm drawing at right angles to ~ h c  
levers, and ib make them pull at a difadvantagc. 
&ut if they pufli the levers before their breaits, 
hfiead of dragging t;hcm, they can always, walk 
at right angles' to the& levers. 

It is no ways material what the diaineoer q€ 
the main or conclua pipe be: for the wlmle re- 
fiitance of the water thcrein, agaiiifi tlie hfb, 
will &e according to the height to which it is 
raifed, and the.diameteraf that part of the pt~inp 
in which the p i h n  works, as w e  have already 
obftrved. So that by the fame pump, an equal 
quantity of water m a y  be raifed in (and cotzfc- 
quently made to run from) a pipe'of a foot dia- 
meter, with chi: 6rpe eafi as io, a pipe of five (K 

fix inches : or rather wit11 mare cafea becaul'bito 
velocity in a large pipe will be lefs than in a 
fmall one ; and thercfore its friEtion againit the 
fidds,of the ipe will be leis alh. 

, I  And the P orce reqiiired to raife watersdepends 
not upan the length of the pipe, but upon the 
perpendicular height to which it is raifed therein 

$.above the level of'.the Cpring; So that the fkm 
4 force, 
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force, which would raife water to the height AB 
in  the upright pipe Ai k I m n o p  q B, will raife it 
to the fame height or level B I H in the oblique 
pipe A E F G  H. For the preKure of the water a t  
the end A of the latter, is no more than its prer- 
f ire againit the end A of the former. 

T h e  weight or preffure of water a t  the lower 
end of the pipe, is .always as the fine of rl 

level parallel to the horizon. For, although the 
water in the upright pipe AB would require a 
force applied immediately to the lower end A 
equal to the weight of all the water in ir, to fip- 
port the water, and a little inore to drive it up, 
and out of the pipe j yet, if that pipe be inclined 
from its upright pofition to an angle of 80 de- 
grees (as in A 80) the force required to fupport 
or to raife the fame cylinder of water will then 
be as much let& as the fine 80 h is Ids than the 
radius A B ;  or as the fine of 8 0  degrees is lefs 
than the fine of go. And fb, decreafing as the 
fine of the angle of elevation leKens, until it ar- 
rives a t  its level A C or place of rett, where the 
force of the water is nothing at either end of the 
.pipe, Fat+ although the abfolute weight of the 
water is the fame in all pofitions, yet its preliiire 
at the lower end decreafes, as the fine of the angle 
of elevation decreafes ; as will appear plainly by 
a farther confideration of the figure. 

'Let two pipes, A B and A C, of equal lengths 
and bores, join each other at A ;  and let the pipe 
A B be divided into roo equal parts, as the'fcale 
S is j whofe,length is egual to the length-of the 
pipe.-Upon this length, as a radius, defcribe 
the quadrant B CD, and divide it into 90 equal 
parts or degrees. 

Let the pipe A C be elevated to IO degree 
upw 

Fig. 3. 

angle to which the piPe is elevated above t d 
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upon the quadrant, and .filled with water; then, 
part of rhc water that is in it .will rife in the 
pipe A B ,  and if it be kept full of water, it will 
raik the water irr the pipe A B  fiom A to i; 
that is, to a level i IO with the mouth of the 
pipe a t  IO:  and the upright line n io, equal to 
A i, will be the fine of IO degrees elevation4 
which being meafured upon the kale  S, will be 
about 17.4 of fuch parts as the pipe contains 
100 in length: and therefore, the force or pref- 
fure of'the water at A, in the pipe A IO, will 
be to the force or preffure at A in the pipe A B ,  
as 17.4 to 100. 

Let the Came pipe 6e elevated to 10 degrees 
in the quadrant, and if it be kept full of ,water, 
part of that water will run into the pipe AB, 
and rife thereihn to the height A k, which is 
equal to the le'ngrch of the upright line b 20, or 
to the fine of 2 0  degrees elevation ; which, be- 
ing meahred u p ~ n  the kale 8, will be' 34.2 of 
fuch parts as the pipe contains 100 in length. 
And therefore, the preffiire of the water at A, 
i n  the full pipe A 2 0 ,  will be rca its yrefiire, if 
that  pipe were raifed to the pcrpendic,ular fitua- 
tion AB, as 34.2 tQ 100. 

Elevate the pi e to the pofition A 30 on the 
quadrant, and i P it be fiipplied with water, the 
water will rife from it, into the pipe AB, to 
the, height AZ, or to the fame level with the 
mouth of the pipe at 30. T h e  fine of this ele- 
vation, or of the angle of 30 degrees, is c 303 
Which is jut? equal to half the length of the pipe, 
or to 50 of fuch parts of the fcnle, as the length 
of the pipe contains 100. Therefore, the prtf- 
furc of the water at A, in a pipe elevated 30 
degrees above the horizontal level, will be equal 
to one half of what it would be, if the fame pipe 

K And 
. f i o ~ d  upright in the fituation AB,  
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And thus, by elevating the pipe to 40, 50, 

60, 70, and 80 degrees on the quadrant, the 
fines of thefe elevations will be d 40, e so, f 60, 
g 70, and h 80;  which will be equal to the 
heights Am, An, Au, Ap, and Ag: and thefk. 
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84 

87 as 
89 

-_I_ 

8d 8 

go 

- 
ne of 
I 

1.3 I 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
4 9  
50 
51 
5% 
53 
54 
55 
56 
57 
58  
59 
,60 
I_ 

- 
Parts - 
87 5 
883 
891 
899 
906 
9'3 
920 
927 
934 
940 
9f1.5 
95 I 
956 
961 
966 
970 
874 
-978 
9q2 
98 5. 
988 
990 
992 
99+ 
996 
997 
995 
999 

[ooo_ 
1000 

height% 



Of Nydadic Evglnks. 

heighk mcafureci upon the kale S will be 
64.3, 76.6, 86.6, 94.0, and 98.5; which ex- 
prefs the preKires at A in all thefe elevations, 
confidering the prcffure in thk upright pipe AB 
as 100. 

Becaufe it may be of. ufe to have the lengths 
of all the fines of a quadrant from o degrees 
to goiIwetliave given the foreioing table, hew- 
ing the dcngth of the fine of every degree in 
fuch parts as the whole pipe (equal to the-radius 
of the quadrant) contains IOOO. Then the fines 
will .be: integral or whole parts in length. Bur 
if you fippofe the length of the pipe to be di-' 
vided only into IOO equal parts, the Iafi figure 
of each part or fine mutt be cut off as a decimal 3 
and then thofe which remain atl the left hand 
.of this feparation will be integral or whole 
partg. 

uadrant (fiip- 

Pbe divided into 1000 equal parts, and the ele- 
vation be 45 degrees, thep fine of that elevation 
will be equal to 707 of thefe parts : but if the 
radius be divided only into roo equal parts, the . 
fame fine will be only 70.7 or 70;~ of thefe 
parts. For, as 1000 is to 707, fo is IOO to 

As it is of great importunce to  all engine- 
makers+ to know what quantity and weight'of 
Water will be contained in an upright round 
pipe of given diameter and height; To as by 
knowing what weight is to be raiied, they may 
Proportion their engines to the' force which 
they can afford to work them 3 we hall rubjoin, 
tables hewing the number of cubic inches of 
water contained in an upright pipe of a round 
bore, of any diameter from one inch to fix and 

KfL a half, 

Thus, if the radius of &he 
ofed to be equal to the letigth o 1 the pipe ;4C) 

'70.7. 
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a half; and o f  any height from one foot to twa 
hundred : together with the weight of the faid 
number of cubic inCheS, both in troy and avoir- 
dupoife ounces. The  number of cubic inches 
divided by 231, will reduce the water to gallons 
in wine meafure; and divided by 282, will re- 
duce it to the meafure of ale gallons. Alfo, 
the troy ounces divided by 12, will reduce the 
weight to troy pounds: and the avoirdu oife 

avoirdupoife pounds. 
And here I mu8 repeat it again, that the 

weight or preKure of the water ac5ting againfi 
the power that works the engine, mukalways 
be eitimated according to the perpendicular 
height to which it is to be raifed, without any 
regard to the length of the cotidyEt-pipe, when 
it has an oblique pofition ; and as if the diams 
ter of that pipe werejufi equal to the diirmerer 
oF+that part of the pump in which the pifton 
works. Thus, by the following tables, the 
preffure of the water, againtt an engine whofe 
pump is-of a 44 inch bore, and-the erpendicu- 

is 
80 feet, will be equal to 8057.5 troy ounces, and 
to 8848.2 avoirdupoife oiinces ; whi,ch makes 
671.4 troy POUndS, and 553 avoirdupoife. 

For any bore whofe diameter exceeds 68 
inches, multiply the numbers on the fillowing 
page, againit any heighr (belon6ing to,& inch 
diameter) by the fquare of the diameter of the 
given bore, ;t?d 'thc produEts will be the num- 
ber of cubic inches, tro ounces, and avoirduc 
poife ounces of water, t rl a i  the given bore will 
contain. 

ounces divided by 16, will reduce the weig f: t to 

lar hiight of the water in the conruCt-pipe P 

I. Inch 



&dyOJlnticrrl I'abks. 

I Inch diameter. 

2 cb, 

6' F 

z 
3 
4. 
5 
6 
7 , a 

I 

9 

%ancity 
in cubic 
inches. 

--.*I-.- 

9.42 
t 1.85 
28.27 
37.70 
4-7-12 

5 6 3 5  
65.97 

--- 

' i::;; 

Weight , 
in troy 
ou,nces. . 

4.97 
9.95 

x+9i 
29.89 
94.87 

-- 

29.84 

39.79 
44.76 
49.74 
99.48 

198.95 
248.69 
298.43 
34a-17 
397.90 
497.64 
497.38 
994.76 

34.82 

-- 
149.21 

i 

In avoir- 
dupoife 
ounccs. 

5 4 
,*o*9* 
16.38 
21.85 
~ 7 . 3 1  
32.77 

P 

---- 
38.23 
43*69! 
49.16 
5 t &  

'09.24 

m 4 7  
273.09 
32797 I 

382.33 
436.95 
491957 
546.19 
1092.38 

I6L.86  

---I 

> 

Here the seareit finglc 
+irnal figure is only taken 
into the account; and tho 
whole king reduced by 
diviion, amounts to zsf 

to ~ ~ 9 f  pounds troy, and 
z r 3 e  pounds avoirdu- 

poife. 

\vine gallons in meafure ; 

Cubic Troy Avoird. 
Fect inchen oz. 02. 
zoo-424r .1-2238.2-2457.8 
70-1484.4- 783.3- 860~2 

8- 169.6- 89.5- 98:3 

A d  a78-58gs.1-3~ i 14~34.[6*3 
--I 

.- 



I$ Inch diameter.' 

In avoir- 
diipoife 
ounces. 

I 2123 
24.6 8 
36.87 
49-18 
61.45 

73.73 
86.02 

98-31 
I 10.60 
I 22.89 

245.78 
368.68 
491.57 
6 I 4.46 
737.35 

860.24 
983.14 

I lC6.03 
1228.92 
24q7-84'i 

Quantity 
in cubic 
inches. 
-- 
22.21 
42.41 
63-62 
84.82 
106.03 

' *  

127.23' 
147.44 
169.65 
190.85 
'2 x 2.06 

424. r 2 
636. I 7 
848.23 
r'o60.29 
1272*C3j 

f 48 4.40 
1696.46 
I 908.52 
2 20.58 
$241. I5 

'Weight 
in troy 
ounces. 

11.1g 
22.38 
33.57 

5 5-95 
41 -7 6 

67.15 
7 8-34 
89-53 

roo.7 2 
I I 1.91 

223.82 
335.73 
447.64 
559**59 
67 10.46 

783.37 

roo7.19 
111g.10 
223 8.20 

895+28 

- 
There tables were at  firit calculated to fix 

decimal places for the fake of exa&neLs; but 
in tranfcribing them there are no more than 
two decimal figures tzken into the account, and' 
fometimes but one; hecaure there is no neceRit)t 

fw 



2 inches diameter. 
w 

Quantity I .  Weight I In avoir- 
in cubic in troy dupoife 
inches. ounces. aunces. 

37.70 19.89 21.85 

113.10 59.68 65.54 
1~0.80 79.58 87.39 

-- 
75.40 89-79 43.69 

188.50- 99.47 109.24 

226.19 119.37 131,08 

301.59 159.16 ,174.78 
263.89 139.26 152.93 

339.29 179.06 19643 
376.99 q?8*95 218.47 

for computing to hundredth parts of an inch or 
of an ounce in' praftice. 'And as they never 
appeared in print before, it may nat be amifi 
to give1 the reader an account of the principles 
upon which they were conftru&ted. 

K f ,  The 
' 



*HydrqiJatical Tables. 

Weight 
h,rroy 
ounces. 

ZZ Inches diakeeer. 

In avoir- 
dupoife 
ounces, 

7 
2 
co 

tr qg 
- 

I 
2 

3 
4 
5 

6 
7 
8 
9 

- 

10 - 
20 
30 
40 
50 
60 

70 
80 
90 

- 

I00 
100 
c- 

621.72 
93% 58 
1243.44 
1554.3” 
1865.16 

21 76.02 

3797*7$ 
3108.60 
6217.20 

2486.88 

- 
Quantity 
in cubic 
inches. 

682.73 
1024.10 

1706.83 
2048.20. 

2389.57 

307 2.30 
2413.67 
4827.34 

11365.47 

- 
2730.94 

58.90 
I 17.81 
176.7 I 
235.62 
294.5 2 

3 53-43 
4 * 2.33 
471-24 
530.14 
5 8 9.05 

I 178.10 
1767.1 5 
2356.20 
25 45.25 
3534.29 

3 I .OS 
62.17 

1 24.34 
I 5 5.43 

93926 

34.14 
68.27 
102.41 

170;68 
‘3G.55 

I 86.52 
217.60 
248.69 

204.82 
238.96 
27 3 *og 

The folidicy of cylinders are found by mul- 
dplying the greas of their bafes by their altL 
tudes. And ARCHIMEDES gives the following 
proportion for finding the area of a circle, and 
the folidity of a cylinder raifed upon that circle 3 

As 



HydroJEntical Tables. 

-I 
8 
z 
O$- 

I 
2 

3 
4 
5 

6 
7 
8 
9 
IO 

90 
30 
40 

60 

7 0  

40 
100 
200 

I7 

7 

- 

. 5 0  

- 
a0 

3 Inches dianreter. - 

Qantity 
tn I cubic 
inches. 

I_-- 

84.8 
169.6 
254-5 
239.3 
424.1 

508.9 
593.7 
698.6 

I 763.4 
848.2 

1696.5 
2544.7 
3392-9 

5089.4 
4241.1 

5937.6 
q 8 s . 3  
7634.1 
8482.3 
16964.6 

Weight 
10 troy 
ounces. 

44.76 
8 9.5 3 
134.29 
I 7 9;06 
223.82 

268.58 
3'3.35 
358.\11 

447.64 

1790-56 

402.87 

895.28 

2238.1 g 
2685.83 

3 33+7 
3581.1 I 
4028.7 5 
4478.39 
8953.78 

1342.9% 

- 

In avoir- 
dupoife 
OuIlCes. 

I 

As ['is to 0.785399, fo is tlie fquare of the 
diameter to the area of tlie circle. And as I is 
to 0.785399~ fo .is the fquare of the diameter 
rnuhiplied by the heighe to the folidity of the 
cylinder. , By this analogy the fofid inches an4 

parrs 



9 a n t i t y  Weight In avoir- 
in cubic in troy dupoife 
inches. ounces. ounces. 

- 
I 
2 

3 
4 
5 
6 
7 
8 
9 

- 

1 0  - 
20 
30 
40 
50 
60 

70 
80 
90 

7 

I 00 
200 - 

461.8 
577.3 

692.7 
808.2 

' 1039.1 
1154.5 

3463.6 

' 5772.7 
(5927.2 

' 8081~8 
9236.3 
10390.8 
11 545.4 

, 923*6 

i 2309.1 

46 18. I 

23090.7 
c 

243.7 

365.6 
, 426-5 

548,4 

304.6 

, 487.4 

609.3 

1218~6 

2437. I 
I 827.9 

3046.4 
3655.7 

4265.0 
4874.3 
5483.6 
6792.9 . I21 85.7 

, -  

- -- 
66.9 
'33.8 
200.7 
267,6 
334.5 

401.4 
468.4 
535.3 
602;2 
669.1 

- 

1338.2 
2007.2 
2676.3 
33454 
4014.5 

4683.6 
5352.6 
6021.7 
669a8 

, 13381.5 

parts of an i x h  in the tables are calculated to a 
cylinder 2qo feet high, of any. diameter from I 
jnch to 66, and may be continued at pleafud. 

And as to the weight of a cubic foot of running 
water,, it has been often found upon trial, by 

2 P r* 



4 Inches diameter. 

n ? 
E 

. US 

I 
~ 2 

3 
4 
5 

, 6 

8 

IO 

- 
7 

9 

Qantity 
in  cubic 
inches. 

--- 
1.50.8 
301.6 
452.4 
603.2 
754.0 

904." 

1206.4 

15~18.0 

1055:O 

1357.2 

Weight 
>in troy 
ounces. 

7 9.6 
I 5 9'2 
238.7 
318.3 
,3979 

477.5 
557- ' 
636.6 
7 I 6.2 
795.8 

1591.6 

3 1  83.2 
2387.4 

i 997:o 
4774.8 

5 5 70.6 

7958.0 

6366.4 
7162.2 

r j g 1 6 . o  

In avoir- 
dupoife 
ounces. 

87 *4 
174.8 

' 349.6 
436.9 

524.3 

699. I 
786.5 
873.9 

, 262.2 

(311.7 

1747.8 
262 I .7 
3495.6 
43694 
524394 

61 17.3 
6991.2 
7865. I 
8739.0 

I 747 8.0 

Dr, Wyberd and others, to be 76 pounds 
troy, which is equal to G2.5 pounds avoirdu- The 
poife. 
Jnches in a cubic foot, a troy ounce of water y:zg 
Fontains I ,8949 cubic inch ; and an avoirdttpoife 

ourice 

Therefore, iince there ate I 7 28 cubic .weight of 



4t Inches diameter. 

Qanrity 
in cubic 
inches. 

rgo.8 
381.7 
572.6 
703 4 
95493 

I 145.1 
1338.0 
1526.8 

1gc8.5 
17'7.7 

Weight 
in troy 
ounces. 

100.7 
201.4 
302.2 

402.9 
503.4 

604.3 
7Oj:O 
805.7 

1007.2 
94.5 

3817.0 
5725.6 
7634.1 

In  avoir- 
dupoife 
ounces. 

2014.4 
3021.6 
4028.7 

I 10.6 
221.2 

331.8 
442.4 
553.0 

663 6 
774.2 

995.4 
I 106.0 

as4 8 

2212.1 
.3g18!1 
4424. I 
5 30.1 

7742:= 
8848.2 
995403 

I I 060.3 
22 r.zo.6 

b ii 36.2 

owlw of water 1*7?556 cubic inch. Conk- 
qumtly, $ the number of cubic inches con- 
rained in any given cylinder, be divided by 
1.8999, it will give the weight in troy ounces$ 
+rid divided by  1.72556, will giye the weight 

in 



ZJ 3 
=r 
6. ' 
?- 

I 

- 

I 2 

3 
4 
5 

6 
7 

9 - 

c__ 

8 

SO 

' 20 
30 
4-0 
50 

, 60 

- 

- 
70 
80 
go* 

100 
203 

fn avoirdupoifk ounds. By this method, the 
weights h e w n  in the tables were calculated ; and 
arc near enough for any common pra&ice. 

plained j but as .it would be difficult, e'ven by engine- 
T h e  $ru-engine comes next in order to be ex- The & 

the 
6 

5 Inches diameter. 

Qant i ty  Weight In avoir- 
in cubic . in rroy dupoife 
inches. ounces. ounces. 

235.6 124.3 136.5 
-471.2 248.7 273.1 
706.6 373~0 409.6 
942 5 4397.4 ' 546.2 
1178.1 621.7 682.7 

1413.7 746.1 819.3 

,2120.6 4 1 1 1 9 . 1  1228.9 
2356.2 1243.4 1365.5 

4712.4 2486.9 2730.9 
7068.6 3730.3 4096.4 

11780.0 6217.2 6827.3 
14137.2 7460.6 8192,8 

18849.6 9947.5 10923.) 
21205.8 . rrr9r.o 12289.2 
28562.0 12~~34.4 136 54.7 
47 r24.0 24868.8 27, ;09.3 

1649.3 870.4 955.8 
1885.0 994.8 . 1092.4 

_.' 

9424.8 4973.8 5*?61#9 

16493.4 8704.1 9558.3 



L 

I 

54  Inches diameter. 
1 I,). 

_c. 

);a 

E 

- 
I 
2 

' 3  
4 
5 

. 6  
.7 

, 8  
9 

1 0  

20 

- 

I_ 

30 
40 
50 
60 

70 
80 
90 

- 

IO0 
200 

Qantity 
in cubic 
inches. 

I n  avoir- 
dupoife 
ou n des, 

Weight 
in troy 
ounces. 

285.1 
570.2 
855.3 

1425.5 
1140.4 

I 7 10.6 
1.9957 
2280.8 

2851.0 
2565.9 

150.5 
300.9 
451.4 
601.8 
752.3 

. 902.7 
1053.2 
I 203.6 
1354.1 
1504~6 

5702.0 
8 55340 
11404.0 
14255.0 
17 106.0 

985.6 
1149.9 
1314.2 
1478.4 
164-2.7 

3009. I 
45 13.7 
6018.2 
7522.8 
9027.4, 

3285.4 
4928. I 
6570.8 
8213.5 
985,6:z , 

19957*o '0531.9 11498.9 
22808.0 12036.5 13141.6 

28510.0 15045.6 16426.9 
25659.0 53541 1, 14784.3 



x r  Whatever weight of water is to be raifed, 
the pump-rod muit be loaded with weights fuf- 
ffcicllt for that purpofe, if it be done by a 
*forcing.pump, as is generally the cafe; and the 

power 



ppwer Qf the engine mu@ be ftiffici&for the 
welght of the rod, in order to brjng it up, 

2. It i5 known, that the atmoQhere ‘pr 
upon theOfurhce of the earrh with a forc 
to 1.5 pounds upon every fquare inch. 

3. 

. 



a47 

6. Whenever a vacuum is. made in any vegel, 
the air by its weight will endeavour to rdfli,idto 

lo drive ini nny ot@r body that 
to its prellure; as may be eafily 

'a cammon fyringe. Fdr,,.if ,yo@ flop 
m of a fyringe, and then. draw ut) the 
"it be fo tight as .togdrive ovt'.all the 

air befote it, and leave a vacuum wichih the fy- 
et go >vi11 be driven down 

hiuh the piftoti 1s driven 
a vactlikrr! under it, will be 
diameter of the bore in the 
,fay, it will be driven down 
iich force in a fyringe of a 
a fyringe of one i d  :: 

always qs the"iqitare+ P 
ffire of the atmbfy1)ere 'being 

,upon a fqunre inch, it 
to xi pounds y o n  a cir- 

the bore of the fyhge 
LA be 

I I 

Y 
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be round, and one inch in diameter, the piiton 
will be preit down into it by a force nearly equal 
to 12 pounds: but if the bore be two inches 
diameter, the pilton will be prefi down with four 
times that force. 

And hence it is eafy to find with what force 
the atmofphere preKes upon any given number 
t i t h e r  of fquar'e or circular inches. 

l'hefe being the principles upon which this 
engine is conRru&ed, we fiall next defcribe the 
chief working parts of i t :  which are, I .  A 
boiler. 2. A cylinder'and pilton. 3. A beam 
or lever. 

The  boiler is a large veflel made of iron or 
copper; and commonly fo big as to contain 
about 2coo gallons. 

The  cylinder is about 40 inclles diameter, bored 
fo finooth, and its leathered piiton fitting To clofe, 
that little or no water can get between the pifion 
and fides of the cylinder. 

Things being thus prepared, the cylinder is 
placed upright, and the fhank of the piiton is 
fixed to one end of the beam, which turns on a 
center like a common balance. 

The  boiler is placed under the cylinder, with 
a communication between them, which can be 
opened and h u t  occafionally. 

T h e  boiler is filled about half full of water, 
and a itrong fire is placed under it : then, if the 
communication bctween the boiler and the cy- 
linder be opened, the cylinder will be filled with 
hot itearn ; which would drive the piiton quite 
out at the top of it. But there is a contrivance 
IJY which $he beam, when the pifton is near the 
top of the cylinder, fliuts the coininunication at 
the rop of the boiler witliiii, 

This 
9 



Of Hy&aulic Engiues. 149 
This is no fooner fhut, than another is opened, 

by which a little cold water is thrown upward 
in a jet into the cylinder, which mixing with the 
hot heam, condenfes it immediately ; by which 
nieans , a  vacuum, is made in the cylinder, and 
the pifton is preired down by the weight of the 

io lifts up the loaded pump- at in0 fp here ; 
rod at the other d of the beam. 

If the cylinder be 42 inches in diameter, the 
piiton will be prered down with a force greater 
than 20000 pounds, and will confiquently lift 
up that  weight at the oppofite end of die beam: 
and as the pimp-rod with its plunger is fixed 
to that end, if the borc where the plunger works 
were I O  inches dinmeter, the water would be 
forced up through a pipe of 180 yards perpen- 
d icul .ir height. 

But, as the parts of this engine have a good 
deal of fribion, and mutt work wich a conli- 
durable velocity, and thcre is no fuch thing as 
making a perfctt vaciiiiin in the cylinder, it is 
found cliat no more than 8 pound:, of preffure 
IINI& be allowed for, on every circular inch of 
the yifion in the cylincler, that  it may make 
about 16 itrokes in  a minute, about G feet 
each. 

Where the boiler is vcry large, the piiton will 
make between 20 and 25 firolces in a minute, 
and each firoke 7 or 8 feet; which, in a pump 
of g inches bore, will raife upward of 300 hogf- 
heads of wster in an hour. 

It is found by experience that 3 cylinder, 40 
inches diameter, will woric a pump IO inclies 
diameter, and loo yards long: and hence we 
can find the diameter and length of a pump, 
that can be worlred by any other cylinder. 

I, 2 For 

a% 



150 Of Hyhaulic Engiiies. 
' For the convenience of thofe who would 
make ufe of this engine for raifing water, we 
ihall fubjoin part of a table calculated by Mr. 
Beighton, fiewing how any given quantity of 
water may be raifed in an hour, from 48 to 400 
hogheads ; at any given depth, from 15 to ICO 
yards; the machine working 
Itroltesper minute, and each it 
long. 

One example of ,  the ufe of this table will 
make the whole plain. Suppofe it  were required 
to draw IOO hogfieads per hour, at  go yards 
depth: in the fecond column from the right 
hand, I find the neareit number, viz. 149 hogf- 
lieads 40 gallons, againfi which, on the right 
hand, I find the diameter of the bore of the pump 
muit be 7 inches; and in the fame collateral line, 
under the given depth 90, I find 27 inches, the 
diameter of the cylinder lit for that purpofe,-- 
And io for aify other. 

A Table 





~ ~ 

A Table ffie-.ving the pox-er of the engine for raifing water by fire. 

The depth to be diawn in yards. 



~ 5 %  Of Hydraulic Engiires. 

Plate 
XIII. 
The 
Periian 
wheel, 

Water may be raifed by means of a firearn 
AB turning a whecl C D E, according tu the: 
order of the letters, with buckets a, c, a, a, &c. 
hung upon the wheel by firong pir,s 6, I ,  L, G, 
&c. fixed in the fide of the i i m  : but the wheel 
mufi be ljiiide as high as the water is intended 
to be raifed above the level of that pdrt of the 
itream in which the wheel is placed. As the 
wheel titrns, the bucltets on the J $it-ha$ go 
down into the water, and are filled therewith, and 
go up full on the left hand, until they come to 
the top at K ;  where they ftrilce againit the end 
n of the fixed trough M, and are thereby over- 
fit, and empty the water into the trough; fi-om 
which it may be conveyed in pipes to the place 
which it is defigncd for: and as each bucket 
gets over the trough,' it Oils into .z perpendicu- 
lar pofition again, and goes down empty, until 
it comes to the water at A, where it is filled as 
before. On each bucket is a fpring r, which 
goes over the top or crown of the bar VJ (fixed 
to the trough M )  raifes the bottom of the bucket 
above :be level of its ~nouth, arid rb caufks it to 
empty all it5 water into the trough. 

Sometimes this whecl i s  made to raife water 
no high:r than its axle; and then, infieact of 
buclcets hung upon ir, its fpoltes C, d, e, j?  g,. h, 
are made of a bent form, and hollow within; 
thefc hollows opening into the holes C, D, E, fa', 
in the outGde of the whcel, and alfo into'thofe 
at  0 in the box N upon the axle. So that, as 
the holes C, D, &c, dip into the water, it runs 
into them ; and as the wheel turns, the water 
riks in the hollow Q J O ~ C ~ S ,  c, d, &c. and ~ u n s  
out in a fiream P from the holes a t  0, and falls 
into the trough di)r fiom whenci it is conveyed 
by pipes, AndQiis is a very eafy way of raifing 

W a W a  
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water, becaufe the engine requires no animal 
power to turn it. 

The art of weighing different bodies in water, of t ~ ~ e  
and thereby finding their fpecific gravities, or fpecific 
weights, bulk for bulk, was invented by RR- ~ ; “ ~ ~ ~ t s ,  
CIIIMCDES ; of which we have the 8 following 
accoutlt : 

Hiiero, lting of syracz9, Iiaving ’employed a 
goldfinith to make a crown, and given h i m  a 
mars of pure gold for that purpok, fufpdted 
that the workman lind kept back part of the 

old for his own ufe, and made up the weiglir 
fi;y allaying the .crown with copper. But the 
king, not knowing how to find out the truth of 
that matter, refcrred it to Archimedcs; who 
having fiudied a long time in vain, found it out 
at latt by chance. For, going into a bathing- 
tub of water, and obfvving that he thereby 
raifed the’ water higher in the tub than it was 
Lcfore, he concluded infiantly that he had raifed 
it jurt  as high as any thing elfe could’ have done, 

that  any other body of equal weight, and of le i; s 
that was exaQly of his bulk: and confiderin 

bulk‘ than himklf, could not have rizifed the 
water To high as he did; he immediately told 
the king, that he had found a method by which 
he could difcover whether there were any cheat 
in the crown. Fors fince gold is the heavieft: 
of all known metals, it inuR be of lefs bulk, 
according to its weight, than any other metal. 
And therefore he defircd that. a m a 6  of pure 
gold, equally heavy with the crown when 
weighed in air, ihould he weighed againit it 
in water; * and if the cro’wn was not allayed, 
it would counterpoife the ma& of gold when 
they were Loell inirncrfed in water, as well as it 
did when $bey were weighed in air. But upon 

1-14 making 
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making the trial, he found that the mafi of gold 
weighed much heavier in water than die crown 
did. And not only fo, but !chat, when the mafs 
and crown were iiiimerfed feparately in one vef- 
fel of tvater, the crown raired the water much 
higlier than tlic mafs did; which fhewed it to bc 
allayed with fome lighter metal thar: increafed its 
bulk. And fo, by imlting trials with diEerent 
nmals, all equally heavy with the crown when 
weighed in air, he found out the quantity of 
alloy in the crown. 

T h e  fpecific gravities of bodies are 3s their 
weights, bulk for bull:; thus a body is faid to 
have two or three times the $ecific gravity of 
anotlier, when it contains two or three times as 
much matter in  the fkne $ace. 

A body immerfed in a Ruid will fink to the 
bottom, if it  be heavier than its bull: of the fluid. 
If it be fufpended therein, i t  will lofe as much 
of what it weighed in air, as its bullc of the fluid 
weighs. Hence, all bodies of eqiial bulks, which 
would f ink  in fluids, lofe equal weights when 
fufpended therein. And unequal bodies lofe in 
proportion to their bullts. 

The 'P T h e  hydToJatzc balance differs very little 
from a common balance that is nicely made: 
only it has a hook at  the bottom of each fcale, 
on which frnall weights may be hung by liorfe- 
hairs, or by iilk threads. So that a body, fiif- 
pended by the flair or thread, may be itnmerfcd 
i n  water without wetting the fcale from which it 
hangs. * 

How to 1f the boclv thus fufpencled under the fcale, 
find the at  one end of 'the balance, be firk counter oifed 
gravity ,f!n air by weights in the oppofite kale, an! then 
any body. imrnerkd into water, the cquiliblium will be im- 

'r hen, if as much weight 
' be 

1 

drnJlatic 
balance. 

fyccific 

niediately deltroyed. 
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be put into the fcale from which the body hangs, 
as will refiore the equilibrium (without altering 
the weights in  the oppoGte fcale) that weight, 
which reitores the equilibrium, will be equal to 
the weight of n quantity of water as big as the 
immerfed body. And if the weight of the body 
in air be divided by what it lofcs in water, the 
quotient will h e w  how much that body is hea- 
vier than its bulk of water. Thus,  if a guinea 
fufpended in air, bc countcrbnlanced by 129 
grains in the oppofite kale of the balance; and 
then, upon its being itnmerfed in  water, it be- 
comes fo much lighter, as to require 7$ grains 
p u t  into the fcale over it, to refiore the equili- 
brium, it fliews thar a quanticy of water, of 
equal bulk with the guinea, weighs 73 grains, 
or 7 . 2 5 ;  by which divide 129 (the weight of 
the guinea in air) and tlic quotient will be 
17.793 ; which fliewj that the guinea is 17,793 
times as heavy as its bulk of water. And thus, 
any piece of gold may be tried, by weighing i t  
firit in air, a n d  then in water j and if upon 
dividing the weight in air by the lofs in  water, 
the quotient comes out to be 17.793, the gold 
is good ; if the quotient be ~ 8 ,  or between 1 8  
and 19, the gold is very finc ; h i t  if i t  be le6 
than 17, tlic gold is too much allayed, by being 
mixed with fome other metal. 

If Glver be tried in  this manner, and found 
to be X I  times as heavy as water, it is Cery 
fine; if it be IO; times as heavy, it is ftandard ; 
but if it be or any Mi weig!it compnrcd with 
Water, it is niisetl wid1 fome lighccr metal, fucli 
as tin. 

By this method, the fpecific gravities of all 
bodies that will fin~c i n  watcr, may be found, 
But as t O  tiiofe wiiicii are Iigiiter t l i nn  water, as 

moft 

’ 
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moil forts of wood are, the following method 
may be taken, to fliew how much lighter they 
are than their refpeaive bullts of water. 

Let  an upright itud be fixed into a thick flat 
piece of brafi, and in this it& lct a final1 lever, 
whofe arms are equally long, turn upon a fine 
pin as an axis. Let the thread which hangs 
from the fcale of the balance be tied to one end 
of the lever, and a thread from the body to be 
weighed,. tied to the other end. This done, 
put the brafi and lever in to  a veffel, then pour 
water into the vcfTel, and the body will rife and' 
float upon it, and draw down the end of the 
balance from which it hangs ; then, put as n m h  
weight in the oppofite fcale as will raife that end 
of the balance, To as to pull the body down into 
the water by medns of the lever; and this weight 
in the fcale will h e w  how much the body is 
liohrer than its bulk of water. 

1 liere ;Ire h n e  things which cannot be 
weiglicd in this manner, filch as quicldilver, 
fiagnienrs of dianionds, &c. becaufe they can- 
not be fiifjpendcd in threads j and muit therefore 
be put into a g l~ f i  bucket, hanging by a thread 
ficin the hook of ofie kale, and counter &fed 
Iiy weig1is put  into the oppofite fcale. qhus, 
fiippofe you want to know the Ipecific gravity 
of quicItlilver, with refpea to that of water ; let 
the trni1ty bucket be hrit counterpoifed in air, 
and tile11 the quicltGlver put into it qnd weighed. 
Write down the weight of the bucltec, and alfo 
of the qriickfilver j which done, eppty the 
bucker, and let it be irnmerfed in water as it 
hangs by the thread, and counterpoifed therein 
by vxights in the oppofite fcale: then, pour 
the ciuicltfilver into the bucket in the water, 

0,. 

vviiici will caufe it to preponderatej and put as 
much 
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imich weight into the oppofite fcale as will re- 
itore thc balance to an equipoife; and this 
weight will he the weight of a quantity of water I 

equal in bulk to the quickflver. Laitly, divide 
the weight of the quickfilver irt air, by the 
weight of its bulk of' water, and the quotient 
will fliew how much the quickfilver is heavier 
than 'its bulk of water. 

If a piece of brafs, glafs, lead, or filver, be im- 
rrerfed and fkfpended in different forts of fluidsi 
rhc different loKes of weight therein will h e w  
how much it is heavier than its bulk of the fluid; 
the fluid being lighteit in which the irnmerfed 
body lofees leait of its aerial weight. A folid 
bubble of gla& is generally ufed for finding the 
fppccitic gravities of fluids. 

Hence we have an eafy method of finding the 
fpecilic gravit' s both of folids and fluids, with 
rcg;ild to thei P fpecific bulks of coiiiinon pump 
water, which is generally made a ftandard for 
comparing all others by. 

In conitru~ting tables of fpecific gravities with 
acciiracy, the gravity of water muft be reprc- 
fcnted by unity or 1.000, where three cyphers 
arc' added, to give room for expiefling the ratios 
of other gravities in decimal parts, as in the 
following table. 

N. 33. Although guinea gold has been gene- 
rally reckoned 17.798 times as heavy as its bulk 
uf water, yet, by many repeated trials, I cannut 
fiiy that I have found it to be more than 17.200 
(or 1 7 ~ : ~ )  as heavy. 

A Table 
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A Table of the fpccific gravities of feveral folid 
and fluid bodies. 

A cubic inch of 

Very fine gold - 
'standard gold - 
Guiiica gold - 
Moidore gold - 
Qickfilvcr - 
Lead - - .. 
Fine filver - 
Standard iilver - 
Copper - - 
Plate brak - 
Steel -' - - 
Iron - - - 
Biocktin - - 
Speltar " - - 
Lead ore - - 
Wafs of antimonj 
Gcm;lnaritiinon: 
Copper ore - - 
I h n o n d  - - 
Clear glafs - 
Lapis lazuli - 
Welch afbefros - 
White marble - 
Blackditto - - 
Rock cryfial - 
Green glafs - 
Cornclian itone 
Flint , - - - 
€fard paving iloiic 
Live iulpliur - 
Nitrc - - -* 

Alabafier - - 
I l rg  ivory - - 
Hriiiiftone - - 
Alum - - - 

l'roy weight. 

z. pw. gr. 
-_I_ 

0 7 3.83 
9 ' 9  6.44 
9 7 17.18 
9 0 19.84 
7 7 .11.61 
5 19 17.55 
5 16 23.23 
5 1 1  3.36 
4 13 7.04 
4 4 9.60 
4 2 20.12 
4 o 15.20 
3 '7 5-68 
3 14 12.86 
3 1 1  17.76 
2 15 16.89 
2 2 4.83 
2 I 11.83 
I 15 20.88 
I I 3  5.58 
I 12 5.27 

z 8 12.65 
I 8 1.00 

I 7 15-38 
I 7 J.21 
r 6 19.63 
T 5 22.87 
I I 2.40 
I 0 1.cH 

o 1 9  6.09 
o 18  23.76 
0 17  21.92 

I IO 17.57 
I 8 13.41 

0 I 9  18.74 

Avoirdup. 

12. drams, 
-. - 

i I  5.80 

L O  4.76 
9 14.71 
8 I45 
6 9.08 
6 6.66 
6 1.54 
5 1.89 
4 10.09 
4 8 7 0  
4 6.77 
4 3.79 

I .42 
14.96 

3 0.89 
2 5 0 4  
2 443 
I 15.48 
I 13.16 
I 12.27 

I 9,06 
I 9.02 
I 8.61 
I 8.26 
1 7.73 
I 7 . 5 3  
I 6.77 
I 2.52 
1 I e . 5 ' )  
1 1.35 
I o.X9 
I 0.06 
o 15.72  

Lo 14.90 

I 10.97 

:ompa- 
ativr 
veisht. 
__.- 

19.637 
r8.a88 
'7,793 
17.140 
14.019 
11.325 
I I.087 
10.535 
8.843 
8.000 
7 852 
7.645 

7.065 
87-32] 

6.800 
5,280 
4.000 
3 775 
3 400 
3.150 
3 054 
2.913 
2.707 
2.704 
2.658 
z 620 
2 568 
2.542 
2.460 
2.000 

1. I 3"" 75 
1.82s 
1.800 

1.714 
IC_ 

T h e  
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T h e  Table concluded. 

A cubic inch of 

Ebony - - - 
Huinan blood - 
Amber - - - 
Cow's milk - 
Sca water - - 
Pump water - 
Spring water - 
Difiilled water - 
Red wine - - 
Oil of amber - 
Proaf fpirits - 
Dryoak - - 
Olive oil - - 
Pure fpirits - - 
Spirit ofturpentiqe 
Oil of turpentine 
D r  crabtree - 
Salitfras wood - 
Cork - - - 

l'roy weight. -- 
z. pw. gr. 

o X I  ~8.82 
o X I  2.89 
o IO 20.79 
0 10 20.79 
0 IO 20.79 
0 IO 13.30 
0 IO 12.94 

-- 

o IO 11.42 
o IO 11.42 
o io 7.63 

0 9 18.00 

0 Q 3.27 
o 8 ';.76 
0 b.53 
o 8 1.69 
o 5 2.04 
o 2 12.77 

0 9 19.73 

0 9 15.17 

Avoirdup. Compa- 

oz. drams. weight. 
rative 

- -- 
o 10.34 1.117 
o 9.76 1,054 
o 9.54 1.030 
Q 9.54 1,030 
0 9.54 1.030 
0 9.26 1.000 
0 9-25 0.999 
o 9.20 0.993 
'0 g,20 0.993 
o 9.06 0.978 

0 8.56 0.925 

0 8.02 0.866 
o 7.99 0.864 
0 7.33 0.77,2 
o 7.08 0.765 
o 4.46 0.482 
o 2.21 0.240 

0 8.62 0.931 

0 8.45 0.913 

Take  away the decimal points froin the num- 
bers in the right-hand coluinn, or (which is the 
t m e )  multiply them by 1000, and they will fhew 
how inany avoirdupoife ounces are contained in 
a cubic foot of each body. 

?'he ufe of the table of fpecific graykies will How to 
befi appear by an example. Suppofe a bodp to thc quan- " ' I t  

be compounded of gold and filver, and it is re- tity of 
quired to find the quantity of each inetd in the adultcram 

tion in 
compound. metals. Firit; find the fpecific gravity of the com- 
pound, by weighing it in air and in water,.atid 
dividing its aerial weight by what it lofes thcre- 
of in water, the quotient will hew its @ecific 

gravity, 
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gravity, or how many times it is heavier than 
its bulk of wkter. Then, ftibtratt the fijccific 
gravity of filver (found in the table) from r i m  
of die compound, and the fiiecific grsvity of the 
compound from that of gold ; the firfc remainder 
k e w s  the bulk of gold, arid the latter the bulk 
of filver, in the whole compour,d : and if theft: 
remainders be multiplied by the dpe&ive  fpe- 
cific gravities, the prodtiLCs will ihcw the pro- 
portion of weighcs of each moral in the body. 
Example. 

Suppofe the fpecific gravity of the compound- 
ed body bc 13 ; that  of flaiid;ird filvrr (by the 
table) is 10 .5 ,  and that of gold 19.63 : therefore 
10.5 from 13, remains 2.5,  the propcrtional 
bulk of the gold ; and 13 horn 13.63, remains 
6.63 the proportional bulk of filver in die com- 
pound. Then,  the fir& reiiininder 2.5, mulri- 
plictl by I 9.63, rhe fpecific gravity of gold, pro- 
duces 49.075 for the proportional weight of 
gold; and the lafi remainder 6-63 inultiplicd 
by 10.5,  the l jecifc gravity of filver, produces 
69.6 I 5 for the proportional weight of Glver in 
the whole body. So thab for every 49.07 ounces 
or pounds of gold, there are 69.6 pouiids or 
ounces of filver in the body. 

Hence it is eafy to know whether any fufpekt- 
ed metal be genuine, or allayed, or counterfeit; 
by finding how much it is heavier than its bulk 
of water, and comparing the Lime with the 
table: if they agree, the metal is good; if they 
differ, it is allayed or counterfeited. 

A cubical inch of gbod brandy, rum, 'or other 
proof fpirits, wciglis 235.7 grains : therefore, if 
a true inch cube of any metal weighs 235.7 
graiiis lefs in fpirits than in air, , i t  hews the 
fpirits are proof. Jf it loks lefs of its aerial 

weigh 

HOW to 
fry W- 
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weight in fpirits, they are above proof; if it lofes 
more, they are under. For, the better the 
fpirits are, they are the lighter ; and the worfe, 
the heavier. All bodies expand with heat, and 
contra& with cold, but forne more and foine lefi 
than others. And therefore the ipecific gravities 
of bodies are not precifely the fame in f imnxr 
as in winter. It has been found, that a cubic 
inch of good bran'dy is ten grains heavier in win- 
ter than in fuinmcr; as much fpirit of nitre, 20 
grains; vinegar 6 grains, and fpring-water 3. 
Hence it is inoft prokitable to buy Ipirits in 
winter, and fell then? in fiirntner, fince they are 
always bought and fold by menfure. It has 
been found, that 32 gallons of fpirits in winter 
will make 33 in fuinmer. 

T h e  expanfion of all fluids is proportionable 
to the degree of heat; that is, with a double or' 
triple heat a fluid will expand two or three times 
as much, 

tion of the thermornrtcr, in which the globe or momrtcr- 
bulb, and part of the tube, are filled with a 
fluid, which, when joined to the barometer, is 
fpirits of wihe tinged, that it may be more eaGly 
feen in the tube. But when thermometers are 
made by themfelves, quiclcfiiver is generally 
ukd. \ 

In the thermometer, a kale is firred to the 
tube, to fliew the expanfion of the quickfilver, 
and confequently the degree of heat. And, as 
Fahrenheit's fcale is ~noR in efteem at prefent, I 
fhall explain the canRruAion and graduation of 
thermometers according to that fc& 

Firfi, let the globe or bulb, and part of the 
tube, be filled with a fluid; then iminerfe the 
bulb in water j u i t  li.eezing, or fnow jufi thaw-' 

ing ; 

Upon there principles depend the conitruc- The A+r- 
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iiig; and even with that part in the fcale where 
the fluid then itands in the tube, @ace the num- 
ber 32, to denote the freezing point: then put 
the bulb under your arm-pit, when your body is 
of a moderate degree of heat, fo that it may 
acquire the fame degree of heat with your k i n  ; 
and when the fluid has rifen as far as it can by 
that heat, there place the number 97 : then 
divide the fpace between there numbers into 6 
equal parts, and continue thofe diviiions bot 
above 97 and below 32, and number them ac- 
cord ingl y. 

This may be done in any'part of the world; 
for it is found that the freezing point is always 
the fame in  all places, and the heat of,the human 
body differs but very little; fo that the thermo- 
meters made in this manner will agree with one 
another; and the heat of fieveral bodies will be 
ihewn by them, and exprered by the numbers 
upon the fcale, thus : 

Air, in revere cold weather, in our climate, 
froin 1 5  to 25. Air in winter, from 26 to 42. 
Air in fpring and autumn, from 4.3 to 53. Air 
at midfummer, from 65 to 68. Extreme heat 
of the fiuminer fun, from 86 to loo. Butter 
juit melting, 95. Alcohol boils with 174. or 
175. Brandy with 190. Water 212, Oil of 
turpeqtine 550. T i n  inelts with 408, and lead 
with 540. Milk freezes about 30, vinegar 38, 
and blood 27. 

A body fpecifically lighter than a fluid will 
fwim upon its fiurface, i n  fiich a manner, that a 
quantity of the fluid, equal in  tiulk with the 
immerfed part of the body, .will be as heavy as 
the whole body. Hence, the lighter a fluid is, 
the deeper a body will fink in i t ;  upon which 

depends 

ii 

4 
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depends the confZruCtion of the hydrometer or 
water-poire. 

From this we can eaGly find the weight of o H~~ tila 
hip,  or any other body that floats in water. w i g h t  of 
For, if we mulciply the number of cubic feet fllil' 
which are under the furface, by 62.5, the number cltjmate. 
Qf pounds in one cubic foot of freh water ; or by 
64.4, the number of pounds in a cubic foot of 
&IC water; rhe produLCt will be the weight of the 
hip, and all that  is in it. For, fince it is the 
weight of the fhip that difplaces the watcr, it mutt 
continue to fink until it has removed as much 
water as is equal to it in weight; iind elierefbre 
the part iminerfed inufi be equd in bulk to filch 
a portion of the water as is equal to the weight 
of the whole- flip. 

T o  prove tliis by experimcnr, let a ball of 
fome light wood, fiich as fir or pear-tree, be put 
into water contained in a glafs veKd ; and let the 
veffel be put into a fcale at  oiie end of a balance, 
and counterpoikc1 by weiglits in the oppofite 
fcfcale: thei), marking the height of the water in 
the velrel, take out the ball ; ;ind till  up the vef- 
fel with water to the fdme height that it flood a t  
when the ball was in i t ;  and the f h e  weight 
will counterpoife it as before. 

From the veffel's being tilled up to the &me 
height at which the water ftood when the pall 
was in it, it is evident that the quantity poured 
in is equal in magnitude to the imnicrfc-d part 
of the ball : and from the i h e  wci,l 9 i t  coumr-  
p4Gng, it i s  plain that the water poured'in, is 
equal in weight to the whole ball. 

I n  troy weight, 24 grains make a penny- 
weight, 20 pennyweights make an ounce, and 
12 ounces a pound. I n  avoirdupoife wighr, 
3 6  drams make an ounce, arid 16 ounces; a 

M pound. 

inwy be 
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pound. The troy pound contain$ 5762; grains, 
and the avoirdupoife po~nd 7000 ; .and hence, 
the avoirdupoife dram weighs 27.34375 'grains, 
and the avoirdupoife ounce 437.5. 

Becaufc it. is often of ufe to know how much 
aoy given quantity of goods in troy weight do 
ninke in :ivc;irdupoiii: weight ; and the reverfe ; 
we ha l l  here annex two tables for converting 
thefe weights into one another. Thofe from 
page r35 to page 146 are near enough for com- 
mon hydraulic purpofes j but the two following 
are better, where accuracy is required in com- 
paring the weights with one another: and I 
find, by trial, that  175 troy ounces are preciiely 
equal to 192 avoirdupoife ounces, and 175 troy 
pounds are equal to 144 avoirdtipoife. And 
although there are feveral leffer integral num- 
bers, which come very near to agree together, 
yet I have found none lefs than the above to 
agree exaltly. Indeed 41 troy oiinces are fo 
nearly equal to 45 avoirdupoife ounces, that the 
latter contains only 7 2  grains more than the for- 
mer : and 45  troy pounds weigh only 7& drams 
more than 37 avoirdupoife. 

I have lately made a 6cale for comparing thefe 
weights with one another, and filewing the weight 
of pump-water, proof fpirits, pure fpirits, and 
guinea gold, taltcn i n  cubic inches, to any quan- 
t i ty  lefs than a pound, both in troy and avoirdu- 
yoife ; only by fliding one fide of a fquare along 
the fcale, a d  the uther fide croiTing ir. 
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Troy Weight. 

Pounds--qooo 
3000 

1000 

go0 
800 
700 
600 
500 
400 
300 
zoo 
100 

9” 
80 
70 
60 
50 
40 
30 
. t o  
Id  

- 
2000 

Z 
7 
6 
5 
4 
3 

hnccs - *  t I 
IO 

2 
1 

s 
7 
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5 
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a 
I 

Xvoitdupoib. Avoii - Troy Weight. - 
11). OZ. drams. Dram 

3291 6 13.68 Pennywt. 19 16.6 

822 13 11.42 16 14.0 
740 g 2 - 2 8  r 5  13 .1  
658 4 9.14 14 12.21 
576 o 0.00 i 3  11.4 
493 I I  6.85 12 10.5 
411 6 13.71 S I  9.6 

164 g 2.28 8 7.0: 
Elz 4 9-15 7 6.1, 
74 o 13.62 6 5.2’ 
6s 13 4.11 5 <.3! 

4 3.51 
3 2.6: 

51 9 9.60 
4y 5 IS.08  
41 2 4.57 2 1.73 
32 14 10.05 I .8t 
24 I O  1954Grains - 23 .84 
16 7 5.03 22 .8c 

8 3 10.52 21 .77 
7 6 ,7,86 20 *73 
6 9 5.21 ‘ 9  -69 

-c_- 

2528 g 2.26, 18 r5.7 
1645 1 1  6.84 ‘7 ‘4.9 

329 2 4-57 10 , 8.7, 
246 13 11.42 9 7.9‘ 

5 la  2.56 1 8  .6C 
.62 4 14 IF90 

4 I 13-25 
3 4 10b60 1s *ss 
2 7 7-95 14 * S I  
I IO. 5.30 * 3  -47 

13 2.65 12 e44 
12 1.09 I I  .40 
10 1554 IO -36 
9 13.99 
8 12.43 
7 10.88 7 .26 

6 .22 6 9.32 5 7.77 5 .18 

:Z .sa 

il ::: 
4 6.22 4 *IS’ 
3 4-66 3 * z z  

1 1.55 I .O& 

2 3.11 2 *011 
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Avoird. voirdupoife Troy weigllt. 
weight. 

------I weight. ll,. oz, pw. gr.' 

unds 6000 7291 8 o 0 Ounces I S  I I 1 3  10.50 

'l'roy wcight. - 
Ib. OZ. pwegr, -- i- 

50006076 4 13 8 I4 I Q '5 5 

3000 3645 IO o o 1 2 ,  10 18 I 8  
zooq2430 6 1 3  8, I I  IO o 12.50 
~ ~ o o r z i ~  3 6 16 $ 0 ,  9 2 7 
gooIo?j g 0 0. 8 4 1.50 

700 850 8 6 16 7 4 7 '4.50 
600 7 2 9  z o o 6 E 9 Y  
500 607 7 1 3  8 5 4 1 1  3-50 
400 486 I 6 16 4 3 11  22  

300 364 7' o I O  3 z I +  16.50 
zoo 243 o 53 8 z I 16 X I  
loo ozz  6 6 16 X 1 8  5.50 
go 109 4 IO oDrams 1 5  17 2.10 
KO 97 a l j  8 14 1 5  2 2 . 7 u  

70 85 o 16 16 1 3  '4 '9.42 
bo 72 I P  Q 0 .  L2 1 3  15.08. 
50 60 9 3 8 I 1  1 2  12 .74 ,  

30 j6 5 IO o 9 so 6.oh. 
20 24 3 13 8 ,  8 9 2.72 

40004661 I 6 16 13 11 I 6  23.50 

Boo 972 2 13 8 z 7 5 2 0  

4.0 48 7 6. 16 10 11 9-40: 

Thc 

PO 12 I 16 16 
Io I I  5 o $ 9 8 1 3  8 

7 8 6 1 1 6  
6 7 3 x 0  o 
5 6 o r 8  8 
4 4 IO 6 16 

I I 2 I 1  1 6 ,  
; 2 y : :  

7 8 23-38 
6 7 20.04 
5 6 16.70 

3 3 10.02 
2 2 6.68 
I ' 3.34 
3 20,5 I ' ' 6.83, 5 

4 5 13-36  

13.67 * 
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The two following examples will be fiifficient 

t o  explain thefe two tables, and h e w  their agree- 
ment.  

' 

4009 

pounds[:o troy- 

02. 6 

Ib. oz. drams. 
3291 6 13.68 
1645 L I  6.84 

8 3 10.52 
9 1 13.25 

658 16 4 7 9.14 5.03 

4 9.32 

-- 

Anfwer. I 5624 IO 11.90 
Ex. 11. In 5624 pounds IO ounces 12 drnmr 

dvoirdupoye, ei. I-Iw niwh Troy wei& ? (See 
page 166.3 

Troy. 
Ib. oz. pw. gr. 

5000 Go76 4 13 8 
7 2 9  z o Q 

20 24 3 13 8 
4 IO G 16 

01. 1 0  9 9 7  
dr. 12 1 '  13 15.08 

Anfwer. 6835-'6 g 6.0s 

' 

-- 

avoird. 

7 
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Pneuvatics, 

L E C T. Vi. 

0 f Pneumatics. 

HIS fiience treats of the nature, weight, T preffure, and fpring of the air, and the 
effeEts arifing therefrom. 

The pro- The  air is that  thin tranfparent fluid body in 
PFiesof which we live and breathe. ' It encoinpaffes the 
a'r' whole earth to a confiderable height; and, toge- 

ther with the clouds and vapours that  float there- 
in, it is called the atmofphere. The air is juitly 
reckoned among the number of fluids, becaufe 
it has all the properties by which a fluid is dif- 
tinguiked, For, it yields to the leait force 
impreffed, irs parts are eafily moved among one 
another, it preges according to its perpendicular 
height, and its preffure is every way equal. 

T h a t  the air is a fluid, confifiing of fuch 
particles as have no cohefion between them; but 
eafily glide over one another, and yield to rhe 
flighteit imprefion, appears fiotii that eafe and 
freedom with which animals breathe in it, and 
move through it without any difficulty or fenlible 
rcfiftmce. 

But it differs from all ocher fluids in the four 
following particulars: I .  IC can be compreKed 
into a much le& fpace than what it naturiilly 
po@eKes, which  no other fluid can. 2. It cannot 
be congc-alcd or fixed, as other fluids may. 3. It 
is of a different- denGty in every part, upward 
from the earrh's furface, decreaGng id its weight, 
bulk for bulk, the' higher it rifes and therefore 
mu& a h  decreak in denfity, 4. I t  is of an 

elaftic 
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tlaitic or fpringy nature, and the force of its 
fpring is equai to its weight. 

That  air is a body, is evident from its cxclud- 
ing all other bodies out of the fi)acc it poffeiTrs : 
for, if a glafijar be plunged with i t s  mouth down- 
ward into a veffel of water, t lwe  will l ~ u t  very 
little water get into tlie jar, becaufi: the air of 
which it is full lceeps the wata  out. 

As air is a body, it muit needs have gravity 
or  weight: and that it is weighty, is dcmon- 
firated by experiment. For, let the air be takcn 
out of a veffel by nieans of the air-pump, then, 
having weighed the veffel, let in tlie air agniii, 
and upon weighing it when le-filled wiih air, it 
will be found confiderably heavier. ?’litis, a 
bottle that holds a wine quart, being emptied of 
air and weighed, i s  found to be about 1 6  grains 
lighter than .when the air is let into it again j 
which fhews that a quart of air weighs 16 grains. 
Rut a quart of water weighs 14621 grains ; this 
divided by 16, quotes 91.1. in round nutnbrrs; 
which fliews, that water is 914 tiinrs as heavy as 
air near the furface of the earth. 

As the air rifes above the earth’s furface, it 
grows rarer, and confrquently lighter, bulk for 
bulk. For, bccaufe i t  i x  of :in eldkic or flJiingy 
nature, arid ics lowei mcdt parts are prel3ed with 
the weight of d l  that is above them, it is plain 
that thc air moil bc: inore denle or c o i ~ ~ p a f l  a t  
the earth’s hrfilcc, than at any height a h o w  it i 
and gradually rarer the Iiigher up. For, the 
denGty of the air is always as the force that 
compreiris it;  and therefore, the i\ir row.ird 
the upper parts of the atmofphere being it6 
premd t h m  that which is near the e h h ,  it will 
expand itfiIf, i\nd thereby become thinner than 
at the earch’s furface. 

M 4  Dr, 
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Dr. Cote5 has demonfirated, that if altitudes 
in the air be taken in  arithmetical proportion, 
the rarity of the air will be in geometrical pro- 
portion. For inkance, 

6* 
0 

And hence it is eafy to prove bv calculation, 
that a cubic inch of filch air as we breathe, would 
be fo much raretied ar the a l t i t~de~of  500 miles, 
that it would fill a hallow fphere equal itii diame- 
ter FO the orbit of Saturn. 

The weight or preKure of the air is maalg 
determined by the following experiment: 

T1.e 5. Take a glafi robe *about three feet long, and 
virdia open a t  one end;  fill it with quicklilver, and 

putting your finger upon the open end* turn aperi- 
rnent. 

thdt end downmrd, and iminede it into a final1 
veffet 
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VeKel of qL&Mlver, without letting in any air: 
then take away your finger; ajid the quickfilver 
will remain’ fiifpended in the tube qgf (inches 
above its. furface in the veri1 ; foiwetimes lnore, 
and at  ocher times lefs, as the weigllt of the 
air is varied by winds and other caufei, That 
the quickfilver is kept up in the tube by the 
preirure of the atnlofphl.re upon that in the 
bafon, is evident; for, if the bafon and tube be: 

‘put under a glafs, an’d the air be then taken out 
of the glafs, all tlic quickfilver in die tube wig 
fall do&n into the bafon ; and if the air be let in 
again, the quickfilver 6411 rife to the fame height 
as befoje, Therefore. the air’s preffure on the 
furrace of the earth, is equal ‘to the weight of 
29t inches depth of quicltfilver all over the earth’s 
furface, at a mean rate. . 

A fquare column of quickfilver, 294 inches 
’high, and one inch thick, weighs jurt 15 
poiinds, which is equal to the prefhre of air 
upon every fquare inch of  the earth’s furfwe; 
and 144 t i i i m  as much’, or 2iG0 pounds, upon 
every fquare foot; becaiife a fquare foot con- 
tains 144 fquare inches. At  this rate, a middle- 
fized man, whofe furface d a y  be about 14 fquarc 
feet, fufiains a trrffure of 30240 pounds, when 
the air is of a inean gravity : a preffure which 
~oiilcl be infiipportable, and even fatal to us; 
were it not equal on every part, and counterba- 
lanced by the fpring of the air within US, which 
is diffufed through the whole body,; and re- 
a& with an equal force againlt the outward 
prefiiire. 

Now, fince the earth’s furf?ce contains (in 
round numbers) 200,000,000 fquare miles, 
and every fquare mile 27,$78,400 Xquare fcct, 
there muft be 5,5756 80~000,000,000 fqu:u.e 

fccr 



”37% Of Pneumatics, 
f a t  on the earth’s furface; which multiplied by 
21 60 pounds (the prefliire on each fq’uare foot) 
gives I 2,043,468,800,~90,~00,~0 pounds for 
the preKure or weight of the whole atmof- 
There. 

When the end of a pipe I’s irnmerfed in water, 
and the air is taken out of the pipe, the water 
will rife in it to the height of 33 feet above 
the Turface of the water in which it IS immcrfed ; 
but will go no higher; for i t  is found, that a 
common pump will draw water no highrr than 
$3 feet above the iurface of the well : and unleis 
the bucket goes within that diitance from the 
well, the warer ~ i l I  never get abpve it. Now, 
as it is tht  pteffure of the atmofphere, on the 
furface o f  the water in the well, that caufes the 
water to afcend in the PUF”~,  and follow the 
pifton .or bucket, when the air above it is lifted 

dent, that a column of water 33 
equal in wei@x to a column of 
f the fame diameter, 29t inches 

to as thick 3 column of air, reacli- 
e cdrth‘s furface to the top of the 

I n  ferene calm weatler, the air has weight 
enough to fupport a column of quickfilver 31 
inches high; but i n  tempeftuous fthrmy wea- 
ther, not above 28 inches. The quickfilver, 
thus fupported in a glafs tube, is found to be a 
nice counterbalance to the weight or preffure.b,f 
the air, and to hew its alterations at different 
times, And being now generally u r d  to denote 
the changes in the weight of the air, and of the 
weather confequent upon them, ir is caYed the 
baromejdr, or weather-glais, 

The preirure of the air being e ual on all 

€U&& 

The dura 
nctrr* 

Fdcg of a body expofed to it, the fo 9 telT bodies 
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fuRain this preflire without fuffering any change 
in their figure i and fo do tlie molt brittle bodies 
without being broke, 

The air is rarefied, or made to fwell with heat 3 
and of this property, wind is a neceKary confe- The cauli 
quence. For, when any part of the air 1s heatedof -* 
by the fun, or otherwife, it will fwell, and thereby 
affe& the adjacent air: and fo, by various de, 
grees of heat in different places, there will arifq 
various winds. 

When the air is much heated, it will afccnd 
toward the upper part of the atmoFphcre, and 
the adjacent air will ruth in to fupply its placei 
and therefore, there will be a itream or current 
of air from all parts toward the place where the 
hear is. And hence we fee the reafon why the 
air ruihes with filch force into a glafs-houfe, or, 
toward any place where a great fire is made. 
And alfo, why fmoke id  carried up a chimney, 
and why the air ruflies in at the key-hole of the 
door, 01 any Emall chink, when there is a fire in 
the room, So we may rake it in general, rhot 
the air will prefs toward that pzrt of the world 
where% is inofi heated. 

Upoii this principle, we can eafily account for Thefmdb 
the trade-winds, which blow conRandy from eafk IWi& 

to weft about the equatg5 For, when the fun 
fhines perpendicularly on any part of the earth, 
it will hear the air very niuch in that art; which 

withdraws, the adjacent air will ruih in to fill ita 
place; and confequently will caufc a fiream or 
clirrent .of air from all parts toward that which 
is mofi heated by the fiin. But as the fun, with 
rcfpeh to the earth, moves from eafi to we& 
.the common courfe of the air will be that way 
FOO; contiqyally prenin8 after the Gin i and 

therefore, 

air will therefore rife upward, and w K en the fun 
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therkfore, at the equator: where the fun fhines 
itrongly, there will Ge a continual wind from 
the eaft; but, on the north-fide, it will incline 
a little to the north, a?d on the fouth-fide, to 
the fouth. 

This general cotirk of the wind about the 
equator, is changed in feveral places, and upon 
fevcral accounts ; as, I .  By exhalations that rife 
o u t  of the earth at certain times, and from cer- 
tain places j in earthquakes, and from volcanoes. 
2.  By the filling of great quantities of rain, 
daufing thereby a fudden 'condenfdtion or con- 
rraAion of the air. 3. By burning rands, that 
often retain the folar heat to a degree incredible 
to tliofe who have not felt it, caiifing a more 
than ordinary rarefaAion of th.e air contiguous 
1o.them. 4. By high mountzins, which alter 
the d i r a i o n  of the winds in ftriking againit 
them. 5.  By ,the declination of the fun toward 
rhe no'rth or fourh, heatingthe air on the north 
or foutli-fide of the e tiator. 

?'a thefe and fuch li 9 ce caufis is owing, I .  T h e  
jrrcgularity and uncertainty Qf winds in cliinates 
diRant from the equator, as in mofi parts of 
Europe,, 2. Thofe periodical winds, called 
mnCnJoonJ, which in the Iridian Gas blow half a 
year one way, and the other half another. 
3. Thofe winds which, on the coaft: of Criitica, 
and on *the weitern cnafis of Ameukcn, blow al- 
ways from wek to e a k  4. T h e  fea.breezes, 
which, in hot countries, blow generally from 
fea to land, in the day-time; and the land- 
breezes, which blow in the night ; ' and, in lhort, 
all thofe ftorrns, hurricanes, whirlwinds, and 
irregularities, which happen at different times 
and ylaxs. 

The man- 

A4 
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:All common air is impregnatpd with a cer- T I I ~  .ui.vi* 
tain kind of 6 h f i i q  Jpivit or quality, which is$+~~./&rd 
neceirary to contiuue the lives of animals : and 
this, in a gallon of air, is fuflicient for one iman 
during the f+e of a minute, and not much 
longer. 

This fpirit in air *is deftroyed by pailing 
through thc lungs of animals : and hence it IS, 
that an animal dies foon, after being put under 
a veffel which admits no frefh air to come to it. 
This  fpiric is alfo in the air which is in water; 
for filh die when they are texcluded fi.011-1 frcfh 
air, .as in a pond that is clofely frozen over. 
And the little eggs of Melts, fiopped up in a 
glaG, do not produce their young, though af- 
fified by a kindly warmth. The feed alfo o[ 
plants mixed yvith good earth, and inclofrd in a 
glafi, will not pow. 

This enli'vening qublity in air, isalfo. defiroyed 
by the air's pa6ng through fire; particulaily 
charcoal fire, or the flame of Culphur. Henge, 
finaking chimpeys inufi be very I I I I W ~ O ~ ~ ~ O I I ~ C ,  
ef&ially if the roonis they are in be fmall and 
ClOcC, 

Air is alfo vitiated, by remaining clofcly pent 
np in any place for a confiderable time; or per- 
haps, by being mixed with. malignant itearns 
and particles flowing fiom the neighbouring bo- 
dies : or lafily, by the corruption of the vivifying 
fpirit j as in the holds of hips, in oil-cifterns, or 
wine-cellars, which have been ihu 
derable time. *The air in  any of 
times To muck vitiated, as to be i 
ro any animal tha t  comes into it. 
* Air that has loit its vivifying fpirit, is called 
damp, not only becaufe it 'is fillcd with humid DJV- 
or moifi vapours, but becaufe it deadcns fire, 

cxtin- 
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extin ifhes flame, and deftroys life. The  dread- 

as 'work in mines. 
If part of the vivifying @ i r k  of air in any 

mu'ntry begins to putrefy, the inh'abitants of that 
country will be fubje& to an epidemical dikafe, 
which will cohtinue until rhe putrefafion iq 
wcr. And as the putrefying fpirit occafions 
the difeafe, fo if the difeeafed body contributes 
toward the putrefying of the air, then the d i F  
cafe will not only be epidemical, but pefiilential 

The atmofphere is the ccmmon receptacle of 
a11 the effluvia or vapours arifing from different 
bodies j of the ftearns and fmoke of things burnt 
or melted ; the fogs or vapours proceeding from 
damp watery places j and of the effluvia horn 
fiilphureous, nitrous, acid, and alkaline bodies, 
In fhort, whatever may be called volatile, rifes 
it1 the air to greater or IeTs heights, according to 
itswfpecific gravity. I 

Prrmmio, When the efluvia, which arife from acid and 
rim. alkaline bodies, meet each other in sthe alr, 

there will be a firong confli& or fermentatioozt be- 
Ween them; which will Cometimes be fo great,. 
as to,, produce a, fire; then if {he effluvia be 
combufiible, the fire will run from one part to 
another, juR as the inflammable matter happens 
to lie. 

Any one may be convinced of this, by mixing 
an .acid and an alkaline fluid together, as the 
Qirit of nitre and oil of cloves; upon the doing 
of which, a ftidden ferment, with a fine flame, 
will arife; and if the ingredients be very bur4 
and ftrong, there will be a fudden explofion. 

 TZU^& Whoever confiders the effeCts of fttrrntnta- 
y d  l$$t-E-ion, cannot be at a lofs to accouiit fm the 
W Z g e  drcadful 

fd e fF e&saof damps are fuficiently known tofuch 

~ and contagious. 
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dreadful effe&s of tbundir and kghtnhg: for the 
effluvia of fulphureous and nitrou’s bodies, and 
others that may rife into the atmofphere, will 
ferment with each other, and take fire very often 
of themfrlves ; fometimes by the afiitance of 
the fun’s heat. 

I f  the inflammable matter be thin and light, 
it will rife to the upper part of the atmofphere, 
where it will*flalh without doing an harm: but 

earth, where taking fire, it will explode with P 
furpriling force ; and by .its heat rarefy and drive 
away the air, kill men and cattle, fplit trees, 
walls, rocks, &c.% and be accompanied with ter- 
rible cla s of thunder. 

T h e  K eat of. lightning appears to be quite 
different from that of other fires5 for it has 
been known to run through wood, leather,* 
cloth, &c. without hurting them, while it has 
broken and melted iron, Aeel, Glver, gold, and 
other hard bodies. T ~ L I S  it has melted or burnt 
ofunder a fword, without hurting the fcabbard ; 
and money in a man’s pocket, without hurting 
hiis cloaths: the reafon of this feems to be, that  
the particles of that fire are fo fine, as to pars 
through foft look bodies without diffolving them 8 
while they fpend their whole force upon the hard 
we?. 

It is remarkable, that ,lci&xs and forks which 
have been (truckwith lightning have a very Rmng 
magnetical virrue for fevFral years after ; and L 
have heard that lightning itriking upon the ma- 
riner’s compafi, w$ fometirnes turn it tound i 
and often make it itand the contrary way, the 
north-polo toward the fouth. 
’ Much of. the fame kind with lighming, are F ~ Y -  

thore explofions, called fulminating or f i r c - d a ~ s ,  
9 wluch 

if it be denfe, it will lie nenr the r urface of die 
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which hmctimes happen in mines; and are oc- 
cafioncd by fulphureous and nitrous, or rather 
oleaginous particles, rifing from the mine, and 
mixing with the air, where they will take fireby 
the lights which the workmen. are obliged to 
make ufi of. The  fire being kindled, will run 
from one part of the mine to another, like a train 
of gunpowder, as the combukible matter hap- 
pens to lie. And as the elafiicity of the air is' 
increafed by heat, that in the mine will confe- 
qucntly fwell very much, and fo, for want of 
room, will explode with a greater or lefi degree 
of force, according to the denfity of the co11-1,- 
buftible vayours, It is fornetithes €0 firong, as 
to blow up-the mine; and at orher times fo 
weak, that when it has taken fire a t  the flame of 
a candle, i t  is eafily blown,out. 

Air that will take fire at the flame of a candle 
may be produced rhus: Having exliauited a 
receiver of the air-pump, let the air run into ir 
through the flame of the oil of turpentine ; then 
remove the cover of the receiver, and holding a 
dandle to that air, it will take fire, and burn 
quicker or flower, according to the denfity of 
the oleaginous vapour. 1 

When fuch combufiible matter, as is above- 
mentioned, kindles in tlie bowels of the earth, 
where there is little or ;lo vent, it produces earth- 
quakes, and violent tcorms or I~urricanes of wind 
when it breaks forth into tlie air. 

An artificial'earthqualte may be made thus4 
Take I O  or 1 5  pounds of fulyhur, and as much I 

of the filings of iron, and knead them with 
common water into the coniiltency gf a pafie:- 
this being buried in the ground, will, in 8 ov 
.xo hours time, burfi out in flames, and caufe 

the 
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the earth to tremble all around to a confiderable 
diitance. 

From this experiment we have a very natural 
account of the fires of mount &tu#, Y,Suuvius, 
a i d  other volcanos, they being probably fet on 
fire at firfi by the mixture of fuch metalline and 
fulphureous particles. 

The air-pump being conitrulted tlie Game way T I I ~  n i e  
as the water-pump, whoever undcrfiands the one, p m p .  
will be at no lofs to underfiand the other. 

Having pur a wet leather on the plate L L XlV. of the air-pump, place the glafs receiver MFig. f. 
upon the leather, fo that the hole i in the plate 
may be within tlie glaf's. Then, turning the 
handle F backward and forward, the air will be 
pumped out of the receiver; which will then 
be held down to the plate by the preKure of the 
external air, or atmofphere. For, as the Iianale < (Fig. 2.) is turned backward, it raifes the 
piiton de in the barrel B K ,  by means of the 
wheel E and rack D d :  and, ds the piiton is lea- 
thered fo tight as to fit the barrel exnltly, no 
air can get between the piiton and barrel ; and 
therefore, all the air above d in the barrel is 
lifted up toward B, and a vacuum is made in 
the barrel from I to e;  upon which, part of the 
air in the receiver M (Fig. I . )  by its fpring, 
rufhes through the hole i, in the brafs plate 
.L L, along the pipe G G, which communicates 
with both barrels by the hollow trunk I HK 
(Fig. 2.) and pifliing up the valve b, enters 
into the vacant place b e  of the barrel B K. , For, 
wherever the refiitance or preirure is taken 06 
the air will run to that  place, if it can find a 
PaKage.-'I'hen, if the handle F be turned 
forward, the piffon de will be depreffed in the 
barrel; and, as the air which had got into die 

N barrel 
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barr’el cannot be piflied back through the valve 
b, it will afcend through a hole in the piiton, 
and efcape through a valve a t  d ;  and be hin- 
dered by that valve from returning into the bar- 
rel, when the piiton is again raifed. A t  the 
next raifing of the piiton, a vacuum is again 
made in the ‘fame manner as before, between I 
and e; upon which, more of the air that was 
left in the receiver M, gets out thence by its 
fpring, and runs into the barrel B K, throtigh 
the valve B. The  fame thing is to be under- 
Rood with regard to the other barrel A I ;  and 
as the handle F is turned backward and for- 
ward, it alternately raifes and depreffes the pif- 
tons in their barrels j always railing one while 
it depreITes the other. And, as there is a va- 
cuum macle in each barrel when its pitlon is 
mired, the particles of air in the receiver M 
pufh out another by their fpring or elafiicity, 
through the hole i, and pipe G G in to  the bar- 
rels ; until at lait the air in the receiver comes to 
be io much dilated, and its fpring fo far weak- 
ened, that it can, no longer get through the 
valyes; and then no more can be taken out. 
Hence, there is no fuch thing as malting a per- 
fect vacuum in the receiver; for the quantity of 
air taken out at any one itroke, will always be as 
the denfity thereof in the receiver: and there- 
fore it is irnpofible to take it all out, becaufe, 
fi1ppofing the receiver and barrels of equal CR- 
pacity, thcre will be always as much lefr as was 
taken out a t  the lait turn of the handle. 

There is a cock k below the pump-plate, 
’which being turned, lets the air into the receiver 
again ; and then the receiver becomes lode, and 
may be taken off the p lap  The barrels are 
%xed to the fiame E e e by two {crew-nuts fA 

8 -which 
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which prefs down the top-piece E upon the bar- 
rels: and the hollow trunk U (in Fig. 2 . )  is co- 
vered by a box, as G N in Fig. x .  

There is a glafi tube Im m m tl open at both 
ends, and*about 34 inches long; the upper end 
co~pinnunicating with the hole in the pump-plate, 
and the lower end immerfed in quickfilver at x 
in the veirel N. To this tube is fitted a wooden 
ruler m vn, called the gage, which is divided into 
inches and parts of an inch, fi*om the bottom at 
n (where it is even with the fiirface of the quick- 
filver) and continued up to the top, a little be- 
low I, to 30 or 3 t inches, 

As the air is pumped out of the receiver M, it 
is likewife pumped out of the glafs tube Zm71, 
becaofe that tube opens into the receiver through 
the pumpplate; and as the tube is gradually 
em tied of air, the quickfilver in tbc veG1 N 

atmofphere. And if the receiver could be per- 
feEtly exhaufied of air, the quickfilver would 
fiand as high in the tube as it does a t  that time 
in the barometer : for it is fupported by the fame 
power or weight of the atmofphere in both. 

The quantity of air exhauitrd out of the re- 
ceiver on each turn of the handle, is always pro- 
portionable to the afcent of the quickfilver on 
that turn ; and the quantity of air remaining in 
the receiver, is proportionable to the dcfe& of 
the height of the quickfilver in the gage, from 
what it io at that time in the barometer, 

I hall  now give an account of the experiments 
made wifh the air-pump in my lcCtures ; hew- 
ing the refiflance, weight, and elaiticity of the 
air. 

is P orced up into the tube by thc preffure of die 

' 
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Fig. 3. 

Fig. I. 

Of thr Air-Pump, 

I To Jew the r&Jance of the air. 

I. There is a little machine, conGLting of two 
mills, a and b, which are of q u a l  weights, in- 
dependent of each other, and turn equally free 
on their axes in the frame. Each mill has four 
thin arms or fails, fixed into the axis: thofe of 
the mill a have their planes at right angles to its 
axis, and thofe of b have their planes parallel to 
it. Therefore, as the mill a turns round in com- 
mon air, it is bur little refifted thereby, becauk 
its fails cut the air with rheir thin edges: but 
the mill b is much, refiited, becaufe the broad 
fides of its Oils move againfi the air when it 
turns round. In each axle is a pin near the 
middle of the frame, which goes quite through 
the axle, and itands out a little on each fide of 
i t :  upon there pins die flicter d may be made 
to bear, and To hinder the mills from going, when 
the itrong fpring c is fet on bend againfi the op- 
polite ends of the pins. 

Having Gt this machine upon the pump- 
plate L L (Fig. I . )  drriw up the aider d to the 
pins on one fide, and fer the fpring c at bend 
upon the oppofite ends of die pins : then pufli 
down the aider d, and the f1)ring aAing equally 
fitrong upon each mill, will fct them both a 
going with equal forces and velocities : but the 
mill a will run much longer t h a n  the mill b, 
becauk the air makes much lefs refiilance againit 
the edges of its fails, than againft the fides of 
the a l s  of b. 

.Draw up the flidcr again, and fet the fpring 
upon the pins as before ; then .cover the ma- 
chine with the recciver ICI upon the pump- 
plate, and having exhaufied the receiver of air, 

pu fll 
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pufl1 down the wire P P (through the collar of 
leathers in the' neck 2) upon the flider ; which 
will dikngage it fiom the pins, and allow the 
mills to turn round by the impulfe of the fpring: 
and as there is, no air in the receiver to make any 
kntible refiitnnce againit them, they will both 
move a confiderable time longer than they did 
in the open air; and the moment that one flops, 
the other will'do fo too.--This hews that air re- 
fiits bodies in motion, and that equal bodies meet 
with different degrees of refifiance, according as 
they prefent greater or lefs furfaces to the air, in 
the planes of their motions, 

and having put the guinea a and feather I upon 
the brafs flap c, turn up the flap, and k u t  it into 
the notch d. Then, putting a wet leather over 
the top of the tall receiver AB (it being open both 
at top and bottom) cover it with the plate C, 
froin which the guinea and feather 'tongs e d will 
then hang within the receiver. This done, pump 
the air 'out of the receive; and then draw up 
the wirefa little, which by a fquare piece on its 
lower end will open the tongs e d ;  and the flap 
falling down as at c, the guinea and feather will 
defcend with equal velocities in the receiver 6 
and both will fall upon the pump-plate at the 
fame initant. M. B. In this experiment, the ob- 
fervers ought not to look at the top, but at the 
bottom of the receiver; in order to fee the guiiiea , 

and feather fall upon the plate ; otherwife on acT 
count of the quicknefs of their motion, they will 
efcape the fight of the beholders, 

, 183 

2. Take off the receiver M, and the mills; Fig. 4, 
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Y 11. To flew the weiyhC of the air. 

I .  Having fitted a brafs cap, with a valve 
tied over it, to the mouth of a thin bottle or 
Plurme flafltj whofe contents are exaaly Itnown, 
fcrew the neck of this cap into the hole i of the 
pump-plate : then, having exhauited the air out 
of the Baflc, and taken it off from the pump, let 
it be fufpended at one end of a balance, and nicely 
counterpoifed by w’eights in the fcak at the other 
end : this done, raife up the valve with a pin, and 
the air will ruih into the Aaik with, an audible 
noire : during which time, the f l a k  will defcend, 
and pull down that end of the beam. When the 
noife is over, put as many grains into the kale 
at the other end as will r e h r e  the equilibrium ; 
and they will h e w  exaEtly the weight of the 
quantity of air which has got into the flaik, and 
filled it. If the flaflc holds an exa& quart, it 
will be found, that 16 grains will reftore the 
equipoife of the balance, when the quickfilver 
ftands at 29t inches in the barometer: which 
fliews, that when the air is at a mean rate of den- 
fity, a quart of it weighs 16 grains : it weighs 
more when the quicldilver itands higher ; and 
lefs when it itands lower. 

2. Place the fmall receiver 0 (Fig. I . )  over 
the hole i in the pump-plate, and upon exhauitjng 
the air, the receiver will be fixed down to the 
plate by the preffure of the air on irs ou’tfide, 
which is left to a& alone, without any air in the 
receiver to a& againit it:  and this preffure will 
be equal to as many times 15 ounds, as there 
are fquare inches in that part o r t h e  plate which 
the receiver covers; which will hold down the 
receiver fo fait, that it cannot be got 06 until 

the 
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the air be let into it by turning the cock k; aug 
then it becomes look. 

both ends) over the hole i upon the puhp-plate 
15 Lj and put your hand clofe upon the top of it 
at B :  then, upon exhauiting the air out of the 
glafs, you will find your hand preired down with 
a great weight \)yon it : So that you can hardly 
releafe it, until thc air be re-admitted into the 
glafs by turning the cock k ;  which air, by an- 
jng as ftrongly upward againfi the hand as t h e  
external air a&ed in  yrefilng it downward, will 
releafe the hand froq its confinement. 

the open top of the glafs A (which is alfo open at 
bottom) fet it to dry, and then the bladder will 
be tight like a drum. Then place th,e open end 
A upon the pump-plate, over the hole i, and 
begin to exhauft the air out of the glafs. AS 
the air is eXhaUfting, its fpring in the ghfs will 
be weakened, and give way to the preiriire of the 
outward air on the bladder, which, as it is preffed 
down, will put on a +erica1 concave figure, 
which will grow deeper and deeper, until ' the 
itrength of the bladder be overcome by the 
weight of the a i r ;  and then it will burft with a 
re ort as loud as that of a gun.-If a flat piece 

ceiver, and joined to it by a flat ring of wet 
leather between them ; upon pumping the air 
out of the receiver, the preKure of the outward 
air upon the Rat gl& will break it ro pieces. 

ball c b  in water, contained in the phial a a j then 
fee it upon the pump-plate, and cover it and the 
hole i, with the clofe receiver A ;  and  then begin 

N 4  to 

3. Set the little glafs A ich is open at Fig. 5. 

4. Having tied a piece of wet bladder Ir over Fig. 6. 

o P glafs be laid upon the open top of this re- 

5. Immerfe the neck c d of the hollow glafs Fig- 7. 
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to pamp out the air. As the air goes out of the 
receiver by its fpring, it will alfo by the fame 
means go out of the hollow ball eb, through the 
neck dc, and rife up in $bubbles to the furface of 
the water in the phial ; froin whence it will make 
its way, with the rrfi of the air in the receiver, 
through the air-pipe GG and valves a and b, into 
the open air, When it has done bubbling in 
the phial, the ball is f'dfkiently exhauited ; and 
then, upon turning the cock k, the air will get ' 
into the receiver, and preG fo upon the furface 
of the water in the phial, as to force the water 
up into the ball in a jet, through the neck c d ;  
and will fill the ball almofi full of water. The 
reafon why the ball is not quire filled, is becaufe 
all the air could not be taken out of,it j and the 
fmall quantity that was left in, and had expanded 
icklf fo as to fill the whole ball, is now condenfed 
into the faine Rate as the outward air, and re- 
mains in a final1 bubble at the top of ,the ball j 
and fo keeps the water from filling that parr of 
the ball. 

6, Pour iome quickGlver into the jar D, and 
fet it on the pump-plate near the hole i ;  then 
fet on the tall open receiver A B, fo as to be over 
the jar and hole ; and cover the receiver with thd 
brafi plate C, Screw the open glafs tube f g  
(which has a brafs top on it at h )  into the fyringe 
1% and putting the tube through a hole in the 
middle of the plate, fo as to iminerfe the lower 
end of the tube e in the quicldilver a t  D,,fcrew 
the end h of the fyringe into the plate, This 
done, draw up the pifion in the fyringe by the 
ring I, which will make a vacuum in the fyringe, 
below the piiton; and as the upper eiid of the 
tube opens into the fyringe, the air will be dL 
lated in the tube, becauie part of it, by its fpring, 

gets 

Fig, 8,  
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gets ui) into the iyringe ; and the fpring of the 
undilated air in the receiver aaing upoii the 
fiirface of the quicltiilver in the jar, will force 
part of it up into the tube: for the quickfilver 
will follow the pifion in the fyringe, in the $Arne 
way, and for the C m e  reafon, that  water follows 
the $on of a common ptimp w11e.n it is raifcd 
i n  the pump-batqrel; and this, according to h n e ,  
is dour by fiu&ion. But to refute tha t  erroneous 
notioa, let the air be puinprcl out of the receiver 
A B ,  and then all the quickfilver i n  the tube will 
fall down by its own weight into qhe jar ; and can- 
not be again raifcd one hair’s breadth in the tube 
by working the fyringe ; which hews that fuc- 
tion had no hand in raiting tlie quickfilver ; and, 
to prove that it is done by p~ff i i re ,  let the air 
into the receiverhy the cock k (Fig. I . )  and its 
allion upon the furfke of the quickfi1vt.r in the 
j a r  will raife it up into the tube, althou h the 

the tube he about 32 or 33 inches high, ’the 
quickfi1vc.r will rife in it very near as high as it 
fiands a t  that  tinle in the barometer. And, if 
the fyringe has a fmall hole, as m, near the top 
“of it, and the pifton be drawn up above that  hole, 
the air will ruff1 through the hole into the fy- 
.ringe and tube, and the quickfi1ver will imme- 
diately fall down into the jar. If this part of the 
apparatus be air-tight, the quickfilver m a y  bc 
puinptd up into the tube to the fame height that 
it itands in the barometer; but it will go no 
higher, becaufe then the weight of the coliitnn 
of qiiickfil~er in the tube is the fame as tlie weight 
of a column of air, of the fame thitknefs wi th  the 
quickfilver, reaching from the earth to the top of 
the atmofphere. 

7) Having 

piftoii of the fyringe continiw motionle B s.-If 
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Fig. 9. 7. Having placed the jar A, with fotne quick- 
filver in it, on the pump-plate, as in the laEt 
experiment, cover it with the receiver B ;  then 
puih the open end of the glafs tube de  through 
the collar of leathers in the brafs neck C (which 
it fits fo as to be air-tight) alrnofi down to the 
quickfilver in the jar. Then exhauit the air 
out of the receiver, and it will alfo come out of 
the tube, tiecaufe the tube is clofe at top. When 
the guage m m hews that the receiver is well 
exhaufied, puih down the tube, fo as ro iminerfc 
its lower, end into. the quickfilver in the jar. 
Now, although the tube be exhauited of air, 
none of the quickfilver will rife into it, becaufe 
there is no air left in the receiver to prefi upon 
its furface in the jar. But let the air into the 
receiver by the cock k, and the quickfilver will 
immediately rife in the tube; and fiand as high 
in it, as it was pumped up  in the lait experi- 
ment. 

'Both thefe experiments ihew, that the quick- 
filver is iiipported in the barometer by the pref- 
fure of the air on its furfice in the box, in which 
the open end of the tube is placed. And that 
the more dent? and heavy the air is, the highcr 
does thk quickfilver rife ; and, on the contrary, 
the thinner and lighter the air is, the more will 
the 'quicldilvkr fall. For if the handle F be 
turned ever To little, it takes fome air out of the 
receiver, by raifing one or other of the iitons in 

in  the receiver is To much the rarer, and has fo 
much the lefs fpring,and weight; and thereupon, 
the quickfilver falls a little in the tube: but 
upon turning the cock, and re-admitting the air 
into the receiver, ir becomes as weighty as be- 
fore, and the quickfilfer rifes again to the fame 

height.. 

its barrel ; and confequently, that whic K remains 
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height,-Thus we fee the reafon why thc quick- 
filvcr in the barometer falls before rain or how, 
and r iks  before fair wearher j for, in the former 
cafe, the air is too thin and light to bear up the 
vapours, and in the latter, too denfe and heavy 
to let them fill. 

N. B. I n  all mercurial experiments with the 
air-pump, a iboi t pipe iiiuit. be fcrewed into the 
hale i, fo as to rife about an inch above the plate, 
to prevent the quickfilver from getting into the 
air-pipe and barrels, in cafe any of it ihould be 
accidentally fpilt over the jar : for if it once gcts 
into the pipes.or barrels, it fpoils them, by loofen- 
ing the fblder, and corroding the brafi. 

8 ,  Take the tube out of the receiver, and put 
one end of a bit of dry hazel branch, about an 
inch long, tight into the hole, and the other end 
tjght into a hole quite through the bottom of 3 
finall wooden cup : then pour Come quickfilver 
into the cup, and exhault the receiver of air, an4  
the preffure of rhe outward air, on ?le h f k e  
of the quicltfilver, will force it through the pores 
of die hazel, from whence it will dekend in a 
beautiful kower into a glafi cup placed under 
the receiver to catch it. 

9. Put a wire through the collar of leathers in 
the top of the receiver, and fix a bit of dry wood 
on the end of the wife within the receiver; then 
exhaul1 the air, and pufh the wire down, io as to 
immerfi the wood into a jar of quickfilver on the 
pump-plate j this done, let i n  the air, and upon 
taking the wood out of the jar, and fplitting it, 
its pores will be found full of quickfilver, which 
the force of the air, iipon being let into the re- 
ceiver, drove into the wood. 

and B together, with a wet leather betwoen them, 
having 

10. Join the two brafs hemii$herical cups AFig. IO. 
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having a hole in the middle of i t ;  then fcrew the 
end Z, of the pipe CQ into the plate of the 
pump at i, and turn the cock E, io as the pipe 
may be open all the way into the cavity of the 
hemifpheres : then exhaufi the air out of them, 
and turn the cock a quarter rmind, which will 
ihut the pipe CD, and keep out the air. This 
done, unfcrew the pipe a t  D from the pump; 
and fcrew the piece F h  upon it at D; and let 
two firong men try to pull the hernifpheres afun- 
der by the rings g and h, which they will find 
hard to do: for if the diameter of the hemi- 
fpheres be four inches, they will be preITed .to- 
gether by the external air wirh a force equal to 
$.go pounds. And to dliew that it is the preirure 
of the air that keeps them together, hang them 
by either of the rings upon the hook P of the 
wire in the receiver M (Fig. I . )  and upon ex- 
haufiine the air out of the receiver, they will fall 
afunder of themfelves. 

I I .  Place a fmall receiver 0 (Fig. I .) near the 
hole i on the pump-plate, and cover both it and 
the hole with the receiver M ;  and turn the 
wire fo by the top P, that i t s  hook may take 
hold of the little receiver by a ring at its top, 
allowing tha t  receiver to itand with its awo 
weight on the plate. Then, u on working the 
pump, the air will come out o P both receivers ; 
but the large one M will be forcibly held down 
to the pump by the prefiire of the external air ; 
while the h i a l l  one 0, having no air to prefi up- 
on it, will continue: 10ofe,'~and may be drawn up 
and let down at pleafure, by the wire PP. But, 
upon letting it quite down to the plate, and ad- 
mitting the air into the receiver M, by the cock, 
k, the air will prefs io, itrongly upon the h a l l  
receiver 0, as to fix it down to the plate j and at 

4 the 
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tlie fame time, by countet-balhncing the outward. 
preffure on the large receiver M, it will become, 
loofe. This experiment evidently fliews, that 
the receivers are.hqld down by preffure, and 
not by hittion, for the internal receiver &ti- 
nued look while the operator was pumpin 

became fait immediately by letting in the air 
upon it. 

into the hole of the pump-plate, and turn the 
cock e until the pipe be open; then piit a wet 
leather upon the plate cd, which is fixed on the 
pipe, and cover it with the tall receiver GH, 
which is clofe at top: then exhauft the air our 
of the receiver, and turn the cock e to keep it 
out; which done, unfcrew the pipe from tlik 
pump, 'and fet its end A into a bafon of water, 
and turn the cock e to open tlie pipe ; on which, 
as there is no air in the receiver, the preKure o f  
the atmofphere on the water in %the hafon will 
drive the water forcibly through the pipe, and 
make it play up in a jet to the top of the re- 
ceiver. 

13. Set the Quare phial A(Fig. 14.) upon the 
pump-plate, and having covered it with the wire 
cage B, put a clofe receiver over ir, and exhaufi 
the air.out of the receiver; in doing of which, 
the air will alfo make its way out of the phial 
through a fniall hole in its neck under the valve 
b. When the air is exhaufied, turn the cock 
below the plate, to re-admit the air into the 
receivcr: and as it cannot get into the phial 
agais, becaufe of the valve, .the phial will be 
broke into Tome thouhnds of pieces by the pref- 
h r e  of the air upon it. Had the hid been 

preiliire 

the external one was held down ; , but the Pt ornier and 

12. Screw the end A of the brafs pipe ABFFig. xr. 

of a round form, it would have fu K ained this 
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prcftilre like an arch, without breaking; but as 
its fides ire. flat, it cannot. 

yo flew the eZa/liciQ or Spring of the air. 
1'4. Tie up a very h a l l  quantity of air in a' 

Gadder, ahd put it under a receiver i then exhault: 
the air out of the receivq; and the fmall quan- 
tity which is confined in the bladder (having 00- 
thing to a& againft it) will expand itrelf To by 
the force of Its fpring, as to fill the bladder as 
full as it could be blown of common air. BUG 
upon letting the air into the receiver again, it: 
will overpower the air in the bladder, and prefs 
its fides almofi clofe together. 

15. i f  the bladder fo tied up be put into a 
wooden box, apd have 20 or 30 pound weight 
of lead put upon it ,~ the box, and the box be 
covered with a dofe receiver ; upon exhaufting 
the air out of the receiver, that .air which is con- 

in the bladder will expand itfelf To, as to 
up all the lead by the force of its fpring, . Take the g1ai.s bill mentioned in the fifth 

experiment, which was left ful l  of water all buc 
a h a l l  bubble of air a t  top, and having feet ic  
with its neck downward ingo the embty phial aa, 
and covered it with a clofe receiver, exliaufi the 
air out of the receiver, an$ the Cmall bubble of 
air in the t9p of,the ball will expand itfelf, fo as 
to force all the water out of the ball into tlie 
phial. 

17. Screw the pipe AB into the pump-plate, 
place the tall receiver -GN upon the plate c d, as 
in the twelfth experiment, and exhauit the air 
out of the receiver; then, turn the coelr e to 
keep out the air, unfcrew the pipe from the 
pump, and h e w  it into the mouth of thc copper 

veffel 

Fig. 7. 

Fig, I I .  
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veffel CC (Fig, 15.) the veKel having firff been 
about half filled with water. Then open the 
cock e (Fig. T I . )  and the fpring of the air which 
is confined in the copper veffel will force the 
water u p  through the pipe A B in a jet into the 
exhahiled receiver, as firongly as it did by its 
prefiire on the furface of the water in'a bafon, 
in the twelfih experiment. 

IS. If a fowl,' a cat, rat, tnoufe, or bird, be 
put under a receiver, and the air be exhaulled, 
the animal will be at firR oppreRed as with a 
great weight, then grow convulfed, and at lafi 
expire in all the agonies of a moR bitter and 

+ cruel death. But as this experiment is too 
ihocking to every fpeAatQr who has the leafi de- 
gree of humanity, we fubfiitute a machine called 
rhe lungs-@$ in  place of the animal. 

19. If a butterfly be fifpcnded in a receiver, 
by a fine thread tied to one of its horns, it will fly 
about in the receiver, as long as the receiver 
continues full of air.; but if the air be exhauited, 
though the animal will not die, and will continue 
to flutter its wings, it cannot remove itfelf from 
the place where it hangs in the middle of the re- 
ceiver, until the air be let in again, and then the 
animal 'will fly about as before. 

A', and fcrew the brafs collar c of the tube B C 
into the brds neck b of the bottle, and the lower 
end of the tube will be immerfrd into the quick- 
flver, io that the air above the quickfilver 111 the 
bottle will be confined there, becaufe it cannot 
get out about the joinings, nor can it be drawn 
out through the quicltfilver into the tube. This 
tube is aifo open at top, and is to be covered with 
the receiver G and large tube EP, which tube is 
fixed by brafs collars to the receiver, and is clofe 

90. Pour fome quickfilver into the fmall bottle Fig- '2. 

at 
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at the top. This preparation being made, e k  
haufi the air both out, of the receiver and its 
tube); and the air will by the fame means be 
exhaufied out of the inner tube B C, .through 
ics open'top at C; and as the receiver and cubes 
art exhauiting, the air that is confined in the glafs 
bottle A will prefs fo by its fpring upon the fur- 
face of the quickfiiver, as to force it up in the 
inner, tube as high as it was raifed in the ninth 
experiment by the preKure of the' atmofphere : 
which deinonfirates that the fpring of the air is 
equivalent to its' weight. 

21. Screw the elid C o f  the pipe CD into the 
hole of the puinp-plate, and turn all the three 
cooks d, G, and H, i'o as to open the communi- 
cations bltween all the three pipes E, 27, D C, 
and the hollow t runk  AB. Then, cover the 
plates g and h with wet leachers, which have 
holes in their middle where the pipes open into 
rhe plates ; and place the clofe receiver I upon 
the plate g:  this done, h u t  the pipe F by turn- 
ing the cock If, 'and exhaufi the air out o f  the 
receiver 1. Then,  turn the cock d to h u t  out 
the air, micrew the machine fi-om the pump, 
and having fcrewed it to the wooden foot L, p u t  
the .receiver I< upon the plate h ;  this receiver 
will continue loofe on the plate as long as it 
keeps full of air; which it will do until the cock 
I3 be turned to open the communication between 
the pipes F and E, through the trunk A B ;  and 
then the air in the receiver K, having nothing to 
a& againti its fpring, will run from K into I, un. 
til it be To divided between thefe receivers, as to 
be of equal denfity in both ; and then they will 
be held down with equal forces to their plates by 
the preffure ' of the atmofphere ; though each 
receiver will then be kept dowri bur with one 

half 

Fig. '3- 



0 f the Air- Pump. 195 

half of preffure upon it, that the receiver I had,  
when it was exhautled of air ; becaufe it has now 
one half of the common air in it which filled the 
receiver I(; when it was k t  upon the platc ; and 
therefore a force equal to half the force of 
the fpring of coniiiioii air, will a& within' tlic 
receivers againfi the whole preiEire of the coni- 
mon air upon their ourGdes. This is callcd 
transferring thc air out of one veKc1 into-ano- 
ther. 

fix it in with wax or ceinent i put the phial upon 
the pump-plate with the wire cage B ovir it, 
and cover the cage with n cloie receiver. Then, 
exhauR the air out of the rcceiver, and thc air 
that was corlted lip in the phial will break the 

-phial by the force of its ipring, becaufc tlicrc is no 
air left on the outfide of the phial to a& againlt 
the air within it. 
23. Put a flirivcllecl apple under a clofc re- 

ceiver, and cxhaufi the air ; then the fprin? of 
the air within the apple will plump it out, io as 
to caufe all the wrinkles to difippcar ; but upo:i 
letting the air into the receiver again, to preii 
upon the apple, it will inkantly return to i ts  
former decayed and flirivelled itarc. 

24. T a k e  a f i e h  egg, and cut off a little c f  
the he l l  and film from its fiiiallclt end, then put 
the egg under a receiver, and  pump out the air; 
upon which, all the contents in the egg will be 
forced out into tlic receiver, by the expanfion of 
a finall bubble of air conpined in the great end, 
between the fliell and filiii .  

' 25. Put fome warm beer into a &ITS, and Iiav- 
ing ret it on the pump, cover it with a clofe re- 
ceiver, and then cxlinuft: the air. Whilc rhis is 
doing, and tliereby the p r e ~ u r e  I more niid IIIOW 

0 takcn 

22. Put a cork into the fquare phinl A, and Fig. 141 
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taken off 6om the beer in the glafi, the air there- 
in will expand itfelf, and rife up in innumerable 
bubble$ to the furface of the beer; and frcjm 
therice 'it will be taken away with the other air in 
the receiver. When the receiver is* nearly ex- 
haufied, the air in the beer, which could not 
difentangle itfclf quick enough to get off with 
the rei?, will now expand icfelf fo, as to c a d e  
the beer to have all the appearance of boiling; 
and the greateft part of it will go over the 
glais. . 

26. Put Come warm water into a glais, and put 
a bit of dry wainfzot or other wood into the 
water, 
ceiver, and exhaufi the air ; upon which, the air 
in the wood having liberty to expand itfelf, Fill 
come out plentifully, and make all the water to 
bubble aboiit tl?e wood, efpecially about the 
ends, becaufe the pores lie lengthwife. A cubic 
inch of dry wainfcot has fQ much air in it, that 
it will, continue bubbling for near half an hour 
together. 

Then, cover the glars with a clofe re- ' 

M@ellaneop Experiments. 

27. Screw the fyringe H (Fig. 8.) to a piece 
of lead that weighs one pound at leait ;  and, 
holding the lead in one hand, pull up the piiton 
in the Cyringe with the other; then, quitting 
hold qf the lead, the air will puh it upward, 
and drive, back the fyringe upon the piRon. 
l h e  reafon of this is, that the drawing up of the 
piiton makes a vacuum in the fyrihge, and the 
air, which preffes every way equally, having 
nothing to refiit its precure upward, the lead is 
thercby prefkd tipward, contrary to its naKWa1 
tendency by gravity. If the fyringe, fo 
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be Iwng in a receiver, q d  the air be txhsyfied, 
the fyringe and lead will defcend lipon the piiton- 
rod by their natural gravity; and, upon achnit- 
ting the air into the receiver, they will be drove 
upward aiain, 'until the piitoh be at the very 
bottom of the fyringe. 

&8. L e t  a large piece of cork be i'iifpcnded 
by a thread' at one end of'  a balance, and coun- 
terpoifed by a leaden weiglit, fufptnded in the 
fame manner, at the other. Let this balance be 
hung to the infide of the top of a large receiver; 

.* which being @t on the pump, and the air ex- 
haufied, the cork will preponderate, and h e w  
itfilf. to bq heavier than the lead; but upon 
letting in the air. again, the equilibrium will be 
reitored. The  reafon of this is, that  fince the 
air' is a flukl, 'and all bodies lofe as nmch of  their 
abfolute weight in it, as is equal to the'weighc 
'of their bulk of thc fluid, the cork being the 
larger body, lofis more of its real weigh cban 
the lead does; and therefore inufi in fa& be 
heavier, t? balmce it under the difadvintage of 
loling * fome of its' weight : which difiiclvaneage 
being taken off by renioviiig the air, the bodies 
then, gravitate according to their real quantities 
wf matter, arid the cwk, which balanced the 
lead in air, hews itf'lf to be heavier w!ien in 

29. Set lighted candle upon the pump, and 
cover it with a tall riciiver. ' I f  'the 'receivef. 
holds a gallon, the candle will. burn a minute; 
and then, after having gradually decayed rrom 
the fir& inifant, it will go aut: which Ihews, that 
a conltant fu ply of  freb air ip iicceR,uy ty feed 

bird kept under'a clofe receiver will foon dip, 
altliough no ait be iumped out j and it is 

0 2  ' found 

V@CUO. 

Rame; and F o it alfo is for animal I&, For a 
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found that, in the diving-bell, a gallon of air 
is fufficient only for one minute for a man to 
breathe in. 

T h e  moment when the candle goes out, the 
fmolce will be feen to afcend a t  the top Qf the 
receiver, and there it will fdrm a h r t  of  cloud^ 
but upon exhaulling the air, the finoke will fa11 
down to the bottom of the receiver, and leave it 
as clear at the top as it was before it was fer upon 
the putyp. This flicws, that h o k e  does not 
afcend on account of its being pofitively light, 
but becaufe i t  is lighter than air ; and its falling 
to the bottom when the air is taken away, hews, 
t h a t  it is not deftitute of weight. ' So tnoR forts 
of wood afcenci or fwim in water; and yet there 
are none who doubt of ,the wood's having gra- 
vity or weight. 

30,  Set a receiver, which is open at  top, upon 
the air-pump, and cover i t  with a brafs plate, 
and wet leather; and having exhauited it  of air, 
let the air in again atstop through an iron pipe, 
making it pars through a charcoal dame at the 
end of the pipe; and when the receiver is full 
of that  air, lift up the cover, and let down a 
mouie or bird into the receiver, and thg: burnt 
air will immediately kill it. 1 If  a candle be lct 
down into that air, it will go out dire&ly j but, 
by lettine it down gently, it will piirify the air 
fo far as i t  goes; and io, by letting it down more 
and more, the.flame.wil1 drive out the bad air, 
and good air will get 'in, 

31. Set a bell 'upon a cuihiomon the pump- 
plare, and cover ir with a receiver ; then flialre 
the pump to make the clapper h i k e  ngainft the 
bell, and the hound will be very well heard : butt 
exhaulc die recciver of air, .and then, if the 
clapper be made to Arilce evgr fo hard againfi * 

the 
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d i e  bell, it will make no found \at all j which 
ihews, that air is abfolute.ly neceirary for the pro- 
pagition of found. 

32. Let  a candle be placed on'one fide of a 
receiver, and viewed through, the ' recciver at 
fonie diltance ; then, as ioon as the air brgjns. 
to be exl~aufied, the receiver will be fiHed with 
vapours whjch rife from the wet leathcr, by the 
fpring of the air in i t ;  and the light of the 
candle being refrafled through that  rnedjum of 
vapours, will have the appe.irpnce of circles of 
various colours, of 3 faint rrfemblance to thok 
in the rain-bow. 

a The air-pump was invented by 9th Cherich 
of Magdehg,  bur v a s  moch irrpoved by Mr. 
Boyle, to whom we ale indchtrd fbr oiir  grelttefc 
part of the icnow~rt~ge of the wonctrrfiil proper- 
ties of the air, detnonitrated in tlle above expe- 
riments, 
The elafkic air wbich is contained in many 

bodies, and is  kept in  them I-?y the wuight of the 
atnior'phere, insy be g( t o u t  of thcm either by 
boiling, or by the air-pump, a s  fhewn in  the 
q5ch ~xperinient : bur tile i i x d  air, wliich is 
by much the greatkr quantity, cannot be got 
out but by diftillacion, fcru~cntation, or putre- 
fa&ion. 

Jf  fixed air did not come out of bodies with 
difficulty, and fprnd fome tiinc in cxtric:itiiw ? itielf fiom them, i t  would tear rhein to pieces. 
Trees would be i,ent Ity rhee cfiartgr of air. from 
4 f x r ,  to an elaltic kite, and ariitnnls would bc: 
brrrfi in pieces by t11e i.xplofio;i uf,iiil in t!it.ir 
food. 

Dr. IJales found by experiment, t h t  d i t  i i i !  

i n  apples is ii, inuch,condt.ni;.j, r h ~ t  ii' it were 
Ir;t oqtT into the coiiiirtvn air ,  it: uoulc\ fill a $'tee 

C )  3 4.9 
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48 times as great a s  the bulk of the apples 
thernfelves; io that its preffure was equal 
to 11776ib. a i d  a cubic iGch of oak, to’ 
1’9U60lb, againfi fides. So that if the air 
was let look at once in there fibftances, they 
would tear every thing to pieces about them with 
a’force fuperior to that of gunpowder. Hence, 
i n  eating applss, it is well that they part with the 
air by dekrees, as they are chewed, and ferment 
in  the fiamach, o the t4k  an apple would be iin- 
mediate death to him who eats it, 

The  mixing of fame fiibitances with others 
will relcafe the air from them, all bf a fudden, 
which may be attended with very great danger, 
Of this we have a remarkable infiance in an em;.. 

eriment made by Dr, Slare j who having put 
Kalf a dram of oil of carraway-feed into one 
glafs, and a dram of compound fpirit of nitre in 
gnother, covered them both on the air-pump with 
a receiver fix inches wide, and ciglit inches deep, 
an# then exhaufied the air, and contjnued pump- 
in ’ until d l  that could poflibly be gor. both out 

qxtricated : then,, by a particular contrivance 
from the top of the receiver, he mixed the Ruids 
together; upon which they produced fuch a pro- 

uantity of gir, as jnflantly blew up the 
although it was preired down’ by the 

atmofphere with upward of 400 poiinds we:ghr. 

In the 28th e‘xperiment, the cork mu& 
red all over with a piece of thin wet 

bladder glued to ir, and not ufed until it be 
tharovghly dry, 

o B the receiver, and out of the two fluids, was 
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IlG 13 T conGfis of an inconccivabIy great, L number of particles flowing fr,oin a lumi- 
1 1 0 ~ s  body in all manner of dire$tions; and tliefe 
patticles are fo finall, as to furpafs all human 
comprehenlion. 

Tbat the number of particles of light is in- 
csnaeivably great, appears from the light of a 
candle.; which, if there be no obitncle i n  the 
y a y  to obfiru& the paiXJge of its rays,, will fill 
sll the fpace within two miles of the candle, every 
way, with luminous particles, before it h a s  lait- 
the leafi fenfible part of its fbbltance. 

A ray of light is a coiitiriued fiream of thefi  
particles, flowing corn any vifible body in a 
firaight line : and that the particles themfelves 
$re incomprehenfibly fmall, is manifelt from the 
following experiment. Make a finall pin hole 
in a piece of black paper, and hold the nper 
upriglit on a table facing a ro,w of candles d a 
ing by one another ; then place a iheet of pa 
board at a little diitance behind the paper, and 
'Tome of the rays which flow fiom all the candles 
through the ljole in the paper, will form as many 
fpeclo of light on the pafieboard, as thcre are * 

candles on the table before the plate : each fpeck The amaq 
being as difiinb and clear, as if there was only F:fJlneR 
one fpeck from onk fiiigle candle : which hews, of the 
&at: the particles of light are exceedingly final), partidea 
otherwife they could not pars chrough the hole of light, 
from fo man different candles without confu- 
fion--Dr. dwentyr has coniputed, that there I 
flows more than 6,000,000,000,000 times as 

0 4  many 
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many particles of light froin a candle i n  one 
fecond of time; as there are grains of fand in the 
whole earth, fuppofing each cubic inch of it, to 
contain I,OOO,~OO. 

'ride particles, by falling direRly upon our 
eyes, excite in otir minds the idea of lighd' 
And when they fall upon bodie's, and are theiieby 
rrflekt-ed to our eyes, they excite in us the ideas 
of th& bodies. Ana as every point of a viGble 
h d y  refleEts the rays of light in all manner of 
dire&ions, every point will be vjrtble in every 
part to which the light is refle&ted ,from it. 

P!ateXV* Thus the objeA A C B  is viGble to an eye in any 
part where the rays A a, A 6, A c, A d ,  Ae, B a,' 
Bb, Bc, Bd ,  Be, and Ca, Cb, Cc, Cd, Ce; 
come, Here we have f icwn the rays as if they 
werc only rcfleEted from the ends A and B, and 
fiom the, n-,iddle point C of the objet? 1 every 

ing fuppofed to reflelt rays in the 
So that  wherever a fpepeCtator is 

gnrd to the body, every point of 
part of the iiirface which is toward him will 
iGble, when no intervening objetl itops the 

paffage of the light, 
As no obje& can be fecn through the bore 

of' a bcnded pipe, it is crnt- that the rays of 
light move in firaight 1i while .there is no- 
rhing.to refraEt or turn them out of their'retti- 
lineal cotirfe. 

While' the rays of light continue jn nny  e me- 
dium of an uniform denfity, they are ftraightl 
but when tiicy pafs obliquely out of one rn.edium9 
into anotlier, which is either more denfe or more 

* Any thing through which the ra 8 of light can pafs, io  
called a mcdium'; as air, water, gla& diamond, or even a 
vacunm, 

rats, 
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rare, they are ref'raQed toward the *denfer me- 
dium: and this refraEtion is more or lefi, 3s the 
rays fall more or lefs obliquely on the refraQing 
furface which divides the: mediums. 

veirel AB CD into any place where the fun ihines 
obliquely, and obferve the part where the 
ihadow of the edge B C falls on the bottom of 
the veffel at E ;  then fill the veffel with water, 
and the kadow will reach no farther than e j  
which fhews, that the ray a B E, which came 
Pcraight in the open air, j u &  over the edge of the 
veffel at B to its bottom at E, is refra&ted by' 
falling obliquely on the furface of the water at Refratled 
B ; and infiead of going on in the reltilineal di-lkht. ' 

rettion n B E ,  it is bent downward in the water 
from B to e ;  the whole bend being at the fur- 
face of the water: and fo of all the other rays 
a b c. 

If (z fikk be laid over the verel, and the fun's 
rays be refle&ed from a glafs perpendicularly i n t o  
the veffel, thc ihadow ol' thc iticlr will fall upon 
the fame part of the bottom, whether the veffel 
be empty or fiill, which fhews, that the rays of 
ljght are not refraaed when they falls perpendi- 
cularly on the fiirface of any medium. 

The  rays of light are as much refraQed by 
pafling out of water into air, as by palling out 
of air into water. Thus, if a ray of light flows 
fiotn the point e, under water, in  the direkkion 
8 IE ; when it comes to the furface of the water 
at B, it will not go on thence in the re&iIineaI 
,courfe R d, but will be refra&ted into the line B a. 
Therefore, 

T o  an eye a t  e looking through a plane glah 
in t1)e bottain of the empty veffel, the point a 
cannot be ken, becaufe the fide B c of the vcKel 

inter- 

T o  prove .this by experiment, fer the einpty Fig. 20 
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interpores ; and the point d will ju i t  be feen over 
the edge of the vefil at B. Bur if the vei’il.1 be 
filled with water, the point n will b: k e n  from e ;  
and will apIx;ir as at d, elevated in the diretiion 
of the ray B *. 

Thedays T h e  time of fun-rifing or fetting, C~ippoGng 
an Made its rays fiiffered no rttfiaktion, is ealily found by. 
longer thercfrac- by calculation. . Rut obfervatioq proves that the 
tion of the iun r i h  honer, and fits later every day thao the 
fun’s rays. calculated time ; the reafon of which is plain, 

from what was faid iminecliateiy above. For, 
though the fun’s rays do  nor come p u t  of the., 
way to l i s  through water, yet they do through the 
air or atmofphere, which being a grorCer inrdiunr 
than the free $ace between the PLin and the tQp 
of the atmofpliere, the rays, by entering ob- 
liquely into the atmoQ)hcre, are thcrc refiafited, 
and thence benr down to the earth. And al- 
though there are many places of‘ the earrij 5 , ~  
bljicb- t& ,fiq., is vertica) at  nor^^, &nd:$$fe- 

ffcr no rck‘Aion nt  thac 
perpendicularly through 

ere: ye! tlit‘re is no place to which 
s do not fill obliquely on the top of 

the atmorphere, at his riling and fetting; and 
confequently, no clear day in which the iun will 
not be vifible before he rifes in  the li~orizon, and 
afcer he rets in it : and the longer or ihorter, as 
the rrtinofphere is more or Ids  replrre with va- 
pours. For, let A B  C be p r t  of the earth’s 
lurface, 1) E E’ the atmofpliere that covers it, 

Fig- 3. 

* IIence a piece of money lying at e, in the bottom of 
an crnpty vciTcl, cannot be Ewn by an eye at a, hccaufe the 
edge of the refre1 intcrvc?es ; but Ict the veffel be filled with 
water, and the ray e n  lxing then refraktcd at B, will h i k e  
thecye a t  a, and Eo render the money vifiblet ‘ybich wilt  
pwar as if it were raiied up to f in the line uJi . f i :  

I ,  

and 
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and E BGT€ the fenfible horizon of an obfervcr 
at B. As every point of the fiin’s fiiifacc f‘ends 
out raps of light in  all nianncr of diietticrns, f o m ~  
of his r;\ys will confiantiy f i l l  upon ,  and enlighten, ‘ 
foine I i J f  of die atmof$icre ; and therefore, when 
the hi1 is at 1, below the horizon H, thof‘e rays 
which go on i n  the free fpace I k K  p d e r v e  a 
reci‘:ilin’ea~ courfe until tliey fa11 upon tile top of 
the atimoii~licre, and thore wkich fall fo about 
K, are rctrdted at their entrance into the at- 
mo$Oere, and bent down in the line k’m B, to 
the obrcrver’s plnce at N: ;ind therefore, tCJ him, 
the fun will appe,ir at  I,, in the direlition of the 
ray , B tn IC, above die liorizoii 13 G 13, when he 
is redly below i t  at 1. 

1 lie angle cotmined between a ray of lighr, 
and a perpcndicu1,ir to rhe refrakting fiirfitce, is 
called tbc aiikle of incidence ; 2nd the angle con- ~ ~ , ~ l ~  
taiiicd between the fiuiie: pt.rpcndicular, and the r~r~~~dcncr.  
fame ray after refiattion, is called the angle of 
refraBim. 
fiirface of a imcdium ,fitppofe w m r )  and 223 Cr$uaiotl. 
a perpcndiculitr to that furface : Ict D B be a ti& 4- 
ray of, light, Going out of air into water at B, 
afid therein refratled i n  the line B H ;  rile nngie 

thc angle of incidence, of which 21 F 
tit# and the angle K B  N is the arigle of 
n, ~ho i i .  fine is Ki. 

When thP refraAing rnedliim is water, the 
fine of the angle of incidence is to the fine oE 
the angle of refraklion, as 4 to 3 ; which is con- 
firmed by‘ the following experiment, taken fiom 
Do&w S3ttli’~I;E’s Optics. 

Defcribd tIi6 ‘circle D A E C  on a piane fqunre 
at right angles with the 
and L B hi?; then, from 

EII any opening of the com- 
pares, 

s , .  

TIiiis, let I, l3 M be the refi.adting ,g,,p/t 
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pages, fet off th'e equal arcs A D  and AE, and 
draw the right line L)PI"J: then, taking Fa, 
which is three qu.hrters of @e length F E, from 
tlle point a, draw a I parallel tg A B  K, and 
jQin KI parallel tQ B M: fo K I  will be equal 
to three quarters of F E  or of DF.  This done, 
fix the board upright upon the leaden pedefiol 
0, and fiick three pins perpendicularly into the 
board, a! the points a, B, and I :  then fet the 
board upright ~n to  the vrffel YUT, and fill up 
t he  vcKel with water to the line LBM. Wheo 
the water h is  fettled, look along the line D B, 
ib as you may fee the head of  the pin  B over the 
head of the ~ i i n  D i and the pin I will appear iq 
the fane iight line prodiiced to G, for its head 
will be k e n  j u l t  over the hc.ad of tho  pin at  B :  
which flicws that the ray 113, coming from the ' 

pin at 4 is fo rcfr-afled at 8, as to proceed from 
thence in the lincr BL) to \lie eye of the obferver ; 
Lhc f'lne as it would do fi-om any point G in the 
right line D R G, if thrre were no water in the 
vEiIi.1: and alfo f l i ~ w s  that K I ;  the fine of re- 
fraRion in water, is to DF3 the bne of inci-. 
dence in air, as 3 to 4*. 

Hence, if D B H were-a croolted fiiclc put 
obliquely into the water, it would appear a 
firaight one, as D B G. Therefore, as the line 
B M appears at B G, fo the line B G will appear 
at  Bg; and coni'equentky, a firaight ilick UPG 
pi i t  obliquely (into watrr, will feem bent at  tha 
f d k e  of the water in  B, and crooked, as D u g .  
' When a ray of light paffes out of air into 

gIaL5, the h e  of incidence is to the fine of, re7 

* This is &i&Iy true of the red rays only, for the othet 
coloured rays are differently refrafted ; but the differcnce is 
fo fitntlll, that it need not be confidered in tliir place. 

fri\€tion, 
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*fra&ioa, as 3 to 2 ;  and when out of air into a 
hiamonc~, as J: to 2 .  
' 
b p e s  at leal?, fbr optical purpofes, viz. 

and of equal iilicltnefs i n  all iri parts, as A. 

and convex on the other, as B. 

fides, as C. - 
and concave on the other, as 1). 

fides, as E. 
6. A menikus, which is concave on one Gde, 

and convex on the other, as It. 
7. A j i d t  plano-convex, whore convex fide is 

ground into fcveral little flat fiirfaces, as G. 
8. A p ~ j , h ,  wliich has t h r ~  flat fides, and 

wlien viewed endwjfe, ilppears like an equjlatcral 
triangle, as H. 

Glares ground into any of the fliapes B, C, D, 
E, I;, are generally called let@. 

A right line I, I K ,  going pcrpendiciilarly 
through the middle of n lens, is called the ax13 
of the lens. 

A ray of light G 13, Cilling perpendicularly on 
a plane glafi EJ', will pnfs tlirough the ghfs in Fig. 6. 
the h n e  djrrEtion hr, and go out of it into the 
air in the fairie r k h t  courk i H. 

A '  ray of li&t A B, Falling obliquely on a 
plane glafs, will go out.of the glafs in the Lime 
dire&ion, but not i n  the h e  right line; for in 
touching the glafi, it will bc refrafled i n  the 
line B C, and in lraving the glafi, ic will be re- 
fraCted in the line CD. 

A ray 

Glafs may be ground into eight different Fig. 5. 

I .  A plane qlnJJ,' which is fiat on both fides, 

2 .  A plano-convex, which is flat on one fide,Lcnfesc 

3. A dculle coiivex, which is convex on both 

4. A p/ano.cuncavc, wllicli is flat on one fide, 

5. A dou,$i'e coitcavc, which is concave on both ' 



Fig. 7. A ray of light CD, falling obliquely on the 
middle of a convex glafs, will go forward in the 
fame dircEtion I> E, as if i t  had f;pllen with thc 
fame degree of obliquity on a plane glaf~ ; and 
will go out of Itlie glds in  'the fhe\dire&ion 
with which it eniered : for it will be equally re- 
fraaed at  the points D 'and E,  as if it had baffed 
through a plane fiirface. But the rays CG and 
CI will be fo refrak'ted, as to meet again at  the 
point F. Therefore, all the rays which 'hw 
from the point C, fo as to go through the glaS, 
will meet again ac F: and if they ,go farther 
onward, as to. L, they crufs at 3, and go for- 
ward on the oppofite fidts of the.'middle ray 
CDEI; ,  to ,what they were in approaching it in 
the direQions $IF and KF. 

Fig. 8. When parallel rays, as A B C, fall direCtly siE' upon a plano-convex glafs DE, and pafs through 
different it, they will be fo refratled, as to unite in a 
l e n h .  poinr j brhitid i c :  aqci this point is called the 

print@,? focus : the diitance of which, ,from the 
middle of the glafi, is called the f x a l  dgance ; 
which is equal to twice the radius of the fphere 
of the glati's convexity, And, e I 

*When parallel rays, as A B C, fall, direfitly 
upon a glafs DE, which is equally convex on 
both fides, and pa% through it ; they will be To 
refraEtcd, as to m e r  in i: point or principal focus 

diainetcr of the fphere of the glafs's convexity. 
But if a &fs be more coilvex on one fide than 
011 the other,' the ru&e for finding the focal 
diitance is this J as the fum of the fernidismeters 

\of both convexities is to. the fcn$diametcr of 
either,. To is doiible the femidiamercr of the 
o t h y  to the ditlarice of. the focus. Or, divide 

the 

Fig. 9. 

whofe difiance is equal to tlie radius or fermi- * 
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the double produtt of the radii by their fum, 
and the quotient will be the difiance fought. 

S n c e  all thofe rays of the fun .which phfi 
through a convex glafs are colleEted together 
in its focus, the force of all their heat is cbl- 
le&ed into that art ;,and is in propoi+rion~todie 
conimoii heat o r the fun, as the a m  of the glbfs 
is to the area of the focus, Hence we fee the 
rcafon why a convex $ais caufes the 4bn's rays 
to burn after $aEng through it. 

All there rays crofv the middle ray in the 40- 
cusf, and then diverge froin*it, to the 'contt'ary 
'fides, in the fdme manner F f G, as they con- 
verged in the $ace I ) f E  in  coming to ic. 
, If' another glafs E'G, of the fame conbeexity 
as 23 E, be placed in the rays at  the fnme diC- 
tance from die focus, it will refrat3 them fa, as 
that after going out of it, they will be all pad-  
lel, as n b c ;  and go on in the fame manner. as 
'they came to the tirfi glaCsi.DE, through the 
fpace AB C; bot on rhe contrary fides of the 
middle ray' B f G .- h r  the ray A D f  will.go on 
from f i n  the diicition f G a, and the ray C E f  
in the direfbion f F c  ; and fo ofi'the reit. 

T h e  rays diverge from any radiant point, as 
from a principal focus: therefore, if a caridlc 
be placed at 5 in*thc,focus of the*convex glafi 
F G, the diverging rays in the rpace Ff G will 
be io refrn0;ed by the glafs, as, that after going 
out of it, they will bkcome parallel, as hewn in 
the fpace c I; a. 

'If the cahdle be placed nearer. h 

through the g.lali,l m'ore,or Ids, as rhc candle ie 
more oE lrfs diptnr fi*om the focus, 

If the cmdld be 'placed farther fiom the glafp 
.than its focal diQance, the rays will converge 

8 after 

its focal dihnce, the rays will diverge 4 2la6 ter patling than, 

, * I  
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after pafling through the glafi, and meet in a 
point which wil1,be' more or iefs diilanr from the 
glafs, as the candle is nearer to, or farther from 
its focus; and where the rays meet, they wilt 
form an inverted image of the flame of the can- 
dle; which may be. feen on a paper placed in the 
meeting of the rays. 

Hence, if any objefi A B C be placed beyond 
the focus F . o f  the convex glafs d e 5  fome of 
the rays which. Bow, from every point of the 
obje&, on tlie fide next the glafs; will fall upon 
it, and after pafling through ir, they will be 
converged into as many points on the oppofite 
fide of the glafs, where the image of ever'y point: 
will be formed: and confequenrly, the image 
of the whole objelt, which will be inverted. 
Thus, the rays A' d, A 8; Af, flowing from the 
point A, will converge in the fpace dnJ and by 
meeting at ck, will there form the image of the 
point A. The  rays BH, Be,  B J  flowing from 
the-poiiit 13, will be united at b by the refrac- 
tion of the glafi, and will there form the image 
of the point B. ' And the rays Cd, Ce, Cf, 
flowing from the point C,' will be united at: c, 
where the will form the image of the point C. 
And fo o ty all the other intermediate points be- 
tween A and C. T h e  rays which flow from 
every particular point of the objelt, and are 
united again by the glafs, are called pencils 4 
rays. 

If the objelt A B  C be brought nearer to the 
glafs, the piaure a b c  will be removed to 
greater diitance. For then, more rays flowing 
from every fingle point, will fall more diverging 
upon the glafs j awl therefore cannot be fa i ~ o n  
colleEted into the' correfponding points behind 
it. Confequently, if the difiance of tlie 

PIate xvr* 
pig. 1 0  

1. A B C '  
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A13 C be equal to the diftance e B of the focus fig* 2, 

of the glafs, the rays of each pencil will be To 
refratked by paning through the glafs, that they 
will go out of it parallel to each other; as d 4 
e H ,  f b, from the point Cj d G, e K, f D, 
from the point B; and d Kj e E, f L, from the 
point A: and therefore, there will be no piaure 
formed behind the glafi. 

If the focal diitance of the glafi, and the d i 6  
tance of rhe objeA from the glafi, be known, the 
diitance of the pi&ure ,from the glafi may be 
found by this rule, viz. multiply the difiance of 
the focus by the diitance of the obje&, and divide 
the roduCt by their difference j the quotient will 
be t R e difiance of the piflure, 

.than the objen, as its diilance from the glafs is 
greater or lefs than the dihance of the objea.' 
For, as B e  is to eb, fo is.A C to ca. So that 
if A B  C be the objeh, c b a will be the piCture 3 
or, if c b ~  be the objett, A B C will be the 
piaure. 

glare; are colleQed into points, and form the 
images of the obje&s ; it will be eafy to under* 
h n d  how the rays are affeeed by palling through 
the humours of the eye, and are thereby colle&ed 
into innumerable points on the bottom of the 
eye, and 'thereon form the images of the objeEto 
which they Row from. For, the different hu- 
mours of the eye; and particularly the chryitallint 
humour, are to be confidcred as a convex gllaiii 
and the rays in pafing through them to be af- 
fe6ted in the fame manner as i$ paffimg through 

P The 

The pi&ure will be as much bigger'or Iefi Fig* r i  

Having defcribed how the rays of li ht, flow: The man? 

vifion. ing fi-om obje&ts, and pamng throug a convexnerof 

I convex glat's. t 
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The e e The'eye is nearly globular. It canfiRs of' 
derfrihsthree coats and three humours. The  part 

D H H G  of the outer coat, is called thefile- Fig. 3. 

yotic&, the re& DEFG the cornea. Next within 
this cQat is that called the choroides, which ferves 
as it were for a lining to the other, and joins 
with the iris mn, mn.  The irh is compofed 
of two rets of mufcular fibres ; the one of a cir- 
cular form, which contraAs the hole in the mid- 
dle called the pupil, when the light would other- 
wife be too itrong for the eye; and the other 
of radical fibres, tending every where from the 
circumference of the iris toward the middle of 
&e pypil ; which fibres, by their contraaioo, 
dilate and enlarge the pupil when the light i s  
weak, in order to let in the more of its rays. 
T h e  third coat is only a fine expanfion of the 
optic nerve L, which fpreads like net-work all 
over the iniide of the choroides, and is therefore 
called the retinq; upon which are painted (as it 
were) the images of all vifible obje&ts, by the 
rays of light which either flow or are refle&ed 
from them. 

Under the cornea is a fine tranfparent fluid; 
like water, which is therefore calle,d the aquiow 
humour. It gives a protuberant frgpe to the 
cornea, fills the two cavities m m  and I R ~ ,  which 
communicate by the pupil P, and hag the famu 
limpidity, fpecific gravity, and refratlive ~ O W C F  
as water, At the back of this lies the cbvJa/h'm 
btlm~w 14 which is fhapgd like a double cop- 
vex glafi; and is a little more convex, ~ t l  the 
back than the fore-part. I t  coriverges the rays, 
which pais through it froin every vifibje objea 
to its focrkat  the bottom of the eye, TKle 
humour is tranfparent like chryital, is' much of 
the confiftence of hard jelly, and exceeds the 

Qecific 



f’pecific gravity of water in the proportion of 
X I  to IO, It is inclofed in a fine tranfparenc 
membrane, from which proceed radial fibres 
u 0, calEed the ligamenturn ciliclre, all around its 
edge; and join to the circumference of the iris. 
The@ fibres have a powet of conrraeing and 
dilating occafionally , by which means they alter 
the fihape or convexity of the chryfialline hu- 
mour, and allb ihift it a little backward or for- 
ward in the eye, To as to adipt its focal diftancc: 
at the bottom of the eye to the different difiances 
of obje&s ; withour which provifion, we could 
only fee thofe, objeas difiintl’cly, thar were a11 at 
lone diitance from the eye, 

At the back of the chryfialline, lies the vitre- 
ous bumoar KK, which ia tranfparent like glafi, 
and is largelt of all in quanticy, filling the whole 
arb of the eye, and giving it a globular ihape. 
It is much of a confifitence with the tvhite of an 
egg, and very little exceeds the fpecific gravity 
ahd refraaive power of water. 
As every point of an obje& AB C fends out 

rays in all dircaions, Come rays, from every 
point on the fide next tlie eye, will fall upon 
the cornea betdeen E and F j and by afing on 
through the humours and pupiv OF the eye, 
they will be converged to as many points on 
the rerina or bottom of the eye, and will thereon 
form a diItin& inverted piAure c b k  of tlie ob- 
e&. Thus, the pencil of ray8 q r s ,  that flows 
rom the oint A of the pbjea, will be con- 

verged to r e point u on the retina; thofe f?om 
the point B will be converged to the point b ;  
.thore from tlie point C will be converged to the 
point c; and fo of all the intermediate 
by which means the whole image abc is ormed, 
and the objc& made vioble; although it mu& 

P 2  k 

, 

! c 
pqints : 
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be owned, that the method by which this fen& 
tion is carried Corn the eye by the optic nerve 
to the common fenfory in the brain, and there 
difcerned, is above the reach of our comyre- 
henfion. 

But that vifion is effe&ted in this manner, may 
be demonfirated experimentally. Take a bul- 
lock’s eye while it is freih, and having cut off 
the three coats from the back part, quite to the 
vitreous humour, put a piece of white paper 
over that: part, and hold the eye toward any 
bright objea, and you will fee an inverted pic- 
ture of the obje&t upon the paper. 

Seeing the image is inverted, mariy have 
wondered why the objea appears upright, But 
we are to confider, I. That invtv-ted is only a 
relative term : and 2. That there is a very great 
difference between the real objelt and the means 
or image by whiah we perceive it. When all 
the parts of a diitant profpea are painted upon 
the retina, they are a!l right with refpelt to one 
another, as well as the parts of the profper% 
itfelf; and we can only judge- of an objea’o 
being inverted, when it is turned reverfe to’ irs 
natural pofitibn, with refpelk to other obje&s 
wbich we fee and compare it with.-If we lay 
hold of an upright itick in the dark, we can tell 
which is the upper or lower part of it, by movt 
ing our hand upward or downward j and know 
very well that we cannot feel the u per cnd by 
moving our hand’ downward. Juiffo we find 
by experience, that upon direaing our eyes 
toward a tall obje& we cqnnot fee its top by 
turning our eyes downward, nor its foot by 
turning our eyes upward; but mufi trace the 
obje& the fame way by the eye to fee it from 
head to foot, as we do by the hand to feel i tc  

and 
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and as the judgment is informed by rhe motion 
of the hand in one cafe, fo it is alfo by the mo- 
tion of the eye in the other. 
, In Fig. 4. is exhibited the manner of feeing Fig. 4. 

the fame objeQ AB C, by both the eyes D - and 
E at once. 

When any part of the image c b u falls upon 
the o tic nerve L, the correfponding part of the 

nature has wifily placed the optic nerve of each 
eye, not in the middle of the bottom of the eye, 
but toward the fide next the nofe ; fo that what- 
ever part of the image falls upon the optic nerve 
of one eye, may not fall upon the optic nerve 
of the other. Thus the point a of the image 
c b a  falls upon the optic nerve of the eye 0, 
but not of the eye E; and the point 8 falls upon 
the optic nerve of the eye E, but not of the eye 
D ;  and therefore to both eyes taken together, 
the whole objeQ AB C is vifible. 

the magnitude under which it ap ears. Thus 

angle A P C ;  and its image c b u  is very large 
upon the retina: but to the eye 23, at a double 
diltance, the fame obje& is feen under the angle 
Ap C, which is equal only to half the angle 
AP C, as is evident by the figure. Thr image 
c t u is likewife twice as large in the eye D, as 
the other image c b a  is in the eye E. In both 
there reprefentations, a part of the image falls 
on the optic nerve, and the obje& in the corre- 
fponding part is invilible. 

A3 the fenfe of feein is allowed to be occa- 
iioned by the impulfe o B the rays from the vifible 
sbjen upon the retina of the eye, 'and forming 

p 4  the 

obje K becomes invifible. On which account 

The nearer that any objeA is to the eye, the Plate larger is the angle under which it is feen, and XVII. Fig. I. 

to the eye D, the obj& AB C is P een under the 



the iyagy .of the obje6t thereon, and that the rea 
tiqa'is oely' the'mpanfion of the o tic nerve all 

the parrof the image which falls on the optic 
nerve fhould render the like part of the objett in- 
viiime ; efpecially as that nerve is allowed to b? 
the ipqrument by which the impulfe and image 
are conveyed to the common fenfory in the brain. 
But this difficulty vaniihes, when we confider that 
there is an artery within the trunk 9f the optic 
nerve, whi,ch entirely obfcures the image in thar 
pqrt, and conveys no fenfation to the brain. 

'T'hat'the part of the image which falls upon 
the middle pf' the, optic nerve is loft, and coqfe3 
guently the correfponding part of the obje& is 
rendered 'mvifilde, is plaifi by exprriment. For, if 
a perfon fixcs three ptciit's, A, b,  C, horizontally, 
upon a white wall, ar the Iiright bf the eye,' and 
the diitance of &OUL a foot fiom each other, and 
places hinifelf befhr e t h m ,  fliucting the right 
eye, arid direaing the let1 toward 'the patch C, ,+! will fee the parchcs A and C, but t11e middle 

01; if he ihuts his left 
eye; and dire&s she right ruward Ar hq will fee 
both A a d  C, but B d l  dilppear ; dnd if 'he 
dire& his eye toward B he will.fre both 8 and 
Y, but not C. For whatcver patch is diie&ly, 
oppohtc to the optic nerve N, vaniihes,* This, 
reqiiires a, little ,pra&ke, after which he will find, 
if eaiy to dire& his eye, fo as to lofi the fight, of, 
yhich ever patch he pleafes, 

We are not corrirnonly fetifible of this difap-, 
earance, bccaufe the motions qf tile e e arc 

lofe the 'figfit of any part of an objelt, than we 
tmover it agifin.; much the fame as in the. 
twinkling of! o u ~ .  eyes, for at eiich twinkling we, 

arc 

pver the' choroides ; it ihould feem, P urprifiiig that2 

ch'B will Jifappear. 

-$ quirk' and infiantaneous, t h t  we no T ooner 
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are blinded ; but it is To Tqoa over, that we are 
fcarce ever knfible of it. 

Some eyes require the afiftance of convexFi ,4. 
glaGes tQ make them fee objeas difiinfily, and bime eyes others of concave. If' either the cornea u I c or 
chryltalline humour e, or  both of them, be toorperftecier, 
flat, as in the eye A, their focus will not be on 
the retina; as at d, where it ought to b3, in or- 
der to render vifion difiine; but beyond the 
eye, as at f. Confequently thofe rays which 
flow from the obje&t C, and pars through the 
humours of the eye, -are not convergcd enough 
to unite at d ;  and tlierefbrc the obfervel can 
have but a very indiltin& view of the ob$&, 
This is remedied by placing a convex glafs g b 
before the eye, which makes the rays converge 
fooner, and imprints the image duly on the re- 
tina: at d. 

If rithei. the cornea, or chrykalline humour, 
or both of rhein, be too convex, as in ,the eyk 
f, the rays that enter in froin the obje€t C, will 
be converged to a focus in the vitreous humour, 
as at f; aud by diverging fro:n thence to the 
retina, will form u very confufed image thereon: 
and To, of courfe, the obferver will have'as con- 
fiifcd a view of the objea, as if his eye had been 
too flat. This inconvenience is remedied by 
placing a concave glafs g b before the eye ; which 
glafs, by caurtng the rays to diverge betweeii ir 
and the eye, lengthens the focal diitdnce To, that 
if the glafs be properly chofen, the rays will 
unite ar the retina, and form a difiinlt piaure 

the.objc& upon it. 
such eyes as have their humours af a due 

convdty,* cannot fee any objcA diltin&ly at a 
le& difhicc than fix inches; and there are 
PMmbedefi objeas too lmall to be fetn at that 

p 4  dikance, 
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difiance, becaufe they cannot ap ear under any 
fenGble angle. The  method o P viewing fuch 
minute objeEts is by a microJcope, of which there 
are three .forts, 147. the &@e, the double, and 
the Solar. ' 

pig. T h e  &Ze microjope, is only a fmall convex 
TheJlngfr glafi, as c d, having the objekt a B placed in its 
miC~o/copr* focus, and the eye at the fidme diftance on the 

other fidei fo that the rays of each pencil, flow- 
ing from every point of the obje& on the fide 
next the glafs, may go on parallel in  the fpaee 
between the eye and the glafi; and then, by 
entering the eye at C, they will be converged tq 
as many different points on the retina, and form 
a large inverted pitturc ,AB  upon it, as in the 

TO find how mpch this g la l  magnifies, divide 
the leal? diitance (which is pbout fix inches) at 
which an objekt can be ken difiinltly with the 
bate eye, by the focal diitance of the glafs ; and 
the quotient will h e w  how much the glafs mag- 
pifies the diarnerer of the obje&.- 

The  doubb or compound microJcope, confifis of 
T h e d o d r  an objekt-glafs c d, and an eye-glati e f .  The 

iall objckt a b  is piaced at a little greater dif- 
rance from the glafs cd than its principal focus, 
Eo that the pencils of rays flowing from the dif- 
ferent poinrs of the objekt, and pafing through 
the glafi,'may be made to conver e apd unite 
in  as many points between g and f , where the 
image of the obje& will be formed: which 
image is viewed by the eye through the eye: 
glafs e$ For the eye glais being io placed, 
that  the image g h  may be in its focys, and the 
eye much about the fame diftance on the other 
hde, the rays of' each pencil will be parallel, 
irfter going out of the eye-glal, as at e and f ,  

till 

figure. 1 

. Fig. 6. 

rictyycopc. i-n 
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fill they come to the eye at k, where they will 
begin to converge by the refraaivc power of 
the humours ; and after having, croired each 
Dther in the pupil, and paired through the chryr- 
talline and vitreous humours, they will be col- 
IeLted into points on the retina, and form the 
large inverted’imagc A B thereon. 

T h e  magnifying power of this microfcope is 
as follows. Suppofe the image g b  to be fix 
times the diRance of the objdt a b  from the 
objctlt-glafs cdj then will the image be fix times 
the length of the objed: but fince the image 
could not be feen dittinttly by the bare eye a t  a 
lefs difiance than fix inches, if it he viewed by 
an eye-glds ef, of one inch focus, it will thereby 
be brought fix times nearer the eye ; and conk- 
quently viewed under an angle fix times as large 
as before; fo that i t  will be again magnified fix 
times ; that is, fix times by the objelt-glafi, and 
fix times by the eye-glafs, which multiplied into, 
one another, makes 36 times j and Co much is 
$lie object: magnified in diameter more than what 
it appears to the bare eye; and confequently 
36 times.36, or 1296 {imes in firface. 

But becaufe the-extent or field of view is 
very fmall in this microfcope, there are genc- 
rally two eye-glaffes pl iced ’%metimes clofc 
together, and foinetimes an inch afunder 3 by 
which means, althou$i the object: appears lei3 
magnified,‘ yet the vihble area is much enlarged 
by the interpofition of a fecond eye-glafi; and 
confequently a much pleafanrer view is ob- 
tained. 

T h e  Jdar micraJcope, invented by Dr.’ Lia- Fi . 7. 
8 ~ 1  khun, is conftru&kd in the following manner. Tfc N u t  Having proctired a very dark room, let a round micmfcap. 
bok be made h the window-&utter, abaut rhrce 

inches 
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inches &meter, through which the fitn may caR 
a cylinder of rays A A into the room. In this 
hole place the end of a tube, containing two 
convex glaffes and an obje&, viz. I. A convex 
glafi rz a, of about two inches diameter, a d  three 
inches focal diltancc, is to be placed *in that end 
of the tube which is put into the hole. 2. The 
obje&t bb, being put between two glaiks (which 
mufl be concave to hold it at liberty) is placed 
about two inches and a half from the glafs aa. 
3. A little more than a quarter of an inch Prom 
tbe objeB is placed the finall convex glafi ccI 
whak focal difiance is a quarter of an inch. 

The  tube 'may be io placed, when the fun is 
low, &at his rays A A  may enter direEtly into 
it: bur when he is high, his rays B B  muit bb 
reflelted into the tube by the plane mirror or 
looking- glafs C C. 

Things beings thus prepared,ahe rays that enter 
the tube will be conveyed by the glafs a a toward 
the obje& C B ,  by which incnnii it will be fit*ong.ly 
illuminated j and the rays d which flow 'from it, 
through the magnifying lafs C G ,  will make a 
lar& inveired piAure o f  the objeEt: ' at D 0, 
which, being received on a white papw, will re- 
prcfent the obje t  magnified in length, in pro- 
portion of the &?tatice of the pi&ure fiain the 
glafs cc, to the difisnse of the ol$k from the 
i ime glah. Thus, Iuppok the difisnce of the ob 
je& from the &fi to be parts o f  an inch, and 
die diitmce of the (tiitinkt pi&ture to be I 2 feet 
or 144 inches, i r r  which there are 144-0 tenths of 
an inch ; and this numbcr divided by 3 tenths, 
gives,4fb; wliich is the number of tiincs the 
piCZurc is longer or broader than the objt.&; mJ 
the length nwltiplied by the breadth, fhews how 
much the wJlole ibrhce is magnified. 

Bef4e 
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Before we enter upon thc defcription of tele- W W $ w  

@opes, it will .be poper  to ihew how the rays 
of light are affeaed b ?ailing through concave 

rors. 
When parallel rays, as u b c d e  f g k, pa& 

direQly through a glafs AB, which ib equally ;?$! 
condve on both fides, tbey will diverge after 
pafingthrough the gIal's, as if they had come 
from a radiant point C, in the center of the 
glafi's concavity ; which point is called the ne-. 
gative or virtual fQcus of the glafi, Thus the 
ray a, after pafhg through the glafi AB, will 
go on in the direaion kl, as if it had proceeded: 
from the point C, a ~ d  ns, glafs been in the way. 
The ray b will go on in the dirrc'lion mn; the 
ray c in the direfition up, &c.-'l,'hc ray C, that 
falls. 4ire6ttly upon the ini,ld:e of the glafs, fuf-, 
fers no refrattion in paEng tlirough it ; but pes .  
on in the fame reEtilinea1 direEtion, as i f  no glafs 
had been in its way. 

I f  the glafs had been concave only on one fide, 
and the other fide quite plane, the rays would 
bave diverged,' after piling through it, as if the I 

had come from a radiant point at, double the di% 
tance of C frmi tlie2glah; that is, as if the ra-. 

been ac the diftancc of a whole dia- 
e @ a b ' s  concavity. 

If rays come more conver ing to fuch a glafs, 

it, they will continue to converge after tpafing 
through it; but will not meet fo foon as if no 

had been in the way ; and will incline to- 
the fame fide to which thFy would have 

if they had come parallel to the' glah 
ray9 f and k, going in a convergiri 

h t c  tward  the edge of the glds at B, an 
con- 

*gl&es, and alfo by P alling upon concave mir- 

than parallel ray6 .diverge a f ter pafling through 

!! 
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converging more in tbeir way to it than the pa- 
rallel rays diverge after ailing through it, they 
will go on converging a F ter they pals throu6h it, 
though in il lefs degree than they did before, and 
trvill meet a t  I: but if no glafs had been in their 
way, they would have met at i. 

When the parallel rays, as df a, Cm b, ' 6  I c, 
** -fall upon a concave mirror A-B (w,$icIr is not 

tranfparent, but has only the furface A b  B of 
a clear poliih) they will be refletled back from 
that mirror, and meet in a point m, at half the 
diitance of the furface of the mirror from C, 
the center of its concavity: for, they will be 
reflelted at as great an angle from the perpendi- 
cular to the furface of the mirror, a8 they fell 
upon it, with regard to that perpendicular; but 
on the other fide thereof. Thus, let .C be the 
center of concavity of the mirror AB B, .and 
ft't the parallel rays d f a ,  C m  b, and e l c ,  fall 
upon it at the points a b, and c. ' Draw the 
lines Cia, C M ~ ,  and Chc ,  from the center C 
to theft. points; and all there lines will be per- 
pendicuhr to the furface of the mirror, becaufe 
they proceed rhereto like To many radii or {pokes 
from Its center. Make the angle C a b  eqtial 
to the angle d a C, and draw the line a m b, 
which will be,the direttion of the ray d f a, after 
i t  is reflcCted fromi the poiut a o T  the mirror : €0 
that.the angle of incidence d a  C, is equal to the 
angle of refleaion Cn h ; the rays making ,equal 
angles with the perpendicular C i a  on its oppo- 
fite fides. 

D r a w  alfo the perpendicular C h  E to tlieApoint* 
6, ivhrre the ray e l c  touches tlic mirror; and, 
having itlade the angle C c i ,  equal to the angle) 

c e, draw the line c m i, wliich will be the 

Fig, 2. ' 

GourfQ; 
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toutfe of the ray 8-2 c, after it is refle&ed from 
the mirror. 

The  ray Cm b paffes throygli the center of 
concavity of the mirror, and falls upon it at 
8, the perpendicular td it; and is therefore rc- 
fleEled back from it in the fdme line Bm C, 

All thefe reAeAed rays meet in the point m; 
and in that point the image of the body which 
emits the parallel rays da, CS, and cc, will be 
formed : which point is difiant *froin the mir- 
ror equal to half the radius b m C of its con- 
cavity. 

T h e  rays which proceed from any ceieitiai 
objeCt may 'be ,e&eemed parallel at the earth 3 
and therefore, the images of that obj& will be 
formed at m, when the refle&ing furface of the 
concave mirror is turned direaly toward the. 
objea. Hence, the focus fit of parallfl rays 
is not in the center of the mirror's concavity, 
but half way between the mirror and that 
center. 

T h e  rays which proceed from any remote 
terreitrial objee, are nearly parallel at the mir- 
ror; not firiRly fo, but come diverging to it, 
i n  feparate pencils, or, as it were, bundles of 
rays, from each point of the fide of the objc& 
next the mirror: and therefore they will not 
be converged to a point, at the dikance of liaif 
the radius of die mirror's concavity from its 
refleAing furfacc ; but into fepnrate points at a 
little greater qiitapce from the mirror. 

ther thefe points will be froin i t ;  and an !& 
verted image of the objcCt: will be formed& 
them, which will feem to' hang pendent in the 
air"; and will be feen by an eye placed beyond 
it (with regard to the mirror) in all refp'pctjs 

like 

An 
f the nearer the objeiEt is to the mirror, the fa 
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like the” objelk, and as diitinQ as the. objelk 
itfelf. 

Le t  Ac B be the refleoing furface of 1 mird 
for, whofe center of concavity is at C ;  and 
let the upright objeEt D E  be placed beyond the 
center Cy and fend out a conical.penci1 of did 
verging rays from its upper extremity D, tu 
every point of the concave furface of the mir- 
ror A c B. But to avoid confufion, we only 
draw three rays of that pencil, as D A, Dc,  
P B. 

From the center of concavity C, draw the 
three right lines CA, Cc, C B ,  touching the! 
mirror in the fame points where the.forefaid rays 
touch it; and all thefe lines will be perpendid 
cular to thesfurface of the mirror. Make the 
angle CA d equal to the angle D A C, and draw 
the right line Ad for the courfe of the redetted 
ray D A: make the angle Cc d equal to the! 
angle D c Cy and draw the right line c d for thei 
courfe of the refleaed ray D d :  make alfo th t  
angle C B d equal to the angle D B C, and draw 
the right line B d for the courfe of the refle6ted 
ray D B. All thefe refleEted rays will meet in 
the oint d, where they will form the extremity 

mity D of the upright obje& D E. 
If the pencils of rays Ef, Eg, E b, be a16 

continued to the mirror, and their angles of red 
flehion from it be made equal to their angles of 
incidence upon it, as in t h e  former pencil from 
D, they will all meet at the point e by refleaion, 
and form the extremity e o f  the image ed, fimi- 
lar to the extremity 

And as each intermediate point of the &$e&, 
between D and E, fends out a pencil, of rays in 
like manner to every pait of the mirror, the 

X rays 

Fig. 3. 

d o P the inverted image c da frmilar to the extrei 

of the objc& D E. 
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mys of each pencil will be refleiled back from 
it, and meet in all the! intermediate points be- 
tween the extremities e and d of the image ; and 
fo the whole image will be formed, not at i, 
half the diftance of the mirror from its center of 
concavity C; bur at a greater diftance, between 
i and the objett D E j and the image will be in- 
verted with ref'eR to the objea. 

This being well uiidcrfiood, the reader will 
eafily fee how the image is formed by the large 
concave mirror of the refletkin telefcoye, 

ment. 
When the objett is more remote fiom the 

mirror than its center of concavity C, the 
image will be lefs than the obje&, and between 
the obje& and mirror: when the objelt is nearer 
than the center of concavity, the image will be 
more remote and bigger than the oh$& : thus, 
if DE: be the objea, e d  will be its image i for, 
as the, obje& recedes from the t>~irror, the 
image approaches nearer to i t ;  and as the ob- 

j e &  approaches nearer to the mirror, the image 
recedes farther from it ;  on accouirt of the M e r  
or greater diver ency of the peiicils of rnys 

they divergc, thz fooner they are convergcd to 
points by rciizRion;. and the more they di- 
verge, the farther they ri i i iIt  be reflclled before 
they meet. 

I f  the radiris of the mirror's I concavity nr~d 
the diftance of die &je& from it br known, the 
difiance of theimage from the mirror is found 
by this ,rule: divide tlw prodiikk of the dify 
tarice and radius by double the diltance made 
1.G by the radius, and the quotient is the' dif- 
tance required, 

when he comes to the defcription o f: that infiru- 

which proceed 8 rwn the objeQ ; h, t l~e  lefs 

Ic 
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If the ob;& be in the center of the mirror's 

Concavity, the image and objelt will be coinci- 
dent, and equal in bulk, 

If a,man places himfelf diretkly before a large 
concave mirror, but farther from it than its 
center of concavity, *he will fee an inverted 
image of himfelf in the air, between him and 
the mirror, of a lefs fize than himfelf. And 
if he holds out his hand toward the mirror, 
the hand of the image will come out toward 
his hand, and coincide with it, of an equal 
bulk, when his hand is in the center of conca- 
vity; and he will imagine he may hake  hands 
with his image. If he reaches his hand farther, 
the hand of the image will pars by lis hcand, and 
come between his hand and his body : and if he 
moves his hand toward either fide, the hand of 
the image will move toward the orher j To that 
whatever way the objeR moves, the image will 
move the contrary way. 

All the while a by-fiander will fee nothing of 
the image, becaufe none of the ref'lelted rays that 
form it enter his eyes. 

If a fire be made in a large room, and a 
fmooth mahogany table be placed at a good 
difiance near the wall, b6fore a large concave 
mirror, fo placed, that the light of the fire 
may be refleaed from the mirror to its-focus 
upon the table J if a perfon ftands by the table, 
he will fee nothing upon it but a longih beam 
~f-light:  but if he fiands a difiance toward 
the fire, not direaly between the fire and mir- 
rot, he will fee an image of the fire upon the 
table, large and ere&, 
$on, wha knows nothing of this matter be ore- 
hand, fhould chancc to come-into the room, 
and ihould look from. the fire toward- the table, 

IlC 

per- And if another 



Of optics, B B?' 

ht tvould be flareled at the appearance ; for th? 
table would iiem to be on fire, and by being 
near the wainfcot, t Q  endanger the whole houie. 
I n  this experiment there fhould be no light in the: 
room, but whzt proceeds from the fire ; and the 
mirrot ought to be at  leait fil'teen inches in dia- 
metkr. 
. If the fire be darkened by a fcreen, ,and a 
largtwandle be placed at the back of the fcreen; 
a perfon itanding I by the candle will fee the 
appcarqnce of a fine large itar, or rather p h e r j  
upon the tableJ I as brig!it as Venus or Jupiter. 
And if a fmall wax taper (wbofe fianle is tnuch 
lefs than the flame of the candle) be placed near 
the candle, a fatellite to the planet will appear 
or1 the table: and if the taper be moved rgund 
the ca~dle, the fatellite will go round the planeti 

For thefe two plcafing ex eriments,dI am in,- 

profeffor o f  afironomy at Cambridge, wpo fa- 
voured me with the fight+ of  them, and many 
3nore of his curious inventions. 

, 'In arfrraflhg te?@pu, the &fs which is ntareR The r h  
the objekl in  viewing it, is called the o#eh'-g.Js;{~~'%, 
and rhat which is nearelt the eye, is called the 
@e-gh$. The obje&t-glafs inuR be COnvexj but 
the eye-glafi may be either convex or concave: 
and generally, in looking through % a telefcope, 
the eye is in the focus of the eye-lgl'afs j though 
that ii not very material : for the difiance of the 
eye, as to diitine vifionf is indifferent, provided 
the rays' of the pencils fall upon it parallel : 
Oqly the nearer rhe eye is to the end of the tele- 
fcope, the larger is the fcope or area of the field 
bf view; 

hhd have its fOCd6 at E. 'I'hcni a penci1 of rays 

dtbted to the late reverend 1 P r. LONO, Lowiides's 

Let  G d be a convex-glal fixed in a long tube, Fig. 

Q g i, 
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g h i, flowing from the upper extremity A of the 
remere objefi AB, will be fo rgfratled by p d h g  
through the glaf:, as to converge and meet .in 
the pointf: while the pencil of rays k I m flow- 
ing from the lower extremity B, of the fame ob- 
$3 AB, and pafing through the glafi, will con* 
veige and hect  in the point e:  and the images 
of the points A and B, will be forme2 in the 
points f and e. And as all the interilir'diate: 
points of the objea, between A and B ,  fend out 
pencils of rays i n  the fame manner, a fuliicien'c 
number of thefe pencils will pals through the 
objelt glafs E d, and converge to as inany inter- 
mediate points between e and f; and fo will form 
the whole inverted inia,rre e Ef, of the diflintt 
objekl. But becauk this iinagejs fmall, a con- 
cave &ifs n o  is To placed in the end of the tube 
next the eye, that its virtual focus may be at F. 
And as' the rays of the pencils pafs converging 
through die concave glais, but converge lefi after 
pafitig through it than.before, they go on fur- 
ther, as to b and. a, before they meet ; and the 
peiicils themfelves being made to diverge by. 
pafing through the concave glafs, they enter 
the eye, and forin the large p i thre  a b  upon 
the retina, whereon it is magnified under the 
angle b F a ,  

Rut  this teleicope has one inconveniency which 
renders it unfit for moil purpofrs, which is, that. 
the pencils of rays being made, to divetgc by 
pafing through the concave glafs n 0, very few 
of them can cnter tl& pupil of the eye; -and 
therefore r l ~  field of view is but very iiridl, ,as 
is evident by die figure. For none of the pen- 
cils which.flow either from the top or bottom of 
the objeft A b  can enter the pupil of the eye at 
C, but are 'all fiopt by falling upon the iris 

above 
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above and below the pupil: and therefore, only 
the middle part of the. objett can be Teen when 
the telei'cope lies direltly toward ir, by means' 
of tliofe rays which proceed from the middle of 
the objelt. So that to fee the whole of it, the 
telefcope rnufi  be moved upward and downward, 
unlth the objt.8 be very remote; and then it is 
never fren diflinfily. 

ing a convex eye-glafs, as g h, in place of the 
concave one; and fixing it To in  the tube, that 
its focus may be coincident with the focus of the 

,obje&-gI;lafs c 2 ,  as at E. For rhen, the rays 
of die pericils flowing from the objett AB, and 
pafing through the aljelt-glsfs c d, will meet in 
its focus, and form the inverted image t~ E p :  
and as the image is formed in the focus of the 
eye-glafs g b, the rays of each pencil will be pa- 
rallel, after pafing .through that glafi; but th& 
pencils themfdveu will crofs in its focus, 011 the 
other Gde, as at e:'and the pupil of the eye 
being in this focm, the image will be viewed 
through the glafs, under the angle 
being at E ,  it will appear magnified, o as to fill. 
the whole fpace C& e p  Zh 

But, as this tclefcope inverts the image 
refpelt to the objekt, ,it gives an unpleafmt 
'of terrefirial objrAs ; and is only fit for viewing 
the heavenly bodies, in wh i rh  we regard not their 
poiition, becaufe their being inverted does not 
appsar, on account of their being round. But 
whatever way the &je& kerns to move, this tele- 
fco e muit be moved the cpntrary way, i n  crder 

verted, its tnotion will be fo too. 
he magnifying power of this telefcopc is, 

the focal diltance of the objec2-glafs to the, 

This inconvenience is remedied by fubititut- Fig. 5* 

f c k ;  and 

to R eep fight of it i for, Gnce the objeLt is in- 

4 2  focal 
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focal dittance of the eye-glafi. Therefore, if the 

divided by the latter, the quotient will 
e% refs the magnifying power. 

%hen we fpeak of magnifying by a telefccopc 
+ .  or microfcope, it is only meant with regard to the 
diameter, not to the area or fcrlidity of rhe objeR, 
But as the inftrument magnifies the'vertical dia- 
fieter, as much as ir does the horizontal, it is 
eafy to find how much the whole vifible area or' 
furface is magnified : for, if the diarncters be 
multiplied into one another, the prbdutl will ex- 

refi the magnificatiod of the whole vifible area.! 
Fhus, fiippol'e the focal difiance of the obje&- 
glafi be ten times as gteat as the focal diftance of 
the eye-glafs ; then, the obje& will be magnified 
ten times, both in length and breadth : and I O  
multiplied by IO, produces 100; which fhews, 
that the aria of the objetl will appear TOO times 
as big when fee'n through fuch a telefcope, as it: 
does to thembare eye. 

Hence it appearb, that if the focat diftance of' 
the eye-glafs, were equal to the focal diltanee of 
the obje&-glafs, the magnifying power of the 
telefcope would be nothing. 

This telefcope may be made to magnify in any 
egree, provided ir,be of a fufficient length, 

he greater the focal difiance of the objea-  
he lek may be the focal diftance of the eye- 

glafs ; though not direklly in proportion. Thus, 
an obje&-gi.afi of I O  fret focal diftance, will ad- 
mit of an eye-glafs whofe focal diftance. is little 
mbre than 2% inches; which will magnify near 48' 
times : but an Obje&-gkdfs, of rob feet focus, will 
require an eye-gla6 fomewhat more than 6 inches; 
and will theEefore magnify almoit aoo' times. 

A telefcope forviewingterrefirialobjetls, fhould 
be io confirulted, as to h e w  them in thcic natural 

paflure; 
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pollure. And this is done by one ob&-glafslFis. 6 

tha t  the diitance between any two, which are 
ncareit to each other, may be equal to the fum 
of their focal dihnces ; as in the figure, where 
the focus of the glaffes c d  and ef meet at I?, 
thofe of the glaRes ef and 6 h meet at I, and of 
g h and i k, qt nz ; the eye being at n, in or near 
the focus of the eye-glafs ik, on the other fide, 
Th'en, it is plain, that thefe pencils of rays, which 
flow from the obje& AB,  and pa& through 
the obje&-glafi cd, will meet and form an in- 
verted image CFD in the focus of that glafs; 
and the image being alfo in the focus of the glais 
ef, the rays of the pencils will become parallel, 
after paffing through that glafs, and crofs at I, 
in the focus of 'the glafs e f j from whence they 
pais on to the next glafi g h, and by goink 
through it they are converged to points in its 
other focus, 'where they fimn an' ere& image 
E m  F, of the objc& A B : and as this image is 
ali i  in the focus of the eye-glafs i k, and the eye 
on the oppofite fide of the Oine giafs i the image 
is viewed through the eye-glds in this telefcope, 
it1 the h n e  manner as through the eye-glafs in 
the l$xxr one ; only in a contrarf pofition, that 
is, in the fame pofitioii with the objea, 

glares nPxt the eye, have all their. 
focal &fiances equal : and the magnifying power 
of this telefcope is found tlie fa)rne way 8s that  of 
the lalt above; viz. by dividing the focal difiance 
of the obje&-glafs c d, by the focal di&ance .of 
the eye-ghfs i k, or g h, or ' eS,  fincc all the@ 
three are equal, 

When the rays of light are feparated by rc- 
fraaion, they become coloured, and if they be 
witcd  again, they will be a perfee white. But 

c d, and three eye-glages ef, g h, i k, il o placed, 

a3 tilore 
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which pafs through a "convex glais, 

ges are more unequally refra&ted than 
ear8 CO- thofe which are nearer the middle - of the glafs. 

Poured' when feen And'when the rays o[ any pencil are unequally 
throughartfrahed by the glafi, they do not all meet 
tclefcope* again in one and the h m e  point, .bile in feparatc 

points ; which makes the image indiRin&t, and 
coloured, about its edges. The  remedy is, to 
have a plate with a finall round hole in its mid- 
dle, fixed in the tube at  w, parallel to the glaiTes. 
For, the wandering rays' about 'the edges of the 
glaKes will be itopt, by the plate, ,from coming 

and none admitted but thofe which 
gh the tniddle of the glafs, or at leait 

at 4 go6d diit2snce from its edges, md pafi through 
the hole in the middle of the plate. But this 
circumfcribes the image, and leflins the field of 
view, which would be much lniger if the plate 
could bi difpenfed with.  

The re- The  great, inconvenience attending. the ,ma- 
J17.ning telr/coppc, nagement of long telelcopes of this kind, has 

brought them much into difufe ever fince the 
rfle@ing teitjcope was invented. For one of this 
fort;fix feet in length, magnifies as tnuch as one 
of tbe othei an hundred fcer. It was invented by 
?ir'lJam Ncwbn, but has received confiderable 
improvements fince his time ; and is now gene- 
rally confirulted in the following manner, which 
was Erfi propofeg .by Dr. Gregory.. 

At the bottom of the great tube I I' T'4 is 
placed she, Iqrge cmcave mirror D U Y F ,  whok 
princi a1 ~ O C U S  is at n; and io its middle is a 
round hole P, oppofite to which is placed the 
fmall mirror L, concave' toward the great one ; 
and io fixed to a firong wire M, that it inay 
?be' moved farther from thc great mirror, or 
neqer [Q it, by means of a long fcrcw on the 

out- 

rig, ,, * 

P 
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autfide of the tube, Iteepi'ng its axis Ftill in the 
[&ne line P m IZ with that of the great one.' 
Now, Gnce in viewing a very remote objelt, we 
can fcarce fee a point of it but what is at  leaft as 
broad as the great mirror, we may confider the 
rays of each pencil, which flow from every point 
of the obje&t, to'be parallel t6 each other, and 
to cover the whole refleEting i'urf'ace D UYF. 
But to avoid confufion in the figye, we ihall 
only draw two rays of a pencil flowing fiom each 
extremity of the objetl into the great tube, and 
trace their progrefs, through all their refletlions 
and refrattions, to the eye f, at the end of the 
final1 tube I t ,  which .is joined to the great one. 

Let  us then fippofe the o b $ t  AB to be at 
fucli a diltance, that  the rays C may flow from 
its lower extremity B, and the rays E from its 
upper extremity A. Then the rays C filli~g 
parallel upon the great mirrorfat D, will be 

. thence refleaed, cmverging in the diraklion 
D G; and by c r o h g  at I in the principal focus 
of rhe mjrror, they will form the upper extre- 
mity I o f  the inverted image I X ,  h i l a r  to the 
lower extremity B of .the ohjeR A R: and paf- 
fing bn to the concave mirror L (whofe focus is 
at H) they will fall upon it at  g, and be thence re- 
Ae&ed converging in the dirraion g N, becaufe 
g m  is longer than 'gn;  and pafing through the 
hole P in the large mirror, they would meet 
foniewhere about Y, and form the lower extremity 
I of the ere& image ab ,  Gmilat to the lower ex- 
tremity B at' the o~,jr& A B .  But by paning 
through the: plana-convcx glafi R in their way, 
they form that extremity of the image at b. 
I n  like maimer, thc rays E, which COime trorn the 
top of the objetl A B, and fall parallel upon the 

' great mirror at F, are thence reHeAed convcrg- 
Q4 ing 



ing to its focys, where they form, the lower exw 
tremity K of the ihverted’image IK, limilar tQ 
the upper extremity A of the objet? AB; and 
thence pafing on to the fmall mirror L, and 
falling upon it a t  h, they are thence refleaed IP 
The converging itate h b ; and going on through 
the hole P of the great mirror, they will meet 
fhxwhere about 2, and form there the uppet: 
extremity a of the ere& image ab,  6milar to the 
upper extremity A of the objeA A B :  but by 
pafing through the convex glafs X in their way, 
they meet and crofs fooner, as at a, where that 
point of the ere& image is formed.-The like 
being underfiood of all thofe rays which flow 
from the intermediate points of the object, be- 
tween A and B, and enter the tube ST; all the 
inrertnediate points of the image between a and 
b will be formed: and the rays patling on from 
the image thro6gh the eye glafs S, and through 
a fmall hole e in the end of the l e f k  tube t t, 
they enter the eye f, which fees the image a &: 
(by means of the eye-glafs) wider ,the large 
angle c e d ,  and mqgiified in length, uoder that 
angle from c to d. 

I n  the beit reReCting telefcopes, the fochs of 
the f n d  mirror is never coincident with the 
focus m of the great one, where rhe‘firlt image 
I K  is formed, but a little beyolid it (with rrfpcQ 
to the .eye) as at n: the coriftquence of which is,’ 
tha t  the rays of the pencils will no t  be parallel 
aftel. refleRian fiom tlie h a l l  mirror, but con-* 
verge fo as to inert in points about 2, e, r i where. 
they will form a larger upright iniage than  ab., 
if the glsfs R was not in thrir * m y ;  a n d  this 
image might be viewed by rneans of a h g l e  
eye-glafs properly placed bct\kren the image and , 

$be eye : but then the field of view w o ~ i l d  bq, 
lels, 1 
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jefi, and ccbnfe uently not io pleafant; for which 

fcoye or'area of the field. 
I .T,o find the magnifying power of this rele- 
fcope, myltiply the focal diitance of the great 
mirror by the difiance of the fmall mirror from 
!he image next the eye, and multiply the focal 
dittance of the fmslll mirror by the focal difiance 
of the eye-glafs: then, divide the produa of 
the former multiplication by the proclu& of the 
latte'r, and the quotienti will eTprefs the magni; 
fying power. 

I ball here fee down the dimenfions of one of 
M r ,  Short's refleaing telefcopes, ,as drfcribed in 
Dr. Smith's Optics, 

T h e  focal diRance of the great mirror 9.6 
inches, its breadth a.3 ; the focal difiance of the 
fmal1,mirror 1.5, its breadth 0.6 : the breadth 
of the hole 'in the great mirror 0.5 ; the diftance 
between the finall mirror and the next'eye-glafs 
14.2; the difiance between the two eye-glares 
3.4; .the focal difiance of the eye-glafs next the 
petals 3.8 ; and the focal ditlance of the eye- 
glafs next the eye I . X ,  

tele- 

much ihorter focal diitance than a refrac'ting 
rdefi$pf: will ; and, confequently, it will mag- 
nify fo much the more: for the rays are not car 
lpured by refleEtion from 4 concave mirror, if it 
be ground to a true figure, as they are by pafing 
Through a convex-glafs, let it be ground ever fo 
true, 
* "  T h e  adjuRing Screw +on the outfide of the 
great cube fits this telefcope to all forts of eyes, 
by bringing the h a l l  mirror either nearer ta 
(be eye, Qr removing it fartheri by which 

means, 

yeafon, the gla 9 s R is itill retained, to enlarge the 

One great advantage of the refledtin 
(cope is, that it will admit of an eye-gla f i  s Rf a 



Of O p h  
rlneans, the 'rays are made tb diverge a little fo'foE 
ihort-fighted eyes, or to converge for thok of a 
long fight. 

The nearer an obje& is to the telercope, the 
more its pencils of rays will diverge before they 
fall upon the great mirror, and therefore they 
will be the longer of meeting in points after re- 
fleAion ; fo that the firikshnage I K  will be 
formed at a greater difiance' from the large mir- 
ror, when the objc& is near the telefcope, than 
when it is very remote. But as this image muit 
be farmed farther from the finall mirror than its 
principal focus n, this mirrnr n ~ k  be always fet 
,at a greater dinanee from the 13 
ing near obje&s, than' in viewi 
And this is done by turiiing the fcrew on the out-' 
fide of the tube, until the finall mirror be fo ad- 
jufied, that the objetl (or rather its image) ap- 
pears perfedt. 

In 1o.olting through any telefcope toward an  
objelt, we never fee the obj& itfelf, but only 
that  image of it which is formed next the eye in 
$he telefcope. For, jf a maA holds his finger or a 
itick between his bare eye and an oljef?, it will 
hide part (if not the whole) t$ the objeCt from 

ew. But if he ties a ltick acrofs the mouth 
eldcope, before the objetk-glafs, it will hide 

no part of the imaginary objea he faw through 
the telefcope before, unlofs it covers the whole 
mouth of the tube: for, all the effe& will be, 
to make the ob$I appear dimmer, becaufe it 
intercepts part of the rays, Whereas, if he puts 
only a piece of wire acrofs the infide of the tube,, 
between the .eye-gIds an.] his eye, i r  will hide 
part of the objdt which he thinks he fees : which 
proves that he fees not the real objeEt, 'but its 
irmge. This is alfo confirmcd by-weans of the 

€mall 
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fm$l mirror L, in the refletting kelefcop, which 
is made of opaque metal, a id  itands dire&ly bc- 
tween. the eye and the obje& toward which the 
.teleCcope is turned ; and will hide the whole ob- 
jq& fi-urn t h t  eye at  e, if the two glaffes R and 
S are taken out  of thc tube. 
, T h e  multiplying glafs is made by grinding Plate 

down the ~ o u n d  fide b i k of a convex @a& A B  xIx* into f'veral flat iiirfaces, as h I ,  I Id ,  dk. An The Fig. I. md- 

obje& C will not appear magnitied, when feen 
tl~rough this gMi, by tlic eye at  N; but it will&/r. 
appear multiplied into as many difTerent objetts 
as the glafs contains plane furfapes. For, fince 
rays will flow from the objc& C to all parts of 
the glafs, and each plane furface will refralt the6 
says to the eye, the fame obieEt will a 
the eye, in the direltion of the rays wh 
it through each fiirface. Thus,  a ra 
fdlling .perpendicularly on the middi 
will go througlr the glafi to the eye without fuf- 
feririg any refraQion ; and will therefore fhew 
the objelt in its true place a t  C: while a ray a b  
flowing from the faiiie obje&, and falling ob- 

on the plane furface kh, will be refraacd 
.rRion I e, by p a n g  through tlic glafss 

leaving it, will go on to the eye in the 
n e N ;  which will caufe the @me objea 

ar alfo a t  E, in the direaign of the rap 
H e ,  produced in the right line H e n .  And the 
ray cd, flowing from the objelk C, and falling 
obliqudly on the plane fiirface dk, will be refraA- 

ObjcEt to appear at D, in the direErion 
If the glafs be turned round the line g 
an Axis, the objeEt C will keep its place, bec 
the furface b Id.is not removed j but all the 

' other 

pafing through 1 the glafi and.leaving'it 
the eye at  IJj wliicl~ will c i u d  
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other obielks will feem to go round C, becauie 
the oblique planes, 'on which the rays a 6, c 18 
fall, will go round by the turning of the glais. 

Fig. 2. T h e  c a m m  oL/Cunz is made by a qonvex gla& 
The: came- C D, placed in a hole of a window-thutter. 
nr Os/cuyu* Theti, if the rooin be darkened fo as no light 

can enter but what comes through the glafi, the 
pit3urt.s of all the obj&t.s (as fields, trees, b~i-ild- 
mgs, men, cattle, &c.) on the Wtfide, will be 
fhewn in an  inverted order, on a white paper 
placed at G N in the focus of the glais; and 
will-afford a moil beautiful and pegfett piece of 
perf'peffive or landfca e of whatever is before 

objeLt 
If the convcx glafs CD be placed in a tube in 

the fide of a f q w e  box, within which is the 
plane mirror E P, reclining backward in an 
angle of 45 degrees from the perpendicular k4, 
the pencils of rays flowing from the ourward ob- 
je&s, and pafirig through the conve'x glafi to 
+he plane mirror, will be refleAed upward from 
it, and meet in points, as I a n d  K (at the fame 
difiance that they would have met at H and 
G, if the rnir'ror had not been in the way) grid 
will form the, aforefaid images an an oiled paper 
itretched horizontally in the direQion I K ;  on 
which pape4, the outlines of the images may 
be eafily drawn with a black lead pencil; and 
then copied on a clean iheet, and coloured by 
art, as the objeEts themfelves are by nature,- 
I n  this machine, it is ufual to place a plane glah, 
unpoIihed, in the horizontal iituation i K, whicli 
glafh receives the images of the outward objehs i 
and their ouclines may be traced w o n  it by a 
black. l e d  pencil, 

the glds j efpecially i P the fun k ines  'upon the 

N. B,  
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N. B.  The tube in which the convex gIaG 

,CD is fixed, muR be made to draw out, or u l h  
in, To as to adjufi the diltance of that glafs P rqnl 
the plme mirror, in proportion to die diitanccc 
of tlie outward,objer5ts; which die operator does, 
until he fees their images difiineiy painted on 
the horizontal glafs at IX. 

The forming a horizontal image, as IX, of an 
Illpriglit objeEt AB, depends upon the angles o[ 
incidence of the rays upon the plaqe mirror EF, 
being equal to their angles of refieaion from 
it. For, if a per endicular be &ppoTed to be 
drawn to the i;Jr P ace of' the plane mirror at c, 
where the ray Aa Ce falis upon it, that ray will 
be refleL5ted upward in an equal angle with tha 
other fide of the perpendicular, in the line e d L  
Again, if a perpendicular Le drawn to the mir- 
ror froin the point $, where the ray A Bf falls 
vpon it, that ray will be refleQed in an equal 
angle from the other Gde of the perpendicular, in 
the linefh I. And if a perpendicular be drawn 
from the point g, +where the r r  A cg falls upon 
the mirror, that ray will be IP e&ed in an equal 
angle fi-om the other fide of the perpendicular, 
8 the' line g i I; So that all the rays of. the pencil 
a t  c, flowing from the upper extremity of thq 
o x e n  AB, and pafling through the convc& glafs 
CD, to the plane mirror EF, will bc refleCted 
fiom the mirror and meet at J ;  where t h y  will 
form the extremity I of the image IK, fimilar 
to the extremity A of the obje& AB,  ,The 
like is to be underfiood of the pencil q r s, BOW- 
ing fi-om the lower extremity of the obje6t AB, 
and meeting at K (after refleaion from tlie plane 
mirror) the rays form the extremity K of the 
image, Gmilar to the extremity B of the objekt: 
apd fo of all the pencils that flow from the in- 

termediate 
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rermediate poinfs of tlle obje& to the mirror, 
through she convex glafs. 

If a convex glafi, of a ihort focal dilt-ance, be 
pIaced near the plane mirror, ih  the end of a 
fhot't rube, ::nd a convex glafs be placed in a 
hole i n  thc fide of the tube, fo as the image may 
be forrnql between the lait-mentioned convex 
$<lib, and the plane mirror, the image being 
viewed thi ough this glafs will appear magnified. 
-In this manner the opera-glaJes are conltru&- 
edj with which i gentkman may look at any 
lady at a diitance'in the company, and thedady 
know nothing of it. 

The corn- The image of any objdl that is placed before 
mon lwk- a plane mirror, 'appears as big to the eye as the 

obje& itfclf; and is ere&, dillin&, and feem- iq-gIaj .  

ingly as far behind tlie,mirror, as the-obje& is 
before it: and that  part of the mirror, which 
refleas the image of the objeA to the eye (the 
eye being fuppofed equally ditlant from the glafs 
with the objeQ) is jufi half as long and half' as 
broad as the objeQ itfclf. Let AB be an ob- 
je& placed before the reReRing furface g h i  of 
the plane mirror CD ; and let the eye be at +" 
Let Ah" be a ray of light flowing from the top 
3.of the objee, 'and Mling upon the mirror at' 
b : and h m  be 8 perpendicular to the i i i r fax  of 
the mirror at  h, the ray Ah will be refle&ed 
from the mirror to the eye at 0, making.2n 
angle vz h u cqua! to the angle Ah m : then will 
the'top of the image E appear to the eye in the 
direttion of the reflcAed ray ' u  h produced to E, 
where the right line Ap E, from the top of the 
objett, cuts the right line u h E, at E. Let B i 
be a ray of light pooeeding from die foot oP'thc 
objee at  B to the mirror at  i, and n i  a per- 
pendicular to the mirror from the point i, 

8 where 

* I 

Theopeun- 
g& 

%* 3. 
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&here tlie ray B i falls upon i t :  this ray will be 
refle€ted in the line i 0, making an angle n i G, 

equal 'to the angle B in, with that perpendi- 
cular, and entering the eye at d: then will the 
foot F of the image appear in the dire&ion of 
the refleBed ray oi! produced to 3, where the 
right line B F cuts the reflekted ray produced to 
F. All the other rays that flow from the inter- 
rnadiate points of the objeQ AB, and fall upon 
tlie mirror between h and i, will be refleQed to 
the eye at o ; and ali the intermediate points of 
the image E F  will appear to the eye in the di- 
retlion-line *of t M e  refle&ed rays produced. 
But all the rays that flow from the objea, and 
fall upon the mirror above h, will be refletled 
back above the eye a t  0 ;  and all the rays thar 
flow from the objet?, and fall upon the mirror 
below i, pwill be refleltqd back below the eye a t  
o : fo that none of the rays that fall abbve b,' or 
below i, Can be.refle&ed-to the eye at o; and 
the diRanCe between h and i is equal to Half the 
length of the obje& AB. 

Hence it a pears, that  if a man fee his whole A man 
image. in a p ane looking-glafs, the part of the will fee 

his image glafsdiat refleas his image muR be j u i t  half as in 
long and half as broad as hiinfclf, let him Ccand looking- 
at any .difiance from it whatever; and that his glafa, that 
image muit appear jufi as far behind the @afi as ~i.$'~@~~f 
he is before it. Thus,  the man A B  viewing ~ i & +  . 
himf'elf in the plane mirror CD, which is jufi 
hnlf as long as himk1F, kp his whole image as 
-at, E F, behiiid th.e glafs, exn&ly equal to his 
own Gze. For, a ray AC proceeding from his 
eye at A, and filling perpendicularly upon the 
furface of the ghfs at C, is reflrtted back to his 
eye in 'the fame line CA;. and the eye of his 
image will appear at E$* in. the fame line pro-' 

duced 

P 
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duced to 3, beyond the glafi, And a rqy dj 
flowing from his foot, and falling obliquely on 
the glals at D, will be refleBed .as obliquely, 011: 
the other iide of the perpendicular a b Dj in tha 
direnion. .DA; and the foot of his image will 
appear at F, in the direQion of rhe refletked ray 
AD,  produced to F, where it is cut by thdrighc 
line B G F, drawn parallel to the right line ACE. 
Jufi the fame as if the glafs were taken awayj 
and a real man itood at  I;, equal in iize to the 
man itanding at B :  for to his eye at A, the eye' 
of &e other man at E would be ken in the di- 
reltion of the line A C E ;  and the foot of thrj 
man at F would be feen by the eye* A, in the di- 
refiionof the line ADP. 

If the glafs be brought nearer the man A &  
as fuppofe to cb, he will fee his image as ac 
CD G .- for the refledled ray CR (being per en- 
dicplar to the @ah) will fhew, the eye o P the 
image as at C ; ,  and the incidqt :ray B b, being 
refletked in the line b A, will hew the toot of his 
image as at  G; the angle of reflebiofi a bA being 
always equal to the angle of incidence j3 I a :  
and Eo of all the intermediape rays from A to B. 
Hence, if the man A B  advances toward the" 
glafs CD, his image will approach toward it,: 
and if he recedes from the glafi, his image will 
alfo recede from it. 

Having already hewn, that the rays OF lighb 
are refraAed when they pafi obliquely through 
different mediums, we come now to prove that 
fome rays are more refrangible than others ; and 
that, as they are differently TefraCted, they excit'e' 
in our minds the ideas 9f different colours. This 
will account for the colours feen about the edges 
Qf the images of jliofe objelts which are viewed 
ghrough fome telefqopes; 

f Let 
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Let  the rim h e  into a dark room through a Fig. 5. 

h a l l  hole, as at e e, in a window-kutter; and 
place a triangular prirm B C in the beam o f  rays 
4 in filch a manner, that the beam may fql.1 
obliquely on one of the fides a b C of the prifin. 
T h e  rays will hffer different refraaions by pafing 
throu h the prifm, fo that infiead of goiag allThe 
out o P it on the fide d c C, in one dirc&ion;they*r””* 
will go,on from it in the different dirtttions re- 
prefented by the lines f, g, b, i, k, I, m, z. ; and 
falling upon the oppofite fide of the room, or 
on white paper placed as at p g to receive thein, 
they will paint upon it a firies of moft beautiful. 
lively colours (not to be equalled by art) in this The rob 
order, viz, thofe rays which are l e d  refrdled by pi$,, 
the’ prifin, and will therefore go on between the 
lines n and an, will be of a very bright intenre 
red at n, degenerating from thence gradually 
into an orange colour, as they are nearer c l x  line 
m: the next will be of a fine orange colour at  
m, and fiom thence degenerate into a yellow co- 
lour toward I: at I they will be of a fine ycllow, 
which will incline toward a green, more and 
.more, as they are \nearer and nearer k : at k they 
bill be a pure green, but from thence toward i 
they will incline gradually to a blue: at i they 
will Le a perfe& blue, inclining to an indigo co- 
lour from thence towardb: at b thqy will be 
quire the colhur of indigo, which will gradually 
change roward a violet, the nearer they are to 
(g: and at g they will be of a fine violet colour, 
which will incline .gradually to a red as they 
corne nearer to f, where the cploured image 
ends. 

. There is not an equal quantity of rags in each 
Qf thefc colouts; for if the obloii image p q 

R will 
be divided into 360 equal parts, t $ ‘  IC red fpace 

R 
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R will take up 43 bf thefe parrs; the orange 0 9  
27 ; the yellow Y, 48; the green G, 60; the 
blue B, 60 ; the indigo I, 40 ; and the violet Y9 
80 ; all which fpaces are as nearly proportioned in 
the figure as the fmall fpace p q would admit of. 

.If all thefe colours be blended together again, 
they will make a pure whire ; as is proved thug, 
,Take away the paper on. which tlie colours p q 
fell, an4 place a large convex glafs Q in the rays 
f, g, h, &c. which will refrdt them fo, as to make 
them unite and crofseach other at W; where, If 
a white paper be placed to receive them, they 
will excite the idea o f  a firong lively white. Bur 
if the paper be placed farther from the glafs, as 
at r s, the different colours will appear again'upon 
ir,' in an inverted order, occafioned by the r a p  
crofling at W. 

As white is a cornpofition of all colours, fo 
black is a privatim of them all, and, therefore, 
properly no caiour. 

Let two concentric circles be drawn on a 
fmooth round board A B C D E F 6, and the 
ourerrnoit of them divided inro 360 equal parts 
or degrees : then, draw feven riglit lines, as o A, 
o B, &c. from the center to tlie outermolt circl'e; 
making the lines 0 A and o B include 80 de- 
grewof that circle; the lines 0 B and 0 C AO 
degrees ; o C and 0 I) 60 ; 0 D and 0 E 60 5 
o E a n d 0 F 4 8 ; 0 F a n d o G 2 7 ; o C a n d o A  
45. Then, between tliefe two circles, paint the 
I-pace A G red, inclining to orange near G i G F 
orange, inclining to yellow near F; F E yellow, 
incllnittg to geen  near E ; E 1) green, inclining 
to blue near D ;  I3 C blue, inclining to indigo 
near C ;  C B indigo, inclining ro violet 'near B I; 
and B A violet, inclining to D foft red near A. 
This done, paint all tliat part of the board black 

which 

pig. 6. 
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which lies within the inner circle ; and putting ~ i i  the 
an axis through the center of the board, let itprifmatic 
be turned very fwifrly round that axis, fo as the Ei:iz 
rays proceeding from the above colours, may be 
all blended and mixed, together in coming to make a 
she eye ; and then, the whale coloured part will white- 
appear like a white ring, a little greyifh; not 
perfe&ly white, becaufe no colours prepared by 
art are perfett. 

Any of there colours, except red and violet, 
may be made by mixing together the two cpn- 
tiguous pritinatic colours. Thus, yellow is made 
by mixing together a due proportion of brangc 
and green ; and green may be made by a mix- 
ture of yellow and blue. 

All bodies appear of that colour, whofe rays 
they refle& .meit; as a body appears red when 
it reflqEts moitdof the red-making rays, and ab- 
forbs the r e k  

parent by themfelves, become opaque when put rent CO- 

through it will appear *red ; becaufe it lets only 1 

reft. If water or fpirics be tinged blue, and put 
in a phial, all obje&s feen throvgh it will appear 
blue, becaufe it tranfinits only the blue rays, and 
Rops all the relt. Brit if thefe two phials are 
held.cloft: together, fo as borh of them may be 
between the iye and objco, the objc&k will no 
mor0 be Teen through them than through a plate 

tal; for whatever rays are tranfmittcd 
h the fluid in the phial next the obje&, 

are ftoppcd by that in the +phial next the eye. 
In this experiment, the phials ought nor to be 
round, but, fquarer becaufe nothing but the 

R 2  light 

Any two or more colours that are quite tranf- Tmnfpa- 

together. Thus, if water or fpirits of wine become lours b 
tinged red, and put in a phial, every obj& 

the red rays pnfs through it, and flops all 
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I ,ight itfelf can be feen through a round tranf'p 
rent body, at any diitance, ' 

As the rays of light fuffer different degrees of 
refraAion by yafing obliquely through a prifm, 
or through a convex glafs, and are thereby feya- 
rated into all the feven original or primary cod 
lours ; fo they alfo fuffer different degrees of red 
fraaion by pafling through drops of falling rain 3 
and then, being ref lead toward the eye, from 
the fides, of thefe drops, which are fartheit: from 
the eye, and again. refraaed 'by palling out of? 
thefe drops into the air, in which refraCted direc- 
tions they come to the eye; they makeall the 
colours to appear in the form of a fine arch in 
the heavens, which is called the min-bow. 

There are always two rain-bows feen together, 
the interior of which is formed by the rays a C, 
which falling upon the upper parcb, of the drop 
b c d, are refralted into the line L c ab they enter 
the'drop, and are refleEced fiom the bark of it at 
c, in* the line E d, and then, by pafing out of the 
drop into air, they are again refraaed at ti; and 
from thence they pars on to the eye at e ; To that 
tolform the interior bow, the rays fuffer two re- 
frattiom, as at b and d ;  and one refleEtion, as 
at E .  

T h e  exterior bow. is for 
fuffer two refleklions, a 
which is the occaGon of its 
the interior, and alfo of itq.snlours being invert. 
ed with refpett eo tliofe of the interior. For, 
when a ray n b falls upon the lower part of the 
drop b c d  e, irtjs,refr$kl into the direaim b c 
by entering the drop,; and paEng 'OW to the 
back of the drop a t  c, it is thence refleRed in the 
line c d, in which dircAion it is impof3ible for 
it to enter the eye at f: but by being again re- 

fle&'red 

Fig. 7. 

1 

%* 8. 
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fleaed corn the point d of the drop, it goes on iy 
the drop to e, where it yaffes out 0:' the drop into 
the air, and is there refratled downward to the 
eye, in the clireltion e f .  

1; E C T, VlII,  AND IX, 
rbe dt$ription tqd q e ,  of. the globes, and artnillaty 

&here. 

F a map of the world be accurately delineared The rm 1. on a fpherical ball, the furface thereof kvi!l'$~~ 
reprefent the furface of the earth ; for the IiigheR 
hills are Eo inconfiderable with refpea to the bulk 
o f  the e m h ,  that they take off no inore from its 
foundnefi, than grains af fand do from the round- 
aefi of a common globe; for the diameter of 
ahe earth is 8000 miles in round numbers, and 
no known hill upon it is three miles in perpendin 
cular height. 

,That  the earth is fpherical, or mund like aProofqf 
globe, appears, ' I ,  From its cafiing a. round tht 
jhadow upon the moon, whatever fide be t u r n e d g g  
toward her when ihe is eclipfed, 2# From itsglobulsk 
having been failed round *by feveral perrons.' 
3. From 0t.w feeing the farther, th9 hi &r we 

while- the hull i s  hid by the convexity of the, 
itand. 4. From our keing the mafis o B a hip, 

water, lsd that 
The attra&ive Dower of the earth draws allit mavbe 

terrdirjal bodies tGward its center j as is,  evi- P$)$t$dc8 
dent from*rhe clefcent of. bodies in lines per kn- 
dicular to tile earth's furface, at the , p f B C C S ~ ~ ~  olre'g 
whereon they fall ; even when they arc thrown king in 
from the earth on oppofia fides, and con- ~~~~~ ,Sf 

fequencly, in oppofite dire&iws, $0 that the ?,, fmm 
E 3  gar* V? 
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earth may be compared to a great magnet rolled 
'in filings of iteel, which ateraas and keeps them 
equally fait to its fiirface on all fides. Hence, 
as all terrefirial' bodies are attraaed toward the 
earth's center, they can be in no danger of fall- 
ing from any fide of the earth, mote than from 
any other. 

The  heaven or 'fky furrounds the whole earth : 
and when we fpeak of zlp or dowv, we mean only 
with regard to ourfehes; for no point, either 
in the heaven; or on the fiirface of the eakth, 'is 
a b m  or below, but only with refee& to ourfclves. 
An$ let us be upon what part of the earth we 
will, we ftand with our feet toward its center, 
and our heads toward the fky : and io we fay, 
+it is up toward the iky, and down toward the cen- 
ter of the earth. 

~ 1 1  ob. To an obfcrver placed any where 'in the in- 
j h  in definite' fpace, where there is nothing to limit 
thehea- his view, all remote obje&s appear equally. 

diitant from him j and feem to be placed in. a. ven ap- 
pear e- 

vafl concave fphere, of which' his eye is the %ze center. Every Afironomer can demonfirate, 
that the moon is much nearer to us **the fun 
is3 that fome of the planets are' foinetimcs 
nearer to us, and fometimes farther from us, 
than the 4iun ; that others uf them never come fo 
near us as the fun always is j that the. remateff 
planet in our fyfitem, is beyond cornparifon 
nearer to us than any of the fixed itars are ; and 
that it is highly probable fome itars are, in a 
manner, infinitely morc diitant from us than 
othersi and yet all thefe crleitial objelts ap- 
pear equally difiant from us. Therefore, if,wc 

Thefaca imagine a large hollow fphere of glafs to have 
as many bright fiuds fixed to its infide, a$ 

andcuth there are fiars vifible in the heaven, and the& 
fidds 

vp and 
d ~ n ,  
what* 
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Pods to be of different magnitudes, and placed rcprcht- 
at the fame ari@;ular difiaQces from each otht!remda4;&. 
as the fiars are ;: the @here will be a true re- 
prefentation of the fiarry. heaven, to an eye fip- 
pofed to be in its center, and viewing it all' 
around. And if a final1 globe, with a may of 
the earsh upon it, be placed on an axis in the 
cenrer of this Rarry fphere, and# the fphere be 
h a d e  to turn round on this axis, it lwill rcpre- 
Eent the apparent motion of the heavens round 
the earth. 
. If a great circle be Todrawn upon this fphere, 
as to'divide it into two equal parts, or herni.. 
@hens, and the pIane of the circle be perpen- 
dicular to the axis of the fphere, this circle will 
reprefent the equino&ZiaZ, which divides the hea- The qui- 
ven into two equal parrs, called the nortbm and mml. * 
the fo&t.+zn bea@be?es; and every point of that 
lcircle#will be equally diitant from the 
ends of the axis i n  the fphcre, That p 
is in the middle of the northern he 
will be called the north pale (of the phere, and 
that whicla,is in the middle of the ! outhern he- 
mifphere, the j u t b  pole. 

If another great circle be drawn upon the 
@here, in fuch a manner as to cut the equinoc- 
tial at an angle of 23; degrees, in two, oppofite 
,points, it will repreknt the ecliptic, or circle of% :d* 
rhe fun's ap arent annual motion; one half oftiE* 

the o&er half on the fouth, 
: I f  a large fiud'be made to move eoRward in 
this ecliptic, in fuch a lnanntr as to go tpire 
hound it, in the time that thc fphera is turned 
mund weitwqrd 366' times upon its axis5 this 

a 365th part of the ecliptic; and 
R 4  going 

which is on t L north fide of the cquino&l, and 

1 rcprefent the Jin, changing his place Xhcfis 



Xhe 
tar&, 

gohi round wefiward, the , t m e  way as the 
itars JO ; but with a motion fo much Qower thaq 
the motion of the fhrs, that  they will make 366 
revolutions about the axis of the $here, in the. 
time rhat the furl makes only 365. During one 
half of thek  revol.utions, the fun. will be on the 
north fide of the equjnobial; during the other 
half, on the footh ; and at the end of each half; 
in the equinoCL'ra1. 

If we fuppok the terrefirial lobe in this ma- 
chine to be about one inch in iameter, and thq 
diameter of the fiarry fphere to be about five 
or fix feet, a fmall .infeEt on the globe wDuld feq 
only a veiy little portion of its furfate; but it 
would fee one half of the ftarry fphere ; the con- 
vexity of the globe hiding the other half from its 
view, I f  the fphere be turned wefiward round 
the globe, and the infeA could judge of the ap- 
pearances which arife from that motion, it would 
fee Come ftars rifing to its view in the eatlern' 
fide of the fphcre, whiIe others were retting ,on 
the wellern : but asea11 the fiars are fixed ro tho 
iphcre, the fame ftars would always rife in the 
Qiue points of view on the eait fide, and fet in 
the fame points of view on rhe weft fide, Wit13 
the fun it would be orherwife, becaufe *the furl 
js cot fixed to any point of tbe fplierc, but: 
moves flawly along an  oblique circle in ir. And 
if the i n k @  fliotrld look toward athe f&ith, an4 
call that point of the globe, wliere the eqtii- 
no&ial in the $here feerris to cut  it on the leftr 
fide> the eaJ,paint ; and where it cuts the globe 
on the right fide, the wFJZ point; the little ani; 
mal would fee the fun rife north of the esft, and 
k t  north of the weit, for 182; revolutions i 
after which, for as many more, the fun woulq 
rife fouth of the eart, and fct fovth of the 

wea, 
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weit, And in the whole 365 'revofutions, the 
f u n  would rife only twice in the eafi point, and' 
fer twice in the weik. All there appearance8 would 

,be the fame, if the fiarry $here flood itill (the 
fun only moving in the ediptic) and the earthly 
globe were turned round the axis of the fphera 
cafiward, For, as the infelt would be carried 
round with the globe, lie would be quite infen.; 
iible of its motion ; and the fun. and fiars would 
appear to move wejlward. 

We are but very h a l l  beings uben compared 
with our earthly globe, and the globe iqcy is bu r  
a diinentionlefs oint compared with the ;nag- 
nitude of the iarry heavens. Whether -the 
earth be tit reit, and the heaven turns round it, 
or the heaved be at reit, and the earth turns 
round, the appearance to us twill be exaaly the 
fame. IAnd becaufe the heaven is To immenfely 
large, in cornparifon of the, earth, we fee one 
half of thekaven  as well from the earth's fur- 
face, as we .could do from its center, if the 
limits of our view. are not intercepted by 
bills. 

We mzy imagine as many circles defcribed ciwte$ qf 
upon the earth as *we ple'afe; and we may irna-'tbe&htrtv, 
giw the plane of any circle defcribed upon the 
earth to be continued, until it marks a circle in 
the concave +here of the heavens, 

hnjble horizon i s  that cirde, wliich a man Rand- dmat 
ingupon a large plane, obferves to terminate his 
view all qround, wheiy the heaven and earth kern 
to meet. Tire plane of our lenfiblt. horizon con- 
tinued to the heaven, divides it into two hemif- 
gheres 5 one viGblk to us, the 'other hid by thc: 
gsnvctcity of the earth, 

Tha 

T h e  horizon is either f e ~ b l e  or rational, TheThe bs* 
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The plahe of the rational horizon, is fuppofed 
parallel to the plane’of ,the fenfible; to pafs 
througb the center of the earth, and to be. 
continued to the heavens. And although the 
plane of the feniible horizon touches the earth 
in the place of the obferver, yet thiJ plane, 
arid that of the rational horizon, will feein to 
coincide in the heaven, becaufe the whole earth 
- but a point compared to the fphere of the 

he earth being a fpherical body, the horizon, 
it of our view, muit change as we change 

our place. 
The  oks of the ,?arth, are thofc two points on 

its f i r  ace in which its axis terminate;. The 
one is called the north pole, and the other,the 

Juth g0.k 
The poles of ithe heaven, are 

in which the karth’s axis produ 
$he heaven : io that the north 
is direaly over the north pole of ,the earth j and 
thejiuthpofe of the heaven i s  d i rd ly  over the 

‘iouth pole of the earth. 
* The quator is a great circle upon the earth, 
every part of which is equally diitant from either 

. I  the poles. Irdivides the earth into two equal 
arts, called the zortbm and fparthern bern@hre$. 

ff  we fuppofe tbe plane of chis circle to be ex- 
.tended to the heaven, it will mark the eq&uifial 
therein, and will divide the heaven into two equal 
parts, called rhe nbrrbern and Jwt. .m km@beres 
of the heaven. 

The  meridian of any place 63 a great circle 
paRing through that place and the poles of the 
,earth. W e  may imagine a s  many fuch me& 
dians as we‘ pleafe9 becaufc any place that is  

ever 

35% I 

P &kJ. 

ap,,tfl, 

mfia#, 
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ever fo little to she eaIt or wefi of,any other lace, 

one. circle can pafi through any two fuch places 
and the poles of .the earth. 

The meridian. of any place is divided by the 
poles, into two fernicircles i that which paffes 
through the place is called the geagrbpkicd or up- 
per, lncridian ; and that which panes through the 
op oGte place, is called the lower ,meridian. 

b h c n  the rotation of the earth brings the ivmn and 
plane of the geographical meridian to the. fun, nrid-n$bt.' 
it is irzootl or midday to that place; and when 
our lower meridian comes to' the fun, it is mid- 

, All places lying under the fame geographical 
meridian, have their noon at the fame time, and 
confequently all the' other hours. All thbfie 

uplaces arc faid to have the fame loit itude, becaufe 

from any of the reR, 

the geographical meridian of a given place, tocles* 
meet gt the poles, and to divide theequator into 
24 equal parts; each of thefe meridians will 
come round to the fun in 24 hours, by the earth's 
equable motion.round its axis in that time. And, 
as the equator contains 360 degrees, there will 
be I 5 degrees contained between any two of there 
meridians which are near& to one another : for 
24 rimes 15 is 360. And as the earth's motion 
is eaitward, the' fun's apparent motion will be 
weftward, at the' rate of 15 degrees each-hour. 
Therefore,, I 

*greek eafiward from us, have noon, and every 
..oth.er. hour, 8 hour fooner than we have. They 
whofc meridian is fifteen degrees weeward from 

us, 

has a different meridian from that place ; F or no 

Bight.  

.no one of them lies eicticr eaitwar d or weRward 

If we imagine 24 femkircles, one of which is How c;r! 

They whofe geographical meridian is I 5 de- &!@& 
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us, have noon, and every. other hour, a hour 
later than we have: and fo on in proportion, 
reckoning one hour for every fifteen degrees. 

Ai rhe earth turns round its axis once in 24 
hours, and fliews itfelf all round to the fun in. 
that time ; fo it goes round the fun once a year, 
in  a great circle called the ecliptic, which croires 
the equinoEtia1 in two oppofite points, making 
an angle of 23; degrees with the equinoeial 00 
each fide. So that  one half of the ecliptic is in 
ehe,northern hernifphere, and the other in the 
foiithern. It contains 360 equal parts, called 
degrees (as all other cirhs. do, whether great: 
or fmall) and as rhe earth goes once round .it 
every year, the fun will appear to do the fame, 
changing his 'place almoit a degree, at a mean 
rate, every 24 hours. So that whatever place, 
'01: degree of the ecliptic; the earth is in at any 
time, sthe fun will then appear in the oppofite, 
And as one half of the ecliptic is on rhc north 
fideidf the equinottial, and the other half on the 
fiuth.; the fun, as ken from the earth, will be 
half: a year on the foutli fide of the equiiio&ial, 
knd half a year'on the north; and twice a year 

t id 1 the equino&ial itfelf, 
c ir divided, by afironomere into I$ 
ailed Jpj, each fig" into 30 degree, 
ee into 60 minbttes t but in ufing the 

globes, we '%Idom sane the fun's place nearer 
than half a degree of the truth, 

The names and' charatken of the 1% figns are 
as follow; beginning at  chat pdnr of t l p~ec l ip  
tic where it croffes the equioo&ial to @ north- 
ward, and reckoning caitward round#ro the fame 
point again. I And the days of the months 00 
whgh the fun ww enters the figns, ?re fer dowsr 
b l ~ w  tfjem, 

pries, 

Bc&tic* 



Aries, Tmrus, Gemini, Cancer# 
.r 8 P YB 

21 
June. March April May 

20 19 20 

Leo, firgo, ., Libra, Scorpio, 
S L '  ?I.! 4 2  'rl 

July Augufc , September OEtober 
93 22 22 32 

Sagittarius, Capricornus, Aqunrius, Ppes, 

November December January February 
* LI $ ' k P  6 

PX 21 19. I 8  

By reqembering oh what day the fun etiters 
any particular fign, we may eafily find his place 
any day afterward, while he is in that fig", by 
reckoning a degree for each day; which will 
occafion no error of confequence in ufing the 
globes. 

.When the fun is at the beginning. of Aries, 
he is in the equinoCtia1; and from that. time he 
declines northward he ry  day, until he comes 
to the beginning of Cancer, which is 23; de- 
grees from the equinoRinl; from thence he re- 
cedes fouthward every day, for half a year5 in 
die middle of which half, he crofks the equi- 
noaial at the beginning of LBm, and at the 
end of that  half year, he is at his greatefi fouch 
,declination, in the beginning of Capricorn, which 
I s  alfo 23: degrees from the equinoCtia1. Then, 
he returns northward from Cupricorq every day, 
for half a year ; in the middle of which half, he 
croffes the equinoaial at the beginning of Arigs ; 
and'at the end of it he arrives at C~nctr. 

4 The 
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T h e  fun's motion in the ecliptic is not per; 
ferny equable, for he continues ei@iht days 
longer in the northern half of the ecliptic, than 
in the fouthern : fo that the furnnner half ydar, 
i'n the northern hernifpliere, is eight days longer 
than the winter half year; and the contrary in 
the fouthern hemifphere. 

T h e  trupics are leffer circl-es in the heaven, 
parallel to the equinoAia1; one on each fide of 
it, touching the ecliptic in the points 'of its 
greatm declination ; fo that each tropic is 234 
degrees from the equino&ial, one on the north 
fide of it, and the other on the fouth. The 
northern tropic touches the ecliptic at the be-, 
ginning of Guncer, the fouthern at the beginning 
of Cuprjcora; , for which reafon the. former is 
called the trupic cf Cancer, and the latter the tropic 
of Capricorn. 

poior The  poltr circles in the heaven, are each 23; 
circZt8. degrees from the poles, all around. That which 

goes round the north pole, is called the m8ic 
circle, from g p i ? o ~ ,  which fignifies a Bear; there 
being a colle&ion or groupe of fiar'd near the 
north pole, which goes by that name. The  fouih 
polar circle, is called the a~turttic circle, from its 
being oppofite to the a r & k  

T h e  ecliptic, tropics; sand polar circles, ar,e 
drawn upon the terreRrial globe, as well as upon 
,the celeitial. But the 'ecliptic, being a great 
fixed circle in the heavens, cannot properly be 
faid to belong to the terreitrial globe; 'and is 
laid down upon it only for the canveniency of 
folving fome problems. So thar, if this circle on 
the terreitrial globe was properly divided 'into &e 
months and days of the year, it would not bnly 
fuit the globe better, but vould alfo make the 
problems thereon much eafier. 

Tropics. 



In order to form a true idea of the earth's 
tnotion round its axis every 24 hours, which is 
the caufe of day and night; and of its motion 
in the ecliptic round the fun every year, which 
is'the caufe of the different lengths of days and 
nights, and of the vicinitude of feafons ; take the 
following method, which will bc both eafy and 
plcafant. 

inches diameter, be iufpended by a long thread of the 
of twiited fill? fixt to its north pole : then hav- 
ing placed a lighted candle on a table, to repre- 

.fent the fun, in the center of a hoop of s'largc 
cak, wliicli may re refent the ecliptic, tlie hoop 

of the table j hang the globe within tlie hoop 
near to i t ;  and if the table be level, the equa- 
tor of the globe will be parallel to the table, 

'and the plane of the hoop will cut the equator 
sac an angle of 23; degrees: 'To that one half of 
the equator will be above the hoop, and the 
other half below it; and the candle will enlighten 
one half of the globe, as the fun enlightens one 
half of the earth, while the otlier half is in the 
dark. 

Things bein rhus prepared, twift the thread 

globe the fame way by untwifiing ; tliat is, from 
WC~), by fouth, to eafi.' As the globe turns  
round-its axis .or thresa, the different places of 
its furface will go regularly through the light 
and dark; and have, as it wgre, an alterhate 
return of day and night in each rotation. As 
the lobe continues to turn round, and to fiiew 

round the hoop by the thread, fiom welt, %b 
fouth, to ea8 j which is the way that the ear J 1 

moves 

Let  a finall rerrehial globe, of about t h rd  An idea 

iicafons. 

making an angle o P 23; degrees with tlie plane 

toward the le B t hand, that it may tiirii the 

, itkj F all around to the candle, carty it flowly 
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moves round the Tun, once a year, in rhtl 
ecliptic : and you will fee, that while the glob# 
continues in the lower part of the hoop, the can& 
dle (being then noith of the equator) will cod& 
flantly fliine round the north pole ; and all the 
nqrthern places which go through any part of 
the dark, will go through a lefs portion of it than, 
they do of the light; and the more fo, the far- 
ther they are from the equator; confequently, 
their days are then longer than their nights, 
When the globe' comes to a point in the hoop, 
mid-way between the high& and lowcit poinb, 
the candld will be direRly over the equator, and 
,will enlighten the-globe juil  from pole to pole 3 
and then every place on the globe will go 
#through equal portions of light and darknefs, 
as it runs round its axis; and confequently, the 
day and night will be of equal length at  all 
places upon it. As the globe advances thence- 
forward, toward the highefi part of the hoop, 
+the candle will be on the fouth fide of the equa- 
,tor, kining farther and farther round the' fouth 
pole, as the globe rifes'higher and hi her in the 
hoop ; leaving the north pole as mlic f in dark- 
ndfs, as the fouth pole is then in the light, and 
making long days and ihort nights on the fouth 
fide of the equator, and the contrary on the 
north fide, while the globe cogtinues in the 
northern or higher fide of the hoop : and when 
it conlessto the hi&& point, the days will be ar 
the longefi, and the flights at the kortefi, in the 
fouthern. liemirphere ; and the reverfe in the 
'northern. As the globe advances and ddcends 
in the hoop, the light will gradually recede fr 
the fouth pole, and approach toward the north 

ole, which will caufe the northern day! to 
Z)engrhen, and the fvuthcrn days to fliorten 'in 

the 
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the &me proportion. When the globe comes’to 
the middle point, between the higheik and loweit 
points of the hoop, the candle will be over the 
equaror, enlightening the globe j.uR from pole 
to pole, when every place of the earth (except 
the poles) will go through .equal portions of 
light and darkiiefs ; and confequently, the day 
and night will be then equal, all over the 
globe. 

And rhus, at a very fmall expence, one may 
have’ a delightful and dernonitrative view of the 
cauk ‘of days and plights, with their gradual in-  

lcrertfe and decreafe in length, through the whale 
year together, with the vicifitudes of fpring, 
Eummer, autumn, and winter, in each annual 
coude of the earth round the fun. 

If the hoop be divided into 12 equal parts, 
and the Iigns be marked in order ‘upon it, be- 
ginning with Cancer at the higheit point of the 
hoop, and reckoning cafiward (or contrary to 
the appnrent motion of the Ftin) you will Fee 
how the fun appears to change his place every 
day in the ecliptic, as the globe advances e&- 
ward dong the hoop, and turns round its own 
axis: and that when the earth is in a low fign, 
as at Capricorn, the fiin muit appear in a high 
fign, 8s at Cancer, oppofite to the earth% real 
place: and that while the earth is in the 
foutlyvn half of the ecliptic, the fun appears in 
the ,northern half, and vice verfd: that the far- 
ther any place is from the equator, between it 
,and the polar circle, the reatcr is the difference 
between the longeft an x fhorteft day at that 
place; arid rhat the poles, have but one day and 
one night in the whole year. 

roceed to 
~ I I E  defcription and ufe of tk terrcLial globs 

S and 

There things premifed, we fliall 
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and explajn the geographical t e r m  as they 0cct.f~ 
in the problems. 

The fer- I This globe. has the boundaries of land and 
ydfrial water laiddown upon it, the countries and Icing- 
globed'- doms divided by dots, and coloured to dittin- fctibed, guifh them, the iflands properly fituated, the 

rivers and principal towns inkrted, as they have 
been afcertained upon the earth by trieafurement 
and obfervation. 
+ The  equator, ecliptic, tropics, polar circles, 
and meridians, are laid down upon the globe in 
the manner already defcribed, The  ecliptic is 
divided into 12 figns, and each fign into 3 0  
degrees, which are generally fiibdivided into 
halves, and into quarters if the globe is large. 
Each tropic is 23; degrees fiom the equator, 
and each polar .circle 23; degrees from its 
refpeEcive pole. I Circles are drawn parallel t9 
the equator, at every ten degrees diitance from 
it on each Gde to the poles: thek circles are 
called paralt'efs 4 latitude. On large globes 
'there are circles drawn perpendicularly through 
every tenth degree of the equator, interfefiing 
each other at the poles.: bur on globes of or 
under a foot diametei', they are only drawn 
through every fifteenth degree of the equator : 
theTe circles are generally called meridiaiis, Tome- 
times circles oj" longitude, and at other tinies bour- 
@des. * 

The  globe is hung in, a brafs ring, called the 
bra en meridim; and turns upon a wire in each 
po i e funk half its thicknefi into one fide of the 
meridian ring: by which means, that fide of 
the ring divides the globe into two equal parrs, 
callcd the q J e m  and, weji'ertz htm@heres j as the 
equator divides it into two equal parts, called the: 
northtm and Southern hem$pheres. This ring is 

divided 

I +  
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nient for putting the poles of the globe through 
the horizon, and for elevating the pole to fmall 
latitudes, and declinations of the fun j which 
cannot be done where there is only one horarg 
circle fixed to the outer edge of the brafen me- 
ridian. 

There is a thin flip of brafi, called the p a -  
of nltirude, which is divided into go. equal 
os degrees, anfwering exa&tly to fo meng 
s of the equator. I t  is occafionallv fixed 

to the uppermoil point of the brafen meridian by 
a n u t  a n d  h e w .  The  diviGons end at the nut, 
and the quadrant is turned round upon it. 

As .the globe has been fien by moil people, 
and upon the figure of which, in a plate, neither 
the circles nor countries can be properly expreff- 
ed, we judge it would Ggnify very little to refer 
to a figure of i t ;  and h a l l  therefore only give 
fome direQions how to chook a globe, and then 
defcribe its ufe. 

4XreAi- I .  See that the papers 6 e  well and neatly 
Oris for palted on the globes, which you may know, if 
$ “ ~ ~ ~ ~ s ,  the lines and circles thereon meet exaaly, and 

continue all the way evcn and whole ; thc cir- 
cles not breaking into feveral arches, nor the 
papers either coming kort, or lapping over one 
another. , 

2. See rliat the colours be trnnfpwent, and i10t 
laid too thick upon the globe to hidc the nnnds 
of places. 

3. See that the globe Iiang cvcnly between 
die brafen tneridian and the wooden horizon i 
not incliiiing either to one fidc or to the othet.. 
4. See tint the globe be 115 cl& to the hori- 

zon and meridian as it conveniently inay ; other- 
wire, YOU will be too much p t ~ ~ z l c d  to find, 

apinl t :  

- 
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againfi what part of the globe any degree of the 
meridian or horizon is. 

5. See that the equinoctial line be even with 
the horizon all around, as the north or fouth pole 
is elevated go degrees above the horizon. 

6. See that the equino&ial line cuts the hori- 
zon in the cait atid weit points, in all elevations 
of &he pole from o to go de rea. 

marked with 0, bc exaaly over the equinoRia1 
line of the globs. 

8. See that there be exaaly half of the brafen 
meridian above the horizon; which you may 
know, if you bring any of the decimal divifions 
"on the meridian to the north point of the horic 
mn, and find their complement ta $90 in the 
fouth point. 

9. See that when the quadrant of altitude is 
placed as far from the equator, or the brafen 
meridian, as the pole is elevated above the hori- 
zon, rhe beginning of the degrees of the qua- 
drant reaches juiE to the plane furface of the ho- 
rizon, 

IO. See that while the index of the hour- 
circle (by the motion of the globe) paffeg from' 
ooe hwr to another, 15' degrees of the equator 
pa& under the graduated edge of the ! .  brafen 
meridian. 

I T . See 'that, the wooden horikon be made fib- 
.€tantial and Rrong ; ir being generally obferved, 
that in moR globes, the horizon is the fire part 
that fails, on account of its hqving been made 
too Oighr, 

I n  ufina; the globes, keep thct. call fide of the Dire&& 
horizon toward you unldfs yourn problem reF 011s for 

' i t . ~ ; s  the turning o t! -it) which fide you maythem, 
how by the word Eait upon tbc hnrizon; for 

s 3  then 

7. See that the degree o B the brafen meridian 

uiing 
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then you have the graduated fide of the mcri- 
dian toward you, the quadrant of altitudt. before 
you, and the globe'divided exa&tly into two 
.equal parts, by the graduated fide of the me- 
ridian. 

14 working fome problems, it will be necef- 
Cary to turn the whole globe and horizon 'ubout, 
that you may look on the weit fide thereof; 

.which turning will be apt to jog the #ball fo, as 
to lhift away that dcgree of'  the globe ' which 
was before fit to the horizon or meridian : to 
avoid which inconvenience, you may ,thruit in 
the feather-end of a quill between the ball af 
the globe and the brafen meridian 3 which, with; 
.out hurting the ball, will keep it from turhilig 
in the meiidi;m, while you turn the WCR fide of 
the horizon toward you, 

P R O B L E M  I. 
- l o  j n d  the 9 la/d:iUu'e and t Iongitade d f  ayy given. 

phce  k p w  tbc globe, 

Turn the globe on its axis 
place come3 exaktly ynder that 

T h e  latitude of a place is its diftance from rhhc eqoa- 
fouth, as the place is north ar f'uth of 
who Jive at thc e uatar have no lati- 

ere that the latitde\egins. 
t The longiiudt: of a place is .thc number of degrees 

(reckoped u p r i  tk t r  u m r l  tfiqt the mcridkaii of the faid 

which we rl ckon, elthcr eiittwnrd or w e h a r d ,  or 180 de- 
l 'he  Britini rcck;n,tlrc f~~~~~ from the inedd~an of Londoii, and the krench 

from the rneridiap of l'arib. 'The> meridian of that place, 
from which the h g i t u d e  is reckoncd, is called the/# 
niendtutf. The pltcl s uj~on this meridian ha,ve QQ longi- 
tude, h a v f c  it in there that the longitude bqinu, , 

r phcc i s  d.lri.int lrom t 31 c ineridian ol' any other lace from 

half round the gbbe. 

the 
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the brafen meridian, on which the degrees arc 
numbered &.am the equator ; and &ewe what 
degree of the meridian the place then lies under; 
which is its latitude, north or ioudi, as the place 
is north oq fmeh of  the equator: 

The globe retnainidg in this pofirion, the de- 
~ C C  of the equator, .which is under die brai'en 
meridian, is the longicude of the place '(from 
the meridian of London on the EHg@ globes) 
wliich is 'eaR or weit, as the p1,ace lies on the 
cafi or wefi fide of the fire iiieridian of the 
'globe.-All the Adantic Ocean, and Ametica, 
3s on the weit t d e  of the meridian of L O H ~ O P ~ ~  

' and the greatefi part of Europe, and OF Africa, 
'together with all &a, is on the eafi fide ofzthe 
meridian of Lo?idon, 'which is reckoned the 
meyjdian of rhe globe by the BdiJ3 geographers 
,and aitronomerSc 

P R " 0 B L E M  31. 
*$be longi1zde atid f d t d e  of a pI/Ice being given, to 

Look for the given longitude in the equator 
.(counting it eaitward or 'wefkward from the firR 
'meridian, as it is mentioned to be eaR or we83 
and bring the point of longitude in the equatop 
to  the brafen meridian, on that fide which is 
above the fouch point of the horizon: then 

the equator, on the brafen meridian, 
to the degree of the @hen latitude, toward the 
north or fauth pole, accordinq as the latitude is 
narth or fouth; and under that degree of lati- 
tude on the meridian, you will have the place 
rgquired, 

$I$ tb& place on tbe globe. 
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P R O B L E M  111. 

e dixerence of longitude, or dtyerence of 
latitude, between any two givey places. 

Bring each of thefe places to the brafen me; 
ridian, apd fee -what its,latitudc is: the leffer 

reater, if both 

s added together, if they are on 
different fides of it, is the difference of latitude 

d the number of degrees contained 
places, reckoned on the eqU 

they are brought ieparately under , 

meridian, is their difference of longitude ; 
if it be lefs than 1.80 :. bot ifimore: let it be hub- 
flraaed from 360, and the remainder is the dif- 
ference of longitude required. Or, 

Having brought one of the places to the 
brafcn meridian, and fer the hour index to XII, 
turn-the globe until the other place comes to rlie 
brafcn meridian, and the number of hours and 
parts of an hour, pall over by the 'index, will 
give the longitude in t h e  ; bhich may be e?fily 
reducedto degrees, by allowing 15 de rees for 

we fpeak of bringing any place 
ridian, it is the graduated fide of 

Ti 
, *  

Rraaed from the 
n the fame fide o f the equator, or 

every hour, and one degree for every P our mi- 

the meridian h a t  is meant, 

P R '0- 
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P R O B L E M  IV. 
dny place being given, to  find all tb@ places tbat 

bave the fane longitude or latitude with it, 

Bring the given place to the brafen meridian, 
then all thofe places which lie under that fide of 
the meridian, from pole to pole, have tlie fame 
longitude with the given place. Turn the globe 
round its axis, and all thofel places which pars 

j er the fame degree of the meridian that the 
given place does, have the fame latitude with 
that  place. 

Since all latitudes are reckoned from the 
ctpator, and all longitudes are reckoned from 
the firit meridian, it is evident, that the point of 
the equator which i s  cut by the firit meridian, has 
neither latitude nor longitude.-The greateft 
latitude is go degrees, becaufe no place is more 
than go degrees from the equator. And the 
grdatefi longitude is 180 degrees, becaufe no 
place is more than 180 degrees from the firfi 
meridian. 

P R o B L'E~M. "vr, 
To'jind $be antceci +, pericaci , andhantipodes$, 

Bring the Giwn place to the brafen meridian, 
and'havine found its latitude, keep the globe in 
that fituation, and count the fame - number of 

degrees 
* "he unrcrci are thob people WIIO live on the fame ma- 

j4ian, and in a1 latitudea, on di&rcnt fides of the equa- 

that is, when 'it is hooii to the one, it is nlfo noon to the 
other; and when it io mid-night to the one, it is allb mi& 
n3ght to the otkr, ole, Baing on &rent Pdeo of thc cquw 

tor, 

of any given pace. 7 

tor. Being on ?! t e fame meridisn, they have rhe fame hours; 
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degrees of latitude from the equator toward the 
:ontrary pole, and where the reckoning ends, 
)leu have the antwci of the given place upon the 
globe. Thok who live at the equator have no  
antmi. I 

The globe remaining in  the fame yofition, Get 
the hour-index to the upper XII, on the horary 
circle, and turn the globe until the index comes 
to rhe lower XI1 ; then, the place which lies 
under the meridian, in the fame latitude with 
the given place, is the p.ereria?ci required. ThoCe 
who live at the polcs have no periueci. 

As the lobe now ftands (with the index at the 
lower XI15 the nntipudes of the given place will 
be under the fdtne point of the brafen meridian 
where its antmi ftood before. Every place upon 
thc globe has its nniipodcs. 

tor, they have different or oppoete feafona at the fame 
time; the ,length of any day to the onk is equal to the 
length of the night of that day to the other; and thy have 
equal elevations of the 

always equal to the 
d a p  or nights, and 
fite meridians, 
the other. 

$ The urtt+ode$ are thofe who live diametrically oppoGte 
to  one another uppa !he globe,' itanding with feet toward 
fwt, on oppofite meridians and parallels. ' Being on oppolitc 
fides of .t4e equator, they have oppofite feafops, winter to 
one, ,when it is fummcr to the other ; being equally diltsnt 
from, the equator, they have their 
elevated above the horizon ; being on 
whcn it is noon to the onc, it mu8 b 
other; and as the fun recedes from 
proaches to the other, the length of 
,equal to the length of the pight at the 

P R Q* 
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P R-0 B L E , M  VI. 
I o  find the @?awe between my two places on the 

globe, 

Lay the'grarluatecl edge of the quadrant of 
altitude over both. the places, and count the 
number of degrees intercepted between them pn 
the quadrant; then multiply thefe drgrees by 
Go, ar.d the pl-odutt will give the difiance in 
geographical miles : but to find the difiance in 
,Englifli miles, multiply the degrees by 69&, and 
the produEt will be die number of miles required. 
Or, take the difiance between. any two places 
with a pair of conipaires, .and apply tha t  extent 
'to the equator 5 the nurnber of degrees, inter- 
cepted between the points of the compaffes, is 
the diitance in degrees of a great circle * j which 
may be reduced either to geographical miles, or 
to Englifli miles, as above, 

An 'circle th?t divides the globe into two equal parte, &ut * Y  is  callrc a grcnt circle, as the equator or meridian. f ln~cj ,&e 
circle that divides the globc into two unequal parts (whic 
every parallel of latitude does) is called a I$+ circle, Now, L,f<p 
as every circle, whether great or fmall,. contains 360 de- ci&. 
grecs, and a degrce upon the equator or meridian contains 
60 geograpltical miles, it is evident, that a degree of longi- 
tude upon the e uator, is longer than a degrce of longitude 
upon any paralle P of latitude, atid mu8 therefore contain a 
greater number of miles. So 
of latitude are equally long 
pot precifcly fo upon the 
longitude decreafe in length, as 
not i n  the fame proportion. 
length of a dcgree of 
hundredth parts of a 
the equator to the 
gcogryhical miles, 

P R Q- 
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A p1aL.e on the globe being given, and \ils diJ2cmce 
porn any other place, t o  jnd all the other places 
upon the globe which are at lhe fame dgance from 
ibe given place. 

Bring the given place to 'the brafen meridian, 
and-icrew the quadrant of altitude to the merL 
dian, direlkly over that place ; then keeping the 
globe in that porttion, turn the uadrant quite 

cond plage, will pafs over all 
ich are equally difiant with it 

from the given place. 
This i s  the fame as if one foot of a pair of 

cornpaires was fet in the given place, and the 
other foot extended to the fecond place, whore 
di@ancq is known j for if the cornpaires be then 
turned round the fidt place as a center, the, 
moving foot will go over all thofe places which 
are, ag the fame diitanci with the Eccond from it. 

round upon it, and the degree o 8 the quadrant 

A TABLE 
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P R O B L E M  vrrr. 
Tbe hour of the day at any pjace being given, to  $nd 

all thoj  place3 where at is  noon at jbat time. 

Bring, the.given place to the brafen meridian, 
aid  fet the index to the given hour; this done, 
turn the globe until the index points to the upper 
XII, and then, all the places, that lie under the 
brafen meridian have none at that time. 

N. B. The upper XlI always Itands for noon; 
and when the bringing of any place to the brafen 
meridian is mentioned, the fide of that meridian 
on which the degrees are reckoiied from the 
equator is meant, unlefs the contrary fide be 
mentioned. 

P R O B L E M  IX. 
" h e  hour of the day at any place being given, t o  find 

what time it then i s  at any olher place. 

Bring the given pkce to the brafen meridian, 
and fet the index to the given hour j then turn 
the globe, until any place where the time .is re- 
quired comes to the brafen meridian, and the in- 
dex will point out the time at that place. 

P R O B L E M  X. 
To j h d  the f in9s  place in the ecliptic, atid his 

declination*, for aty given day of the year, . 

Look on the horizon for the given day, and 
right againfi it you have the degree of the fign 
in wPich the fun is (or his place) on that day 

* The fun's declination is hi: diflance from the equinoc- 
tial in degrees, and is north or iouth, as the fun is between 
the equinoAial and the north at fouth pole. 

I 

\ 

at 
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at noon. Find the fitme degree of that fign in 
the ecliptic line npon the globe, and havjng 
brought it to the brafen n7c.ridim, obrerve what 
degree of the meridian itands over i t  ; for t h a t  
is the fiiii's decl rion, reckoned from the 
equator. 

P R O B L E M  XI. 

Find the fun's place in the ecliptic for the 
given day, and having bioiight it to'the Imfen 
meridian, obfcrve what point of the meridian is 
over it ; then, turning the globe round its axis, 
all chofe places which pnfs under that point of 
the meridian are the places required; for as 
their latitude is equal, in degrees and parts of a 
degree, to the 'dim's declination, the fun mutt be 
xertical (or direaty over head) to each of them 
at its refpefiive noon. 

P R O B L E M  XII. 

A place being givetl in ikc torrid zom *, t o  Jind thj2 
mo days of the ?car, on which the j o t  f ial!  be 
Ver&z,? to  chat p l ~ c e .  

Bring the given place to the brafen meridian, 
and inark the degree of latitude that is exlraly 

over 

ided into five zones ; one torrid, two 
igid. The torrid cotje lies betwcen the 

8 47 degrees in breadth, or 231 on each fide 
lrnrpcratr mttcr lie between the tropics and 
m 23! degrees of latitude, to 66$, on 

cadi 
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over it on the meridian; then turn the globe 
round irs axis, and qbferve the ,two degrees of 
the eciiptic.which pafs exaCtly under that degree 
Qf latitude : lafitly, find on' the wooden horizon 

hich the fun is in 
and 'they are the 

days required : for on them, and nahe elfe, the 
fun's declination is equal to the latitude of the 
given place; and confiquently, he will then'be 
vertical to it at noon. 

two days of the year 
le degrees of the ecli 

P R O'B L E M XIIIl 
f o  Jihd all tb@ places of the -north zone, 

where tks fun begins to Jine conjanth witbout 
Jlting, on any given day, from the 20th of March, 
to  the 22d Qf September. 

On thefe two days, the fun is in the equinoc- 
tial, and enlightens rhe globe exaRly fiom pole 
to pole : therefore, as the earth turns round its 
axis, which terminates iwthe poles, every place 
vpon it will go e ually through rhe light and the 

all places of the earth. But as the fun declines 
from the equator, toward either pale, he will 
ihine j u R  as many degrees round that pole, as 
arc equal ,to his declination from the equator; 
fo that no place within the diltance of the pole 
will then go through any part of the dark, and 
'confequently the fun will not fet to it. NowI as 

each fide of the equator; a 
the rkid aoncs are the fpac 

poles, the diameter.of eac 
che fun ncvq goea without 
anent borcriical to fome pl 

dark,. and fo m a t e  ? the day and night equal to 

* ,  

circ if a, which being ench 

4 tha 
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the fun's declination is northward, from the 20th 
of March to the 22d of September, he inult con- 
fiantly fhine round the north pole all that  time-; 
and on die day that he is in +c nortliern tropic, 
he fhines upon the whole north fi-igid zone; fo 
that no place within the north polar circle goes 
through any part of the dark on that day. 
lherefol e, 

Having brought the fun's place for the given 
day to the brafen nieiidian, and found his de- 
clination (by Prob. 1X.) count as inany degrees 
on *the rncridian, from the rrorth pole, as are 
,equal to the fun's declination fiom the equator, 
aiid mark tha t  degree fiom the pole, where the 
reckoning ends : then, turning the globe round 
its axis, obferve what places in the north fiigid 
zone pafs direRly under that mark; for they are 
the places required. 

T h e  like may be done for the fouth frigid 
zone, from the 22d oC September to the 20th of 
March, during which time the fun fhines con- 
itantly on the fouth pole. 

P R O B L E M  XIV. 

I'o find the place over wbich the Sun is vertical, at 
any hour of a given dny. 

Having found the fun's declination for the 
given day (by Prob. IX.) mark it with a chalk 
on the brakn meridian: then bring the place 
Where you are (fuppofe London) to the brafen 
meridian, and fit the index to the given hour; 
Which done, turn the glabe on its axis, until the 
index points to XI1 at noon ; and the place ion * 
'the globe, which is the0 direaly under the point 

T of 
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of' tlie fuii's declination marlted upon tile meri- 1 

dian, bas the fiin that,momenr in the zcnith, or 
diretltly over head. 

P R O B L E M  XV. 
I'le day and hour at nip Place Lcing given, t o  filid 

all tboje places where the fun is tbcn rgng, or 
Jetring, q~ on the meridian : conjcquently all $@e 
places which aye  enlightened at that time, and 

- rbc@ whid are in the dark. 

This problem carmot be folved by any ghbe 
,-fitted up in the common way, with the hour 
circle fixed mpon the brafs iireridian ; unleis the 
fun be on or near form of the tropics on the 
given day. But by a globe fitted up according 
to Mr. Jqiy~h H~zi '~i~'5 invention (already men- 
tioned) wilere the hour-circle lies on the fuiiice 
of the globr, below the tneridian, it may be folved 
for any d'iy in thc ear, according to his ine- 

Having found the place to which the fun is 
vertical at  the given hour, if the place be in  the 
northern heniil;plit.re, elevate the north pole as 
many degrees above the horizon, as are equal to 
the latitude of that place; if the place be in the 
fobnthern heniifphere, elevate the foiith pole ac- 
cordingly ; and bring the faid place to the brafen 
meridian. Then, all thofe places which are in 
the weflern fcrriicircle of the horizon, have the 
h n  rifing to them at that time ; and t i d e  in the 
eal2-ern fetnicircle have it retting : to thofe under 
the upper femicircle of the brafs meridian, it is 
noon ; anti to thofe under the lower femicircle,' 
i t  is rnicini ,hr, All rhofe places wliich are 

and 

thod ; which is as Fo r lows. 

above the f iorizon, are enlightened by the fun, 
8 
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and have the fun juit as many degrees high to 
them, as they theinfelves are above the horizon t 
and this height may be known, by fixing the 
quadrant of altitude on the brafen meiidiad over 
the place co which the fun is vertical ; and then, 

, laying it over any other place, obferve wliac 
number of degrees on the ,quadrant ,are inter- 
cepted between the faid place and the horizon. 
In all thofe places that are 1 8  degrees below the 
weitern feinicircle of the horizon, the morning 
twilight is jurt beginning ; in all thofe places that 
are 18 degrees below the eafiern femicircle of 
the horizon, the evening twilight is ending ; and 
all thofe places that are lower than 18 degrees, 
have dark night. 

If any place be brought to the upper femi- 
circle of the brafen meridia'n, and the hour index 
be fec to the upper XI1 or noon, and then the 
globe be turned rourid eaitward on its axis; 
when the place comes to the weitern femicircle 
of the horizon, the index will thew the time of 
fiin-rifing at that place ; and when the fame place 
comes to the eartern femicircle of the horizon, 
the index will thew the time of Gin-fet. 

'To thofe places which do not go under the 
horizon, the fun fets not on that day: and to 
.thore which do not come above it, the fiJn does 
n ~ t  rife. 

' 

P R O B L E M  XVI. 
fhe day and bow of a luiiar ecZi,$ hing given ; t o  

jind all tbojpiaces of ibc eatth t p  wbick it will 
de vphle. 

T h e  moon is never cc1ipfed"but when h e  is 
full, and fo direaly oppofite to the fun, that the 

'1' 2 earth's 
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earth's ihadow fdls upon her. Therefore, what- 
ever place of the earth the fun is vertical to at 
that  time,Zhe moon inufi be vertical to the an- 
tipodes of that place : fi, that the fun will be then 
vilible td one half of the earth, and the moon 

Find the place to which the Tun is vertical at 
the iven hour (by Prab. XIV.) elevatethe pole 
to t& latitude of that place, and bring the place 
to the upper part of the brafen meridian, as in 
the former problem: then, as the fun will be 
viGble to all thofe parts of the globe which are 
above the horizon, the mobn will be vifible to all 
thofe parts of the globe which are below it, a t  
thq time of her greatefi obfcuration; . 
.. But with regard to an eclipfe of the fun, there 
is no fuch thing as hewing to what places it will 
be vifible, with any degree of certainty, by a 
common globe j becaufe the moon's ihadow co- 
vets but a finall portion of the earth's fuyface ; 

her latitude, or declinatioo from the ecliptic, 
s her fliadow fo varioufly upon the earth, 

that to determine the places *pn*which it fidldlls, re- 
courfe ruufi be had to long ci~lculations. 

P R 0 B L, E M X.VI1. 
To renify the globe ,for the latitude, the zenith *) 

aizd the &a's place. 

Find the ladude of the place (by Prob. 1.) and 
Xthe piacc be in the northern heniif'liere, raife the 
north polc above the north point of the horizon, 

' The zrrrit6, in this fcqfic, is thc hlghefk point of the 
brafen meridian above the horizon ; but in the propcr.fenfc 
it is that point of the heaven which is direfitly ,vertical te; 
any given place, at any given initant of timc. 

5 a4 
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as many degrees (counted froin the pol€! upon 
the brafen meridian) as are equal to the latitude 
of the place, If ' the place be in the fouthern 
hetnifphere, raife the ibuth pole above the fouth 
point of the horizon, as many degrees as are Pqual 
~o the latitude. Then turn the globe till the 
place comes under its latitudc on the brafen me- 
ridian, and fitten the quadratit of altitude To, 
that the chamfered edge of its nut (which is even 
with the gr;iduated edge) may be joined to the 
zenith, or point of latitude. This done, bring 
the fitn's ylwe in the ecliptic for the Riven day, 
(found tty Frob. X.)  to the graduated fide af the 
brafen meridian, and fet tlic hour-index to XI1 
at noon, which is tfe uppermoft S I I on the hour- 
circle ; and the globe will be reEtified. 

vation of the near-e& pole of the heaven above 
the horizon of that place; and the poles of 
the heaven are diret?ly over the poles of the 
earth, each go degrees from tlrc equino8id 
firle. Let us 'be upm d i n t  place of the earth 
we will, if the liiiiits of our view be not in- 
tercepted by hills, we fliall fee cine half or the 
heaven, or 90 degrees everi  way rorind, fiorn 
that pbint which is over oiir lieads. 'I'hercfore, 
if we were upon the equator, the poles of the 
heaveii would lie in our horizon, or,Iimit of our 
view ; if we go from the equator, toward either 
pole of the earth, we ha i l  fee the correfponding 
pole of the heaven r i h g  gradually above our 
]loribon, ji1R as many ~ l c  rees as we have gone 

the earth's ales,. the correlponding pole of the 

fcqUcntly, the elevation or height of the pole ifi 
' T 3 '  degrees 

The latitude of any place is equal to the ele- Remark. 

from the equator: and i f we were at either af 

heaven Vou 1p d be direaly over our head. Con- 
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degrees above the horizon, is equal 'to the num- 
ber of degrees that the place is. from the equator. 

P R 0 B L E M XVIU. 
fhe Zatitude of any place, not exceeding * 66; de- 

grees, and the day of the month, being given ; ta 
Jsnd the time of fun-rpng and]ettinx, and coqe- 
pent& the length of the day and night. 

Having re&ified the globe far the latitude, 
and for the filn's place on  the given day (as di- 
re&ed in the preceding problem) bring the fun's 

lace in the ecliptic to the eaReln Iideof the 110- 
azon, and the hour-index will fliew the time of 
fun-riling; chcn turn the globe on its axis, until 
the fun's place comes to the weftern fide of the 
horizon, and the index will h e w  the time of fun- 
fctting. 

T h e  hour of fiin-fetting doubled, gives the 
length< of the day;  and the hour of fun-riling' 
doubled gives the length of the night, 

P R O B L E M  XIX. 
@e latitude of my place, and tbe day of the month, 

being given j t o  jind when tke moriiing twiii bt 

plact. 
, ' begins, @m$ Ike weni~q twdigbt endsa at t f at 

. This  problem is often limited; for, when t)e 
fun does not go 18 degrees below the horizon, 
the twilight continues the whole night i and' for 

, it All places whofe latitude is more than 66; dcgnea, 
grc in the frigid zonea: and to thofe $aces the fun doe8 
pot fit in. furnmer, for a certain numbw of' diurnal revolu- 
tir)qs,, whqh pccafipq thi@ lirpitqion of Iqtitpde, 

t )  
I 

feveral 
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feveral nights together in futnmer, between 49 
and 66; degrees of latitude: and the nearer to 
66;, the greater is’ the nuinber of thrfe nights. 
But when it does begin and end, the follow- 
ing method will kew the time for any given 
day. 

l<c&ify the globe, and bring the fun’s place in 
the ecliptic to‘ tbe eaitrrn fide of the horizon ; 
then niarlc t h d t  point of the ecliptic with a chalk 
which is in the weitern fide of the hoyizoii, it be- 
ing the point oppofite to the fiin’s place.: this 
done, lay the quddrant of a!titude over the faid 
point, and turn the globle eaItvJard, keeping the 
quadrant at the chalk-mark, until it is juit 1 8  
degrees high on the quadrant; and the index 
will point out the time when the inornhg twi- 
light begins : for the fun’s place will then be 18 
drgrccs‘ below the eltfiern fide of the horizon. 
T o  find the time when the evening twilight ends, 
hring the fun’s plsce to the v:efiern fide of the 
horizon j aiid the point oppotite to it, which was 
Marlted with the chalk, will be rifing in the eafi : 
then, bring the quadrant over thdt point, and 
keeping it thereop, turn the globe weftward, 
h t i l  the iiid point be 18 degrees above the ho- 
rizon on the quadrant, and the index will ihew 
the time when the evening twilight ends; the 
fun’s place being then 1 8  degiees below the 
wefiern fide’ of the horizon. 

a8 I 
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P R O B L E M  XX. 
To Jind on what day of the year the fun begins t o  

fiine conJ2antiy without fittiiig, on any given place 
' in the north frigid zone; and how long he con- 

tinues t o  do Jo. 

ReAify the globe to ;he latitude of the place, 
and turn it about tintil fobine point of the eclip- 
tic, between Aries and Cancer, coincides with 
the north point of the horizon where the brafen. 
meridian cuts i t :  then find, on the wooden 
horizoo, what.day of the year tlie fun is in that 
point of the ecliptic; for that is the day on 
which the fun  begins to fhine conhntly on the 
given place, without fetting. This done, turn 
the globe until fome point of the ecliptic, be- 
tween Cancer and Lib74 coincides with the 
north point of the horizon, where the brafin 
meridian cuts i t ;  and find, on the wdoden 
horizon, on what  day the fun is in that point of 
the ecliptic ; which is the day that the fun leaves 
off .confiantly, Ihining on the faid place, and riEs 
'and fers to it qs to other places on the globe. 
T h e  numbkr of natural days, or complete re- 
Solutions of the fun about rhe earth, between 

two days above found, is the time that the 
fun keeps confiantly above the horizon without 
fetting : for all .the portion of the ecliptic, that 
lies between the two points which interfekk the 
horizon in the very north, never lets belotv i f  : 
and there is j u i t  as much of the (tppofitc part of 
the ecliptic that  never rifes ; therefore, the fun 
will keep as long confiantly below the horizon.in 
yintcr, as above it in fummer, . 

Whoever. 
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Whoever confiders the globe, will find, that 
all places qf the earth do equally enjoy the be- 
nefit of the fun, in refpea of time, and are' 
equally deprived of it. For, the days and nights. 
qre always equally long at tlie equator : and in 
all places that have latitude, the days .at one time 
of the year are exaAly equal to thii nights at the 
oppofite' feafon. 

P R 0 43 L E M XX.1. 
To fCnd in what lfztitudt the fun @zes conJanib 

without j t t i pg ,  for my length of time it$ tban 
* 1 8 2 t  of our days and nigbts. 

Find a point in the ecliplic half as many de- 
grees from the 'beginning of @titer (either to- 
ward pries or L i h )  as there are natural days t 
in  the time given; and bring that point to the 
north fide ot the bralirn meridian, on which the 
degrees are numbered from the pole tovivd 
the equator : then, keep the globe from turning 
on its axis, and flide the meridian up or down, 
until the aforefaid point of the ecliptic comes 
to the porth point of the horizon, and then, thc 
elevation of the pole will be equal to the latitude 
required. 

- * The reafon of this limitation is, that 182i  of our days 
and nights make half a year, which is the longefi time Khat 
the fun lhines without fetting, even at the oles of the earth. 

&y, the live &st thu fup k above the horizon. 
t A natural day contains the whole 24 Y lour8 : an artificial 

283 
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P R 0 B L E M XXII, 
t 

“be latitude of a place, not exceeding 66t degree!, 
and‘tbe dny of the month. being given : t o  $fid 
the /.in’s amplitude, or point OJ the compgs on 
wbicb be rges or Jets on tbat day. 

ReEtify the globe, and bring the fun’s place 
ro ttic eafiern fide of the horizon ; then obierve 
what point of the cornpar! on the horizon fitnnds 
right againR the fiin’s place, for tha t  is his 
amplitude at rifing. This done, tdrn the globe 
weftward, until the fun’s place comes to the 
weRern fide of the horizon, and ic will cut the 
point’of his amplitude at fetting. Or, you may 
count the rifing amplitude in degrees, from the 
eafi point of the horizon, to rhae point where 
rhe fun’s place cuts i t ;  and the fetting ampli- 
tude, from the we& poin4 of the horizon, to the 
fun’s place at feccing, 

P R O’B L E M XXIII. 
B e  latilde, the JUn’s place, and his altitude *, 

Seing given ; toJCnd the hour of the day, and tbe 
Jun’s azimuth, or nanaber 4 degrees tbat be is 
dgant from ihe meridian. 

ReAify the &lobe, and bring the fun’s place 
to the given height upon the quadrant of alti- 
tude 5 on the eattern fide of fhe horizon, if the 
time be in the forenoon; or the wekern fide, if 

* The fun’s altitude, at any time, is his hcight in degrees 

it 
abovc the horizon at tiwt time, 



Cl"he UJG' of the Ferre/trial Globe. pi85 
it be in the afternoon : then, the index will h e w  
the hour 5 '  arid the number of degrees in the ho- 
rizon intercepted between1 the quadrant of alti- 
tude and the fouth point, will b,e the fun's true 
azimuth at that time. 

N. B. Always when the quadrant of altitude 
is mentioned in  working any problem, the gra- 
duated edge oflit is. mFant. 

Ifthis be done a t  fea, and compared with.the 
fun's azimuth, as hewn by the compafs, if they 
agree, the compafs has no variation in that place: 
but if they differ, the compafs does vary i and 
the variation is equal to this difference. 

P R 0 B L E M XXIV. 

Be latitude, bow of the day, and the fun'rplace, 
Jeing given i to $nd tbe fun's altiiude and 

, azimuth. 

Re&ify the globe, and turn it until the. in- 
dex points to the given hour; then lay the qua- 
drant of altitude over the fun's place in the 
ecliptic, and the degree of the quadrant cut by 
rhe fun's place is his altitude at that time above 
the horizon ; and the de ree of the horizon cut 

from the Couth, 
by the quadrant in the P unls azimuth, reckoned, 

P R 0- 
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*P R 0 B L E M XXP, 
Phc latitude, the fun's altitude, and his\ aximutk 

being iven; t o  $nd his place in the ecliptic, the 
day oftbe month, and hour f the day, tbough 
they bad all been by?. 

'RelStify the glob; for the latitude and zenith *, 
and fer the quadrant of altitude to the given 
azimuth in the horizon ; keeping it there, turn 
the globe on its axis until the ec!iptic kuts the 
quadrant in the given altitude: that point &f 
the ecliptic which iuts the quadrant there, will 
b e  the fun's place; and thr; day of the month 
anfwering thereto, +ill be found over the like 
place of the fun on the wooden horizon. Keep 
the quadrant of altitude in that pofition, and' 
having brought the fun's place to the brafen me- 
ridian, and the hour index,to XI1 at noon, turn 
bsck the globe, until the fun's place cuts the 

~ uadrant of altitude again, and the index will 
8 e w  thethour. 

Any two points of the ecliptic which arc 
equidiitaht from the beginning of Cancer, or of 
Cupicorn, will have the lime altitude and azi- 
muth at the fame hour, though rhc months be 
different ; and therefore it requires fome care'in 
this problem, not' to miftake both the montti, 
and the day of the month ; to avoid which, ob- 
ferve, that from the 20th of March to the 21R 
of June, that part of the eclipfic which is be- 

* By refiifying the lobe for the zenith, ie meant fcrew- 
ing the quadrant of aftitude to the given latitude on tho 
btafi meridian, 



f i e  we 8f the leveecffrial G i o k  z87 
tween the beginning of Arh and beginning ,of 
Cancer is to be ufed : from the 21ft of June to‘ 
the md’of September, Hetween the beginningL 
of Cancer and. beginning of Libra : .from t h ~  
122d of September to the 21R of December, 
between ;he beghning of Libra and the begin- 
ning of Capricorn; and from the 21R of Decem- 
ber to the 20th of March, between the begin- 
ning of Capricorn and beginning of Aries. And‘ 
‘as one can tiever be at a lofi to know in what 
quarter of she year he takes the fun’s altitude and 
azimuth, the above caution with regard ’ to, the 
quarters of the ecliptic: will keep hnn right a, 
to the inonth arid day thereof. 

P R 0 B L E M’ XXVI. 

FQ Jfnd tbe Zengtb of the long@ day at any givm 
place.. 

If the place be on the north fide of the equa- 
tor, find its latitude (by Prob. I.) and elevatc 
the north pole to that latitude ; then, bring the 
beginning of Cancer \a to the brafen meridian,. 
and fee the hour-index to X.11 at noon: But if 
rhe given place be on the fouth M e  of the 
equator, elevate ,the fouth ,pole to its latitude, 
and bring the beginning of Capricorn %P to the 
brafi meridian, and the hour-inde# *tQ XII, 
This done, turn the globe”tvefiward, until the 
beginning OF Cmcer or Capricorn (as the latitude 
is north or fouth) conies tb the horizon; and- 
the index will then point que the time of fun- 
fetring, for it will have gone over all the after- 
nOon hours, between mid-day and fun-let& 

which 
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which length of time being doubled, will give; 
the whole length of the day, from fun-rifing to 
$.in-fetting. For, in ail latitudes, the fun rife6 
as long before mid-day, as he fets after it. 

P R 0 B L E M XXVII; 

To find in what latitude tbe long$ day is  of ang 
given length i'fi than 24 hours. 

If the latitude be north, bring the beginning 
of Caizcer to the brafen meridian, and elevate 
the north pole to about 664 degrees; but if 
the latitude be fouth, bring the beginning of 
Capricorn to the meridian, and elevate the fouth 
pole to about 66;- degrees ; becaufe the longeft 
day in north latitude, is when the fun is in the 
f i r f i  point of C;ancer; and in fouth latitude, 
whcn he is in the firit point of Capricorn. Then 
fet the hour-index to XI1 at noon, and turn the 
globe weftward, until the index points ai half 
the number of hours given : which done, keep 
the globe from turning on its axis, and aide the 
meridian down in the notches, ,until the afore- 
faid point of the ecliptic (viz. Cancer% or Capri- 
corn) comes to the horizon ; theri, the elevation 
of the pole will be equal to the latituds re- 
quired. 



P R 0 B L E M XXVIII. 

fbe Za&e of any place, not exceeding 66; a%- 
pees, being given; to jnd  in wbat climate * 
$be place is, 

Find the length of the longefi day at the given 
place by Prob. XXVI. and whatever be the 
number of hours whereby it exceeds twelve, 
double that number, anh the rum will anfwer to 
.the climate, in which the place is. 

P R 0 B L E M XXIX. 

Tbe latitude, artd Ybe day of tbe Montk, Jeing ghen i 
t o  f%d tbe bow of tbe day wben tbe f i n  fitkes* 

Set the wooden horizon truly level, and the 
brafen meridian doe norrh and fouth by a ma- 
riner’s compafs : then, > having reeified the 
globe, Rick a fmall fewing needle into the fun’s 
place in the ecliptic, perpendicular to that part 
of the furface of the globe : this done, turn the 
globe on its axis, until the needle comes to the 
brafc,n meridian, and fet the hour-index to XII’ 

* A climate from the equator to either of the polar cir- 
cles, is a traA of the earth’s furface, included between two 
fuch parallels of latitude, that the length of the longcit 
day in the one exceeds that in the other by half an hour ; 
but from the olar circles to the poles, where the fun keep 
long above ,& horizon without fetting, each climate dif- 
fers a whole month from the one next to it. There are 
twenty-four Climates between the equator and each of the 

olar circles; and fix from each polar cijcle to its rcfpcc- 
. gve  pole, 

at 
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at noon; then, turn the globe on its axis, until 
the needle points exaAly toward the fun, (which 
it will da whlen' it calls nb lhaaow' on the globe) 
and the index will hew the hour of the day, 

P R O B L E M  XXX. 

A of fiewing a n ' h o j  p/ace.s ~f the 
re enlightened by :the fun, andap 

tbe t h e  of .the day when the Jun pines. 

Take  the rerreitrial 'half &I! of the wooden 
horizon,, arid all0 out of the brafen meridian j 

then fet it upon a pedefial in fun-fhine, in fuch 
a manner, that its north pale may point direltly 
toward the north pole of the heaven, and the 
meridian of the place where you are be direaly 
tdward the fouth.' The'n,' the fun will ihine. 
upon all the like places of the globe, that he 

on the real earth, rifini to forne when he 
ting to others ; as you may perceive by that: 

part where the enlightebed half of the globe is 
divided from the half i n '  the fliade, by the' 
boundary of the light and BarlcneG: all tho& 
yldceo, OII which the furl fliines, a t  any time, 

ofe, on which he does 

If a narrow flip of paper be put round the 
ec~tlator, 'and 'divided intb 24 equal parts, be- 

,ginning at the tnkridian of your place,;and the 
hours be fet to thofe divifions in filch a manner, 
that one of the VI'S tnity be upon your rneri- 
dian; the fufi being upon that tneridian at 
noon, will then ihine exattly to the two XII's ; 
and at -one to the two I's, &c, So that thg 

plact$ 
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place, wliere the enlightened half of the globe 
1s parted from the? haded half, in this circle of 

' hours, will h e w  the time of die day. 
?'he principles of dialing hal l  be explained 

fhther  on, by the terreitrial globe. At prefent 
we kall only add the following obfererpations 
upon i t  8 and then proceed to the ufc of tlx ce- 
leftial globe' 

I .  The latitude of an9 plact is equal to  the ehvti- 
tion o f  the pole above the borizon cf tbat place, 
and the elevation of tbe epuator is equal f o  tbe com- 
plement o f  the latitude, tkd it, to wbat tke h i -  
tude wants of 90 degrees, 

2. 2"b@ places wbicb lie on the equator, base nr 
latitude, it being tbere tbat the latitude begins ; and 
the places wbicb lie on the $$ meridian bcove no 
Zongitude, it being there tkut tbe longitude begik 
CoIIJe4uent&, that particular place oftbe earth wkere 
the jiyJ maridian infefle8.s tbe equator, bas neitbn. 
longitude nor latitude, 

the horizon : Jut porn tbe north pole, evety place 
is j u t b i  and from the j u t b  pole, eyety place 
is  nor& fC,erefoOve, as tbe un is cmJanttly &we 

I b f  cangot k faid to depart frm tbe Meridan, of 
@b,g pole f ir  b a y  a year togetbtr. Cogequentb, 

the nortb pole it may be faid to be noon evety mo- 
tfor b a r  a year; and let tbe winds blow 

j+om wbat part they will> they mu&? always blow 
from the Joutb i and at the j u t k  pole, jLom the 

Becaqe one h a y q $  tbe eciiptic is  above the 
n o f  tbepole, and tke fun, moon, and planets 

e iq (or near& in) thc ecliptic j thy  will all 
U rye 

3.'i At all places of the earth, 
all the points of tke compqs may be 

tke korizon of each pole fir i nf a ytar in its ttlm, 
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$e and& t o  the poles. But, becaqe the Jars never 
change their declinations from the equator, (at le# 
not jnJb& in one age) thqe which are once above 
the horizon of eifher pole, neverjt  below i t ;  and' 
tb@ which are once below it, never Yp. 

5.  All places of the earfh do equally egoy the be- 
jwjt  of the fun, in r@e& of time, and are equal& 

upon tbe equator liaue their days 
an? n i g h  equal& long, that is, I 5t hours each, at 
all times of the year. For although tke fun declines, 
alternately, frrm the'equator zoward tbe north and' 
toward the f h t h ,  yet, as the horizon of the equa- 
tor cuts all the parallels of latitude and declination 
in halves, the fun muJZ always continue above the, 
horizon for one half LT diurnal reuolution about t h t  
earth, and for khe other half below i ~ .  

7. Wben the fun's declination is gfeut 
Zatitude of any idace, upon eitherdde 
the fun will come twice t o  tbe fame azkm 
of the cimpafi in the yorcnoon, at that 
twice to  u like azimuth in rhe aftrno 
be will go twice back every day, wbih 
n'on contilltaes to begreater than, the latitude, 

Jippqe t;5ey$bc re@$ed t o  h e  lalitude OJC Barb 
does, which is I 3 degrees ncrlb ;. and the ftlv to 

c, petrlcieeit the middle 
e&; $f the quadra?i&bf,aZ- 

I 8. degree$ * Earth of the eaJ 
in the horizon, the J&s 'place be marked with a 
chalk zipon the eclipic, aird the globe be then tur 
wgward on its axi5, the faid %ark will P$ in , 
horizon a 'Zit& to tht north of the quadrant, 
i h m e  aJcending,,. it will w"@ the quadrant towad 

* From the middk of Gemini to the rpiddla of Culcert. 
the quadrant may be fet 20 degrees. 

Tbus, 

rbe 
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Ihe puth ; Gut before it arrives at the mridim, o't 
will croJ the quadrant agaiir.. and pgs over the 
meridian northward of B.wbadoes. And if tbe 
qlradrant l e  fit aLout 1 [! deirees north o f  the w$, 
the fun'J plate will CY@ it twice, as it dtjtends frons 
the meridian toward the horizon, in tbe afler- 

8.  In all ptaces o f  the earth between the eguator 
and polfs, the days and n i g h  are equa!ly long, viz. 
1 2  hours each, wben the fun is in tbe ephoC3ial;  

for, in all elevations of the pole, port of 50 &pees 
(which is the great@) one buy the epator or 
equinoSia2 will $e above the borizon, and. the othr 
half below i / .  

,g. Tbe days and nights are never of an equal 
length at any place between the equator and polar 
circles, Jut wben the fun enters tbejgns c Arics end 

Libra. For in every other part the ecliptic, 
the circle of the fun's daily motion is divided into two 
wnequal part.r by the horizon. 

IO. I'he,nearet any place i s  to the cqriator, the 
Zt$ is' the direreme hetheen the length f .the days 
nnd nights in that place; and the wore remote, 
$be contrary. Tbe circles which the fun dfiriles 
in the heaven every 24 hours, being cut more near4 

P m e r  case, and tdore unequal& in tbe 

II places Iying upon my given parallel 
latitude, however long or @art the day or ?light 

be at any one of theJe places, *at any time o f  the 
year, it isg then of the Same length at all the reJZ i 
f i r  in turning the globe round its axis (wben red% 
j e d  according t o  the fun's declination) all ItL?@ 
pluces will keep equally long above or below the ko- 
rflon. . 

12, q'he Jgn is  vertical twice a year t o  evety 
p h c e  bdween the tropics ; t o  tboSp under tbe tropics, 

U Z  O m  

120012. 
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once a year, but never any where eye. For, thfrs 
can be no place between the trcpicj, but that there 
will be two points in t t e  ecliptic, ge declinntion 
from the equator is equal ‘to the v athde of that 
place; and but one point o f  the ecjvtic which has 
a declimtion equal to  the latitude 0fplace.r on the 
tropic which that point of the ecliptic touches :. and 
as the@ l;leyer goes without the tropics, be can 
never be vertical t o  sny place that lies without 
them. 

13. l o  all places in the torrid Zone *, the dura- 
tim $.the twilight is le& becatye the fan’s dai1y 
notion is the moJt perpendicular to the borizon. In 
the ‘F.igid zones t, great$ j becaqe tke Jun’s daily 
motion z”s nearly parallel to the horizon ; and tbere- 
fore be is the longer of grtting I 8 degrees betow it, 
till which time the twihght always continues. 
And in the temperate zones $ it is at a me 
twcen the two, becoge &e o6liquiQ of t 
hily motion is fo. 4 

circles, the fun, when be is in the near& tropic,, 
continues 24  hours ahve the horizon withoutJer- 
Ling; tecaaye no part o )bat tropic is below their 

tropic, he is for the fame lemgtb of h a e  witbout 
rpng ; becaue no part of that tropio is above their 
horizon, But, at all other times bf the year, he 
r@s andfits there, as ifi othw places; btcaqe a!,?, 
the circles that can ba drawn parallel t o  the equator, 
between the tropics, aye more or l& cut Ly the 
borixonl as ihey w e  farther from, or nearer to, 
that tropic wbich is all above the horizorz: and 

14. In all placcs &ng ex&b zlnder 

horizon. And when t ff e f i n  is in the favjbeJ 

* Between the tropics. + Bctwecn the polar circles and poles. 
Betwecii the tropics and pdar circIcs, 

when 
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when the f in  iJ not in either of the #ropics, his 
& m a l  cou$ mu/5 de in one or other of t h e  
circles. 

15. To all places in the worthern hcm@&erc, 
from the equator to  the polar civcle, tbe Zongep dat? 
dnd port@ night is when the sun is in the northehi 
tropic.; and the $$or@ b y  and lor& night ’is 
wbtn the f a n  is in the Southern tropic; becaqe no 
circle of the fun’s d d y  motion is fb much above tbe 
horizon, and) litlle below it, as the northern tro- 
pic j and none J% little above it, and Jo much below 
it, as the Javtb&, In the JDYtbem hm$.&ere, the 
contrary. 
16. In rzIi p h e s  betweb the polar drcles and 

poles, the sun appears for Some number of days (or 
*rather diurnal revolutions) without Setting ; aHd at 
the nppa/ire time of tbe year witbout ding 5 6ecqtc 

some part #’the ecliptic newr Jets in tke fomer 
cqe, andas much of the oppoJte part never r@s in 
the latter. And the newer unto, or the Bore re- 
mote from the pole, th@e places are, the longer or 
Jwrter is the Jicn’s continuing prekw OY &encep 

I 7. rf a fl@ Jels ogt porn dny port, and fails 
round the earth eaJZward to’ the fame port again, 
let her take what time /he will to do it in, the 
people in that /hip, in reckoning their time, wil! 
gain one cotnplete day at their return, or count one 
day more than th@ who r&de at tbeJame port; 
becage, by goinx contrary to  tbc futt’s diurnal #orion, 
and being forwarder every evening than thy were 
t’fr the morning, tbtir hcvizon wild get fo much thp 

sooner above the j t t ing sun, tkan iJ tho bad kept 
fir a whole day at any particular pfwe.  And thus, 
by culting of a part propordonalie to  their ow8 
motiojf, from the length fl every day, they wil2 
gain a complete day $that j r t  ut their return4 
qithairt gczining one moment of uYo/uie timg mor? 

u3 t h m  
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than is elaHed during their coufe, t o  the people QB 

the port. .ij" they Jail wc.ward, ikcy wd/ reckon 
o w  d y  I@ than the people do who @de at the 

Jaid pout, lecau/e, by gradually following the ap- 
parmt diurnal motion (Is' theJrn, they will kcep 
bim each particulw day fo m u d  longer above their 
horizon, ds a@gw~s t o  that day's cotiflei and Sy 
$hot, means, they t of a wkole day in reckoning, 
at tbeir return, bout lqing one moment of ab- 

f o h t e  .time. 
Hence, if two hips f i o u l d j t  out at the fame 

time from any port, and fail  round the globe, one 
eaJlward and the other weJzward, fo aj to  meet a t  
the fame povt on any day whatevp j tbey zoill dzfer 
two d~ys  in reckoning thek time, at tbeir rerwm, 
/f they fail  twice round the eartb, they 7 d 2  dqe? 
four d ~ j s  J ;f thrice, then Jx, Mc. 

L E C  T. IX. 
Ibe g e  of the cekt$kal glorbe, and arndlary 

* Sphere. 

,The crhk 
tial glob',. 

AVING dbnc for the preknt with the 
terreitrid globe, we h a l l  proceed to the 

ufe of die celeltial; f i r f i  prernifing, that as the 
r, ecliptic, tropics, polar circles, liori- 
nd brafen meridiao, are exaaly alike on 

both globes, all the former problems concern- 
ing the fun are folved the h e  way by both 

T~ re+ globes. 'l'he merliocl alfo of reltifying the 
tify it. celeitial globe is the fame ;IS reElifying the ter- 

rethial, via. alevate the pole accurding to the 
latitude of your place, rhen fcrew the quadrant 
of' altitude to the zenith, 011 rlre bra6 meridian ; 
bring the fun's place in the ecliptic to the 
graduated edge of the brafs mciidian, on the 

fide 
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@de which is above the fouth point of the wooden 
4horizon, and ' k t  the houi-index to the .upper- 
moil XU, which itands for noon. 

N. B. T h e  iiin's place for any day of the year 
Rands dire&ly .over that day .on the horizon of 
$he celeikial globe, as it does on that of the ter- 
refisial. 

Tlm latitude and longitude of the Ita-rs, and of&atit,,,,c 
all other celellinl phenomena, are reckoned in 'a and 
very diEerent manner from t h e  latitude and tude of 
longitude of places o n  the earth: for all :terreG . 
trial latitudes are reckoned from the equator; 
and longkudes from the meridian of fome re- 
markable place, as of London by the Britifh, 
and of Paris by the French; though moa of 
xlre ,French maps begin their longitude at  the 
meridian of the ifland Ferro.-Uut the ailro- 
nomers of all nations agree in reckoning the 
Zatitcrdes of the moon, ftars, planets, and comets, 
from the eckptic; and their longitudes from the 
quinoh%aZ culure *, in that  femicircle of' it which 
cuts the ecliptic at the beginning ofdries c ; 
and thence eattward, quite sound, to the fame 
femicircle again. Conkquently thofe itars which 
lie between the equinoAial and the northern 
half of the ecliptic, have north declination and 
fouth latitude; thofe which lie between thc 
cquino&ial and the fouthern half of the ecliptic, 
have foueh declination and north latitude; and 

i= 

the JOM. 

* T%r gno~ circle that paffcn throu h the equinOAia2 
poim at the beginning of v and 01, an! through the polez 
gf the worid (which are two oppofite points, each 'go de. 
grees from the c uinofiial) ie called the cquinoAial roiurr : cohm, 
and w, and alfo through the polei of the ccl$tk., and poles 
Qf she world, is called the Joyitiai coiurr, 

mnd the grrat circ 9 e that palTes through the heginning of 
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all thore which lie between the tropics and poles, 
have their declinations arid latitudes of the kme 
+nomination. 

There are fix great circles on the creleflial 
globe, which Cut the ecliptic perpendicularly, 
and meet in two oppoGtc points in the polar 
circles; which points are each ninety degrees 
from the ecliptic, and are called its poles, 

.There polar points divide thoie circles into I 2 
femicircles ; which cut the ecliptic at the begin- 
nings of the I 2 figns. They refemble fa many 
meridians o n  the terreftrial globe; and as all 
places which lie under any particular meridian 
femicircle on that globe, have the fame Ion& 
tude, io all thofe points of the heaven, through 
which any one of the abave femicircles are 
drawn, have the fame Iongitude,-And as the 
greatefi latitudcs on the earth are at the north, 
and fouth poles of'the earth, fu the greatefi lati- 
tudes in the heaven, are at tlle tiorth and f-uth 
poles. of the ecliptic. 

In order to diftinguifh the itars, wit11 regard 
to their firuations and pofitions in the heaven, 
the ancients divided the whole vifible firmamenf 
of fiars into particular f items, which they called 

of fuch animals as are delineated upon the celef- 
tial globe. And thofe fiars which lie between 
the figures of thok imaginary animals, and could 
not be brought within the compafs d any of 
t h e q ,  were called trilfoovped @ar.r. . 1 

Becaufe die. mgon and all the planets were 
obferved to move in circles or orbits which crofs 
the ecliptic (or line of the ftin!s path) at fmall 
angles, and to be on the north fide of the eclip- 
tic for one half of' their courfe round the hear 
wen pf Jtars, and oq the fouth fide of it for thq 

othec 

cog+ 
frons. 

conrelkttions; and dige xr ed them into the forms 
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other half, but 'never to go quite 8 deg.recs,fi.om 
it on either fide, the ancients d i f i i ng~ked  that 
+ace by t"wo lerer circles, parallrl to the ecliptic 
(one on each fide)m 8 degrees ditlance fiom it. 
And the {pace included between die circles, 
they called the zodiinc, becaufe mfi of the 12  ZO&~C, 

confiellationsplaced therein rerimble fome living 
creature.-Thefe conltellations are, I .  A i c s  v, 
the ram ; 2. I j l u w ,  8 ,  the bdl  ; 3. Gemini y, 
the twins;  4. CWer ?a, the csah; 5. Leo si,, 
the lion; 6. Virgo '8, the. virgin; 7. Libra c, 
the balance j 8. Scorpio q, the.fcorpion j 9. Sa- 
gittarius $, the archer ; IO, Caprircrm .qp, the 
goat ; I I .  Aquarius E, the water-bearer j and 
12.'P$ce~ X, the l ikes.  

aitronomy, tliefe twelve conltellations fiood a t  
or near the places of the ecliptic, where. the' 
above charatkerifiics are marked upon the globe : 
but now, each conficllation has got a whole Ggn 
forwarder, on account of the recefion of the 
cquinoaial points from their former places. So 
that the conitellation of Aries, is now in the 
former place of Tdurusj that  of Taurus, in the 
forq-iqr place of Gevini; and fo gn. 

T h e  itarp apprar of diFcrent magnitudes to 
the eye; probably becaufe they are a t  different 
diitances from us, Thofe which appear brighteft 
and largelt; are called Jars of tbe $19 inagiiitude i 
the next to them in fize and liifirc, are called 
Jar$ pf jhejcond magnitude; and fo on to the 
Jijcth, yhich aye the iinallclt that can be difcern, 
ed by the bare eye. 

Some of the moil remarkable fiars have names 
given them, as C@or and Pollux in the heads of 
the Twins, Sirius in the mouth of the Gmzt 
Rot, Proyon jn the fide of the Little Peg, R@ 

in 

It is to be obferved, thge in the infincy ofncmark, 
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in  the left foot of Orion, Arrttrus near the right 
thigh of Bootes, &c. 

Thefe Pbings being premifed, which I think 
are all t h a t '  the  young Tyro need be acqi1,ainted 
with, before he begins to work any problem by 
th is  globe, we h a l l  now proceed to the mofk 
ufefd of thofe problems ; omitting kveral which 
are of little or no confequence. 

300 

F R ' O B L E M  1, 

fo find the right @ e t ~ o n  e nmd decliviation j- oftbe 
Sun, Gr any jfxed Jar. 

Bring the fun's place in the ecliptic to rhe 
brafen meridian, then that degree in the equi- 
noCtirfl which is cut  by the meridian, is the fun's 
right $*en/i.on ; and that degree of the meridian 
which is over the fun's place, is his decllnatien, 
Bring any fixed ttar to the meridian, and its right 
qcenjon will be cut by the meridian in the q u i -  
noC'tia1; and the degree of the meridian that 
fiands over it, is its declination. 

So that right aftenJon and declination, on the 
celeRial globe, are found' in the fame manner as 
longitude and latit$& on the terrefirial, 

* The de rce of the equik&iial, reckoned from the bc- 

t l h e  diitaiice of the fun or ftar in de rees from tho 

ginning of 1 k, that comes to the meridian wit11 the. fun 

eqninoetial, toward either of the poles, nort a or fouth, ia 

or Bar, is its right nfet&atr. 

its declination, which is north or fouth accordingly, 

P R O -  
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P R O B L E M  11. 

To Jnd the latitude and longitude 

If the given Rar be on the north fide of the 
ecliptic, place the 90th degree of the quadrant 
01 altitude on the north pole of the ecliptic, 
where the twelve femicircles meet ; which di- 
vide the eclipric into the I O  figns : but if rhc, 
i t a t  be on the fouth tide of the ecliptic, place 
the gotti degree of the quadranr on tHc fouth 
pole of the ecliptic : keeping the goth degree of 
the quadrant on the proper pole, turn the qua- 
drant about, until its graduated edge cuts the 
fiar; then, the number of degrees in the qua- 
drant, between the ecliptic and the fihr, is its 
latitude ; and the degree of the ecliptic cuts by 
the quadrant is the ftar’s longitude, reckoned 
according to the iign in which the quadrant 
then is. . 

arty jar .  

P R O B L E M  111. 

To rspTe/cGIzt tbe foce of tbej?aruy$rmamer$, a s j e n  
from any ghw place of tbe eartk, 4t ti@ hour of 
tbe night. 

ReCtify the celeitial globe for the given lati- 
tude, the zenith, and fim’s place, in every re- 
CpeA, as taught by the 17th problem, for the 
terreitrial; and turn it about, until die index 
points to the given hour: .then, the upper he- 
l’nifpheke of the .globe will reprefelit the vifible 
half of the heaven for that time : a11 the fiars 

4 upon 
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upon the globe being then in fuch fituations, as 
exaaly correfpond to thok in the heaven. And 
if the globe be placed duly north and fouth, by 
means of a finall rea-compais, every itar on the 
globe will point toward the like iiar in the hea- 
ven: by which means, the conitellations and 
remarkable itars may be eafily known. All 
thofe ilars which are in the eaitern fide of the 
horizon, are then rifing in the eaitern fide of 
the haven : all in the wefierii, are fetting‘ in 
the weftern fide; and all thofe under the u per 

‘part of the brafen meridian, ,between the iy outh 
point of the horizon and the north pole, are at 
their greatefi altitude, if the latitude of the 
place be north: but if the latitude be fouth, 
rhofe Pcars which lie under the upper part of the 
meridian, between the north point of the hori- 
zon and the fouth pole, are at their greateit: 
altitude. 

P R O B L E M  IV. 

Tbe latitude f the pIace, and day Of‘tbe month 
being given ; t o  Jind the time wben any known 
Jar will rjhl or be on the meridian, or Jet. 

Uwkg reEtified the globe, turn it about. un- 
til the given fiar comes to the eafiern fide of the 
horizon, and the index will hew the time of 
the itar’s rifin then turn the globe weitward, 

the index will hew the time of the fiar’q corning 
to the meridian of ,your place; laRly, turn on, 
until the fiar comes to the weitern fide of the 
horizon, and the index will flrew the time of 
$he itar’s fittin& 

N, & 

and when the B ar j comes to the brafen rneridiap, 
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N. 8. In northern latitudes, thofe itars d h h  

are lefs difiant from the north pole, than the 
quantity of its elevation above,the* north p o i n t .  
of the horizon, never fet; and thofr: which are 
lefs difiant from the fouth pole, than the num- 
ber of degrees by which it is deprelTid below 
the horizon, never rife ; and vice verfd in fouthern 
latitudes, 

P R O B L E M  V. 

To $nH at .rerhut time of the year u g;Ue.Jzar will 
be upon the naeria'iun, at n given hour of the 
night, 

Bring the given fiar to the upper femicircle 
of the brafs meridian, and fet the index to 
the given hour; then turn the globe, until the 
index points to XI1 at noon, and the upper fc- 
micirde of the meridian will then cut the fun's 
place, anfwering to the day of the year fobuglir ; 
which day may be eafily found againfi the like 
place of the fun among the figns on the waoden 
horizon, 

P R O B L E M  VI. 

The latitude, day of the month, and azhmtb * of 
any known Jar being givem ; t o  Jfnd the hour of 
the night. 

Having reAified the globe for the latitude, 
zenith, and fun's place; lay the quadrant of 

ti The numher of deprces, that the fun, moon, or any 
fiar, in from the meridran, either to the eafi or we& 1s 
failed ita axiimth, 

altirude 
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altitude to the siven degrie of azimuth in the hu1 
rizon : then turn the globe on its axis, until the 
fiar comes torsthe graduated edge of the qua- 
drnnt ;  and when it does, the index will point 
out the hour of the night. 

P R'O B L E M VII. 

Tb8 Zn/itude of the place, the d q  6 tpe month, and. 
altitude * of any known Jar, being given j tu 

Keltify the globe as in rhe former problem, 
guefs at the hour of the night, and turn the 
globe until the index .points at the fuppofed 
hour; then lay the graduated ,edge of the qua- 
drant of altitude ovC;r, the known itar, and if the 
degree of the fiar's height in the quadran 
the globe, anfwers exaEtly 'to the degree 
€tar's obferved altitude in the ,liC;iven, you have 
gueRtd.exa&ly: but if the fiar bn the globe is 
higher or lover than it was.obferved to be in the 
heaven, turn the globe backward or forward, 
keeping the edge of the quadrant upon the Rar, 
until its center comes to the obferved altitude in 
the quadrant; and then, the index will h e w  the 
true time of the night. 

* The number of degrees that the ftar is aborc thc hori- 
zon, a8 obfervcd by means of a common quadroat; is called 
i t 9  altitude, 

.&d the'bour of the night. 

P R 0.1 



& ea0 metbod for Jd ing  the botrr,of z h  night Iy 
any two known J tah ,  wdhordt knowing either 
their nltitude or azimuth j aiid then, cf jnding 
66th their altitstde and axinnluib, and thereby the 
true Meridian. 

Tie one end of a diread to a common muflcec 
bullet ;, and having reaified the globe as above, 
hold the other end of the thread i n  your hand, 
and carry it flowly round between your eye and 
tlu: fiarry heaven, until you find it cuts any two 
known fiars at once. Then ,  g u e a n g  a t  the 
hour of the night, turn the globe until the index 
points to the time in the hour-circle; which 
done, lay the graduated edge of thc quadran t  
over any one of thefe two ftars on the globe, 
which the thread cut in the heaven. l f  the fitid 
edge of the quadrant cuts the other fiar alii>, you 
have guelIed the time txalkly; but if it d w s  
not, turn the globe flowly backward or for- 
ward, until the quadrant (kept upon cither Ctar) 
cuts them bath through their centers ; and then, 
the index will point out the cxiltt time of tIte 
night ; the degree of the horizon, cut by the 
quadrant, will be the true wimuth  of bod1 tliek 
fiars froin tlE fouth ; and the Rnrs thcmfilves 
will cut their true alcitudes in the quadrmt.  A t  
which morn,ent, if a common azimuth coinpafs 
be To itt upon a floor or level payyment, tliar 
'thefe R x s  in the heaven may have the fame 
'beating u on it  (allowing for the variation o f  

e ncedlej] as the quadrant of altitude has in the 
wooden horizon af  the globe, o thread extended 
qver the north and fouth points of that compafs 

will 
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will be direCtly in the plane. of the meridian 5 
and if  a line be drawn .upon the floor .or pave- 
ment, along the' cou!.fe of the thread, and an 
upright wire be placed in the fouthermoit end 
of the line, the findow of the wire will fall tqmn 
thnt line, when thc fun is on the meridian, and 
fhincs upon the pavement. 

P R O B L E M  IX. 
To j n d  the place Gf the moon, or Df my plunet; 

and theyeby to  J!ew the tiink fl its n$zg, fotitb- 
inl ,  atzd Jetting. 

Seek in the Nautical Almanac or h%3ite's 
Ephemeris, the geaxntric place * of the moon 
or planet in the ecliptic for the given day of the< 
month, and, according as its(1oitgitude and lati- 
tuc!e is fouqd, mark the fame with a chalk 
upon the globe. Then,  having reRified the- 
globe, turn i t  round its axis weitward; and as 
the faid n i a i k  COIUC~ to tlic eaftern fide of the 
horizon, to the brafen meridian, and to the 
weitern fide of the horizon, the index will h e w  
at what time the planet rifcs, coimes to the me- 
ridian, and fits, in  rhe fame manner as it would 
do for a fixed fix. 

P R O B L E M  X. 
TO explain the phenomena o f  the ham$ mooiz. 

In order io do this, we mufi premife the'fbl- 
1. T h a t  as the fun goes only lowing things: 

\ 

* The place of the moon or planet, as fiecn from thc 

once 
earth, is called its gcocentric place, 
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'bnce a year round the ecliptic, he can be but 
bnce a year in any particular point; of i t :  and 
that his motion is almoit a degree every 24 
hours, at a mean rate. a. That as the moon 
goes round the ecliptic once in 27 days and 8 
hours, he advances 13; degrees in it, every 
day at a mean rate. 3. That as the fun goes 
through part of the ecliptic in the rimc-the moon 
goes round it, the moon cannot at any time b e  
eithet in conjunfiion with the fun, or oppofite 
to him, in that parr of the ecliptic where f ie  was 
fo the lait time before; but muit travel as 
much forwarder, as the fun has advanced in the 
bid rime ; which being 29; days, makes almoit 
a whole fign. Therefore, 4* The moon can be 
but once a year oppofite to the fun, in any 
particular part of the ecliptic, 5. That the 
moon is never full but when he is oppofite to 
the fun, becaufe at no other time can we fee all 
that half of her, which the fun enlightens. 6. That 
When any point of the ecliptic rifes, the oppoftc 
point fets. Therefore, when the moon is oppo- 
fite to the fun, ihe muft rife at ut Sun fet. 7. That  
the different figns of the ecliptic rife.at very dif- 
.ferent atigles or degrees of obliquity with the 
horizon, efpecially in confiderable latitudes j and 
,that the fmaller this angle is, the! greater is the 
Portion of tlie ecliptic that rifes in any fmall pprt 
of time; and vice v e f d .  8 .  That, in northern 
latitudes, no part of tlte ecliptic rifes at ib fmall 

an le with the horizon, as PjrGes and Aries do i 
re 8 ore, a greater portion of the ecliptic rifes in 

* "hie fa ndt altvays Rtiftty true, txcaufc the moon dm 
hot keep in the ecliptic, bur croffcs it twice every month, 
eowever, tlie difkrence need not be regarded in u p d  
'"XPlanarion of the caufe of the harvcit moon. 

X one 
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one hour, about thefe figns, than about any of 
the left. 9. ‘That the moon can never be full 
in Pges and Aries but in our autumnal months, 
for at no other time of the year is the fun in the 
oppofite Ggns Virgo and Libra. 

There things premifed, take 13; degrees of 
the ecliptic in your compairts, and beginning at 
Pges, carry that extent all round the ecliptic, 
mal king the places with a chalk, where the points 
of the compaffes fuccefively fall. So you will 
have the moon’s daily motion marked out.. for 
one complete revolution in the ecliptic; accord- 
ing to § 2 of the la17: paragraph. 

ReEtify the globe for any confiderable northern 
latitude (as fl1ppofe that of London) and then, 
turning the globe round its axis, obferve how 
much of the hour circle the index has gone over, 
at the rifing of each particular mark on the 
ecliptic; and you will find that h e n  of the 
marks (which take in as much of the ecliptic as 
the moon goes through in a week) will ai1 rife 
fuccefively about P@es and Aries in the time 
tha t  the index goes over two hours. Therefore, 
while the moon is i n  Pqces and Aries, h e  will not 
differ ,in general above two hours in her rifing 
for a whole week. But if you take notice of 
the marks on the oppofite figns, Virgo and Libra, 
you will find that feven of them take nine hours 
M rife; which ihews, that when the moon is in 
there two figns, ilie differs nine hours in her 
rifing within the compafs of a week. And fo 
much later as every mark is of rifing than the 
one that rofe next before it, fo much later will 
the mom be of rifing on any day than he was on 
the day before, in the correfponding part of the 
heaven. T h e  marks about Cancer and Cupuicorn 

0 rife 
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tire at a mean difference of time between thofe 
about Aries and Libra. 

Now, although the moon is in P$es and h i e $  
every month, and therefore inuR rife in thore 
figiis within the fpace of two hours later for a 
wiiole week, or only about 17 ininutes later 
every day than ffie did on the former; yet flie 
is never full in thefe Ggns, but in our autumnal 
months, AuguJz and ScprmzGcr, when the fiin is in 
yirgo and Lihra. Therefore, no full moon in 
the year will continue to rife io near the time of 
fun fer for a week or io, as tliefe two full moons 
do, which fall in the time of harvefi, 

In  the winter months, the moon is in P$k,r 
and Aries about her firfi quarter j and as thefe 
figns rife about noon in winter, the moon’s rifing 
in them paffes unobferved. I n  the $ring months, 
the moon changes in thefe iigns, and conk- 
quently rifes at the fame time with the fun; fo 
that it is impdible to fee her at that time. In 
the fummer months file is in thefe figns about 
her third quarter, and rifes not until mid-night, 
When her riGng is but very little taken notice 
of; efpecially as fie is on the decreafe. But in 
the hnrveft: months ihe is at the full, when in 
there ligns, and being oppoiite to the fun, fie 
Fifes when the iiin fees (or foon after) and fhines 
d l  the night, 

In fouthern latitudes, Virgo and Libra rife at as 
finall angles with the Iiorizon, as P$es and Aries 
do in the northern 1 and as our fpring is at the 
h i e  of their harveit, it. is plain their liarvet1 full 
moons mufi be in Virgo and Libra; and will 
therefore rife with as little-diff‘erence of time, as 
OW do in P$es and Aries, 

x2 For 
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For a fuller account of this matter, I inufi 

refer the reader to my Aitronomy, in which it 
is defcribed at large. 

P R O B L E M  XI. 

9'0 explain the equation of time, or dirercnce tf time 
between well regalaled clocks and true fin-dials.  

The earth's motion on its axis being perfeQly 
equable, and thereby caufing an apparent equable 
motion of the fiarry heaven round the fame axis, 
produced to the poles of the heaven; it is plain 
that  equal portions of the celefiial equator pafi 
over the meridian in equal parts of time, be- 
caufe the axis of the world is perpendicular to 
the plane of the equator. And therefore, if the 
fun kept his annual courfe in the celefiial equa- 
tor, he would always revolve from the meridian 
to the meridian again in 24  hours exa&ly, as 
hewn by a well-regulated clock. 

But as the fun moves in the ecliptic, which io 
oblique both to the plane of the equator and axis 
of tho world, he cannot always revolve from the 
meridian to the meridian again in 24 equal hours i 
but fometimes a little fooner, and at other times 
a little later, becaufe equal portions of the eclip- 
tic pars over the meridian in unequal parts of 
time on account of its obliquity. And this difd 
ference is the Came in all latitudes. 

To hew this by a globe, make chalk-marks 
a11 round the equator and ecliptic, at equal 
diitdnces from one another (fuppofe IO degrees) 
beginning at lrlrier or at  Libra, where there two 
circles interfelt each other. Then- u r n  the 

glow 
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globe round its axis, and you will fee that all the 
marks in the firft quadrant of the ecliptic, or 
from the beginning of Aries to the beginning of 
Cancer, come fooner to the brafen meridian than 
their correfponding m a r k  do on the equator ; 
thofc on the fecond quadrant, or from the be- 
ginning of Cancer to the beginning of Lib, 
come later: thofe in the third quadrant, froin 
Libra to Capricorn, fooner; and thofe in the 
fourth, from Capricorn to Ark$, later. But thofe 
at the beginning of each quadrant come to the 
meridian at the fame time with their correfpond- 
ing marks on the equator. 

Therefore, while the fun is in  the firit and 
third-quadrants of the ecliptic, he comes fooner 
to the meridian every day than he would do if 
he kept in the equator j and confequently he is 
fafier than a well regulated clock, which always 
keeps equable or equatorial time : and while he 
i s  in the fecond and fourth quadrants, he comes 
later to the meridian every day than he would 
do if he kept in the equator; and is therefore 
flower than the clock. But at the beginning of 
each quadrant, the fiin and clock are equal. 

And thus, if the fun moved equably in the 
ecliptic, he would be equal with the clock on 
four days of the year, which would have equal 
intervals of time between them. But as he 
moves fatter at fome times than at others (being 
eight days longer in the northern half of the 
ecliptic than in the fouthern) this will caufe a 
fecond inequality ; which combined with thc 
former, arifing from the obliquity of the ecliptic 
to the cklUatOF, makes up that difference, which 
i s  fiewii by tbt: coinmon equation tables to bc 
between good clocks and true fun-dials, 

x3 fh8 
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platcXX, 
Fig. I. 

Whoever has feen a common armillaySprSer.e, 
and underfiands how to ufe it, mufi be fenfible 
,that the machine here ‘referred to, is of a very 
differenr, and much more advantageous con- 
firtitlion. And thoie who have ken the curious 
glafs fphere invented by Dr. LONG, or thc figure 
of it in his Afironorny, m u f i  know that the fur- 
niture of the tericitrial globe in this machine, 
the fbrrn of thc pedertal, and the manner of 
turning either the earthly globe, or the circles 
which .furround ir, are all copied from the 
DoEtor’b glafi fphere ; and that the only diffe- 
rence is, a parcel of rings initead of a glafs ce- 
leitial globe; and all the additions are a mooq 
within the fphere, and a femicircle upun the pe- 
deiial. 

The  exterior parts of this machine are a coni- 
pages of brafi rings, which reprefent the princi- 
pal circles of the heaven, viz. I .  T h e  e q u i n o h l  
Ad, .which is divided into 360 degrees (begin- 
ping at its interfeltion with the ecliptic in Aries) 
for ihewing the kin’s right afcenfion in degrees ; 
and alfo into 24 hours, for hewing his righi 
afcenfion in time, 2. The ecliptic B B, which is 
divided into 12 Ggns, and each Ggn into 30 de- 
grees, and alfo into the months and days of the 
year ; in fuch a manner, that the degree or point 
of the ecliptic in which the hn is, on any given 
day, Rands over’that day in the circle of months. 
3. The tropic of Cancer CC, touching the eclip- 
tic at the %beginning of Cancer in e, and the 
rropic of Cqricorn D D, touching the ecli tic at  

from 
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from the equinollirll circle. 4. The araic circle 
E, and the antarklic circle F, each 23: degrees 
from its refpeltive pole at Nand  S. 5. The 
eqoinotlial colour G G, pafling through rhe 
north and fourh poles of the heaven a t  N a n d  3, 
and through the equino&ial points Aries, and 
Libra in the Ecliptic. 6. The  folftitial colure 
UH, pafling through the poles of the heaven, and 
through the folititial points Cancer and Capricorn, 
in the ecliptic. Each quarter of the foriaer of 
rhefe colures is divided into go degrees, from the 
equinoBia1 to the poles of the world, for fliew- 
ing the declination of the fun, moon, and itars ; 
and each quarter of the latter, from the ,ecliptic 
at e ‘and A to its poles b and d, for fhewing the 
latitude of the. ftars. 

I n  the north pole of the ecliptic is a nut b, to 
which is fixed one end of a quadrantal wire, and 
to the other end a finall liin Y, which is carried 
round the ecliptic B B, by turning the nut : and 
in  the fouth-pole of the ecliptic is a pin at  a’, on 
which is another quadrantal wire, with a final1 
moon 2 upon it, which may be iiwvcd round by 
]land*: but there is a particular contrivance for 
caufing the moon to move in an orbit which 
croires the ecliptic ac a n  angle of 5; degrees, in 
two oppofite points called the muon’s ?iodes : and 
aIfo for fliifting t h e l  points bxkward in the 
ecliptic, as the moon’s nodts fliift i n  the heaven. 

Within dirfe circular rings is a lmall terref- 
trial globe 1, fixt on an axis K K ,  which extends 
froin the north and f i u h  poles of the globe at zc 
and x, to thore of thc celeltial fphere at N a n d  S, 
O n  this axis is fixt tlir flat celefiinl meridian L, L, 
which may be fet diretlly over the meridian of 
any place on the globe, and then turned round 
with the globe, fo as to keep over the fame 

x4 meridian 
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meridian u p q  it. This flat meridian is gra- 
duated the fame way as the brafs meridian of 
a coininon globe, and its ufe is much the fame. 
T o  this globe is fitted thS; rpoveable horizon 
M M ,  fo as to turn upon two tIrong wires pro- 
ceeding from its eait and wed points to the 
globe, and entuing the globe at oppoiite points 
of its equator, which is a moveable brafs rip8 lei 
into the globe in a groove all around its equator: 
T h e  globe may be turned by hand within this 
ring, io as to place any given meridian upon ir,’ 
direRly under the celenial meridian L L. T h i  
horizon is divided into 360 degrees all ’around 
its outermoil: edge, within which are the points 
of the compafs, for hewing the amplitude’ of 
the fun and moon, both in degrees atid points: 
T h e  celefiial meridian L L  paffes through two 
notches in the noith and fourh points of the 
horizon, as in a cornmoil globe: but here, if 
the globe be turned round, the horizon and 
meridian turo with it. At the fouth pole of the 
fphere is a circle of 24 hours, fixt to the rings, 
and on the asis i s  an index which goes round 
t h a t  circle, if the globe be turoed , I  rauod its 
?xis. 

The  whole fabric is fupparted on a pedefial 
N,’and may be elevated or depreKed upon the 
joint 0, to any number of degrees from o to go, 
by means of the arc P, which is fixed in the 
Prong bra& arm a and flides in the upright 
piece R, in which is a fcrew at r, to fix it at any 
proper elevation. 

In the box T are two wheels (as in Dr. Long’$ 
fphere) and two pinions, whofe axes come out 
at Y and U; either of which may be turned by 
the fmall winch W. When the winch is put: 
upon’the axis V, and turned backwqd, the tera 
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rgitrial globe, with its horizon and celeltial mea 
ridian, keep at reit; and the whole fphere of 
circles turns round from eatt, by fyuth, to weit, 
carrying the liin r, and moon Z, round the fame 
way, and cqufing them to rife above, and fet be- 
low the horizon. But when the winch is put 
upon the axis V, and turned forward, the fphere 
with the fun and moon keep at reit:; and the 
earth, with its horizon and meridian, turn round 
from weit, by fouth, to eait: and bring the fame 
points of the horizon to the fun and iiioon, to 
yvhich there bQdies came when the earth kept at  
rellc, and they were carried round i t ;  fliewing 
that they rife and fee in the f’iine points of the 
horizon, and a t  the fame time in the hour-circle, 
whether the motion be in the earch or in the 
heaven. If the earthly globe be turned, the 
hour-index goes round its hour-circle; but if 
the fphere be turned, the hour-circle goes round 
below the index. 

And fi), by this confiru&ion, the machine is 
equally fitted to fliew either the real motion of 
the earth, or the apparent motion of the h a -  
ven. 

To re&ify the fphere for ufe, firft flaclten the 
h e w  r in  the upright fiein R, and taking hold 
of the arm .e, move it up or down until the 
given degree of latitude for any place be at the 
iide of the item K ; and then the axis of the 
fphere will be properly eleviltd, To as to itand 
parallel to the axis of the world, if the machine 
be fet north and fouth by a iinall compsfs : this 
done, count the latitude from the north pole, 
up011 the celefiial meridian L L, down toward 
the north notch of the horizon, and fet the hori- 
Ton to that latitude; then, turn the nut  I until 
the fun r comes to the given day of the year in 

the 
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the ecliptic, and the fun will be at its prapcr 
place for that day : find the place of the moon's 
afcending node, and alfo the place of the moon, 
by an E hemeris, and fet them right accord- 

fun comes to the meridian LL, or until the mc- 
ridian comes to the fun (according as you want 
the $here or earth to move) and fet the hour- 
index to the XII, marked noon, and the whole 
machine will be re&ified.-Then turn the wincli, 
and obferve when the fun or moon rife or fet in 
che horizon, and the hour-index will fhew the 
times thereof for the given day. 
As thofe who underitand the ufe of the globes 

will be at  no lofi to work many other problems 
by this $here, it is needlefi to enlarge any far- 
ther upon it. 

L EIC T. X. 

I'be principles and art of dialing. 

ingly : la ; ly, turn the winch W, until either the 

Dial is a plane, upon which lines are de- A fcribed in fiich a manner, that the fhadow 
of a wire, or of the upper edge of a plate ilile, 
ereaed perpendicularly on the plane of the dial, 
p a y  fhew the true time of the day. 

T h e  edge of the plate by which the time of 
the day is found, is called the fiile of the dial, 
which mult be parallel to the earth's axis; and 
the line on which the faid plate is ereRed, is 
c d e d  the fubitile. 

The  angle included between the fubitile and 
fkile, is called the. elevation, or height of the 
ftile, 

Thofe dials whore planes are parallel to the 
plarle of the horizon, are called harizontal dials ; 

and 
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,and thofe dials whofe planes are perpendicular 
so the plane of the l~orizon, are called vertical, 
gr ere& fun-dials. 

Thofe ere& dials, whofe planes direAly front 
the north or fouth, are called dire& north or 
fouth dials ; and all other ere& dials are called- 
decliners, becaufe their planes are turned away 
from the north or fouth. 

Thore diiils, whore planes are neither parallel 
nor perptndicular to the plane of their horizon, 
are called inclining, or reclining dials, accord- 
ing as their planes make acute or obtufe angles 
with the hoiizon; and if their planes arc alfo 
turned aGde from facing the foutli or north, 
they are called declining-inclining, or declining- 
reclining dials. 

T h e  interfe&ion of the plane of the did, with 
that of the meridian, pafing through the ftile, 
is called tlre meridian of the dial, or the hour- 
line of XII. 

Thofe meridians, whofe planes pafs through 
the itile, and nuke angles of 15: 30, 45, bo, 75, 
and go degrees with the meridian of the place 
(which marks the hour-line of XII) are called 
hour-circles ; and their interfe&ions with the 
plane of the did, are called hour-lines. 

In  all declining dials, the hbfiile makes an 
angle with the hour-line of XI1 ; and this angle 
is called the diitance of the fllbfiile from the 
meridian. 

The  declining plane% difference of longitude, 
i s  the angle formed at the interfcaion of the 
fiile and plane of the dial, by two meridians; 
one of which paires through the hour-line of XII, 
and the other througli the fubfiile? 

This 
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This much Seing premijd concerning dials in ge- 
neral, we @all now proceed t o  explain tbe dtrerent 
metkods of their con/lra@ion. 

PlateXX. If the whole earth a P c p  were tranfparent, 
Fig. 2. and hollow, like a fphere of glafs, and had its ' equator divided into 24 equal parts by io inany 
The uni- meridian femicircles, n, 6, c, d, e, f ,  g, &c. one 
wrd of which is the geographical meridian of any 
principle given place as London, which is fuppofed to 
dj&g be at the point a ;  and if the hours of XI1 
depends. were marked at the equator, both upon that 

meridian and the oppofite or:, and all the reft 
of the hours in order on the reft of the meri- 
dians, thofe meridians would be the hour-circles 
of London: then, if the fphere had an opaque 
axis, as P E p ,  terminating in the,poles P and 
p ,  the kadow of the axis would fall upon every 
particular meridian. and hour, when the fun 
came to the plane of the oppofite meridian, and 
would confequently ihew the time at London, 
and at all other place8 on the meridian of 
London. 

If this fpbere was cut through the middle by 
a folid plane A B  CD, in the rational horizon of 
London, one half of the axis E P would be 
above the plane, and the other half below i t ;  
end if itraight lines were drawn from the ceorer 
Qf the plane, to thofe points where its circumr 
ference i s  cut by the hour-circles cjf the fphere, 
thok lines would be the hour-lines of a hori, 
qontal dial far London1 for the fiadow of the 
?xis would fall upon each particular hour-line 
af the dial, when it fell upon the like hwr-circle 
of the fphere, 

If t h y  plane which cuts the fphere he upright, 
as A F C G, touching the given place (London) 
at f'> and direaly facing thc meridian of Lon- 

p&#, 
k7(iiiul. 

F@ 3. 

don, 
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don, it will ‘then become the plane or an ere& 
dire& fouth dial ; and if right lines be drawn ~ t r i i c u ~  
from its center E, to tliofe points of its circum- dial* 
ference where the hour-circles of the fphere cut 
it, thefe will be the hour-lines of a vertical or 
dire& fouth dial for London, to which the hours 
are to be fit as in the figure (contrary to thofe 
on a horizontal dial) and the i w e r  half E p  of 
the axis will cafl a ihadow on the hour of the ,day 
in this dial, a t  the fame time that it would fali 
upon the like hour-drcle of the fphere, if the 
dial plane was not in the way. 

made to incline, or recline, by any given number and TC- 

of degrees, the hour-circles of the fphere will $$:g 
itill cut the edge of the plane in thofe points to 
which the hour-lines mufi be drawn firaight 
from the center ; and the axis of the fphere will 
cafi a ihadow on thefe lines at the refpeaive 
hours. 
made to decline by any given number of degrees 
from the meridian, toward the eafi or wefi: 
provided the declination be lefi than go degrees, 
or the reclination be le& than the co-latitude 
of the place: and the axis of the fphere will be 
a gnomon, or itile, for the dial. But it cannot 
be a gnomon, when the declination is quite 90 
degrees, nor when the reclination is equal to 
the co-latitude ; becaufe. in there two cafes, 
the axis has no elevation above the plane of the 
dial. 

And thus it appears, that the plane of every 
dial rcprefents the plane of fome great circle 
upon the earth ; and the gnomon the earth’s axis, 
whether it be a fmall wire, as in the above figures, 
or the edge of a thin plate, ;IS in the common 
horizontal dials. 

If the plane (itill facing the meridian) be IncIinhg 

The like will itill hold, if the plane be Dec*injag 
hati. 

The 
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The whole earth, as to its bulk, is bur a'poi& 
if compared to its ditlance from the fun; and" 
-therefore, if a fmall fphere of glafs be placed 
upon any part of the earth's fiirface, fo that its 
axis be parallel to the axis of the earth, and the 
fphere have fuch lines upon it, and fuch planes 
within it, as above defcribed: it will ihew the 
hours of the day as truly as if it were placed at 
the earth's center, and the he l l  of the earth were 
as tranfparent as glafs. 

But becaufe it is impoRible to have a hollow 
f here of glafs perfeAly true, blown round a 
i l i d  plane ; or if it was, we could not get at the 
plane within the glafs to fet it in any given poG- 
tion ; wemalte ufe of a wire fphere to explain 
the principles of dialing, by joining 24 femicir- 
cles together at the poles, and putting a thin 
flat plate of bra6 withip it. 

A common globe, of 12 inches diameter, has 
gnerally 24 meridian femicircles drawn upon 

If fuch a globe be elevated to the latitude 
of any given place, and turned about until any 
one of thefe meridians cuts the horizon in the 
north point, where the hour of XI1 is fiippofed 
to be marked, the reft of the meridians will cut: 
the horizon at the refpellive diftances of all the 
other hours from XII. Then, if thde points of 
diRance be marked on the horizon, and the 
globe be taken out of the horizon, and a flat 
board or plate be put into its place, even with 
the fiirface of the horizon ; and if itraight lines 
be drawn from the center of the hard ,  to thofe 
points of difiance on the horizon which were 
cut by the 24 meridian fernicircles, thefe Jines 
will be rhe hour-lines of a horizontal dial for 
that latitude, the. edge of whore nohon mutl 
be in the very fame lituation that t e axis of the 

;Fjp 2,3. 

~ / ~ ~ i t , g  
by the 
common it, 
ZerreJrio I 
g[obr, 

g l o b  
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globe was, before it was taken out of the hori- 
zon : that is, the gnomon mufi make an angle 
with the plane of the dial, y u a l  to theedatitude 
of the place for which the dial is made. 

If the pole of the globe be elevated to the co- 
latitude * of the given place, and any meridian 
be brought to the north point of the horizon, 
the refi of the meridians will cut the horizon in 
the refpetlive difiances of all the hours from XII, 
for a dire& fouth dial, whofe gnomon mutl make 
an angle with the plane of the dial, equal to the 
co-latitude of the place ; and the hours muit be 
fet the contrary way on this dial, to what they 
are on the horizontal. 

-But if your globe have more than 24 meridian 
femicircles upon it, you muft take the following 
method for making horizontal and Putb dials 
by it. 

and turn the globe until any particular meridian 
(fuppofe the firit) comes to the north point of 
the horizon, and the oppofite meridian will cut 
the horizon in the fouth. Then,'fet the hour- 
index to the uppermoft XI1 on its circle i which 
done, turn the globe weitward until 15 degrees 
of the kquator pars under the brafen meridian, 
and then the hour-index will be at I (for the fun 
moves 15 degrees every hour) and the firit me- 
ridian will cut the horizon in the number of de- 
grees from the north point, that I is difianr from 
XII. Turn on, until other ' 5  degrees o f  the 
equator pafi under the brafen meridian, and the 
hour-index will then be a t  11, and the firit me- 

Elevate the pole to the latitude of your place, To con- 

koriaonrol 
a 

* If the -1atltude be f'ubtraeed from 90 degrees, the te- 
mindar io. C J l d  dm c+lgtir& or comylcmcnc of the 
ktitudc. 

ridian 
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lrldian will cut the horizon in the number of 
degrees that  I1 is difiant from XII.: and To, by 
making 1 5  degrees of the equator pafi under 
the brafen meridian for every hour, tke firit mc- 
ridian of the globe will cut the horizon in the: 
difiances of all the hours fi.om XI1 to VI,  which 
is juf i  go degrees; and then you need go no 
farther, for the difiances of XI, X; IX, VIII, 
VII,,and VI, in the forenoon, are the fame 
from XII, as the difiances of I, 11, 111, IV, V, 
and VI, in the afternoon: and tlicfe hour-lines 
continued through the center, will give the 
oppofite hour-lines on the other half of the dial : 
but no inore of thefe lines need be drawn, than 
what anfwer to the fun's continuance above the 
horizon of your place on the longeit day, which 

' may be eafily found by the 26th yroblcin of the 
foregoing leaure. 

Thus, to make a horizontal dial for the lati- 
tude of London, which is 5 1 ;  degrees north, 
elevate the north pole of the globe 51; degrees 
above the north pojnt of the horizon, and then 
turn the lobe, until the f i r l t  meridian (which 

globe) cuts the north point of the horizon, and 
fet the hour-index to XI1 at noon, 

Then, turning the globe weftward until the 
index points fuccefively to I, 11, 111, IV, V, 
and VI, in the afternoon i or until 15, 30, 45, 
60, 75, and ga degrees of the equator pafs under 
the brafen meridian, you will find that the firR 
meridian of the globe cuts the horizon in the 
following numbers of degrees from the north 
toward the eafi, viz. I 1; 24:, 3S,',, 53f, 7 I&, 
and go; :which are the refp'pcEtive dittances of 
the above hours from XI1 upon the plane of the 
horizon. 

T o  

is that o P London on the Englilh terrefirid 





To transfer there, and the refi of the h%prs, Plate 
to a horizontal plane, draw the parallel rigt)t XXI, Fig. 
lines u c  and bd  upon t h a t  plane, as far from 
each other as is equal to the intended thickneii 
of the gnomon or Aile of the dial, and the +ace 
included between them will be the meridian 
or twelve o’clock line on the dial. Crofs this 
meridian at right angles with the fix o’clock line 
g b, and feetring one foot of your compaffes in the 
interfe&ion a, as a center, defcribe the quadrant 
g e with any convenient radius or opening of the 
compaffes ; then, letting one foot in the intcr- 
feRian b, as il center, with the fame radius de- 
h i b e  the quadrant fh, and divide each qua- 
drant inra go equal parts or degrees, as in the 
figure. 

Becaufe the hour-lines are lefs dillant from 
each orher about noon, than in any other part of 
the dial, it is befi to have the centers of thefc 
quadrants at a little diitance from the center of 
the dial-plane, on the fide oppofire to XIJ, in 
order to enlarge the hour diitances thereabout 
under the fame angles on the plane, Thus, the 
center of the plane is at C, but the centers of tlie 
quadrants at  a and b. 

Lay a ruler over the point t (and keeping it 
there for the center of all the afternoon iiaurs in 

\the quadrant f h ) .  draw the hour-line of I, 
through I I+  degrees in the quadrant ; the hour- 
lint of 11, through 24; degrees ; of 111, through 
38-& degrees ;- 1111, throu h 53*, and V through 
7 1 ; ~ :  and becaufe the ? un r i b  about four in 
the morning, on the Ion efi day? at London, 

afternoon, through the center b r~ the oppofite 
fideaof the dial.--’fhis done, lay ,the ruler to tlie 
center a# of the quadranteg, and thruugh 1°C 

’continue the hour-lines o ? 1111 and V’J in the 

Y like 
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like’divifions or degrees of that quadrant, d% 
I I;, 245, 38 \, 5 3 5  and. 7 I&, draw the fore- 
nodn hour-lines of XI, X, IX, VIII, and VI1 ; 
and becaufi: the fun rets not before eight in the 
evening on the longelt clays, continue the hour- 
lines of VI1 and VI11 in the forenoon, through the 
center a, to VI1 and VI11 in the afrernoon ; and 
all the hour-lines will be finitbed on this dial j to 
which the hours may be fer, as io the 6 ure. 

drant, and from its center draw the right line a g  
for the hyporhenufe or axis of the gnomon a g i ; 
and from g, let fall the perpendicular gi, upon 
$he meridian line ai, and there will be a trian le 

plate Gmilar to this triangle be made as thick as 
the diftance between the lines a c and I d ,  and 
kt upright between them, touching at a and 6, 
its hypothenufe a g  will be parallel to the axis of 
the world, when the dial is truly fet; and will 
dait a iha’dow on the hour of the day. 
M, B. The  trouble of dbiding the two qua- 

drants may be raved, if you have ;I kale wich a 
line of chords upon it, fuch as that on the right 

te; for if you extend the com- 
60 degrees of the line of chords, 

;extent, ns a radius, defcribe thc 
r~upon their refpeaive centers, the 

s may be taken with‘ the com- 
pqffes upcjn the line, and fet off upon tlie qua 
drants. 

~ i g .  2. To make an eren hen j u t b  dial. Elevate th 
T o  con- pole to the co-latitude of your place, and prod 

an ceed in all refpeas as above taught for the bo+ 
pc&/ourh zontal dial, from VI in the morning to VI in 
did, the afternogn, only the hours muft be rcverfedr 

as in the figure ; and the hypothenure ag, Qf the 
gn~rnon 

LaRly, through 51;- degrees of eit a er qua- 

made, whofi: fides are ag, gi,  and i a .  I P a 

rrek? di- 
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~ p o m o ~  ag$ muR make an a le with the dial- 

caq,iliine no longer on this dialt. than 
in,the morning, until Gx in the evening, 

there is no occafion for having any more than 

.plane equal to the co-latitude o ? the place. As 

clines, toward the eaR [which we &all fqppofe 
it to do at prefent) count in the horizoii the 
degrees of declination, from the eafi point to- 
ward tbe north, and bring the lower end of  the 
qfiadrant to that degree of declination at which 
the reckoning ends. This don?, tking any par- 
ticular meridian of your globe (as fuppofe the 
fir& meri$an> ,dire&tl under the graduattq? edge 

fet 'the hour-index to XJt ac noon. T 
' ing the quadrant of'ahitude at the degree of 
declination is the horizon, rurn the globe eafi- 
ward on its axis, and obferve the de 

ian in  the qwdrant 
the zenith) as the 

comes to XI, X, IX, &c. in the forenoon; yr a 

of the upyer,par: o P the brafcn met 

' es to the degree in' the l y ~ r ~ ~ o n  oppolire to 
.*hqt,where it was, placed ba'lpbre ; namely, apt far 
from the weR point of t'iie horizon toward. the 
buth, as it was k c  at firfi from the 4 poiilt to- 

Y 2  wai4 
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ward the north; and turn the globe weitward 
on its axis, tintil the firfi meridian comes to the 
brafen meridian again, and the hour-index to 
XII:  then, continue to turn the globe weR2 
ward, and as the index paints to the afternoon 
hours I, TI, 111, &c. or at 15, 30, 45, &c. de- 
grees of the equator pars under the brafen meri- 
dian, the fir& mrridian will cut the quadrant of 
altitude in the refpeCtive number of de Tees 

XI1 on the dial.-And note, that when the firit 
meridian goes off the quadrant at the horizon, in 
the forenoon, ‘the hour-index hews the time 
when the fun will come upon this dial : and when 
it goes off the quadrant in the afternoon, the in- 
dex will point to the time when the fun goes OR 
the dial. 

Having thus found all the hour-diitances from 
XIS, lay them down upon your dial-plate, either 
by dividing a remicircle into two quadrants of 
go degrees each (beginning at the hour-line of 
XII) or by the line of chords, as above diretted. 

I n  all declining dials, the line on which the ftile 
or gnomon Rands (commonly called the fu@i/c- 
line) makes an angle with the twelve o’clock 
line, and falls among the forenoon hour-lines, if 
the dial declines toward the eafi ; and among the 
afternoon hour-lines, when the dial declines to- 
ward the welt ; that is, to tl!e left hand from the 
twelve o’clock line in the former cafe, and to the 
right hand from it in the Iarcer. 

To find the.d.ifianre of the fubitile from the 
twelve o’clock line; if your dial declines from 
the fouth toward the eait, count the degrees 
of chat declination in the horizon from the ea& 
point toward the north, and bring the lower end 
of the quadrant of altitude to that degree of 

declination 

from the zenith, that each of there hours is f rom 
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declination where the reckoning ends : then 
turn the globe until the firtt meridian cuts the 
horizon in the like number of degrees, counted 
from the fouth point toward the eait ; and the 
quadrant and firit meridian will then crofs one 
another at right angles, and the number of de- 
grees of the quadrant, which are intercepted 
between the firit meridian and the zenith, is 
equal to the diitance of thefubitile-line from the 
twelve o'clock line ; and the number of de rees 
of the firit meridian, which are intercepte !? be- 
tween the quadrant and the north pole, is equal 
to the elevation of the #tile above the plane of 
the dial. 

If the dial declines weitward from the fouth, 
count that declination from the eatt point of the 
horizon toward the fouth, and bring the qua- 
drant of altitude to the degree in the horizon at 
which the reckoning ends j both for finding the 
forenoon hours, and the diitance of the fubfiilc 
fiom the meridian : and for the afternoon hours, 
bring the quadrant to the oppofite degree in the 
horizon, namely, as far from the weit toward 
the north, and, then proceed in all refpetts 3s 
above, 

Thus, we have finiihed OUT decliniqhg dial: 
and .in io doing, we made four dials, viz. 

I, A north dial, declining eatiward by the 
fame number of degrees. 2. A north dial, de- 
clining the fame number weft. 3. A fouth 
dial, declining eafi. And, 4. A fouth dial, de- 
clining weft. Only,. placing the proper number 
of hours, and the Rile or gnomon refpeaively, 
upon each plane, For (as above-mentioned) 
in the fouth-wefk plane, the fubltile-line falls 
among the afternoon hours; and in the fouth- 
eart, of the &me decliriation among the forenoon 

y 3  hours, 
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hours, at equal diftances from XII. And fo, 
all the morning hours on the wefi decliner will 
be like the afternoon hours on the eafi decliner ; 
the fouth-eafi decliner will prodiice the north- 
weit dcclincr j and tlic foutli welc decliner, the 
north-eafi decliner, by only extending the hour- 
lines, itile aiid hbfiile, quite through the center : 
the axis of th:! ltile (or edge that eafts the fliadow 
on the haur of the day) being in all dials wliqt- 
ever paraflel to the axis of the world, and cohfe- 
quently pointing toward the norrh pole of the 
heaven i n  nor th  latitudes, 'and towqrd the routh 
pole, in fimth latitudes. See more of this in the 
folloeaing kAure. 

An e a y  But becaufe every one who would like to make 
mctho a dial, may perhaps nor be providedvilith a globe 
for con- to afiff him, and may probably not underitand AruAing 
of dial,: the inetkod of doing it by logarithmic calcula- 

tion; we fliall fiew how ro perf~rm it by the 
plain dialling lines, or fcale of latitudes and 
holm ; fuch as thoie on the right hand of Fig. 4. 
in Plate XXJj or at the top of PlateXXlI,  and 
which may be had on kales cominohly fold by 
the rmtheinatical inftrument-makers. 9 

This is the eafieit of ail mechanical mcihods, 
and by much rlle bcff, when the liaes ti,$ p ~ ~ l y  
divided : not only tlic half hours and q,Lfarters 
may be laid down by all of them, but e i w y  fifth 
minute by tnofi, and every tingle minute by thofe 
where the line of h a m  is a foot in lcngth, 

Having drawn your double meridian finev& b, 
c d, .on the plane intended for a horizontal dial, 
and croffed it at right angles by the Gx o'clock line 

f e  (a5 in Fig. 1,)  take the 1:ititudc of your place 
with the cori)p~Ees, in the kale  of latitudes, a id  
fer rhat extent from c to e, and from n tofr on 
the fix o'clock line: then, taking the whole fix 

hours 

. 
Fig. 3. 
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hours between the points of the compaffes in  the 
kale of hours, with that extent fet one foot in the 
point e, and let the other foot fall where it will 
upon the meridian line c d, as at  d. Do tlie fame 
from f to b, and draw the right lines e d and fS, 
each of which will be equal in length to the whole 
fcale of hours. This  done, fitting one foot of 
the compares in the beginning of the fcale at  XTT, 
and extending the other to each hour’on the 
fcale, lay off thefe extents from d to c for the 
afternoon hours, and from b toffor thofe of the 
forenoon : this will divide the lines d e  and bf 
in the fame manner as the hour-fcale is divided, 
at I, 2, 3, 4, 5, and 6 ;  on which the quarters 
may alfo be laid down, if required. Then, lay- 
ing a ruler on the point c, draw the firit five 
hours in the afternoon, froin that point, through 
the does at the numeral figures I >  2 ,  3, 4, 5, on 
tlie line de; and continue the lines of 1111 and P 
through the center c to the other fide of the did, 
for the Iilte hours of the morning; whith done, 
lay the ruler gn the point a, and draw the lait five 
hours in the forenoon through the dots 5, 4,. 3, 
2, I ,  on the line f b ;  continuing the hour-lines 
of VI1 and VI11 through the center u to the 
other fide af the dial, for the like hours of the 
evening; and fet the hours to their refpetlive 
lines as in the figure, Lsltly, make the gnomon 
the fame way as taught above for the horizontal 
dial, and the whole will be finilhed. 

To  make an ere& Tout11 dial, take tlte co-larit 
rude of your place from the fcale of latitudes, and 
rhen proceed in all refpeRs fur the hour-lines, as 
in the horizontal dial i only reverfing the horirs, 
as in Fig. 2 ; and making the an& of the fiile’o 
Peight equal to the co-latitude. 

y 4  I have 
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I have drawn out a fit of dialing lines upon 

the top of Plate XXI'r, large enough for mak- 
ing a dial of nine inches diameter, or more 
inches- if requii ed j and have drawn the tm tole- 
rably exalk for cominon praEtice, to every quar- 
ter of a hour. This kale may  be cut OR froin 
the plate, and yafied upon wood, or upon the in- 
fide of one of the boards of this book; and then 
it will be fornewhat more exalt than it is on the 
plate, for being rightly divided upon the copper- 
plate, and printed off on wet paper, i t  firinks 
as the paper dries ; but when it is wetted again, 
it firetches to the game Gze as wlien newly print- 
ed ; and if pafted o n  while wet, it will remain of 
that fize afterward. 

But leit the young dialilt &odd have neither 
globe nor wooden kale, and ihould tear or otlier- 
wife fpoil the paper Ohe in pafiing, we h a l l  novp 
fhew hiin how he may make a dial without any 
of thefe helps. Only, if he has not a line of 
chords, he muR divide a quadrant into 90 equal 
pqrts or degrees for taking the proper angle of 
the Me's elevation, which is eaGly done. 

Fig. 4. With any opening of the compaffes, as. L, 
defcribe the two fetmicircles 1, Fk and L qk, 
upoq the center3 2 and z, where the fix o'clock 
line croires the double meridian line, and divide 

Hor;re- . each femicircle into 1 z equal parrs, beginning a t  
taldid* L ; though, itri€tIy f'eaking, ~ n 1 y  the yuddrants 

from L to the fix o'clock line need be divided : 
then conncEt {he divifions which are equidifiane 
from t, by the parallel lines K&i, IN, NO, G P, 

*and F% *'Draw YZ for the hypothenufe of the 
Rile, making the angle YZE equal to the lati- 
tude of y y r  place; and continue the line V Z  to 
K. Draw the line R r pat allel to the fix o'clock 
line, and fet off the diRance a h  from Z to 2",, 

the 
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the diitance t I from 2 to X, c R froin 2 to W, 
d G from 2 to I; and e F  from 2 to 6'. Then 
draw the lines SJ, Tt ,  WZV, XX, and Ty ,  each 
parallel to I? r. Set off the diitaiice y T k o m  a 
to I I ,  and from f to I : the diitance x X from b 
to  IO, and from g to 2 j w W from c to 9, and 
from h to 3 ; t I f?oiii d to 8, and from i to 
4 ; J S from e to 7, and (ram n to 5. Then lay- 
ing 8 rtiler to the center Z, draw the forenoon 
hour lines through the points I I ,  IO, 9, 8, 7 i 
and laying it to the center z, draw the afternoon 
lines through the points I ,  2J 3, 5 ; continu- 
ing the forenoon lines of VI1 and VI11 through 
the center 2, to the oppofite fide of the did, for 
the like afternoon hours ; and the afternoon lines 
1111 and If through the center x, to the oppofite 
fide, for the like morning hours. Set the hours 
to thek lines as in tile figure, and then ere& the 
Rile or gnomon, and the horizontal dial will be 
linilhed. 
, T o  codtrutk a fouth dial, draw the line YZ,Sodi 
Waking an angle with the meridian 2 L equal to dial* 
the co-latitude of your place ; and proceed in all 
refpeas as in the above horizontql dial far the 
fame latitude, reveyfipg the hours as in Fig. z. 
Pnd makitig the elevation of the gnomon equal 
to the co-latitude. 

Ferhaps it may not be unacceptable to explain 
!he metho! of confirufiing the dialing lines, aad 
fpme o t h q  ; wl!ich is as fo,llows. 

With any opening of the comppKeses, as EA, plate 
according to the intended len th of the fcale,XXK 
defcribe the circle A D  C4, a n 8  crofs i t  at right 
angles 'by t lk diameters C E  A and, I> E B. Fig. I ,  

b i d e  the quadrant AB firfi into 9 equal parts, Diafing 
and then each part into I O  ; fo hall the quadrant $t;rkLT 
be divided into 90 equal parts or degrees, Draw ed, 

The 
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the right line A F B  for the chord of this qw3- 
drant, and retting one foot of the compaffcs in 
the point A, extend the other to the feveral divi- 
Cons of the quadrant, and transfer thrfe divifions 
to the line AF'B by the arcs, IO IO, 20 20, &c. 
and this will be a line of cliordh, divided into ga 
unequal parts ; which, if transferred from the 
line back again to the qundrant, will divide it 
equally. It is plain by the figure, t h a t  the dir- 
tance from A to 60 in the line of chords, is juf i  
equal to AE, the radius of the circle fiom which 
that line is made; for if the arc 60 60 be con- 
tinued, of which A is the center, it goes exa&tly 
through the center E of the arc A B .  

And therefore, in laying down any number of 
degrees on a circle, by the line of chords, you 
muit f i t 3  open the compiffes, io as to take in 
jufi 60 degrees upon that line, as from A to 60: 
and thcn, with that excent, as a radius, dekribc 
a circle which will be exaR1y of the fame fizc 
with t h a t  from which the linc was divided1 
which done, frt one foot of the coinpaires in the 
beginning of the chord line, RS at A, and extend 
the other to the number of degrees you want 
iipon the line, which extent, applied to the circle, 
will include the like number of degrees upon 
it. 

Rivide the quadrant CD into 90 equal pwts,, 
and from each point of divifion draw right lines 
as i k  I ,  &c. to the line C E ;  a11 perpendicular 
to that line, and parallel to I> E, wliith will di- 
vide E C into a line of fines ; and alc~io.tigIi tliefc 
are feldoin put among the didin6 lines OII a fiale, 
yet they afifi in drawing the liiie of latitudes. 
For, if a ruler be laid upon the point D, and 
over each diviGon in the line of fines, it will 
divide the quadrant C? B into go unequal parts" 

an 
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as Ba, ab,  &c, hewn by the right lines 100, 
20 b, 30 c, &c. drawn along the edge of the ruler. 
lf the right line B C be drawn, fiibtending this 
quadrant, and the neareft diltances B a ,  B b, Cc; 
&c. be taken i n  the cornpafires from B,  and fet 
upon this line in the fane manner as direRed for 
the line of chords, it will make a line of latitudes 
BC, equal in length to the line of  chords AB: 
and of an equal number of divifions, but very 
unequal as to their lengths. 

Draw the right line D GA, fubtending the 
quadrant D A ; and parallel to it, draw the right 
line I J, touching the quadrant D A a t  the nume- 
ral figure 3. Divide this quadrant into fix equal 
parts, as I ,  2, -3, &c. and through thefe points of 
divifion draw right lines from the center L; to the 
line 1 5 ,  which will divide it at the points where 
the fix hours are to be placed, as ,in the figure, 
If every fixth part of the quadrant be fubdivided 
into four equal parrs, right lines drawn from the 
center through tliefe points of divifion, and con- 
tinued to the line r ~ ,  will divide each hour upon 
it into quarters. 

portable dial, which inny be eafily drawn on a u mrd. 
card, and carricd in a pocket-book. The  lines 2. 

a d, n (I, and b c of the gnomon mull be cue quite 
through the card ; and as the end a b  of the gno- 
mon is raif'ed occafionally above the plane of the 
dial, it  turns upon the uncut line cd as on a 
hinge. The  line dotted AB muit be flit quite 
through the card, and the thread mufi be put 
throiigh the flit, and have a knot tied behind, to, 
keep it from being ealily drawn out. On the 
other end of ;his thread is a fmsll pluiiiniet D, 
and on the middle of it a fmall bead h r  hew-' 
ing the time of the day. 

Ta 

Jn Fig. 2. we have the reprefentation of a A din/& 



T o  reEtify thls dial, fct the thread in the flit 
right again& the day of the month, and firetch 
the thread fromrthe day of the month over the 
angular point where the curvc lines meet at XI1 ; 
then kift  the bead to that point on the thread, 
and the dial will be reaified. 

To  find the hour of the day, raife the gnomm 
(no matter how much or how little) and hold 
the edge of the dial next the gnomon toward 
the fun, fo as the tippermofl edge of the ihadow 
of the gnomon may juf i  cover the @adow-line ; 
and the bead then playing freely on the face of 
the dial, by the weight of the plummet, will 
fhew the time of the day among the how-lines, 
as it is forenoon or afternoon. 

To find the time of fun-riring and fitting, 
move the thread among the hour-lines, until it 
either covers fome one of them, or lies parallel 
betwixt any two j and then it will cut the tiinc 
offun-ding among the forenoon hours, and of 
fun-fetting among the afternoon hours, on that; 
day of the year for which the thread is fet in the 
fcale of months, 

To  find the fuun’s declination, firetch the thread 
from the dqy of the month over the angular point 
at XII, and it will cut ‘the fun’s declination, as it 
is north or fouth, for that  day, iQ the arched fcalc 
of north and Couch declination. 

T o  find on what days the fun enters the; 
ngns : when the bead, as above refiified, moves 
along any of the curve lines which have the fignc 
of the zodiac marked upon them, the fun enterg 
thofe f i g s  on the days pointed out by the thread 
in the fcale of months. 

The confiruc‘tion of this dial is wry eafy* 
c@ecially if the reader comparqs I it 411 alosg 

with 
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kith Fig. 3. as he reads the following explana- 
tion of that figure. 

the card, and crofs it a t  right angles with tfie fix 
o’clock line E C D ,  then upon C, as a center, 
with the radius CA, defcribe the femicircle AEL, 
and divide it into 12 equal parts (beginning at 
A) as Ar, As,  &c. and from thefc points of 
divhion, draw the hour lines Y,  5, t ,  u, TI, E, 20, 
and x ,  all parallel to the fix o’clocI~ line E C. 
If each part of the fePmicircle be divided into 
four equal parts, they will give the half-hour 
lines and quarters, as in Fig. 2. Draw the’ right 
line ASDo, making the angle S A B  equal to the 
latitude of your place. Upon the center A de- 
fcribe the arch R8T, and fet off upon it the arcs 
S R and S f, each equal to 232 degrees, for the 
fun’s gresteit declination ; and divide them into 
~ 3 &  equal parts, as in Fig. 2. Through the 
interfe&ion D of the lines E C D  and ADa, 
draw the right line F P  G at right angles to 
A D  o. Lay a ruler to the points A and K, and 
draw the line A K 3’ tlirough 234 drgrees OF 
Couch declination in the arc S R ; and then lay- 
ing the ruler to the points A and T, draw the hie 
IAPG through 23) degrees of north declination 
in the ‘arc S 4: fo ha l l  the lines AI< F and 
d T G cut the line FD G in the proper lengrh 
for the kale of months. Upon the center D, 
with the radius D F, defcribe the feiiiicircle 
F O G ;  and divide it into fix equal parts, Fm,  
mn, no, &c. and from thek points of divifiori 
draw the right lines m h, n4, p k, and 4 /, each 
Parallel to OD, Then fetting one foot of thc 
cornpages in the point F, extend the other to A, 
and defcribe the arc Ax I1 for the tropic of t j l  : 
with the fame extent, ktting one foot iii  C, de- 

fcribe 

Draw the occult line AB parallel to the top of Fig. 3. 
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fcribc the iuu: A B  0 kr the tropic of S. Next 
Setting one foot in the po in t  h, and extending 
the other to A, defcribe the arc A C I  for the 
beginnings of the fighs z and 2 ; and with the 
lame extent, fetting one foot in the point 1, de- 
fcribe the arc A N  for the beginnings of the 
fiigns II and a. Set one fwt  in the point i, and 
having extended the other to id, defcribc the arc 
A K for the beginnings of the figns x and ~q ; 
and with the iarne extent, fet one foot in k, and 
defcribe the arc A M  for the beginnings of the 
figns 8 and’filr. Then, fetring one foot in the 
point D, and extending the other to 4, defcribe 
the curve A L for the beginnings of CT apd.n  i 

‘This done, lay a 
ruler from the point A over the fun’s declination 
in the arch’RSY” (found by the following table) 
for every fifth day of the year; and where the 
ruler cuts the line FD G, make marks; and 
place the days of the montbs right againfi the& 
marks, in the manner hewn  by Fig. 2. Laltly, 
draw the fliadow line P %parallel to the occult: 
line AB; make the gnomon, and fit the hours 
to their refpe&ive lines,cas in Fig. 2, and the dial 
will be finifhed. 

There are feveral kinds of dials, which are 
called univerJl, becaufe they ferve for all lati- 
tudes. Of there, the beit one that  I know, is 
Mr. Pardie’s, which contiits of three priocipal 
parts: the firft whereof is called the borizontal 

An unj- plane ( 2 )  becaufc in the pra&ice it mult be pa- 
*& rallel to the horizon. I n  this plane is fixe an 

upright pin, which enters into the edge of the 
fecond part B D, called the meridional planer 
which is made of two pieces, the lowelt whereof 
(13) is called the quadrant, becade it contains a 
quarter of a circle, dividcd into go degrees j and 

it 

. and the figns will be finiked. 

fig* 4 
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it is only into-this part, near 23, that the pin enters. 
The other piece is ajhzicircle (D) adjuttcd to the 
+udrant, and turking in it by a groove, forraifing 
or deprefing the dianieter (I%‘) of the femicircle, 
which diameter is called the nxis of: the itiitru- 
nient. The third piece is li circte (G) dividcd 
on both fides into 24 equal parts3 which arc the 
hours. This circle is put upon the meridional 
plane To, that the axis ( E F )  may be peqxnrlicu- 
lar to the circle; and die point :C* be the coiii- 
mon center of the circle, fernicirclc, and qua- 
drant. The Itraight edge of the feinicircle is 
chamfered on both fides to a fliarp edge, which 
paires through the center of the circle. -011 one 
fide of the chamfrrcd part, tl.r< fii fi fix months 
of the year are laid down, according to die fiiii’s 
declination for their rel,e&ive da)’$,’ and 011 the 
other fide die la!? fix months. ‘And againit the 
days on which the fiin enters the.@p there are 
firnight lilies drawn’upon the fcmiwclc, with the 
chara&ers OC the figns marked * upon tiiem. 
There is a black line drawn dofig the middle of 
the upright edge of the quadrant, over which 
haags a thread ( H )  with its ylumtim (I) for 
lcvelling the inltrument. A< eB. From the 22d 
of September to the 20th of March, the upper 
Curface of the circle mutt touch both the center 
Cof the femicircle, and the line of cr and <=; 
and from the 20th of March ro thc 22d o f  Srp- 
teniber, the lower furface of the circle rnult: 
touch that center and line. 
To find the time of the day by this dial. H n v -  

ing fet it on a level place in fun-bine, and ad- 
juited it by the levelljri~ h e w s  k aid I, until rhe 
plumb line hangs over the back line upon the 
e d s  of the quadrant, iind parallel to the hid 
cr)g~j maw the iimicircle in the quadrant, until 

G tile 
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the line of (r and e (where the circle touches) 
comes to the latitude of your place in tlle qua- 
drant : then, turn the whole meridional plane 
B D, with its circle G, upon the horizontal plane 
A, until the edge of the ihadow of the circle 
falls precifely on the day of the month in the 
femicircle; and then, the meridional plane will 
be due north and fouth, the axis E F  will be 
parallel to the axis of the world, and will caft a 
ihadow upon the true time of the day, among 
the hours on the circle. 

A? B. As, when the infirument is thus re& 
fied, the quadrant and fetnicircle are in rhe plane 
of the meridian, fo the circle is then in the plane 
of the equinollial. Therefore, as the fiin is above 
the equinoQia1 in fuminer (in northern latitudes) 
and below it in winterj the axis of the femi- 
circle will caft a fhadow on the hour of the day, 
on the upper furface of the circle, from the 20th 
of March to the 22d of September: and from 
the 22d of September, to the 20th of March, 
the hour of the day will be determined by the 
ihadow of the femicircle, upon the lower furface 
of the circle. In the formei cafe, the ihadow of 
the circle falls upon the day of the month, on 
the lower part of the diameter of the feihicircle; 
and in the latter cafe on the upper parr. 

T h e  method of laying down tlie riionths and 
figns upon the fceniicircE, is as follows. Draw 
the right line A CB, equal to the diarrieter of the 

, femicide A D B ,  and crofs it in the middle at 
right angles with the line E cz), equal in length 
to AD B ;  then E C  will be the radius of the 
circle F C G ,  which is the fame as that of the 
femicircle. Upon E, as a center, defcribe the 
circle FCG,  on which fet off the arcs Ch and 
Ci, each equal to 23t degrees, and divide them 
accordingly into that number for the fun's de- 

clination 

Fig. 5. 
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tha t ion ,  Then, laying the edge of a ruler 
over the center E, and alfo over the fin’s decli- 
nation for every fifth day * of each month (as in 
the card dial) mark the points on the diameter 
AB of the femicircle ftom a tog, which are cut 
by ttie ruler; and tbeve place the days of the 
months accordinglg, anfwering the h i ’ s  declina- 
tion. This done, fetting one foot of the com- 
pares in C, and extending the other to n org, 
defcribe the femicircle ct I c die f g ;  which divide 
into fig equal parts, and through the points of 
diviGon draw riglit lines, parallel to CD, for the 
beginning of the figns (of which one half a r t  on 
one fide of the femicircle, and the other half on 
rhe other fide] and fet the charaQers of the figns 
PO their roper lines, as in the figure. 

declinat?on, in degrees and minutes, at the noori 
of every day of the fecoiid year ?few leap year; 
which is a mean between thofe of k i p  year it- 
felf, and the fire and third years after. It is 
ufeful for infcribhg the months and their days 
bn fun-dinls ; and alfb for finding the 1atitudt.s 
of places, according to the methods prefcribed 
after the table. 

*’ T h e  intermediate days may be drawn io by hand, if 

T h e  P ollowing table h e w s ‘  the fun’s place and 

fie fpace8 bc lakgu enough to contda them, 

.z 4 Table 
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Tables of (be Suds PZacs.mzd Declination, 

. A  Table hewing the fun I lV1 arch . I 

2 2  



20 1 2  
20 25 
2O 37 
20 411 
2o 54 -- 
2z IC 
21 2c 
21 3c 
21 35 
21 45 
21 57 

place and declination. 
June. 

.-( $SIS-L .'un's . un'e ec. 

2 I>. bl. 0 . M .  ----- 
1 I O U 4 4  22N 5 
Z I J  41 22 13 
3x2 39 22 21 
413 36 22 28 
I---- I4 34 2 2  35 
6 1 5  31 22 41 
7 1 6  2b 22 47 
8 17 26 22 53 
9 1 8  23 22 58 
019 20 2.7 3 
I 20 18 23 7 
221 15 '23 I I ,  
322 1 2  23 15 
423 9 23 18 
524 7 23 2 0  

625 4 23 22 
7 26 I 23 24 
826 58 23 26 

0 2 8  5 3  23 28 

,I 29 50 23 28 

-7-v- 

---- 

927 56 23 27 

---- 
2 Om47 23 28 
3 1 45 23 28 
4 2 4 2  23 27 
5 .? 39 2.3 26 
6 4 36 23 24 
- -- 
7 5 33 23 21 
.8 6 31 23 19 
9 7 28 23 ' 1 6  
a 8 25 23 12, - --rc 

A Table, 
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Rules for findipg tbe La&& 

.To Jrnd the ‘ I  latitude of any place by ol$ervaf;on, 8 .  

’The  latitude of any place is equal F.O thc 
elevation of the pole above the horizon of that 
place. Therefore it is plain,’ ;hat if ,a Rar was 
fixt ’in the pole, there wpuld be noth’ing re- 
quired to find the latitude, but to take’the al- 
titude of that fiar with a good initrumen!. But 
although there is no e a r  in the pole, yet the 
latitude may be found by taking the greatetl 
and kafi altitude of any kar that never fets : for 
if half the difference between thefe altitudes be 
added to the lese altitude, or hbtraRed froin 
the greateit, the fum or, remainder will be equal 
to the altitude of the pole at the place of  obfer: 
vation. . 

But becaufe the length of the night mufi be 
more than 12 hours, in order to. have two fuch 
obfervations ;’ the fun’s meridian altitude and de- 
clination are generally nfade ufe of for finding 
the latitude, by means of its complement, which 
is equal to the elevation of the ‘equinoW above 
the horizon ; and if this complement be fubtraR- 

: ed from 90 degrees, ’ the remaindFr will be the 
latitude, concerning which, I think, the follovy- 
ing rules take in all the various cafes. 

I .  If the fun has north declination, and is on 
fhe’ meridian, and to the fouth. of ‘your place, 
fubtrae the declination from the meridian alti-’ 
tude (takqn by a‘ good quadrant) and the re- 
baioder will. be the height of the equinottial o~ 
cppylement of the latitude north. 

E X A M -  



PuZes for Jinding tbe Latitude. 

E X A M P. L E. 
The fun's meridian altitude 42O 20' South 

Suppafe { And his declination, fubt. IO I S  North - 
Rem. the complement of the lat. 32 5 
v h i c h  fubtratt from - - 90 o 

,And the remainder is the latitude 57 55  North 

2. If the fun has fouth declination, and is 
fouthward of your place a t  noon, add the de- 
clination to the meridian altitude ; the fum, if 
leis than 90 degrees, is the complement of the 
latitude north: but if the f" exceeds go de- 

refs, the latitude is fouth ; and if 90 be taken 
torn  that fum, the remainder will be the lati- 
pde. 

- 

E X A M P L E 3. 

.The hn's meridian altitude 
,The fu$s dedination, add 

Complement of the latitude 
Subtratk from - 1 - 
Remains the latitude - 
T h e  fun's meridian altitude 
T h e  fun's declination, add 

T h e  fum is - I 

From which fubtrae - 
Remains the latitude - 

65" IO' South 
15 30 South 

80 40 
90 0 

4 g ' 20 North 

80" 401 South 
20 IO South 

100 50 

90 0 

IO 5a South 
3. If 

- 

- 
- 



3@ Rtlles for jindig, the Latitude. 

3. If the fun has north declination, and is on 
the meridian north of your place, add the decli- 
nation to the north meridian altituds; the fum, 
if I@ 'than go degrees, is, the8 cpplernent  of 
the latitude loutti: but if the film is more than 
go degrees, fubt idt  yo from ir, and the re- 
mainder is the latitude north. ' 

E X A M P L E S. 

Sun's meridian altitude 60° 30' North 
Sun's declination, add 20 io North 

Complement of the latitude 80 40 
90 9 Subtra& fiom ' - 

Remains the latitude - p 20 South 

Sun's meridian altitude 70" 20' North 
Sun's declination, add 23 20 North 

T h e  film is .--. 

From which fubtraEt - 30 0 

- 
- 

- 
9.3 40 

__I 

Remains the latitude - 3 40 North 

4. I€ the fun has iouth deciination, and is north 
of your plqce at noon, fubtra4 the declination 
from the north meridian altitude, and the re- 
mainder is the compkmrnt . of' the latitude 
Aouth. 

G E X A M -  



E X A M P L E .  

52’ 30‘ North 
Sun’s declination, fubtraa 20 IO South 

Complement of the’latitude 32 20 

And the remainde! ig the latitude 57 40 South 

5. If the fun has no declination, and is foutli 
of your place at noon, the meridian altitude is 
the complement of the latitude north: but if 
the fun be then north of your place, his mrri- 
dian altitude is’ the complement of the latitude 
South. 

’Sun’s meridian a l k i d e  

- 
SubtraCt this froin - go 0 - 

E X A M .P L E S. 

Sun’s meridian altitude 38“ 3o’South 
SubtraQ from - 
Remains the latitude - 5~ 30  North 

Sun’s meridian altitude 38” 30’ North’ 
90 0 Subtratt from L 

90 0 - 

Remains the latitude - gx 30 South 

6.  If you obferve the fiin beneath the pole, 
fubtrdt his declination from 10 degrees, and 
add the remainder to his altitu e i and the fum 
is the latitude. 

E X A M -  



E X A M P L’E.’ 
Sun’s declination - cob 30‘ 

90 O 
SubtraCt from I 

69 303 add 
Remains - 
Sun’s altitude below the pk . IO 20 

- 
- 

The Cum is the latitude 79 5Q 

Which is nprth or ~)uch, acqording as tIie’i;un’s 
derlinafiori i s  north or fouth: for when tlie fun 
bas foueh declination, h r  is never Teen below rhe 
k r t h  pole ; nor is he cver ken  below the fourh 
pole, when his dc~ l ina t ion  is north. 

7. If the fun be in the zenith at noon, and 
at the fame time has no declination, you are 
then under Ehe equino&ial, and io have no lati- 
tude. 

8. If tlie‘fun be in the zenith at noon, and 
has declination, the declination is equal to the 
latitude, north or fouth. Thefe two cafes are fo 
pkais that they require no examples. 

L E C T. XI. 

Of Dialing. 

A V I N C ffiewn in the preceding Lec- 11 ture how to make fui~-djals by tlie afifi- 
ante of a good globe, or of a dialing fcale, we 
ibdl now procceci to the method of conhutking 
dials aiitliinekally j which will bc more agree- 
rblg to thofe who have learnt the elements of 

trigo- 



crigonoFetry, bccauk globes and fcallcs can 
never be fo accurate as the logarithms, in find- 
ing the angular difitances of the hours. Yet, 8s 
a globe may be found ex& enough for Corne 
other requiGtes in dialing, we hall take it in oc- 
cafionall y. 

The confiruEttion of fun-dials on all plana 
whatever, may be included in one general role: 
intelligible, if that of a horizontal dial for any 
given latitude be well underhod. For there is 
no plane, however obliquely fituated with re- 
fpecst to any given place, but what is paralie1 
to the horizon of Eonic other place j and there- 
tore, if we can find that other place by a pro- 
blem on the terreltrial globe, or by a trigonome- 
trical calculstion, and confiru& ti horizontal dial 
fbr it;  that dial, applied to the plahe +here it is 
to ferve, will be 3 true dial €or that place.-Thus, 
an ere& dire& ibuth. dial in 514 degrees aonh 
iatitude, would be a horizonucal dial on the famc 
meridian, go degrees fouthward of 5 r 2 degrees 
north latitude ; which falls in with 38; degrees 
of fi)utli latjtude i but if the upright plane de- 
clines from facing the fo til at the gives place, 

from that place ; but for a different longitude: 
which would alter the reckoning of the hours 
accordingiy . 

C A S E  I, 

I .  Let  vs l'uppof' that an upriglit plane at. 
London declines 36 degrees weRward from 
facing the fouth ; and that it is required to find 
a pl'ace on t l x  globe, to whore horizon rhe faid 
plane is parallel ; and aIfo the difference of lon- 
gitude between London atid tliac place. 

I Re€tify 

it wquld itill be a horiz IC, ntal plane go degrees 



Of Dialittg.. 
Reaify the globe to the latitude of London, 

and bring bondon to the zenith under the brafs 
meridian, then that point of the globe which lies 
i n  tse horizon at the given dcgree of declinatioq 
(counted wefitward from the h u t h  point of the! 
horizon) is rhe place ar which the above-men- 
tionid plane would be horizotit4.-Now, to find 
the latitude and longitude of tha t  place, keep 
your eye upon the place, and turn the globe eait- 
ward, until it comes under the graduated edge 
of the brafs meridian ; then, the degree of tlie 
brafs meridian that ltands dire&tly over the place, 
issits latitude; and the number of degrees in tlic 
equator, which are intercepted between the me- 
ridian of London and the brafs meridian, is the 
place's diffiirence of longitucie. 

Thus, as the latitude of London is 51z de- 
grees north, and the deciinatioh of the place %is! 
36 degrees weit; I elevate the north pole 515 
degrees above the horizon, and turn the globe 
until London comes to the zenith, or under the 
graduated, edge of the meridian ; then, I coont 
36 degrees on the horizon wefiward from the 
iouth point, and makG a mark on that place of 
the'globe over which the reckoning ends, and 
bringing tlie mark under the p d u a t e d  edge 
of the brafs meridian, I find i t m  be under 308 
degrees in fouth latitude: keeping it there, I count 
in the equator the number of degrees between 
the meridian of London and the brden meridian 
(which now becomes the mcridian of the required 
place) and find it to be 428. Therefore an up- 
right plane a t  London, declining 36 degrees 
weitward froifi the fouth, would be a horizontal 
plane at that place, whofe latitude is 30% degrees 
fouth of the equator, and longitude 424 degree$ 
weit of the meridian of  London. 

Which 
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don. 
2. But to be more cxa€t than the globe will 

h e w  fliaJl tire a little trigonometry. 
Le S ty' be the %horizon of tatrdon, Phre 

whafe -kdhitli is 2, and P the north pole &-the xxIII* Fig. I .  

iphcre ;. and let Zth be the pofition of s.verFica1. 
lane at 5 2, cletKinifiG weftward from S (the 

kith] by an angle of 36 degrees; o 
plane 'an ere& c~ ia l  for Landon at 2 
defcribed. M a l e  the femidiamcrer ZD perpen- 
dicular to Z h ,  'and it will cut the hoi'izon-in D, 
36 degt'ees weit 6f the fouth S.' Then,  a $an& 
in the iarigdht ND, touching the f here in D, 
the fphere will be equally inclined to both th& 
planes. 

Let w !$ be the equino%.ial, whofe eleva- 
tion above 5 t e horizon of 2 (London) is 3Ug 
degrees; and PRD be the meridian sf *the 
place D, ciitting the equinofiiai in 8. 
i r  is evident, that, the wc R D  is the latitude or 
the place D (where the plane Z h  would be hori- 
zontal) and the arc R e  is the difference of lon- 
gitude of the planes Z h  and D H. 

In  the f hwlcsl~ rriangle WD R, the arc W D  
is given, f!r it is the complement of the plane's 

decli- 

will be parallel eo the plane 2 h;*an c f  the axisof 
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declination born S the fouth; which cohpff!; 
ment is 54* (viz. 90~--36~)  : the an le at R f  
in which the meridian of the place l3 cuts thc 
equator, is a right angle 3 and the angle R WLY 
meafures the elevation of the equinoffial above 
the horizon of 2, namely 384 degrees, Say 
therefere, as radius is to the cd-fine cif the 
plane's declination from the fouth, fo is the cor- 
fine of the latitude of 2 to the fine of R D the 
latitude of D: which is of a different denomi- 
nation from the latitude of 2, becaufe 2 and @ 
are on diflkrent fides of the equator6 

As radius' - - - - 16.060oO 
o cobfine 366 d=R% 9,90796 

Soco-fine 51" 30'53% 9.79415 

To fine 30' 14'=D R (9.7021 I )  f 
the latitude of D,' whofe horizon is parallel ta 
the Vertical plane Z h  iir 2. 

X B. When radius is made the firR term, it 
may be omitted, and then, by fubtraaing it 
mentally from the fum of the other two, the 
operation will be ihortened, Thus, in the pre- 
Eent cafe, 

To the logarithmic fine of WR=+ 5 4 O  0' g . g q g 6  
Add the logarithmic: fine of ND=$ 38O jo', 9.79415 

Their fum-radius - A 9.7021~ 
givcs the fame folution as aboye. And we hall 
kite to this method in the following part of: the' 

& & !  

wor K 
The co-fhe of 36O o', or of N . + The co-tine of sa* 30'. or of &$? 

T O  



To find the' difference of longitude of the 
places D and 2, fay, as radius is to the co-fine 
of 38) degrees, the height of the equinoAial at 
2, fo i s  the co-tangent of 36 degrees, the lane's 

of longitudes. Thus, 

-To the logarithmic fine of * 51" 30' 9.89354 
Add the 1ogarithrnictang.of t 5 4 O  0' 10.13879 

declination, to the co-tangent of .the di P erence 

Their fum-radius - - - - I 0.03 2 2 8 
is the neareft tangenr of 47Q 8' = W R ;  which 
i s  the co-tangent of 42' 52' = 5 ,$$ the dif- 
ference of longitude fought. Which difference, 
being reduced to time, is 2 hours 5rt minutes. 

3. And thus having found the exatt latitude 
and longitude of the place D, to whofc. horizon 
the vertical plane at Z is parallel, we hall pro- 
ceed to the conCtruQion of a horizontal dial for 
thc place D, whofr latitude is 30" 14' iouch ; 
but anticipating the time at D by 2 hours 5~ 
minutes (neglefiing the iniriutc in pra e ) 
becaufi: D is fo far weltward in Iongitudi rm 
the meridian of Landon; and this will be a 
true vertical dial at London, dccliniilg w t i w a i d  
36 degrees. 

the dial,. and make the angle K C 2' equal to 
*e latitude of the place (viz. 30" 14') to wliofq 
horizon the plane of the dial is paal,el; then 
C R  P will be the axis of the ttile, or edge that  
CaRs the hadow on the hours of the day, in the 
dial. This done, draw the contingent line B % 
CRting the fiubfiilar line at right angles in K, 

ARurne any right line C S L  For the fiibfiile Ofgig. a. * 

* The co-fine of 38' io', or of WDR. + The co-tangent of 36O, or of .B w. 
A a  inti 
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and from K make K R  perpendicular to the axis 
C R P. Then K G (= K R) being made radius, 
that is; equal to the chord of 60" or tangent of 
45" on a good fe&or, take 42' 52' (the differ- 
ence of longitude of the places 2 and 0) from 
the tangents, and having fet it from K to M, 
diaw CM for the hour-line of XII. Take K N 
equal to the tangent of an angle lefs by 15 de- 
grees than X M ;  that is, the tangent 27" 52' ;  
and through the point N draw CN for the hour- 
line of I. The  tangent of 12" 52' (which is 
15" le6 than 27" 52') fet off the fame way, will 
give a point between K and N, through which 
the hour-line of I1 is to be drawn. The  tan- 
gent of s" $' [the difference between 45" and 
42" 52') placed on the other fide of CL, will 
determine the point through which the hour-line 
of I11 is to be drawn: to which !ao 8', if the 
tangent of J 5. be added, it will mdte I 7 O  8'; 
and this fet off from K toward 2 on the line 
E e, will give the point for the hour-line of 
I V :  and To of the refi.-The forenoon hour- 
lines are drawn the fame way, by the continual 
addition of the tangents IS', 30°, 4 5 O ,  &c. to 
42' 52' (=the tangent of KM) for the hours 
of XI, X, IX, &c. as far as neceffary; that is, 
until there be five hours on each fide o f  the fub- 
Rile, The  fixth hour, accounted from that hour 
or part of the hour on which the fubitile falls, 
will  be always i n  a line perpendicular to the fub- 
fiile, and drawn through the center C, I 

4. In all ereik dials, CM, the hour-line* of 
XII, is perpendicular to the horizon of 'the 

ace for which the dial ts to fererve: for that P' Tie is the intrrfe&ion of a vertical plane with 
the plane of the meridian of the place, both 
which are perpendicular to the plane of the 

horizon : 
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horizon :, and any line NO, or h 0, , perpendi- 
cular to CM, will be a horizontal line on the 
plane of the dial, along which line the hours 
may be numbered : and CM being fet perpen- 
dicular to the horizon, the dial will have its true 
pofi tion. 

5 .  If the plane of the dial had declined by an 
equal an le toward the ea&, its defcription would 
have di B ered only in this, that the hour-lint of 
XI1 would have fallen on the other fide of the 
fubRile CL, and the line HO would have a 
fubcontrary poficion to what it has in this 
figure. 

6. And there two di'als,' with the upper points 
of their itiles turned toward the north pole, will 
ferve for the other two planes parallel to them ; 
the 'one declining from the north toward the 
-it, and the other from the north toward the 
we&, by the fame quantity of. angle. The like 
holds true of all dials in Fenera], whatever be 
their declination and obliqulty of their planes to 
the horizon, 

1 
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C A S E 11. 

b scliner, *or iBc/jHtj, Suppofe its declina- 
tion from fronting the fouth S be equal to the arc 
4'D on the horizon and its reclination be 
equal to the arc D d of the vertical circle : 
then it is plain, that if the quadrant of altitude 

on the globe, cuts the point D in the 
hQr1 on, and the reclination i s  counted upon the 

ho'Jr*.Cirde P R d, with the equinoltial We& 
will determine 12 4 the latitude of the place ,d, 

A a  2 whnfc 

the plane of the dial not only d d k ,  *k* 3. 

qua x rant from D to d ;  the interfeaion of the 
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whofe horizon is parallel to the given plare Z h  
at 2 ; and E %will be the difference ' in longi- 
cud? of the planes at d and 2. 

Trigonometrically thus : let a great circle pafs 
through the three points W, d, E ;  and in the 
triangle W D  d, right-angled at D, the fides 
W D  and D d are given ; and thence the angle 
D Wd is found, and fo is the hypothenufe Wd. 
Again, the difference, or the fum, of D W d  
and D WR, the elevation of the equinoRia1 
above the horizon of Z, gives the angle d wR i 
and the hypothenufe of the triangle W R d  was 
j u R  now found; whence The fides R d and WR 
are found, the former being the latitude of the 
place d, and the latter the complement of R q, 
the difference of longitude fought, 

Thus, if the latitude of the place 2 be 52. IO' 
north; the declination SD of' the plane 2 b 
(which would be horizontal at d )  be 36O, and 
the reclination be 1 5 ~ ,  or equal to the arc R di  
the fouth latitude of the place d, that is, -the arc 
R d, will be 15" 9'; and N L& the difference of 
the longitude, 36" 3'. From there data, there- 
fore, let the dial (Fig, 4.) be defcribed, as 
in the former example. 

8. Only it is to be obferved, that in the re- 
clining or inclining dials, the horizontal line 
will not ftand at right angles to the hour-lineof 
XII, as in ere& dials; but its pofition may be 

Fig.-+ T o  the common Cubitilar line CK L, on 
wbich the dial for the place d was drfcribed, 
draw the dial C r p m  12  for the place D, whofe 
declination is the fame as that of d, viz. the arc 
S D ; and HO, perpendicular to Cm, the hour- 
lioeof XI1 on this dial, will be a horizontal line 
on the dial C P R M  XII. For the declination 

6 of 

fiund follows. , 
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of both dials being the Time, the horizontal line 
remains parallel to itfelf, while the ere& pofition 
of one dial is reclined or inclined with refpe& to 
the pofition of the other. 

Qr, the pofition of the dial may be found by 
applying it to its plane, fo as to mark the true 
hour of the day by the fun, as !hewn by another 
dial; or by a clock, regulated by a true meri- 
dian line and equation table. 

9. There are feveral other things requifite in 
the praeice of dialing; the chicf of which I 
hall  give in the form of arithmetical rules, 
fimple and eafy to thofe.who have learnt the ele- 
ments of trigonometry. For in praaical arts of 
this kind, arithmetic ihould be ufed as far as 
it can go ; and fcalesaever trufted to, except in 
the final conitru&ion, where they are abfolutely 
neceffary in laying down the calculated hour- 
diitanccs on the plane of the dial. And al- 
though the inimitable artifis of' this metropolis 
have no occafion for fuch inftru&ions, yet they 
n a y  be of fome ufe to Rudents, and to private 
gentlemen who amufe thedelves this way. 

R * U  L E I, 

To $HQ tbe angles which the bowlines ott alry did 
make qitb the fiJile. 

To the logarithmic fine of the given latitude, 
or of the itile's elevation above the plane of the 
dial, add the logarithmic tangent of the hour 
difiafice at from the meridian, q from the 

* That is, of 15, 30, 45, 60, 7 5 O ,  for the hours of f, 
XI, 111, IV, V in tlic afternoon; and XI, X, IX, VI& 
VI1 in, tbc forewon, 

4 a 3  Cub, 
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fubRile t ; and the fum minus radius will be the 
logarithmic tangent of the angle fought. 

For, in Fig. 2. K C is to K&? in the ratio 
compounded of the ratio of K C to K G (=KR) 
and of K G  to K M ;  which making C K  the 
radius, 10,000oo0, or LO,OOOO, or IO or I, 
are the ratio of IO,OOOOOO, or of 10,0000, or 
of IO, or of I ,  to KG x KM. 

Thus, in a horizontal dial, for latitude 5 1 O  
30', to find the angular diitance of XI in the 
forenoon, or I in the afternoon, from XII. 

T o  the logarithmic, fine of 51" 30' 9.89354t 
Add the logarithmic tang. of I 5" o1 9.42805 

the logarithmic tangent of 11" 5 0 1 ~  or o the 
angle yhich the hour-line of XI or I makes 
with the hour of XII. 

The  fum-radius is - - - 9 .3759  = 

And by computing in this manner, with the 
fine of the latitude, and the tangents of' 30, 
45, 60, and 75", for the hours of 11, 111, IV, 
and V in the afternoon; or of X, IX, VIII, 
and VI1 in the forenoon ; you will find their an- 
gular difiances from XI1 to be 2 4 O  18/, 38" 31, 
53" 351, and 71" 6 ' :  which are all that there 
is occaiion to compute for.-And there dif- 
tances may be i'et off from XI1 by a line of 
chords ; or rather, bv taking 1000 froin a kale , 
of equal parts, and fetting that extent as a ra- 
dius from C to XII :  and then, taking 209 of 

+ In all horizontal dials, and ere& north or fouth dials, 
the fubttile and meridian are the fame ; but in all declining 
dials, the ftilflile line makcs an angle with the meridian. 

$ In which cafc, the radiue CK ir fuppofed to be di- 
vided into IOOOOOO equal parte. 

the 
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the fa~ne parts (which, in the tables, are the 
I natural 'tangent of siq 50' )  and fetting thein 

fiom XI1 to XI and to I., on the line h 0 ,  which Fig. 2. 

is perpendicular to C XI1 : .and To for' the reft 
of the hour-lines, which in the table of natural 
tangents, aginfi  the above difiances, are 45 I, 
782, 1355, and 2920, of filch equal parts from 
XII,  as the radius C X I I  contains 1000. And 
lafily, fet off 1257 (the natural tangent of 5 1 0  

30') far sthe angle of the ftile's height, which is 
equal to the latitude of the place, 

The'reafon why I prefer the dfe of the tabular 
numbers, and of a Ccale decimally divided, to 
that of the line of chords, is becaure there is the 
leaft chance of &ittake and error in this way; 
and likeyife, becaufe in fome cafes it gives us 
the advantage of a nonlus' divilion. 

I n  the univerfal ringdial, for infiance, the 
divifioiis on the axis are the tangents of the 
angles, of the fun's declination placed on either 
fide of the center. But initead of laying them 
down from a line of tangents, I would make a 
fcale of equal parts, whereof $000 n70111d an-. 
fwer exa&tly to the length Qf that feemi-axis, f'rom 
the center to the infide of the equinoaial ring ; 
and then lay down 434 of there parts toward 
each end from the center, wlkh would limit all 
the divifions on the axis, becaufe 434 are the 
natural tangent of 23" '29'. And thus by a 
nonius affixed to the fliding piece, and taking the 
fun's declination from an Ephemeris, and the 
tangent of that declination from the table of na- 
tural tangents, the aider might be always fet 
true to within two minutes of a degree. 

And this fcale of 434 equal parts might be 
placed right againit the 234 degrees of the fun's 
dccliiiation, on the axis, initead of the filn's 

h a  4 place, 



place, which is there of very lhtle u k  For then, 
the flider might be fit in the ufual way,, to the 
day of the ’month, for common ufc ; but to the 
natural tangent of the declination, when great 
accuracy is required. 

The  like may be done wherever a ’fcale of find 
or  tqngents is required on any initrument. 

R U L ,E 11. 
,Tbe latirude tf the place, the .PH’s declination, and 
. his bour d&nce from the meridian, being given ; 

t o  $nd ( I , )  bis altitude j ( B.) his aximutb. 

I. L e t  d be the fun’s place, dR,  his declina- 
tion : and in  the triangle P 2 d, P d. the Turn, 
or the difference, of d R, and the quadrant P R 
being given by the fuppofition, as alfo the com- 
plement of the latitude P Z, and the angle 
d P Z ,  which meafures the horary difiance of d 
from the meridian; we hall (by Cafe 4, of 
Keill’s Obli tje fpheric Trigonometry) find the 
bare Zd, w x ich is the fun’s diitance from the 
zenith, or the complement of his altitude. 
And;z.)AsheZd:GnePd::GnedPZ: 

d Z P, or of its fupplement D 2 S, the azimuthal 
difiance frprn the fouth. 

Or, the pra&tical rule may be as follows : 
Write A. For the fine of the fun’s altitude, L 

and I fur the fine and co fine of the latitude, D 
and d for the fine and co-fine of the fun’s de- 
clination, and l I  far the fine of the horary dif- 
tance fi.om VI. 

‘1 hen die relation of H to A will have threc 
varieties. 

pig, 3, 

1. When’ 
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i. When the declination is roward the cle- 

vated pole, and the hour of the day is between 
XI1 and VI;  it is A c LD + H i d ,  and 
a=-- A-LD. 

Id 
2. When the hour is after VI, it is A=LD 

LD+A. -Hid, and E?= -- 
3. When the declination is toward the de- 

preKed pole, we have A 3: HZ d-L 0, and 
A+ LD. H=-- 

Which theorems will be found ufeful, and 
expeditious enough for folving thofe problems 
in geograph and dialing, which depend on the 

day. 

I d  

1.J Id 

relation of t h c fun's altitude to the hour of the 

E X A M P L E  I. 

Suppoie the latitude of the place to be 51: 
degrees'north ; the time five hours diRant from 
XU, that is, an hour after VI in the morning, 
or beforeVI in the evening: and the fun's de- 
clination 20° north. 

Then, 40 log, L = log. fine 51" 30' 1,89354~ 
add log. D. = log. fine 20° 0' I.5f3+05 

Their film - . . I  1 *427 59 

Required (be fun's nltitude P 

- 
&ives LD = logarithm of 0.267664, in tho 
natural fines. 

Here we conwet the radius as unity, and not IO,OOOOO, 
by which, infiead of the index 9, we have-x, as above a 
which of no fanher UfiD than .making the work a litdo 
taficr, 

And, 
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And, to log. H =  log. fine r 5 O  0' 1.41300 

log.,l = log. fine $ 38" 01 I . 7 g q 4  . add log. do = log. fine 11 70" 01 1.97300 

gives H 1 d = logarithm. of 0.1 $1408, in the 
natural fines. 

And there two numbers (of 0.267664 and 
0.151408) make 0.419072 = A ;  which, in 
the table, is the nearefi natural fign of 24' 47') 
the fun's altitude fought. 

T h e  fame hour-&lance being affuined on the 
other fide of VI, then LD-HLd is 0.1 16256, 
the fine of ti0 40'4; which is the fun's altitude 
at V in the morning, or VI1 in the evening, 
when his north declination is 20". 

But when the declination is 20° fobuth, (or to- 
ward the depreffed pole) the difference Hld- 
LD becomes negative, and thereby hews that, 
a hour before, VI in the morning, or paft VI in 
the evening, the Cuds center is 6" 40'; below 
the horizon. 

Their fum .. - - 1.18014 

E X A M P L E  11. 

In  the fame latitude and north declination, 
from the given altitude to find the hour. 

Le t  the altitude be 48Q; and becaufe,, in this 

cafe I1 --, and A (the natural fine of 

4 8 O )  = .743145, and L D = .267664> A-fiD 

A- LD 
I d  

t The diitance of one hour from VI, 
The co-latitude of the lace. f The co-declination of t i e  iun, 

Wil l  
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will be 0.47 5 48 I, whofe logarithmic 

from which taking the logarithmic 
fine is - 1 - - 1,677 1331 

fine of J + d = - - 1.7671354 

1*9099977 
the logarithmic fine of the hour-difiance fought, 
viz. of 54O 22'; which, reduced to ;time, is 
3 hours 37; inin, that is, IX 11. 37; min. in 
the forenoon, or I1 h. 22; min. in the after- 
noon. 

Put  the altitude = 18O, whofe natural fine 
is .30go170 ; and ~lience A - L D will be = *0491953 i which divided by J + d, gives 
,0717179, the fine of 4" 6'$, in time 16: mi- 
nutes nearly, before VI in the morning or 
after VI in the evening, when the fun's altitude 
is 18". 

And, if the declination 20°, had been toward 
the fouth pole, the fun would have been de- 
preired I 8 O  below the horizon at 16 4 minutes 
after VI in the evening; at which time, the 
twilight would end; which happens about the 
22d of November, and 19th of fanuary, in the 
latitude of 5 1". north. The  fame way may the 
end of twilight, or beginning of dawn, be found 
for any time of the year. 

NDTE I. If in theorem 2 and 3 (page 363) 
A is put = 0, and the value of N is computed, 
we have the hour of fun-riiing and i'rting for 
any latitude', and time of the year. And if we 
put H=o, and compute A, we have die Crrn's 
altitude or dcprefion at the hour of VI.  And 
laltly, if H, A, and D are given, the latittide 
may be found by the refdlution of a quadratic 
equption; for I = 4 I -La. 

N O T E  

- Remains - 0' 

7 
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N 0 TE 2. When A is equal 0, His equd 
TD, the tangent of the latitude 

As, if it was required, what is thegucatd ktzgjb' 

g= 412 
multiplied by the tangent of the declination. 

Qf day in latitude 5 I' 30' ? 
To the log, tangent of 51" 30' 0.0993948 
Add the log. tangent of 23' 29) 1.6379563 

'the log. fine of the hour-diitance 33" 7'; in 
time 2 h, 124 m. The 1011 eit day therefore 

the fhorteit day i s  12 h,-4 h. 25 m. = 7 h, 

Id 

-- - Their fum - 1 a73735 1 1 

is 12 h. + 4 h. 25 m. *= I g; h. 25 m. And 

35 m* 
And if the longeft day is given,. the latitude 

H of the place is found; - being equal to fZ. I'D 
Thus, if the long& day is 13; hours L !Z x 6 h. + 45 m. and 45 minutes in time being equal to 
I 3 $: degrees. 

From the log. fine of 11" 15' 1.2902357 
Take  the Igg. tang. of 230 29' 1.6379562 

Rem ai n s c .I ,6522795 
= the logarithmic tangent of lat. 24" I 11. 

And the fame way, the latitudes, where the 
feveral geographical climates and parallels beginr 
may be found ; and the latitudes of places, thac 
are airgned in authors from the length of their 
days, may be examined and corrcllted. 

N 0 T E 3. The  fame rule for finding the 
longeft day in a given latitude, diitinguiihes the 
hour-lines that are neceffary to be drawn on any 
dial from thofi which would be fuperfluous. 

In  lat, 520 r d  the longeit day is 16 H, 32 
and thr hour-lines are to be marked from 44 m, 

after 

--- 
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afier 111 in the morning, to 16 rn, after VI11 
in the evening 

In the fame laiitude, let the dial of Art. 7. 
Pig. 4. be propofed j and the elevation of its 
Rile (or the latitude of the place d, whore hori- 
zon is parallel to the plane of the dial) being 
i 5 a  9' ; the longeit day at d, that is, the longeit 
time that the fun can illuminate the plane of the 
dial, will (by the rule N = 'T L x 570) be 
twice 6 hours 27 minutes 7 12 h, 54 m. The 
difference of longitude of the planes d and Z 
was found in the fame example to be 36" 2'; 
in time, 2 hours 24 ininutes j and the declina- 
tion of the plane was from the fouth toward the 
weit. Adding therefore 2 1.1. 24 min. to 5 11. 
33 rn. the earlieR fun-riling DII a horizontal dial 
at d, the film 7 h. 57 m. h e w s  that the morn- 
ing hours, or the arallel dial at 2, ought to 

fun-fitting at d, which is G h. 27 rn. adding the 
fami 2 h; 2 4  in. the iuin 8 11. 5 I in. exceeding 
6 h. r6 m. the lateft fiin-retting at %, by 35 rn. 
lhews that none of the afternoon hour-lines are 
fuperfluous. And the 4 h. 13 m. from I11 k. 
44 m. the fun-riling a t  2 to VI1 h. 57 m. the 
fun-ding at d, belong to tlic other face of the 
disl; that is, to a dial declining 3CiQ from north 
to eafi, and inclining I s+, 

begin at 3,tnin. be P ore VIII. And to the late& 

E X A M P L E  111. 

From the fame data to find the fun's azimurk, 

If H, L, and D.are given, then (by Arr. 2. 
of Rule 11,). from. W, having found the altitude 
and its csmplement 2 d j and the arc P D (the 

dihnqc 



36%; 
difiance from the pole) being given ; &fay, As the 
co-fine of the altitude is to the fine of the dif- 
tance from the pole, io is the fine of the hour- 
diitancc from the meridian to the fine of the 
a&uth difiance from the meridian, 

et the latitude be 51' 30' nortb, the decli- 
nation 15" 9' fouth, and the time I1 h. 2 4  m. 
in the afternoon, when the fun begins to illumi- 
nate a vertical wall, and it is required to find the 
Fofition of the wall. 

Then, by the foregoing theorems, the com- 
plement of the altitude will be 8 1 ~  32/+, and 
P d the difiance from the pole being 1099 5: and 
the ltorary diRance from the meridian, or the 
angle d P 2, 36'0 
T o  log. fine 74.O 5 11 - 1.98464 
Add log. fine 36" 01 - 1.76922 

And from the fum - 1.75386 
Take  the log. fine 81' 32'5 1.99525 

fine 35", the azimuth difiance fouth. 
When the altitude is given, find from thence 

the hour, and proceed as above. 
This praxis is of fingular ufe on many OC- 

cafions : in finding the declination of vertical 
planes more exaAly than in the common way2 
efpccially if the trsnfit of the fun's center' is ob- 
ferved by applying a ruler with fights, either 
plane or defcopical, to the wall or plane, whofe 
declination is required.--ln drawing a meridian- 
line, and finding the magnetic variation.-In 
finding the bearings of places in terrefirial fur- 
veys; the tranfits of the fun over any place, or 
hjs horizontal difiance from it being obferved, 
together with the altitude and hour,-And 

5 thetlcc 

Remains -- - 1.75861 = log. 
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'thence determining fmall differences of longi- 
t u d e , h  obferving the variation at fia, &c. 

T h e  learned Mr. Andrew Reid invented an 
inltrament feveral years ago, for finding the la- 
titude at fea from two altitudes of the fun, ob- 
ferved on the fame day, and the interval of the 
'obfervacions, meafured by a common watch. 
And this inltrument, whofe only fault was that 
of its being fomewhat expenfive, was made by 
hlr. Jacyon. Tables have been lately cofnputed 
for that purpofe. 

But we may often, from' the foregoing rules, 
refolve the fame roblem without much trouble j 
dpecially if wc P uppofe the mafter of theihip to 
know within 2 or 3 degrees what his latitude is, 
Thus, 

AKume the two near& probable lim'its of the 
latitude, aird by the theorem N =  com- 

pute the hours of obfervation for. both fuppo- 
fitions. If one interval of thofc computed hours 
coincides with the interval obferved, the uef- 
tion is folved. If not, the two diitances o 9 the 
intervals computed, from the true interval, will 
give$ a proportional art to be added 'to, or fub- 

if more ex&neG is required, the operation may 
be repeated with the lacitudk already found, 

But whichever way the queition is folved, a 
pro er allowance is to be made for the difkrencc 

time bctween the two obfirvations. 

A+LD 
Id 

tra&ed from, one o P the latitudes airurned. And 

of P atitude a r i h g  from the fhip's oaurfc in the 
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Of tfie double horizontal dial; and tbc Babylonian 
and Italian dial$. 

TO the gnomonic proje&ion, ,there is fometimes 
added a Jtereographic projeCtion of the hour- 
circles, and the parallels of the fun’s declinationj 
on the fame horizontal plane; the upright fide 
of the gnomon being floped into an ed e, fiandd 
ing perpendicularly over the center o B the pro- 
jellion : io that the dial, being in its due pofition, 
the ihadow of thut perpendicular edge is a verti- 
cal circle pafiing through the fun, in the itereo- 
graphic projeltion. 

The  months being duly marked on the dial, 
the fun’s declination, and the length of the day 
at any tipe, are had by infpe&ion; as alfo his 
altitude, by means of a kale sf tangents. But 
its chief property is, that  it may be placed true, 
whenever the fun fiines, without the help of 
any other initrument. 

L,tt d be the fun’s place in the itereographie: 
projeaion, x d y  z the parallel of the fun’s dedi+ 
nation,. 2 d a vertical circle through the fun’s 
center, Pd  the hour-circle; and it is evident, 
that the diameter NS of this rojeaion being 

will pafs through ttie point d. And therefore, 
to give die dial its due pofition, ‘we have only 
to turn its gnomon toward the fun, on a hori- 
zontal plane, until the hour on the common 
gnompnic projehion coincides with that marked 
by the hour-circle Pd,  which paffes through the 
interfeeion of the ihadow 2 dwith the circle 6f 
the fun’s prefent declination. 

.The Babylanirop and Iialian dials reckon the 
Epurs, not from the meridian, as with u$J bua 

from 

Fig 3 e  

plaC.cd duly north and fouth, t R efe three circles, 



Of Dialilrg. 37 p 

f h n  the fun's rifing and retting. Thus, in It&, :&, 
one hour before fh-fer is reckoned the 23d h o ~ ,  
two'hours bdiore fun-fet the '22d hour; and ib 
of the reit.. And the hadow that marks them 
on the hour-lines, is that of the point of a Itile. 
-This occaGons a perpetual variation between their 
dials and clocks, which they indl correlt from 
Xime to time, before it arifes to any feiifible quan- 
tity, by fettine their clocks fu much faitcr or 
flower. And in &a$ they begin their day, and 
regulate their clocks, not from fun-fet, but from 
about midLtwilight, when the Ace Maria is faid i 
which corre&s the difference that would other- 
wife be betwech the clock and the dial. . 

T h e  improvements which have been made in 
all' forts of initriiments and machines for meafur- 
ing time, have rendered fuch dials of little ac- 
count. Yet, as the theory.of them is ingenious, 
and they are really, in foine refpeas, the beit 
contrived of any for vulgar 'uk, a general idea 
of their defcription may not be unacceptable. 

Let Fig. 5. reprefent an ere& dire& fouth wall, 
on which a Batyluninndial is to be 'drawn, fliewing 
the houri from fun-rifing; the latitude of' the 
place, whore horizon is parallel to the wall, being 
equal to the angle KCR. Make, as for a common 
did KG = gR (which is perpendicular to CR) the 
mdius of the equrnoEtia1 A?.?? ~1 draw RS 
Perpendicular to CIi for the itile of the dial ; the 
hadow of wtiofe pbint K is to mark the hours, 
When SR is fit upright on the plane of the dial. 

Then it is evident, that in  the contingent line 
42 2, the fpaces I< I ,  K 2, K 3, &c. being 
taken' equal co the tangents of the hourdifiances 
from the meridian, to the radius KG, one, two, 
three, &c. hour? afccr fun-riling, on the q u i -  
QQ&ial,day ; the fhddow of the point R will be 

B b' found, 
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foucd, at thef'e times, refpe&ively in the point9 

Draw, for the like hours after fun-riiingiwhen 
n the tropic of Capricorn W V ,  the 

ominon lines CD, CE, CF, &c. and at 
hours the ihadow of the point R will be 
in thofe lines re@e&ively. Find the fun's 

altitudes above the plane of the dial at thefe 
hours, and with 'their co-tangents Sd, SG, Sh 
&c. to radius $22, defcribe arcs interftaing the 
hour-lines in the points d+ e, f, &c. fo fhgl the 

1, 2, 3, &n 

be horizoneal, and the place for which it is to. 
ferve, And likewife, taking care to draw no lines 
but what are neceflary j \which may be done partly, 

'he moil ufeful however, a9 wef 

will be prc-jtaed geometrically into a itraigh! 
line. But thefe thEee points arc univcrfally the 

fin's . 
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fan’s &XS, one ,hour after fun-fet (or one,hour 
before fin-rife) on the equinoqial and ’ folRitia1 
days. The like is true of all ,ocher circles of 
dcclinatim, befide the tropics j and thcrcfbrt, 

h dials are truly marked by 
ired by the projeaions of the 

am rightly drawn, as in the 

otrefponding co-tangents of 
the fame center 8, for I, 11, 111, 

fter the fun is in the hori- 
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length of a ‘ d q  is 14 equinottial hours, the’urtA 
equ,al hour is then +$ or $ of a hour, that‘is, 
70 miiiutes; and the no&urnal hour is 50 mi: 
nutes. The  fir@ watch begins at VI1 (fun-ret) I 
the fecond at  three times 50 minutes after J viz, 
IX h. 30 m. the third always at ‘midnight ; the 
morning watch at $ hour paft 11. 

If it were required to draw a dial for,&ewin$ 
thefe unequal hours, or 12th parts of the day, 
we muit take as many declinations of the fun as, 
are thought neceirary, from the equator toward 
each tropic: and having computed ithe iun’s 
altitude and azimuth for $%, ts, &c. 
of each of the diurnal arcs belon the de- 
dinations affumdd : by thefe, the feveral points 
in  tlie circles of declination, .where the fhadow 
of the itile’s point falls, are determined: and 
curve lines drawn through the points of  a 
homologous divifion will be the hour-lines re- 
quired. 

Of the rigbt piachg of dials, and 
meridian line fbr the Yeplating 
watches, 

T h e  plane on which tlie dial is to ref$’ being 
duly prepared, and every thing neceffary for 
fixing it, you may find the hour tolerably exaa 
by d large equinottial ring-dial, .and ret your 
watch to it. And then the dial may be fixed by’ 
the watch at  your leifure. 

3 If you would Le more exall, take the fin’s 
altitude by a good uadranr, noting the precife 

compute the rime for the altitude obferved 
the rule, page 364) and kt the watch to a 
with that time, according to the fun, A 13 

the‘of’obfervation 9b y a c l o ~ k ~ o r  watch. T 

quadrant: 
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‘uadranf is very convenient for this purpok; 
8 r ,  by it you may take the! angle between the 
fun and his’iniage, refletled from a bakn of 
water : the half of which angle, fubtra&ing the 
refraEttion, is the altitude required. This if 
beit done in hummer, and .the nearer the fun is 
to the rime vertical (the.eaft or weit azimuth) 

better. 
a Or, in iummer, take two equal altitudes of 
the fun in the fame day ; one any time between 
7 and 19 in the morning, the other bctween 2 
atid 5 in the afternoon ; noting the moinents of 
thcfe two obfervatips by a clock or watch : and 
if the watch .fliews the obfervations to be, a t  
Y u a l  diftantes from noon, it agrees exa&ly 
with the fun if not, the watch muit be cor- 

y half the difference of  the forenoon and 
afternoon intervals; and then the din1 inay be 
fet true by the watch. 

~ U B ,  for example, fuppofe you have taken 
fun’s altitude when it was ao minutes paft 

VI11 in the morning by the watch ; and found, 
by obferving in the afternoon, that  the fun had 
the fame altitude IO minutes before IV;  then 
it is plain, that  the watch was 5 minutes too fail, 
for the fun: for 5 minutes after XI1 is the mid, 
dle time between VtII-  h. 20 m. in the morn- 
ing, and 111 h.’50 m, in the afternoon j and 
therefbre, to make the watch agree $th the fun, 
it mufi be fet back five minutes. 

A good pncridian h e ,  for regulating clocks A m ~ i -  
or watches, .may be had by the following me- diu# line; 
thod. 

Make a round hole, almolt a quarter af an 
inch diameter, in a thin plate of metal ; and fix 
the’plarc in the cop.of a fouth window, in fuch a 

13 b , 3  manner, 

375 

when t K e obfervation is made, fo much the 
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manner, that is may recline from thc zenith st 
an angle equal to the co-latitude of your place2 
as nearly YOU ca? guefs; for then, the place 
will face the fun direktly at noon on the equi- 
po&tiat days. Let  the fun kine ffeely through 
die hole int6 the room ; and hang a.plumb-line 
to the ceiling of the room; at leait five or fix 
feet from the window, in fuch a place as that the 
fiin"s rays, tranfmitted through the hole, may 
fall upon the line when it is noon by the c&k i. 
and having marked the faid place on the ceiling, 
take away the line. 

Having adjutled a flidibg 'bar 
groove, in a piece of wood about I 
and fixed a hook into the middle o 
the wood to the above-mentioned place on the 
ceiling, parallel to the fide of the room in which 
the window is: the groove and bar being to- 
ward the floor. Then, hang the plumb-line 
upon the hook in the bar, the weight or pluqt 
met reaching allnoit to the floor 5 and the w : A e  
will be prepared for faFther and proper adjuR;. 
ment, 

This done, find the true folar time by either 
of the two lait methods, and thereb regulate 

by the clock, when the fun fliines, move the 
fliding bar in the groove until the hadow of the 
plumb-line bifthti the image of rhe fun (made 
by hisrays tranfmitted through the hole) on the 
Boor, wall, or on a white fcreen placed on the 
,north fide of the line ; the plumrner. or weight 
at the end of the line hanging freely in a pail of 
water placed below it on the floor.-But becauk 
this may not be quite Carre& for the firfi time, 
on account chat the plummet will not fetde im- 
mediately, even in water i i t  msy be farther cor- 

6 re€ted 

your clock. Then, at the moment o t y  next noon 
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r&ed on the following days, by the above me- 
thod, with the fin and clock ; and To brought to 
a very great exaEtnefs. 

N, B. The  rays tranfmitted through the hole, 
will caR but a faint image of the fun, even on a 
white fcreen, unlefs the room be fo darkened 
that no fun-ihine may be allowed, to enter, but 
what comes through the finall hole in the late. 
And always, for fome time before theobj&va- 
rion is made, the plummet ought to be immerfed 
in a ar of. water, where it may hasg freely ; by 

which otherwife would be apt to continue 
.fwinging. 
As this meridian line will not only be fuffi- 

cient for regulating af clocks and watches to the 
true time by equatian tables, but 41fo for moil 
aftronomical. purpofes, I hall fay nothing of tha 
magnificent and expenfive meridian lines at 
Bologne and Row, nor of the better meth& hy 
which aRronamers obferve precifely the tranftts 
of the heaveqly bodies on the meridian, 

whic i means the line will foon become Ready, 

L E C T ,  yxr. 
Sbewitg bow to  calculate the man tivw f any Nb 

ar Fdl Moon, or Eclipfe, from tbe creation qfihc 
wr ld  io  tbe year oj' C;hriJ2. 5800. 

N the fallowing tables, the mea0 lunation is I about a zoth part of a fecond of time longer 
than its meafure as now printed in the laft 
edition of in aftronoiiiy 5 which makes the dif- 
ference of a i our and 30 rninures in 8030 years. 
-But this is not material, when only thc mean 
times are required. 

B b 4  P K E- 
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P R E C E D T S. 

TO $ad t h e  mean time of any New or Full Moon ijz 
my given year and month, ajftcr the Cbrgian 
&YO. 

I .  If the given year be found in the third 
column of the Tableoi' the moon's mean motion from 
the fun, under the title, Years bfore and after 
C H I2 I S T ; write out that year, with the mean 
motions belonging to it, and thereto join tlie 
given month with its mean motions. But, if 
the given year be not in the table, tak,e out the 
next leffer one to it that you find, in the fame 
column ; and thereto add as many complete years, 
as will .make UP the given year : then, join the 
given month, and all the refpeQive mean mo- 
tions, 

2. Colle€t tliefe mean motions into one fum of 
figns, degrees, minutes, and feconds ; remein- 
bering that 60 feconds ('1) make a minute, Go 
minures ( I )  a degree ; 30 degrees (') a fign, and 
1 2  figns (e)  a circle. When the figns exceed 
12, or 24, or 36 (which are whole circles) r@e& 
them, and fit down only the remainder; which, 
together with the odd degrees, minutes and 
ikconds already fet down, mutt be reckoned the 
whole i'um of the collctlion, 

3. Stibtra& the refult, or Turn of this collec- 
tion, from 12 l i p s ;  and write down the remain- 
der. ,Then, look in the table, under Days, for 
the next lefs mei111 motions to this remainder, 

and 
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and fubtralt them from it, writing down their 
remainder, 

This done, 'look in the table under hours 
(marked H.) for the riekt le& mean motions to 
this lafi remainder, and fiil>tra& them from it, 
writing down their remainder, 

Then, look in the table under minutes (mark- 
ed M,)' for the next lefs mean motions to this 
remainder, and fubtra& them from it, writing 
down their remainder. 

Laitly, look in the table underfeconds (mark- 
ed s.) for the next lek mean motions to this 
remainder, either greater or lefs j and againit it 

-you have the feconds anfwering thereto. 

4. And there times colle&ed, will give the 
mean time of the repiped new moon; which will 
be right in common years ; and alfo in January 
and February in leap years ; but always one day 
too late in leap years after February, 

EXAMPLE 
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E X A M P L E  I . ,  
Required the h e  Df new moon in September, I 764? 

(a year-not infcrtod in the table) 
Moon from fun. 

3So 

T o  the year after Ch$’s I 0 .’ ” 

birth I753  1 0  9 24 56 . 
Add compleat years I I 0 10 14 2 0  

The Turn of thefe mean motions is 
Wh+ch, being fuib. f‘rom a circle, 

I I 2 0 24 

?or - ..) - - I I Z O O O  
c 

Leaves remaining - 1 6  ‘7 59 36 
Next  lefs mean mot. for 26 days, 

fub, .. - I - IO Id ’57 34 

And there remains . - - 1 2 2  
N e x t  lefi mean mot. for 2 hours, 

fu b. .. .. I 0 57 

And the remainder will be - 1 5  
Next  lefs mean mot, for rq min. 

Cub. - - - ‘ 4  

Remains the mean mot. of I 2 fec. 4. - 
Thefe times, being colle&ed, would h e w  the 

mean time of the required new moon in Sep- 
tember J ’764, to be on the 26th day, at 2 hours 
2 min. r 2 fec. paft noon. But, as it is in a leap- 
year, and after February, the time is one day too 
late. So, the true mean time is September the 
n9h, at 2 m. I 3 fec. pait II in the afternoon. 

.r”--.----c-L 

/ 

N. B* 
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. N. B. The tables always begin the day at 
noon, and reckon thenceforward, to the noon of 
the day following. 

To@d the fiean time offull moon in any given ye@ 
and monlh apcr tbe Cbrgian A r a .  

Having colleAed the moon’s mean motion 
from the fun for the beginning of the given 
year and month, and CubtraRed their hum %from 
12 figlip (as in rhe former example) add 6 Ogns 
to the remainder, atid then proceed in all re- 
&eats as above. 

E X A M P L E  rr. 
Keguired the meun time offtrll moon in September 

I 764 ? 

Moon hrn iim. 
To the year after Chr$’s L 0 0 0 ’  

birth - I 7 5 3  10 9 14 56 
Add complete years I I 0 10 14 2 0  

And join Seprember - 2 22 21 8 

- 
(fum 1764) 

The fum of thcfe mean motions 

Which, being fubtraaed from a 
is - - - I t 2  0 24 

circle, or . x 2  0 0 0 

1 0  I 7  59 36 To which rctrnaindcr add 6 0 0 0  

- - 
- Leaves remaining 

And the fum will be - 4 17 59 36 

Brought 



Moon from fun. 
# 0 t '  

8 0  

Brought .over - 4 17 5 9  .36 

.' days, fubt, ' - 
And there remains - 3 53 4 2  

Next lcfi mean mot. for 1 1  - I 4  14 5 54 
5 ,  . - 

Next lefs mean mat. for 7 I 

3 33 20 l lo~rs,  fubt. - " L 

And the remainder will be - 20 22' 
Next IeCs mean mot. for 40 

minutes, fubt. - 
' fiemains the mean mot. for 8 

3 feconds - - " 

So, the mean time, according to the tablesI 
'is the I rth.of September, a r 7  Iioure40 minutes 
8 fcconds pafi noon. One day too late, being 
after February in a leap-year. 

And thus may the mean time of any new or 
full moon be found, in any ycar after the Chriitian 
&ra, 
To j n d  the mean time of ne mtwn in an2 

g i t p  year and month Sfore ;an 
I f  the given year before the year of CHRIST 

I be found i n  the third column of the table, under 
the title 2"s .&@re andafter CHKIS'I:, write it. 
our, together with the given month, and join the 
pican motions. But, if the givcn year be not in 
the table, rake out the next greater one to it that 
you find ; which being itill farther back, than the 
given year, add as many' coinpleat years to it as 
will bring the tinrr fLt ward to the given year$, then 
join the month, atid proceed in allref)e&s as above. 

E X A M *  

- 
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E X A M P L E  111. 

Required themem time cf .new moon b Mag., ths 
yep bfore Cbr@ 5 8 5 ? 

The  next greater year in the table is.600; 
which being 15 years before the gben year, 
add the mean motions for I 5 years to thofe of 
600, together with thofe for the beginning of 
May. 

Moonsfrom fun. 
B O  r N  

To thc year before Chr$ Goo 5 I I 6 16 
Add compleat years motion T 5 6 o 5 (I 24 
And the mcan motions for May o 22 53 23 

The  whole film is - - 0 4 5 5  3 
Which, being fubt. from a circle, 

Leaves remaining 
Next lefs mean mot. for 2 

fubt.' - 
And there remains * 

Next Iefi mean mot. fo 

And the remainder will be - I 37 

fu bt, - 1 31 

- 
- - - I 2 0 0 0  

1 
or 

.._ . fubt. .. -- .. ...a 

Next lefs mean mot. for 3 min. - - .. 
Rem. the mean mot, of 14 fe- 

conds - ", c c 6 



So, the mean time by the tables, was the 
29th of Ma)., at 3 hours 3 min. 14 fec. palf: 
noon. Aday later than the truth, on account 
of its being in a leap-year. For as the year of 
C H R I S T  I wag the firfi after a leapcayear, 
.the year 5 8 5  before the year 1 was a leap-year of 
courfe. 

If the given year be after ;he Chrittian Bra ,  
divide its date by 4, and if nothing remains, it: 
is a Ieap-year in the old ftyle. But if the given 
year was before the Chrifiian E r a  (or Year of 
CHRIST I )  fubtratt one from its. date, and 
divide the, rempinder by 4; then, if nothing re- 
mains, it was a leap-year j otherwire not. 

ro jhd  dether the fun is ec&jd at the time o f a q  
given change, or the moon P t  any given fuU. 

From the Tdle of the fun'.r mea@ motion (or 
diik+nce) from the moon's gcending node, calleEt: 
the mean motions anfwering to the given t h e  ; 
and if tbe refult hews the fun to be within 18 
degrees of either of the nodes at the time of new 
moon, the fua will be eclipled at that time. Or, 
if the refult kcws the fun eo be within I z degrees 
af either of the nodes at the time of fuU Toon, 
the moon will be eclipred at that time i n or near 
the contrary node ; otherwife not. 

Q f d q f i ~ ~  

E X  A'M- 
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E X  A M  P LnE IV. 
The moon changd on the 26th of ScptembeP. 4764, 

at 2 h .  2 tlp. (negleflhg the Jeconds) rtftar now. 
(See Example 1.) q u .  Wbether the Jh was 
eciipjd at tbat time? 

Sun from node, 

birth - 1753 I e8 o x9 
To the year after Chrg's 

Add compleat years ' I I 7 356 

8 12 a2 49 
(fum 1764) September c. 

26 days - e7 0 '3 
5 12 

5 

$ 0  

- - - 
And[ 2 2 hours minutes - - 
SUP'S diitance from the afcending 

6 93234 L node c 

Now, as the defcending node i,s jufk OF ofite 
to the afcending'(viz. 6 Ggns diitant from I t  5 and 
the tables hew only how far the fun has gone 
from the afcending node, which, by this cram- 
ple, appears to be 6 figns 9 degrees 32 minutes 
34 fxonds, it is plain that he mufi have then 
been eclipfed; as he was then only go 32' 34." 
fhort of the defcending node. 

E X A M -  



F X A M P L E  V. 
The moon full on the I I th of Septmter, I 7 64,. 

(See Example 11.) 

Sun froin node. 

at 7 h. 40 mine pnJZ noon. 
q u .  Whether @e was ecliged at that time ? 

To the year after ChriJZ's s o  "' 
birth - I753 I 28 0 19 

Add compleat years I I 7 2 3 5 6  

(fum 1764) 
September - - 8 12 22 49 - And days L. 1 1  25 29 

I 44. 
7 hours - I 8  I 1  

.. 40 minutes - - --- 
Sun's difiance from the afcend- 

ing node - - - 5 24  I d  28 - 
Which being fubtrafled from 6 Ggns, leaves 

only 5" 47' 32" remaining; and this being 211 
the @ace that the fiin was fliort of the defcend- 
ing node, it is plain that the moon mufi then 
have been eclipicd, becaufe h e  was jufi as near 
the contrary node, 

E X A M -  



B e  Calculation Df Eclipjs. 

E k A , M  P L E VI. 

q. W h e t h e r  the fun was echjyki ia May, thc year 
6efore CHRIST 585 ? (See Example 111.) 

Sun from node. 

g #9 23 5$ 

complete years - 9 19 27 49 
4 4 37 57 

29 days - I 3  7 ’ 0  
7 48 

I Q /  / I  

To the year before Cbrg 600 - 
Add the mean motion of 15 

- - 
Add ray 3 hours - 111 

3 minutes (neglraing 

Sun’s diltance from the aftend- 

Y 8 the fkonds) - 

ing node - I 

0 3 44 43 

Which being lefs than 1 8  degrees, hews that 
the fun was eclipfed at that  time. 

This eclipfe was foretold by Thales, and isrhaie,v8 
thought to be the eclipfe which put an end to theeclipfe. 
war between the Medes and Lydians, 

The times of the f h ’ s  conj#n&Zon with thewhen 
ROdeS, and confequently the et&$? month of 
given year, are eafily found by the Table oftj-epc,, 
Jun’s mean motion from the moon’s @ending node j 
and much in the fame way RS .the mean’con- 
junaions of the fun and moon are found by the 
table of the moon’s mean motion from the fun. 
For, colle& the fun’s mean motion from the 
node (which is the lime as his difiance gone 
from it) for the beginning of any given year, 
and fubtrafl it from 12 figns; then, from the 

c c  remainder, 



388 To $hd when /here nzuJ de Etlt$$~ 

remainder, fubtra&~the next lefs mean motions 
beloiigirig to whatever inotath you find them in 
the table ; and froin their remainder fubtra&t the 
next lcfs.mean motion for days, and fo on for 
hqurs, and minutes; the refult of all. which will 
h e w  the time of the fun’s mean conjunRion with 
the qcetaditig node of the moon’s orbit. 

E X A M P L E  VII. 
Reguired the time of ‘the JuniJ coilj2mnDion with the 

ascending node in the year x 764 ? 

Sun from node, 
To the year after ChuiJZ’s 8 0  I l t  

birth - 1753 I 28 0 I9 
Add compleat years - 1 1  7 2 3 56 

Meandift.atbeg.ofA.D.1764 1 9 o 4 15 
SubtraEt this difiance fiorn a 

circle, or - 1 2 0 0 0  

7 

And there remains - 29 55 49 

And the remainder will be ‘ 28 39 6 
days, fubtra& - 28 2 $2 

36 34 
hours, fubtra&d - ,. 36 21‘ 

Next lefs mean morion for 
March, fubtraR - 2 I 16 59 

Next 156 mean motion for 27 

And there remains - 
Next lefs mean motion for 14 

Remains (nearly) th  
xkn of‘ 5 LmiPut$s - I 3  

r: . L ’  

Hence’ 



Tbe Period and Return 0s Ecl$$s. $Sli 
Hence it appears, that the .fun will pafi by 

Hie moon's aJceading node on the 27th of March, 
at 14 hours 5 ininures pail noon; viz. on the 
28th day, at 5 minutes pail I1 in the indrning, 
according to the tables: but this being in a 
leap-year, and after February, the t h e  is one 
day too late. Confequendy, the true time is at 
5 min. pail I1 in the morning on the 27th day ; 
at which time, the defcending node will be di- 
re&Iy oppofite to the fun. 

If 6 Ggns be added to the 'remainder a r i h g ,  
from the firit fubtrafiion (viz. from I 2 Ggns 
and then the work carried on as in the lai 
example, the refult will give the mean time of 
the fun's conjunEtion with the defcending rrctde, 
Thh, in 

' 

I 

E A M P I,, E VIII; 

Ye $)id whcn the fun will l e  in conjunCdion witb t4t 
de fcending no'de in the year I 7%4 ? 

Sun from node. 

birth - ,1733 1 28 0 '9 
Add compleat years 1 1  7 B ' 3  56 

M, d. fr: afc. n. at beg, of 1764 y ro 4 15 
SubrraCtthisdifiance tiom a'cir- 

cle, or I i 2 o u o  

TO rlie year after C~&~S i o  I / #  

- 

And the remainder will be - 2 29 5.5 49 

And the fum will bc - 8 29 3 5  45 

C C 3  - Brought 

T o  which add half a circle, or 6 0 0 0  
i 



Tbe Period and Return of Ecliges. 
Sun fr. node. 

8 29 55 45 

17 32 56 

fubt. * 16 37 4 

And the remainder will be - 5 5  52 

, 4e / I  

Brought over -c 

Next lei3 mean mot. for Sept. fubt. 8 12 p a  49 

And there remains - 
Next lefi mean mot. for 16 days, 

I 

Next lefi mean mot. for 21 hours, 
* fubtra&ed - 

9 me‘an mot. of 

54 32 

1 2 0 ,  

-- . .  
7 -- 

So thar, according to the tables, the fun will 
be in conjunEtion with the d&viding node on the 
16th of September, at 21 hours 31 minutes pa& 
noon : one day later than the truth, on account 
of the leap-year. 

The 1i- When t h e  moon changes within I 8 days be- 
mits of fore Qr after the fun’s conjunliion with either oE 
4 t p / c r -  the nodes, the fun will be ticlipfed at that change : 

and when the moon is full within 1 2  days before 
or after the time of the fun’s conjunlkion with 
either of the nodes, ke will be eclipfed at that 
full : otherwife nor.. 

If to the mean time of any erlipfe, either of the 
fun or moon, we add 557 Julian years 21 days 
18 hours I I minutes and 5 I feconds (in which 
there are exanly 6890 mean lunations) w e  hal l  
have the mean time of another eclipfe. For at -  
the end qf that time, the moon will be either 
new or full, according as we add it to the time I 

of new or full moon j and the fun will be only 
4$!’fartlier from the fame node, at rhe end of 

4 the 

Their pe- 

reltitu- 
tion, 



The Period and Return of Eclijjs. 391 
the 6id t i n q  than he was at the beginning of 
it; as appears by the following example*.' 
Th,e period. Moon fr. fun. Sun fr. node. 

500-3 5 3% 47-10 14 45 8 
40-8 25 50 37- r 23 5 8  49 
17-3 2 QI 39-10 28 40 15 
21-8 16 o 21- 21 48 38 

9 83s- 46 44 

Compleat 
Years 
days 
hours 18- 
minutes I I -  5 35- 29 

' feconds 51- 26- 2 
Mean motions -0 o o 0- o o o 45 

And this period is fo very near, that in 6000 
years it will vary no more from the truth, as to 
the rcfiitutioii of eclipfcs, than 8) minutes of a 
degree j which may be reckoned next to nothing. 
It is the fhortelt in which, after many trials, I 
can find fo near a oonjun&ion of the fun, moon, 
awl the fame node. 

* Dr, HALLBY'B period of'cclipfer contains only I 8 yean 
I X  days 7 houm 4 minutes 20 ficonds; in which time, 

but, as in that time, the fun's mean motion from the nodo 
i s  no more than I I' 2 9 0  3r' 49", which wants 38' 1 1 ~ ~  of 
k i n g  nearly iq conjunction with the fame node at  the. 
end ot' the period, as it was at  the beginnin ; this period 
Cannot be of conRant duration for findiqg ectpfes, becaufo 
It will in  time fall quite without their limits, The follow- 
ing tlrblcs make this period 31 fccoqds fhorter, aa appears br 
the followin4 calculation, 

# CI 5 0 " '  s :o 1 

pccording to his ta il lea, there are juit 223 mean lunations: 

The period. Moon fr, Fun. Sun fr. node. 
s o '  " 8 0 "' 

Compleat e m  l a p  
hours 
minutcq 
fcc. 



A fable of. Mean Zunntiaw. 
This table is made by the continual nddition 

Moon fromfun. 

4000 I 14 22 I 2  

(I , I.. 

arid month whatever. 
' I?, H. M. S, 

heie are. 3z.+ 20 4 34 
354 8 48 37-16.  
,j.$ 21 32 40 239 

to be in the y ta r  with March, 
to avoid the incijnvenience of Jl lo ng a day by miftoke in 
ldp-y+: + , 
I....c / 

Year's 



A Table Ofthe Moon's mean Mot& from the Stin. 4 s ; ~  



9 3 '9 43 7 
to 4 I 54 27' 8 
r I  4 14 s 54 9 
t2 4 26 I zd xo 

15 6 2 51 40 13 
r6 6 15 3 7 44 

6 27 '4 34 r5 
7 g 26 0 16 

[9 7 21 37 27 2 
~d 8 3 48 54 i 
ix 8 16 o 21 19 
L2 n 28 47. 20 
13 9 IO 23 14 21 
!4 9 22 34 4' 22 
V I 0  4 46 7 23 
16,ro 16 57 39 24 

IO 29 9 I 25 
; g l I  1 1  PO 27 26 
!9IX 23 31 54 27 
$0 0 5 43 21 28 
I*  0 '7 54 47 29 
jz I o 6 15 30 

I Lunrtion=agh szh 
In  leap Years, attrr Fcbrt 

13 5 8 2 z 47 '1 

14 5 2.0 40 14 12 

il 

I_ 

2 32 23 35 
3 2 52 36 
3 33 20 37 
4 3, 49 .38 
4 34 18 39 
5 4 46 40 
5 35 15 41 
6 5 43 42 
6 36 12  43 
7 6 41 44 
37 9 45 

3 b '  46 

9 835 4 
9 39 4 49 
10 9 32 50 
IO 40 I 51 
I I  i o  30 52 
I f  40 58 53 
12 1 1  27 51) 
12 47 55 55 
13 12 24 56 
13 42 53 57 
14 13 21 58 

Y cars 



4 Z+& of jbc Sun's mean Motion porn tkre .Moon'j ' 
@ending Node, 3,s 

8od after pleat --- 
7 6 '7  9 11 
0 I1 4'55 12 

~ 9 10 35 11 13 
6 IO 5 28 14 
3 9 35 44 

0 9 29 48 11 
4 24 26 49 18 
9 9 23 51 '9 
I 24 20 53 2 0  

I O  2'4 14 56 , 
6 9 ' 7  54 

3 g I 1  58 80 
7 e4 .8 .59  I W  
Q g 6 'I poo 
9 24 3 3 300 
9 9 Q 4 40° 
r.23 51 6 500 
6 a 54 8 Iooa 

I O  23 51 g 2000 
g 8 36 18 3030 

7 24 33 46 :i 

'g 

Days, 



6 sun from nude.’ 
w 

w v) . 0 ’ ’ ?  

I o I 2 19 

3 0  3 6 5 7  
4 0  4 9 1 6  

6 o 6 13 54 

8 o 8 1 8  32 
9 0 9 20 5 ‘  
IO -0 ro 23 10 
3 x  0 11 25 29 
12 o 12 27 48 
13 o 13 30 7 
’4 0 I4 32 26 
15 0 15 34 15 
16 o 16 37 4 
‘7 0 ‘7 39 23 
18 o 18 41 41 
19 0 19 44 0 
20 o 20 46 I 
21 o 21 48 38 
27. o 22 50 57 
23 o 23 53 16 

25 0 25 57 54 
0 13 $ : j3 2 32 

28 0 29 4 51 

30 I I 9 29 
31 I 2 1 1  

* 2  0 2 438-- 

5 0 5 I 1  36 

7 0 7 16 13 

24 0 24 55 35 

20 I o 7 i o  

I N D E X .  

Sur1 from node. Sun from -- 
M: ‘ I’ *” 
s. ’ ”’ ”” 
‘1.h. %‘‘I ”” V 

1 o 2 3 6  31 1 2 0 3 1  
2 o 5 1 2  32 1 2 3  7 
3 0 7 48 33 J 25 43 
4 o IO 23 34 I 28 s 
5 0 12 59 35 I 3’ 55 
6 o 15 35 36 I 33 31 

o 1 8  I J  37 I 36 6 

9 0 23 23 39 141 18 
IO o 25 58 40 I 43 54 
1 1  o 28 33 41 I 46 36 
12 0 31 q 42 * 49 5 
‘3 0 33 4s 43 1 5 1  41 
14 o 36 21 44 I 54 17 
15 0 38 57 45 1 56 53 
16 o 41 32 46 I 59 29 
1 7  0 44 8 47 2 2 5 
18 o 46 44 48 2 4 4r 
19 o 49 20 49 2 7 1 7  
20 o 5 1  56 50 2 9 53 
21 o 54 32 5 1 ,  2 12 29 

23 0 59 43 53 2 1 7  47 
24 I 2 19 54. 2 20 1 7  
25 I 4 55 55 2 22 53 
26 I 7 3’ 56 2 25 29 

28 I 12 43 58 2 30 4” 
29 1 15 9 59 2 33 16 

I-I. 0 ‘ ‘ 
M. ’ ” ”’ 

8* 4“ ~ i r  ‘S. 
-- - 

22 0 57 8 S2 15 5 

27 I IO 7 57 2 28 4 

32 I 3 14 47h 
I n  ]cap ycdrs, 

30 77 55 60 2 35 52 
nlrcr P’cbru;iry, add one day and one 
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' ADyl tc ra t ion  of metals, to de& 

Air, its properties - 
I79 - exprriments upon it , - 

'&der en (Mr:) his engine for raifing water 182-200 
205 
249 - of rcfleLtion 
205 - of refratlion - - 
267 4 i t m i  - - I_ 

250 
ArcQiiizP&s, his propofition for finding the area of a 

circle, and the folidity of a cylinder r d e d  upon &at  
'39 . circle - - - for finding tbe deceit in king Iihro's crown 153 
31% 

Acmofphere, its whale weight upon the earth 170 
6 
8 

303 
B 

50 
17% 

Rodies moving in  orbits have a tendensy to fly off from 
30 

h i e s  move fafter i n  finall orbits than in large ones 3~ - their ccntrifiigal forccs - ib. 
k~ri,ing-g~ares, the forcc of thcir heat 

Camera obfcura - - 
35 
13 

carte/urr vortexes, abfurd 
Center OF gravity - - the curves defcribcd by bodies moving round it 25 
kentral forccs - '9-4f 
Circles of the fpherc L.ll 25r 

289 Climate - - 
fhoured bodics, which are tranfparcnt, become opakc 

if put  together I 245 
Fotures - *  w 297 

Con-. 

Air pump - - 
- - - Aog { e, of inciticrice 

Appwent tnotion of the heavens - 

;t\nnillary fphcit - - 
-dttrattion, -of CoIrufion - - of-paeltation - 
7 of qgnetil in __. 

Azimuth L.--. c1_ - - of eleilricity ?_ 3 I 

t k Z i e r  - - I_. .1 

their orbits cL_ - 
208 

238 
m c  - - 



X N D E X  
Combined forces, their &e& - 3t 
Common pump 71 7 

ConQellations )"*----. 7 

Cranes - - 84- 5) 

175 
D 

Damps - 
Danger of people's rifing hafiily in 9 coach or boat when 

I6 
nays lengthened by the refraaion of the fun's rays 204 
Declination of the fun and ftars .-- 300 
Defcending velocity, gives a power of equal alcent 12 

a_T 31 6-377 Dialing - 
Pouhle projeaile force, a balapce to a quadruple powet 

27 

45 
E 

Earth, its motion dcmonftrated _-- proof of i t s  being globular 

3 4' 

;# 
- 

i t  is likely to be overfet - 

of gravity - - 
Earthquakes --- -- 
Bclipfeq - - 
EcI i pt ic - 
Ele&trici ty T 3 
Engine (any mcchq~ical) how to compute &power 48 - for working pumps by water 
7- for raifing water by the firength of horfees 12 

310 Equation of time - -.I 

7- 249 SquinotttiaI 111 

Eye, defcrjbed -- - U T  ?.I$ 
F 

Face of the hcaycn gnd earth, how reprclentcd in 8 
machine L ."-) 248 

cn 176 Fermeptationg - 
I77 Fire-damps 7 

Fluids, their preffure -- 101 - 143 Fire engine c-. 

Forces, central - ?g-4l* - cambincd I 21 
Forcing pump - '  - 12% 
Foundiition principle of all mechanics 47 
Fountain at command I 16 
Frigid Z O ~ C S  - 274 

Gold, haw much heavier than its bulk ofwqter 155 
Gold-beaters, to what a prodigious extent they can 

- 
;is ---, 

248 
12$ 

I .. r 

G 

hammer out gold - 



I N D E g .  
Qlafs, the fhapes into which it is generally ground fot‘ 

207 

- decreafes as the fquarc of the diitance incrtafes xo 
H 

hnd-mi l l  - 8r 
306 NarveA moon 11_.1 

250 Heavens, their apparent motion - 
25 f Horizon, fenGble and rational - 

Horfe-mill - 82 
cc - - I 26 

253 Hour-circles 
Hydraulic engines I 12- I 3 4  

I54 
’04 
107 

optical d e s  - - 
24$ 

Globes, their ufe - 
Gravity - - 

I_ - PU?P 

Rydroitatks - 101-1 io 
Hydrofiatic balancc - - paradox + - - - tables - - 135446 
?na&tivity of matter - .  2 

59 Inclined plane - - 
5 lnfinite divilibility of matter - 

1x7 Intermitting fpriiigs - 7 
K 

Kepler’s problem concerning the fquarcs of the periods 
and cubes of the diitances of the planets 34 

L 
Latitude, how found - 

23 Laws of the planets motions 
h a d ,  how i t  may be made to fwim in water 109 
Lewenbosk, his account of the number and h e  of the 

fmall animals in the milt of a cod-fiih 4 
Leafcs, their properties - ’ 207 

49 Lever, its ufe - - 
t igh t ,  the amazing ftnallncfs of its particles 203: - reAeaed - 202 - refraoed 203 

13 ,L ine  of dire&ion - - 
17 Loaditone, its properties 7 

Long (Rev. Dr . )  his curious experinelit with 3 con- 
a=? 
31% -- his @ais fphcre - 

Looking- 

- bellows - - 
I 

113 39,6 
II- 

cave mirrour - - 



I N D E X .  
Lookihg.glafs - 
Magnetifm - 
--- need be only half the len 

breadth of a man, to h e w  him his w 
M 

Man, how he may raik himfclf up by his breath 108 
-of a middle fizr, how niuch he is preffed by the 

17'  
Matter, its properties 7 1-19 

49 -- all combined in one etigine 70 

4 - 
atmofphere F-. 

Mechanical powers - 
Metals, expand by heat - 

I S  
Microfcope, fingle I - 218 --- double II------.. ib. 

219 -- folar - 
7 1-80 Milk for grillding corn - 

mirrours, how they reflea the light - 221 
I 7 4  Monfoons - CI) 

Moon, the law of her motion - 3, 24, 25 
29 Motion (all) naturally reailineal - 

237 I 

Multiplying glafs - c-- 

Nmfiam's engine for extinguifhing fire *- 124 

glafGes - - 2 Io 

iAages arc inverted in the eye - 214.' 

feme telekopes -- -- 
upon i t  is loit - 

'$ their fpecific gravities - 

N 

0 
ObjeAsd how thcir 'images are formcd by meam of'  

L why they appear ere&, notwithitanding Tkir 
*ru--- why they appear caloured when feeti through 

232. - 240 Opera-gla is - 
Optic nerve, why that part of the image which falls - 215 

P 
Badmovc (Mr. 1 his improvement of cranes 89 
Periceci - - 26j 
Peflan wheel 3 152 

98 Pile engine - 7 

Planetary motions (the laws thereof) - 23 

15 * 
B Precept$ 

Poles of the earth and heavens - 249-43 - -m Polar circles 
Poroiity of bodies 



I N b E X  

Precepts for calculating the mean titpe6 of ncw and fulk 
377 
243 Prilmatic colovrs I_ . -  --- make a white when blended together 245 

57 
Pump, common 3 '3 . 117 

qopn,s and eclipfcs ..- I 

puiiv - - - 
- forcing - - I  122 - engine to work by water 
+---A- by horfes - I2 
Pyrometer - - IS 

Q 
Quantity of matter in bodies, is in exqa proportion to 

their weight - - 
z7r Quickfiver its weight ' - - 

R 
246 Rainbow - - - 
2ot Rays of light - LI 

7 RepulGon .- .LI I 

300 Right afcenfion - - 
141 Running water, its weight - 

§ 
Sails of a wind-mill, their proper form and angle 82 
2-T-c-- their incredible velocity, 83, 84 
Screw, its power - - -68 
J fhewp by a machine c_ ib. 
Seaibns, how they may be fiewn by a finall glabtr 257 - 255 si ns of the zodiac I - 
Sifter, how muc$ heavier than its b,ulk of water 15s 
&lure (Dr.) his dangerous exporilncnt I-c 200 
Solidity of matter - - 

153 Specific gravities of bodies 7 
SpeEtacles, why Come eyes require them 
Spirituous liquors, to know whether they are genuine 

.rr* I 60 
Opouting fluids - 

'43 Steam (or fire) engine - 
51  steelyard - - - 

Sun, sppears abqve the horieon when bc is really be- 
204 
113 Syphon rrcc ---cI 

T .  
I 1x5 Pantalus's cup * 

79 Table for mill-wrights - - of the quantity of water that may be raifcd to any 

Table 

1 2 i  
I 

1 0  

I 

2.' 7 
~k not c - 

(CI 11s 

'low i t  c c 3".. 

given height by a common pump - I22 



I N b E E .  
Tabfe of fines for the elevation of water pipes i@ - of the quantity and weight of water in a pipe 

of a iven length and diameter of bore 135-146 

' 158, '59 - of fpecific gravities - 
-.+ of troy weightreduced to avoirdtipoire 165 -- of avoirdupoife weight reduced to troy 166 
--c of the rarity and expanfion of air - 170 
.I- of the miles in a degree of longitude in all 

27' - of the fun's place and declination 340-345 
Tables far calculating new and full moons and eclipfes 

384 

274 Temperate zones -.-. - 
Thermometer - .--. 161 

176 Thunder and lightning rL ..1 

170 Toricellian experiment I - 
274 Torrid zone - L- Y 

I 7 3  Trade winds 4 rl ry 

Tropics II L L, 256 u v  
Up and down, only relative terms --.. 248 
Velocity of fpouting fluids c X I 1  
V ifion, how caufed - - 211 

17s Vivifying fpirit in air - - 
W 

Water, how conveyed over hills and valleys 1x3 
71 Water-mills c 

Wedge L c L. 62 
55 Wheel and axle .I -3 

9O Wheel-Carriages - 
WhirIing table c - - 28 

1 3  Winds, the caufe of 
Wind-mill - L. - 

. WDod, though light, may be made to lie at  the bot- 
tom of water - - - 1x0 

World has a tendency of itfelf to come to an end 4441 

299 
2 

Zodiac c. I I 

Zones - (I L - 274 

A SUPPLE- 

- of the power of the itearn-engine - 151 

- - lati tudes I 

Telefcopes, refraaing and refletling 9.27-232 

I L 

.I 

- L - I I I  

z2 

- 
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'A 

S U P P L E M E N T  

T O  T H E  ? R E C E D I N O  

L E C T U R E  is, 

M E C H A N I C S, 

WE cornman crane confifis only of 4 
large wheel and axle ; and the ropel by T which goods are drawn up from ihips, 

or let down from the quay to them, winds or 
coils round by the axle, as the axle is turned b , 
men walking in the wheel. But, as the P c 
engines have nothing to ftop the weight fiom 
ninning down, if any of the men happen to trip 
or fa11 in the wheel, the weight defcends, and 
turns the wheel rapidly backward; and toires the 
men violently about within it ; 
duced melancholy infiancts, no 

D d ?  broke, 



4 M'E C H A N I C S. 
broke, but even of lives loft, by this ill-judged 
conitruEtion of cranes. And befides, they have 
but one power for all forts of weights; fo that 
they generally fpend as 'much time in raihng a 
Emall weight, as in raifing a great one. 

Thefe imperfe&tions and dangers induced me 
to think of 3 method of remedying them. And 
for that purpofe, I contrived a crane with a 
proper flop to prevent the danger, and with 
different powers fuited to different weights ; io 
tha t  there might be as little lofs of timeas pof- 
Gble: and alfo, that when heavy goods are let 
down into hips, the defcent may be regular and 
dqliberate. ' ,  

This crane has four different powers : and, I 
believe, it might be built in a room eight feet 
i n  width : the gib being on the outlide of the 
room. 

Three trundles, with different numbers ,of 
Raves, are applied to the 'cogs of a horizontal 
wheel with an upright axle ; and the rope, that 
draws up the weight, coils round the axlt. T h e  
wheel has 96 cogs, the largeit trundle 24 fiaves, 
the next large@ has 12, and the fmalleft has 4.' 
So that  the largeit trundle makes 4. revoht ips  
for one revolution of the wheel ; the next makes 
8, and the fniallefi makes 16. A winch is 
occafionally pur upon the axis of either of thefe 
trundles, for turning it ; the trundle being then, 
ufed that gives a power befi fuited to the weight : 
an4 the handle of the winch defcribes a circle in. 
every revolution equal to twice the circum- 
ference of the axle of lthc wheel. So that the 

length 
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length of  the winch doubles the power gained by 
each trundle, 

As tlie power gained by any machine, or en- 
gine whatever, * is in dire& proportion as the 
velocity of the power is to the velocity of the 
weight i the owers of chis crane arc eafily e& 
mated, and t R ,  ey are as follows. 

If the winch be put upon the axle of the 
largeit trundle, and turned four times round, 
the wheel and axle will be turned once round : 
and the circle defcribed $by the power that turns 
the winch, being, in each revolution, double the 
circumference of the axle, when the thicknefi 
of the rope is added thereto; the power eoes 
through ejght times as much space as the' weight 
rifes rhroufh : rand therefore (inakin fome 
allowance or friaion) a man will raif eight 
times as much weight by.the crane as he would 
by his natural itrength without it : the power, in 
this cafe, being as eight to one. 

If the winch be put upon the axis of the next 
trundle, the power will be as fixteen to one, becauk 
it moves 16 times as fafi p the,weight moves. 

If the winch bh put upon the axis of the 
fmalleR trundle, and turned round ; the power 
will be, as 32 to one. 

But if the weight fhould be too great, even 
the power may be 

the weight by one of 
,going under a pulley 
rch is hooked to the 

weight below the arm of the gibi and then the 
D d  3 power 
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poyer will be as 64 to one.. T h a t  is, a man 
could then raife 64 times as much weight by the 
crane as he could raife by his natural Ltrength 
without i t ;  becaufe, for every inch that the 
weight rifes, the working power will move through 
64 inches. 

. By hinging a block with two pullies to the 
arm of the gib, and having two pullies in the 
moveable block thar rifes with rhe weight, the 
rope being d ~ u b l e d  over and under thde pullies, 
the power of the crane will ber as 128 to one. 
And f9, by increafisgthe number of pdlies, the 
power may be increafed as much ahyou pleafe; 
always remembering, th,at the larger the pullies 
are, the lefs is their friEtion, 

While the weight is drawing up, the ratch. 
teeth of a wheel flip round4elow a catch or click 
that fqllq fuccdlively into' them, and fo hinders 
the cr;pnp from turning backward, and detains 
die weight-in any part of its afcent, if the man 
who works at the winch fliould accidentdlly hap- 
pen to quit his hold, or choofe to reit himfelf 
before the weight he quite drawn up. 

I n  order to let down the weight, a man pulls 
down, one end of a lever of the fecond kinds 
which- Iifrs the: catch of the ratchet-wheel, and 
gives the weight liberty to defcend. But, if the 
defcent be too quick, he pulls the lever a little 
farther down, fv as KO make it rub againit the 
outer edge of a round wheel ; by which means 
he lets down the weight as flowly as he plcafes : 
and,' by pulling a little harder, he may fiop the 
weight, if needful, ip any part of its defcent. 

9- l f i  
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If he accidentally quits hold of the lever, the 
catch immediately falls, and fiops both the 
weight and the whole machine. 

.This crane is reprefented in PLATE 1. 
where A is the great wheel, and B its axle dn 
which the rope Cwinds. I This rope goes .over 
a pulley D in the end of the arm of the gib E,' 
and draws up the weight F, as the winch G is 
turned round. H is the largeit .trundle, .Z' the 
next, and K is the axis of the finalleft trundlb, 
which is fuppofed to be hid from view by the 
upright fupporter L. A trundle M is turned 
by the great wheel, and on the axis of this 
trundle is fixed the ratchet-wheel N, into the 
teeth of which the catch 0 falls. P is the lever, 
from which goes a rope over a pulley R 
to the catchi one end "of the rope bung fixed 
to the lever, and the other end to-the catch. S 
is an eIaltic bar of wood, one end of which is 
fcrewkd to the floor : and, from the other eod 

oes a.rope (out of fight in the figure) to the 
further end o f  the lever, beyond the pin or axis 
on which it turns in the upright fupporter '2'. 
The ufe of this bar is to keep up the lever from 
rubbing againfi the edge of the wheel U, and to 
let the catch keep in the teeth of the ratchet- 
wheel : but a weight hung to the farther end of 
the lever would do full as well as the eldftic bar 
and rope. 

When the lever is pulled down, it lifts the 
catch out of the ratchet-wheel, by means of the 
rope 99 and gives the weight F liberty to 
defcend. u t  if the lever P be pulled a little 
farther down rhan what is fufficient to liFt the 
catch 0 out of the ratchet-wheel N, it will rub 

P d  4 againfi 

7 
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againft. the edge of the wheel U, and thereby 
hinder the too quick defccnr of the weight ; and 
wili quite fiop the weight if pulled hard, And 
if the man who pulls the lever, fhould happen 
inadvertently to let it go; the elaiiic bar will 
fuddenly pull it up, and the catch will fall down 
aqd fiop the machine, 

ty&' are two upright rollers above the axis 
or u per gudgeon of the gib E: their ufe is to 
let t R e rope C bend upon them, as the, gib is 
turned to either fide, iniorder to bring the weight 
over the place where it is intended to be let .  
down, 

I N. Bo' The roller4 ought to be fo placed, that 
if the rope I: be firetched clofe by their utmoR 
fides, the half thicknefs of the rope may be 
perpendicularly over the center of the upper 
gudgeon of the gib. For then, and in no other 
pofition of the rollers, the length of the rope 
between the pulley in the gib and the axle of the 
great wheel will be always the fiime, in all pofi- 
tions of the gib: and the gib will remain in any 
pofition to which it is turned. 

When either of the trundles is not turned by 
the winch in working the crane, it may be drawn 
off from the wheel, after the pin near the axis of 
the trundle is. drawn out, and the thick piece of 
wood is raifed a little behind the outward fiip- 
porter of the axis of the trundle. But thi i  is 
not material: for, as the trwpdle has no frjaiori 
on its axis but what is opfioned by its weight, 
it will be turned by the wheel without any &Q- 

iible refiltance in working the crane, 

A' pyro- 
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A PyrvMeter, that make$ the ExpanJicn af Metals 
Jy Hiat v@&e t o  tbe Jvc and forty tbotlJandtb 
Parc tf aH Iicb.' 

The upper furface of this machine is repre- 
fented by Fig. I .  of Plate 11. Its frame AB CD 
is made of mahogany wood, on which is a circle 
divided into 360 equal parts; and within that 
cirqle is another, divided into 8 equal parts. If 
the fhort bar E be puihed one inch forw'dr? (or 
toward the center of the circle) the index e will 
be turned I 25 times round the circle uf 360 parts 
(or degrees. As I 25 times 36d is 45,000, 'tis evi- 
dent, that if the bar E be moved only the 45,oaod th 
part of an inch, the index will move one degree 
of the circle. But as in my pyrometer, the circle 
is inches in diameter, the motion of the index 
is vifible to half a degree, which anfwers to the 
ninety thoufandrh part of an inch in the motion 
or puking of the ihort bar E. 

One end of a long bar of metal F is laid into 
a hollow place in a piece of'iron G, which is 
fixed to the frame of the machine; and the 

'other end of this bar is hid againfi the end of 
the ihort bar E, over the fupporting crofs bar 
HI: and, as the end f of the long bar is placed 
clofe againil the end of the kort  bar, it is plain, 
that if F expands, it will pufh E forward, and 
turn the index e. 

T h e  machine ftrlnds on four fhort pillars, high 
enough from a table, td let a fpirit-lamp be put 
on the table under the bar F ;  atid when that is 
done, the heat of the flame of the lamp expands 
the bar, and turns the index. 

There 
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There are bars of difPerent metals, as filvcr, 
brafs, and iron; all of the fame length as rbe 
bar P, for trying experiments on the different 
expanfioiis of dfbent metals, by equal degrees 
of heat applied to them for equal lengths of 
time; which may be meafured by a pendulum, 
chat fwings feconds. Thus, 

Put on the brafs bar F, aqd fet the index 30 
the 360th degree: then put the lighted lamp 
under the bar, and count the number of feconds 
in which the index goes rouad the plate, from 
360 to $50 again ; and then h'low out the lamp, 
and take away the bar. 

This done, put on an iron bar F where the 
brafs one was before, and then fee the index to 
the 360th degree again. Light the lamp, and 
put it under the irdn bar, ahd let it remain jufi 
as many feconds as it did irnder the brafi one ; 
and then blow it out, and you will fee how 
p a n y  degrees the index has moved in the circl;: 
and by that means you will know in what pro- 
portion the expanfion of iron 'is to the expanfip.n 
of brafs; which I find to be as 210 is to 360, or 
as 7 is to I 2.-By this method, the relative ex- 
panfions of different metals may be found. 

T h e  bars ought to be exaltly of equal fize; 
and< to have them io, they ffiould be drawn, like 
wire, through s hole. 

When the lamp is blown our, you will fee the 
index turn bacltwurd ; which h e w s  that the 
metal cotitra&s as it cdols, 

T h e  inlide of this pyrometer is coiifiriiCted 4s 
follows, 

i 

t 

In 
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I n  Rg- 2. Aa is the kosr bag which mottes 

between rollers; and, on the fide ct it has I S  
teeth in  an inch, which take into the leaves of a 
pinion B (IS in number) on whofe axis is the 
whttel C of IOO teeth, which take into the IO 
leaves of the pinion D, on whof'e axis is the 
%heel E of IOO teeth, which take into the IO 
leaves of the inion F, on the top of whofe axis 
i s  the index a ! ove-mentioned. 

Nowo as the wheels C and E have roo teeth 
each, and the pinions D and I;' bave ten leaves 
each ; it is -plain, that if the wheel C turns once 
round, the pinion F and the index on its axis 
will turn too times-.round. But, as the firit: 
pinion B has only 12 leaves, and she bar dri 
ghat turns it bas 15 teeth in an in&, which is 
I 2 and s fourth part more ; one inch +motion of 
Sl& bar will caufe the 1afi pinion P to turn a 
hundred times round, and a fourth part of a 
hundred over and above, which is 25. So that, 
if Act be pulhed one inch, F will be turned 125 
times round. 

A filk thread b is tied to the axis of the pinion 
D, and vbound feveral rimes round it; and the 
other end of the thread is tied to ,a piece of 
flender watch-fpring G which is fixed into.the 
itud H. So that, as the bar f expands, and 
pukes the bar Aa forward, the thread winds 
round the axle, and draws out the f ring; and 

thread, and turns the wor FI the contrary way, 
which pufhes back the fhort bar An againIt the 
long bar $: This fpring always keeps the teeth 
of the wheels in w n t d t  with the leaves o f  

the 

ff 

as the bar contra&, the f ring pul P s back the 
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the pinions, and fo prexents. any' h i k e  in .thg ' 
teeth. 

I n  Fig. I. the eight divifons of the inner 
circle are io many thouiaffdth,parts of an inch in 
the exganfion or contraaion of thi  [bars ; which 
is jut% one thoufandth part of an inch for each 
divifion moved over by the index. 

A Water-Mi& fnvmted 21y Dr. Barker, that has 
neither Wbeel nw Trundle. 

. This machine is reprefented by Fk. I. of 
Plate 111. in which, A is a pipe or channel that 
brings water to the upright tube 23. The  water 
runs down the tube, and thence into the hori- 
zontal trunk C, and runs out through holes at 
d and e near the ends of the trunk on the con- 
trary fides thereof. 

T h e  upright fpindle D is fixt in the bottom 
of the trunk, and fcrewed to it below by the 
nut g; and is fixt into the trunk by two crols 
bars atf: To that, if the tube B and trunk C bc 
ttirned round, the fpindle D will be turned 
alfo. 

'Ti; top of the fpindle goes fquare into the 
rynd of the upper mill-ftone H, as in common 
rriills ; and, as the trunk, tube, and fpindle turd 
round, the viill-Bone is turned round chete- 
by. The lower, or quidcent  mill-ttone is re-' 
prcfcnted 'by 1; and K is the floor on which it 
refis, and wherein is  the hole L for ietting.the 

meal 
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d e a l  run through, and fall down into a rrovgh 
which may be about M. The  hoop or cafe 
that goes round #the mill-ltone refis on the floor 
K, and fupports the hopper, in the coinmon 
way. The  lower end of the fpindle- turns in' a 
hole in the bridge-tree GF, which fupports the I 

mill-eone, tube, ryindle, and trunk. This tree 
is moveable on a pin at' 4, and its other end 
is fupported by an iron rod N fixt into it, the 
top of the rod going through the fixt bracket 
0, and having a fcrew-nut o upon 
bracket. By turning this nut for 
ward, rhe mill-itone is raikd or lowered at 
pleafiire. 

While the tube R is kept fill1 of water from 
the pipe A, and the-warer continues to run out 
frorn the ends of the trunk; the upper mill- 
fione r-I, togethir with the trtink, tube, and 
efpinclle turns round. But, if the hales in the 
trunk were itopt, no motion would cnCue ; even 
though the tube and trunk were full of water. 
For, 

If thcre were no hole in the trunk h ref- 
fire of the water, would be equal :;a;& all 

But, when the water 
Kas free egreC through the holes, its preffure 
there is enrirely removed: and the preffire 
againlt the pat ts of the fides which are oppofite 
to the holes, turns the machine. 

f 3  

arts of its fides within. 

H Y D R O -  
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A. Machine for demonJ2rating that, on equal Bot- 
toms, the Prefure $ Fluids is in Proportion to 
tbeiv perpendicular Ekigbts, witbout a 9  regard 

! to their quantities. 

N IS  is termed rtbe Hydropattical Pmvdox: T and the machine for ihcwhg ir is reprc- 
fented in Fig. i. of Plate 111. In which A is.a 
box that holds about a pound of water, cc b c dv  
a glafs-tube fixt in the top of the box, h a h g  a 
fmall wire within it; one end of the wire being 
hooked to the end F of the beam of a balance, 
and the other end of the wire fixt to a moveable 
bottom, on which the water lies, within the box; 
the bottom and wire being of equal weight with 
an empty kale (out of Gght in the figure) hang- 
ing at the other end of the balance. If this fcala 
be pulled down, the bottom will be drawn up 
within the box, and that motioq will caufe the 
water to rife in the glafi-tube. 

Put one pound weight' into tho fcale, which 
will move the bottom a little, and caufe the 
water to appear juft in the lowet. end of the 
rube at a ;  which h e w s  that  the water prcffe9 
with the farce of one pound on the battom : put 
another pound into the fcale, and the water will 
rife from a to b in the tube, jufi twice as high 
above the bottom as it was when a t  a ; and then, 
as its pre@ire on the boptom fupports two pound 
weight i n  the fccale, it is plain that the prefliire 
on the bottom is then equal to two' pqunds. 
Put a third pourid weight in the fcale, and the 

water 
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qratcr wili be raikd from tr to c in the tube, 
three times as high above the bottoin as when 
it began to appear in the tube at a ;  which 
ihews, that the fame quantity of water that 
preireb, bit with the force of one pound on 
the bottom, when raifed no higher than a, 

re@s with the force of three pounds on the  
tottorn when raifed three times as high to c in 
the tube. Put a fourth pound weight into the 
fcale, and it will caufe the 'water to rife in the 
tube from' c to d, four times as high as when 
it was 411 contained in the box, which ihews 
&at its yreirure then upon the bottom is 
four times as great as when it lay all within the 
box, Put  a fifth pound weight into the fcale, 
and the water will rife in the tube from d to e, 
five times a$ high as it was above The bottom 
before it: rofe in the tube j which f i ews  chat iu 
preffure on the bottom is then equal to five 
pounds, feeing that it fupyorts fo much weight 
in the fcnle. And fo on, if the tube was itill 
longer; for it would itill require an additional 
pound putv into the fcale, to raife the water in 
the tube to an additional hei ht  equal to the 

fmall as only to let the wire move freely within 
it, pnd leave room for any water to get round 
the wire, 

Hence we infer, that if a long narrow pipe 
M tube was fixed in the top of a caflr full of 
liquor, and if as much liquor was poured into 
the tube as would fill it, even though it were 
io final1 as not to hold an ounce weight of li- 
quor; the preffure arifing from the liquor in 
the tube would be as great upon the bottom, 

and 

fpace de ;  even if the bore o f the tube was fo 



x 

in  the other tbbd 

. Now it is evident that the water riks i 
tdbe J froin the dowiiward preffure of the water 
in the tube a b c de, on the furface of the water, 
CCJQtigllOUS to the infide of the top -of the box 1 
and as i t  will Rand at equal heights in both 
tubes, the upward preffure in rhe tube is equal 
tQ thet4ownward prexure in the ot d er tube. 

it: ghe tube f were put ,in anyA orher part of 
p of”tlle box, the rifing of the water in it 

wonld fitill be the fahie : or, .if the top was full 
of halcs, nnd a tube piit into each of the 
iater  would rife as high m each tube as it 
poured in to  the tube a b c d e ;  and th 
niovcable bottom would have the weight of the 
w m r ,  i n  all the tubt*s to bear, bcfide the weight 
of all the w m r  in the box. ’ 

And 
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'And feeing that the water 5s prefid upward 

into each tu&., it j s  evident chat, ifet1rc.y. bc all 
taken away, excepting the tube 'a hi. dtj an4 
the holes in wliic1.r they h o d  .be fiopt up ; each 
part, thus fiopt, will. be 'prefied a$ much up; 
,ward 3s was equal to the w,cigbt of.water in each 
tube.. So that, the upward preffqrc again& tlik 
infide of the tog of t%e &ex, on every part equal. 
in breadth t~ tht'wicith of:tbe tube a4 c d:e, Cia' 

weight of a colump of water .as thick as the 
movFable bottom is 
hater Rands in t 
d 4 ~  is folved. * , 

' The moveable bot 
$e Enfide of * the box, nor 
tween it and the box. 
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groove by a itrong waxed thread; the bladder 
comingup like a purfe within the box, and put 
over the toy of it at a and d all round, and the9 
thg'jid pre,@ed on. So that, if water be poured 
in  f$hrough the hole I I of the lid, it will lie upon 

ttoin E, and be contained in the fpace 
within the bladder j and the bottom 

ired by pulling the wire i, which is fix 
i t  at E ;  and by thus pylling the wire, the water 
will be lifted up in the tube k, and as the bot- 
tom does not touch againfi the infide of the box, 
it moves without friaion. 

Now, fuuppofe the diameter of this round bot- 
e thrce inches (in which oak, tile ar'ea 

will bt: C,I circular inches) and the diarne- 
fer of the bore of the tube to be a quarter of an 
inch'; the whole area of the bottom will be 144 
6mes as great as the area of the top of a pin 
&at would fill the tube like a cork. 

d hence 'it is plain, that if the moveable 
be raifed only the 144th part of an inch; 

&e ' water will tliereby be raifed a whole inchxin 
the tube ; and coniequently, that if the bottom 
be .raifed me  inch, it wo 

N. B. The box muit be open below the mqite;-' 

diameter, as to require IO# p<ounds in, the kale,. 
$0 ,balan,ce that prcirure, befor e bott'oq could 
begiri r~ move. 

5 
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A Machine, to he fubpituted in place of the c o w  
won I5droJntical Bellows. 

In Fig. I .  of PLATE IV. A B C D  is  an oblong 
fqiiare box, in  one end of which is a round 
groove, as a t  a, fiom top to bottom, for receiv- 
ing the upright glaiS tube I, which is bent to a 
right angle at  the lower end (as at  i in Pis. 2.) 
and to that parr is tied the neck of a large blad- 
der K (Fig, 2.) wliich lies in the bottom of the 
box. Over this bladder is la id  the moveable 
board L (J?g. I and 3.), in which is fixt an up- 
right wire M ;  and leaden woights NN; ro the 
amount of 16 pounds, with holes in their mid- 
dle, which are put upon the wire, over the board, 
and yreis upon it with,all their force. 

The crofs bar p is then put on, to fecure the 
cube from tlilling, ilnd keep it in a n  upright p f i -  
tion: And then the piece BI;G is to be put on, 
the parr G‘ flitling tight into the dove-tailed 
groove H, to keep the weights N N  horizontal, 
and the wire &I upright ; thcre being n round 
hole e in the part E&’ Eor receiving the wire. 

There are four upright pins in the four cor- 
ners of the box within, each almofi an inch long, 
for the board L to refi upon: to keep it from 
prefling the fides of the bladder below it clofe 
together at firfi. 

‘fhe whole machine being thus put together, 
pour water into the tube ;it toy ; and the water 
will run down the tube into the bladder below 
the board ; a n d  after the blnddcr bas been filled 

E e  2 UP 
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up to the board, continue pouring water into the 
tube,' and the upward prefiiure which it will ex- 
cite in the bladder, will rsife the board with all 
the weight upon it, even though the bore of the 
tube fiould be f@ fmall, that lefs than an ounce 
of water would fill it. 

This machine a&s upon the fame principle, 
as the one 1sft defcribed, concerning the Hydro- 

Jatical paradox. For, the upward preiriire againit 
every part of the board (which the bladder 
touches) equal in area to the area of the bore' 
of the tube, will be prered upward with a force 
equal to the weight of the water in the tube; 
and the firm of all rhek preKures, againit fo 
many areas of the board, will be lufficient to raifi 
i t  with all the weights upon it. 

I n  my opinion, nothing can exceed this fim- 
ple. machine, in making the .upward prequre of 
tluids evident to fight. 

Tbe CqLe af rtcZpPoccifhg spl'i?Igs, aizd 4 ebbing 
md Jawing JPClls, explained. , 

In Fig. x. of PLATE V. Ict a I cd be a hill, 
within which is a largc cavern A A  near the top, 
filled or fed by rains and melted inow on rhe top 
a, making their way through cliinks and r'ran- 
nies into the faid cavern, f'rom wliicli proceeds a 
finall itream CC within the body of the hill, and 
iflues out in a $ring a t  C; on the fide of the hill, 
which will run confiantly while the cavern is f;.d 
with water. 

From the fame cavern AA, let there be a 
fmall channel 0, ro carry water into the cavern 

B ;  
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B ;  and from that cavern let there be a bended 
channel Be I;; larger than D, joining with the 
former channel CC, as at f before it comes to 
the fide of the liill : and let the joining at f be 
below the level of the bottom of both thele ca- 
verns. 

As the water rifes in the cavern B, it will rife 
as high in the clxinnel E e F :  and when it rires 
to the top of chat channel at e, it will run down 
the part e F G, and make 'a fwell in the fpring 
G, which will continue till all the water is drawn 
off from the cavern B,  by the natural [vphon 
B e F  (which carries of? the water fiiiter from B 
than the channel D brings water to it) and then 
the fwell will Rap, and only the fmdl channel 
CC will carry water to the fpring G, till the 
cavern B is filled to B again by the rill D ; and 
then the water being at the top E of the channel 
E e F ,  that channel will a& again as a fyphon, 
and carry OK all the water from B to the fpring 
G, and To make a fkelling flow of water at G as 
before. 

To illuitrate this by a machine (Fig. 2.) let A 
be a large wboden box, filled with water; and 
let a fmall pipe CC (the upper end of which is 
fixed into the bottom of the box) carry water 
from the box to G, where it will run.off con- 
itantly, like a Tmall fpring. Le t  another fimall 
pipe 13 carry water from the fame box to the 
box or well B., frOm which let a fyphon E e $' 

roceed, a n d j a n  with the pipe CC at f: the 
!ore of the fyphon being larger than the bore 
of the feedingpipe D. As thq water from this 
pipe rifes in the well BJ it will aifo rife as high 
in the fyphon E c F ;  and when the fyphon is 

E e  3 full 
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full to the top e, the water will r m  over the 
bend e, down the part e F; and go off a t  the 
nduth G ;  which will inalte a great {Iream a t  
'G: and that fiream will continue, till the fyphon 

carried off all the water from the wel1.B; 
the' fyphon carrying off the water fafier from B 

' than the pipe U brings water to i t :  and then 
the fwell at G will ceafe, and only the. water, 
fiwm the finali pipe C C  will run off at G, till 
the pipe D fills the well B again; and then 
the fyphon will run,'and make o fwell at G as 
before. 

And' thus, we have an artificial reprefentatipn 
of an ebbing and flowing well, and of a reci- 
procating fpring, in a very natural and iiinplc 
manner. 

H Y D.*R A U L I C S. 
An Account o f  h e  Principles by which Mr. Blakey 

prop fes t o  rage Water j r o m  Mims, or from Rivers, 
toJupply Towns aizd Getillemen's Seats, by his 
new invented E?re-Eiigine, for which he has re- 
ceived His MAJESTY'S Pateut. 

LT H 0 ZJ G H I am not at liberty to de- A fcribe the whole of this limple engine, yet 
I have the patentee's leave to defcribe fuch a one 
as will h e w  the principles by which it a€ts. 

In P'k. 4. of PLATE IV. Ict A be a large, 
itrong, clofe veirel; iinrneriiid in water up to 
the cock b, and having a holc in the bottom, 
with a valve n upon it, opening upward within 
the veKel. A pipe B C rifes from the botcam 

of 



23 H Y D R A U L 1°C S. 
of this veffel, and has a cock c in irgear the 
.top, which is finall there, for playing a very 
high -jet d. E is the little boiler (not.iL 'big -8s 
a cointiion ten-kettle) which is conim3tc.d with 
tlie vcffc1 A by the fieam.pipe 1;;~ and G is a 
funnel, through which a littlc: water muit be 
occahnally poured into the boiler, to yield a 
proper quantity of i t e m .  And a finall quantity 
of water will dwfor that purpofe, becaufe ftearn 
pufieiks upward of 14,000 times as much $ace 
or bulk as the water docs fioin which it prpr 

steeds. 

The verel A being irnmerfed in water up to 
the cock b, open that cock, and the w m r  will 

. ruf l~  in through the bot.toni of the veffel at n, 
and till it as high up as the water ftands on its 
outfide ; and the gater, coining into the veffel, 
will drive the air out of it (as high as the water 
rifes within it) throGh the cock L. When the 
water has done r-ufhing into the veEel, i h u t  the 
cock 6, and the valve a will fall down, and hin- 
der che water froin being puflied out that way, 
by any force that preKes on its'furhcc. AN 
the part of the veirel above I ,  will be full of 
C O I ' L ~ O ~ ~  air, when tlie water rifes to b. 

Shut the cock c, and open the coclts d and 6; 
then pour as much watcr h t o  the boiler E 
(through rhc funiiel G) as will abqut half fill the 

d then hut  the c,ock d, and leave the 

This done, make a fire under the boilq E ,  
and the heat'rhereof will raife,a Lttain froni the 
water in the boiler j and the Ream will lyalte 
i o  way thence, &Tough the. pipe F ;  inita th'e 

E e 4  veffet 
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+effel A; and the fieam will comprefs the air 
(above 8 )  with a very great force upon the furc 
face of the water in d. 

WJcn the top of the veffcl A feels very hot 
by the fieam under it, open the cock c in the 

; and the air being itrongly compreffed 'ripe n A, c( between the itearn and the water therein, 
ill drive all the water out of. the verel A, up t he pipe B C, from 'which it will fly up in a jet  

,to a very great height.-In my fountain, which 
is made in this manner after Mr. Blakey's, three 
tea-cup-fulls of water in the boiIer will afford 
k a m  enough to play a je t  30 fret high. 

'When all the water is out of tho velTe1 A, and 
the compreired air begins to follow the jer, open 
the cocks b and d to 'let the fieam oiit of the 
boiler E and vrKel A, and ihut the cock e to 
prevent any more fleani from getting into A; 
and the air will ru[h into the veffel A tlirough 
the cock b, and the,  water through the valve a ;  
hnd fo tkc vaITcl will be filled up with water to 
the cock b a s  before. 'Then ihut the cock b and 
the cocks c and d, and open the cock e;  and 
then, the next itearn that riies.in the boiler will 
make its way inro the veRe1 A again; and the 
operation will go on, as above. 

When all the water in the boiler E is evapo- 
rated, and gone off into fieam, pour a littlc more 
into the boiler, through the funnel G. 

In order to make this engine raife water to 
m y  gentleman's houfe; if the houfe be on the 
bank of a river, the pipe & Cpay be continued 

UP 
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up to the intended height, in the direAion H A  
Or, if the houfe be ,011 the fide or top of a hill, at 
a &fiance from the river, the pipe, through wliich 
the water is forced up, may be laid along on the 
hill, from the river or fpting to the houfe. 

*S 

T h e  boiler may be fed by a finall pipe IC, 
from the water that riles in the main pipe 
B CHI; the2pipe K being of a very fmall bore, 
fo as to fill the funnel G with water in the time 
that the boiler E will require a f reh  fupply. 
And then, by turning the cock d, the water wiil 
fall from the funnel into the boiler. The  fun- 
nel koold hold as much water as,will about half 
fill the boiler. 

When either of there methods of raiGng water, 
perpendicularly or obliquely, is ufed, there will 
be no occafion for having the cock c in the inah 
pipe B CHI: for fuch a cock is requiGte only, 
when the engine is ufed as a fountain. 

A contrivance may be very eafily made, from 
a lever to the cocks S3 d, and e ; io that, by pul- 
ling the lever, the cocks b and d may be opened 
when the cork e mufi be h u t ;  and the cock e 
be opened when I and d inufi be ihut. 

T h e  boiler E ihould be inclofcd in a brick wall, 
at a 1ittle.difiance from it, dl around ; to give li- 
berty for the flames of the fire under the .boiler ro 
dcend round about it, By which meaw (the 
wall not covering the fiinnel G) the force of the 
&earn will be,prodigioufly increafed by the heat 
,round the boiler j and rhe funnel and water in 
it will 'be beated from .the boiler; io that, the 

boilor 
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boiler will not be chilled by letting cold water 
into i t ;  add the rifing of the Itearn will be io 
much the q'uicker. 

Mr. Blakey is the only perfon who ever thought 
of making ufe of air 3s an intermediate body be- 
tween fieam and water: by which means, the 
fieam is always kept from touching the water, 
and confequently from being condenfed by it. 
And, on this new principle, lie has obtained a 
parent : fo that no one (vary the engine how lie 
will) can make ufe of air between itearn and 
water, without infringing on the patent, and 
being fubjeB to the penalties of the .law. 

This engine may be built for a trifling.ex- 
pence, in cornparifin of the coinrnon fire engine 
now in ufe: it will feldom need repairs, and 
will not confume half io much fuel. And as it 
has no pumps with pifions, it is clear of all their 
friAion: and the effeEt is equal to the whole 
firength or compreilive force of the fitearn : which 
the effeR of the common' fire engine never is, 'on 
account of the great friaion of the piitons in 
their pumps. 

A R C $3 I M E D E S 's Screw-Engine fir ra@g 
Water. 

In Fig. I .  of PLATE VI, A B C D  is a 
wheel, which is turned round, according to the 
order of the' letter's, by the fall of'  water E F, 
which need not be more than three feet, The 
,axlp G of the wheel is elevated fo, as to make 
an angle of aboq 44 degrees with the horizon ; 
and on the top of that axle is a whcel H, which 
turns fuch another whcel I of the fame number 

Df 
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of teeth : the axle K of this lafi wheel being pa- 
rallel to the axle G of the two former wheels. 

The  axle G is cut into a doublc-threaded 
fcrew (as in Jig. 2.) exaRly refembling the h e w  
on the axis oC the By of n. common jack, which 
mufi be (what is called) a right-handed h e w ,  
like the wood-hews, if tlic firft wheel turns in 
the direltion A B  CD ; but Inuit  be a left-handed 

' fcrew, if the itream turns the wheel the concr:iry 
way. And, which-ever wag the fcrrw on the 
axle G be cut, the h e w  on the axle K mufi be 
cut the contrary way ; becaufe thefe axles turn 
jp coiitrary dii&tions. 

"7 

T h e  fcrews being thus cut, they muit: be co- 
vered clofe over with boards, like thore of a cy- 
lindrical caflc ; and then they will be fpiral tubes. 
Or, they may be niade of tubes of ftiff leather, 
and d rap t  roiincl the axles in fl~allow grooves cut 
therein j as i n  I:&. 3. 

The lower end of the axle G turns confianclp 
in the itreain that turns the whee1,'and the lower 
ends of the fpiral tubes are open into the water. 
SO that, as the wheel and axle are turned round, 
the water riks in the fpirnl tubes, and runs out 
at L, through' the holes MN, as they come 
about below the axle. ' I l iek holes (of which 
there may be any numlxr, as four or iix) are in 
a broad clofe ring on the top of the axle, into 
which ring, the water is delivered fiorn the 
upper open encis of the fcrew-tubes, and falk 
into the open box N. 

The lower epd of the axle * K  turns on a 
8udgeon, in the water in Nj and the fpirnl 

tubes 
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tubes in that  axle take tip the water fiom N, 
and deliver it into h c h  another box under the 
top of IC; on which there may be filch another. 
wheel as I, to turn a third axle by fuch a wheel 
upon ir.-Rnd in this manim, water ,may be 
raifed to any given height, when there is a itlearn 
ftifficient for that purpofe to a& on the broad 
float boards of the firit wheel. 

This engine is rcprefented in PLATE VII. 
in which AB CD is a wheel, turned by water 
according to the order of the letters, On the 
horizontal axis are four fmall wheels, toothed 
alinofi half round: and the parts of their edges 
on which there are no teeth are cut down To, as 
to be even with the bottoms of the teeth where 
they ftand. 

T h e  teeth of thefe four wheels take alternately 
into the teeth of four racks, which hang by two 
chains over the pullies cq and L ;  and to thc 
lower ends of thefe racks there 3re four iron 
rods fixed, which go down into the four forcing 
pumps, S, R, M and N. And, as the wheels 
turn, the racks and pump-rods are alternately 
moved up and down. 

Thus, fuppofe the wheel G has pulled down 
the rack I, and drawn up the rack K by the 
chain: 3s the Iafs tooth of G jufi leaves rhe 
uppermofi tooth of 1, the firit tooth of H is 
ready to take into the lowerinok tooth of the 
rack K and pull it down as far as the teeth go i 

4 and 



. 



29 H Y  D R A U L I C  S .  

and then the rack 1 is pulled upward through 
the whole fpace of its teeth, and the wheel G is 
ready to take hold of it, and pull it down again, 
arid fo‘ draw up the other.-In the fHim 
manner, the *wheels E and F work the racks 0 
and P. 

Theft: fourkwheels are fixed on the axle of the 
great wheel in  fuch a manner, with refpea to 
the pofitions of ltheir teeth ; that, whilc they con- 
tinue turning round, there is never one ihfiant of 
time in which one or other of the pump-rods is 
not going down, and forcing the water. So 
that, in this engine, there is no occafion for 
having a general air-veffel to all the pumls, to 
procure a confiant itream of water Rowing from 
the upper end of the main pipe. 

T h e  pifions of rhefe pumps are folid plungers, 
the fame as defcribed in the fifth LerSlure of m y  
book, to which this is a Supplement. See Plate 
XI. Fig. 4. of t lat  Look, with tbe d$wptiovi $the 

figure. 

From each of thefe pumps, near the low~fi 
end, in the watcr, there $pes off a pipe ; with n 
valve on its fartheit- end from the pump; and 
thefe ends of tlic pipes all enter one Jofe bos, 
into which they drliver the water: and into this 
box, the lower end of the main conduCt pipe is 
fixed, So that, as the water is forced or puflied 
into this box, it is a1TO puihed up the main pipe 
to the height that it is intended to be iaifed. 

There is an engine of this fort, dcfcribed in 
Ramelii’s work: but I can truly fay, that I 

never 



30 D I A L I N G .  
never faw it till fome time aftcr I had made chis 
model. 

T h e  faid model is not above twice as big as 
the figure of it, here' defcribed. I turn it by a 
winch fixed on the gudgeon of the axle behind 
the water whcel ; and, whcn it was newly made, 
and the p i h n s  had valves in good order, I put 
tin pipes 1 5  feet high upon it, when they were 
joined together, to fee what it could do. And 
I found, that in turning it moderately by the: 
winch, it would raife a hogfhead of water in a 
hour, to the height of 15 fcet. 

D I A L I N G .  
The unive@l Dinling @Zinder. 

I ,  of PLATE VIII. ABCD re- 1 prefhts Fig. a cylindrical glafs tube, clofed at 
both ends with brafs plates, and having a wire or 
axis E FG fixt in the centers of the brafs plates 
at top and bottom. This tube is fixed to a ho4 
rizontal board I], and its axis makes an angle 
with the board equal to the angle of the earth's 
axis with the horizon of any given place, for 
which the cylinder is to fcrve as, a dial. And it 
rrluR be fet,with its axis parallel to the axis of 
the world in that place ! the end E pointing to 
the elevated pole. Or, 3t may be made to move 
upon a joint; and then it may be elevated for 
any particular latitude. 

There are 24 firaight lines, drawn with a dia- 
mond, on the outfide of' the glafs, equidiitant 
from each other, and all of them parallel to the 
axis. 'rhefe are the hour-lines : and the hours 

arc 
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the axis within the cube comes on the, hour-lines 
of the tube, it will cover the like hour - 3' ines on 

31 
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vated. For, as the ihadow of thk axis comes 
fucccGvefy to the hour-lines of the tube, and 
covers them, it wilt then cover the like hour- 
lines on the horizontal plate e f r  to which the 
hours may be kt  ; as i n  die figure. 

If a thin vertical plate g C, be put within the 
tube, io as to front the tneridian or 12 okiock 
line thereof, and the edge of this plate touch 
the tube all around; and then, if right lines be 
drawn from the center of the plate to thofe points 
of its edge which are cut by the parallel hour- 
lines on the tube; thefe right lines will be the 
hour-lines of a vertical fouth.dial: and the ha -  
dow of the axis will cover them at the fame times 
when it covers thofe of the tube, 

32 

If a thin plate be pvt within the tube fo, as to 
decline, or incline, or recline, by any givennum- 
ber of degrees; and right lines be drawn from 
its center to the hour-lines of the tube; thefe 
right lines will be the hour-lines of a declining, 
*inclining, or reclining dial, anfwedng to the like 
number of degrees, far the latitude to which the 
tube is elevated. 

And thus, by this fimple machine, all the prin- 
ciples of dialing are made+very plain, and evident 
to the fight. And the axis of the tube (which 
is parallel to the axis of the world in every lati- 
tude to which it is elevated) is the itile or gno- 
mon for all the different kinds of fun-dials. 

And laltly, if the axis of the tube be drawn 
out, with the plates AD, eS, and g Cu on it i 
and fet it up in fun-kine, in {he fame po P !tion as 
they were in the tubej you will have an”eqld- 

noaid 

I ) *  
I 



D I A L I ~ W .  
no&ial dial AD, a horizontal dial eS, and a ver4 
tical fouth dial g C; on all which; the time of 
the day will be hewn by the fliadow of the axis 
or gnomon E F G. 

Let  us now fuppofe that, infiead of a glafs 
rube, A B CD is a cylinder of wood j on which 
the 24 parallel hour-lines are drawn all around, 
at equal diftances frob each other; and that, 
from the points at -top, where thefe lines end, 
right lincs are drawn toward 'the center, on the 
flat furface AI), There right lines will be the 
hour-lines on an equinofiial. dial, for the latitude 
of the place to which the cylinder is elevated 
above the horizontal foot or pedeltal H; and 
they are equidiftant from each other, as in Fig. 2. 
which i s  a full view of the dot Surface or tap 
AD of the cylinder, feen oblicply in Fig. r .  
And the axis of the cylinder (which is a firaight 
wire E F G  all down its middle) is the ftile or 
gnomon ; which is perpendicular to the plane 
of the equinoCtial dial, as the earth's axis is per- 
pendicular to the plane of the equator. 

T o  make a horizontal dial, by, the cylinder, 
for any latitude to which its axis is elevated; 
draw out the axis and cui the cylinder quite 
through, as at ' 8 h f g ,  parallel to the horizontal 
board Z< and take of€' the top part e A D f c ;  and 
the feEtion ehfg E will be of an elliptical form, 
as in Fig, 3. Then, fi-om the points of this 
feaion (op the retiiaining parr e B Cf) where 
the parallel lines on the oucfide of the cylinder 
meet it, draw right lines to the center of the 
feCtion j and they will be the true hour-lines for a 
horizontal dial, as a b  c d a  in Fig. 3. which may 
be included in a circle drawn on that CeRion. 

E €  Then 
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Then put thk wire into its place again, and 'It 
will be a fiile for cafiing a fhadow on the time 
of the day, on that dial. So, E (Fig. 3.) is the 
Rile of the horizontal dial, parallel to the axis 
of the cylinder, 

To make a vertical fouth dial by the cylin- 
der, draw out the axis, and cut the cylinder 
perpendicularly to the horizontal board H, as at 
g i C k g ,  beginning at the hour-line (Bg e A )  of 
XII, and making the feaion at right angles to 
the line SHN on the horizontal board. Then, 
take off the upper part g A D  C, and the face of 
the fe&ion thereon will be elliptical, as lhewn in 
Fig. 4. From the poinrs in the edge of this fec- 
tion, where the parallel hour-lines on the round 
fiirface of the cylinder meet it, draw right lines 
to the center of the feeion; and they will be 

I the true hour-lines on a vertical dire& fouth dial, 
for the latitude to which the cylinder was ele- 
vated: and will appear as in Fig. 4. on which 
the vertical dial may be made of a circular fhape, 
or of a fquare ffiape as reprefinted in the figure. 
And F will be its itile parallel to the axis a f the  
cylinder. 

And thus, by cutting the cylinder any way, 
fo 3s its feltion inay either incline, or decline, or 
recline, by any given number of degrees; and 
from thofe points in the edge of  the feCtion; 
where the outfide parallel hour-lines meet it, 
draw right lines to the center of the feltion ; and 
they will be the true hour-lines, for the like de- 
clining, reclining, or inclining dial : and the 
axis of the cylinder will always be the gnomon 
or nile of the dial. For, which-ever way the 
plane of the dial lies, its itile (or the edge thereof 

that 
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that  cafts the fhadow on the hours of the day) 
muit be parallel to the earth’s axis, and point 
toward the elevated pole of the heaven. 

To delineate a Sun-Dial on Paper; which, wbm 
pajed round a Cylinder Df Wood, /3Jall J J ~ W  the 
Time of tbe Day, the 8m’s Place if1 the LcIiptic, 
and bis Ahitude, at any Time of OJ$ervation, 
See PLATE IX. 

Draw the right line a AB, parallel to the top 
of the paper ; and, with any convenient opening 
of the compares, fct one foot in the end of the 
line at a, as a center, and with the other foot de- 
fcribe the quadrantal arc AE, and divide it into 
go equal parts or degrees. Draw the right line 
A c, at right angles to R A B, and touching the 
quadrant AE at the point A. Then, from the 
center a, draw right lines through 3s many de- 
Grees of the quadrant as are equal to the fun’s al.. 
mude at noon, on the longt.fi day of the year, at 
the place for which the dial is to ferve; which 
altitude, at London, is 62 degrees: and continue 
thefe right lines till they meet the tangent IineAC; 
and, from thefe points of meeting, draw itraight 
lines acrofs the paper,. paraUcl to the firfi right 
line A B ,  and they will be the parallcis of the 
fiin’s altitude, in whole degrces, from fun-rire 
till fh- fe r ,  on all the days of the year.-Thefi 
parallels of altitiide muit be drawn oiit to the 
right line B D, whith mutt be parallel to A C, and 
’as far from ic as is equal to the intended circum- 
ference of the cylinder on which the paper is to 
be pitted, when the dial is drawn upon it, 

Divide the fpacc between the right lines AC 
and B X, (at top arid bottom) into twelve equal 
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parts, for the twelve l i p s  of the ecliptic ; and, 
from mark to mark of thefe divifions at top and 
bottom, draw right lines parallel to A C  a‘nd 
D ;  and place the chara&ters of the 12 Ggns in 

tIiefe twelve fpaces, at the bottom, as i n  the figure : 
beginning with W or Capricorn, and ending with 
x or Piifces. The fpaces including the figns 
fl-~ould be divided by parallel lines into halves i 
and if the breadth will admit of i t  without con- 
fuiicn, into quarters alfo. 

At the top of the dial, make B kale of the 
months and days of the year, io as the days may 
itand over the fun’s place for each of them in 
the iigns of the ecliptic. The  fun’s place, for 
every day of tlie year, may be found by any 
coininon ephemeris: and here it will be befi to 
make ufe of an ephemeris for the fecond year 
after leap-year ; as the near& mean for the fun’s 
place on the days of the leap-year, and on tliofi 
of the firfi, fctcond, and third year after. 

Conipute the iiin’s altitude for every hour (in 
the latitude of your place) when he is in the 
beginning, middle, and end of each fign of the 
ecliptic ; his altitude at the end of each fign 
being the Pime as at the beginning of the next, 
And, in tlie uprighr parallel lines, at  the begin- 
ning and middle of’ each Ggn, make marks fbr 
thefe coin uted altirudcs among the horizontal 

according to the order of the numer.il figures fir 
to them at rhc right hand, anfwcring to the like 
divifions of the qtiaddraiit at the lcft. And, 
through tliefi niarks, drdw the curve hour-lines, 
and ret the hours to them, as in tho figure, 
rrckotiing die forenoon Iiours downward, and 

9 the 
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die afternoon !lours tipwnrd.--The fun%- altitude 
fliould aJfo be computed for the half hours; and 
the quarter-lines may be drawn, very nearly in 
%heir proper places, by efiimation and accuracy of 
the eye. Tliq cut off the paper at the left hand, 
on which the quadrant was drawn, clofe by the 
right line C, and all rhc paper at the right hand 
clofe by the riglit line 2312; a i d  cut it alfo clofe 
by tlie top and bottom horizontal lines ; and it 
pjll be fit for F d h g  roulid the cylinder. 

This cylinder is reprefented in miniature by 
Pi'. I .  PLATE X. It ihould be hollow, to Iiold 
the fiile DE when it is not ufed, T h e  crooked 
end of the itile is put into a bole in the top AD 
of the cylinder ; and the top goes on tightifh, but 
mtiit be made to turn round on die cylinder, like 
rhe lid of a- paper huff-box. The fitile intiit. 
itand firaight our, perpendicular to the fide of the 
cyjinder, juft over the right line A B  in PJ.A,TW 
XX, where tlie parallels of die hn's altitude begin: 
and the length of the Me,  or diltance of its point 
e fiom tlie cylinder, mufi be equal to the radius 
n R of the quadrant, A E; in PLATE IX, 

Tbg qcfhod of uJiig ibis dial is as fdlows. 

Place die horizontal foot RC of the cylinder 
on a level table where the fiin fhines, and turn the 
top A D  till el19 itile f i d s  jufl over the day of 
tlie then prefent mo& 'I'hen turn the cylin- 
der about on the table, till the kadow of the 
tcile Fills upon it, parallel to thofc upright ltnes 
which divide the figns j that is, till the fhadow 
be parallel ea x TiippolEd axis in tjie iniddle of 
tlie cylinder : and then, the point, or loweft end 

F f 3  of 
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of the,ihadow, will fall upon the time of the day, 
as it is before or after noon, among thecurve hour- 
lines; and will h e w  the fun's altitude at that time, 
among the crofs parallcls of hi9 altitude, which 
go round the cylinder: and, at the fame time, it 
will h e w  in what fig" of the ecliptic the fun then 
is, and'you may very nearly guefs at  the degree 
of the Ggn, by efiiination of the eye. 

T h e  ninth plate, on which this dial is drawn, 
may be cut out of the book, and patted round a 
cylinder whofe length is 6 inches and 6 tenths of 
a n  inch below the moveable top; and its diameter 
2 inches and 24 hundred parts of an inch.-Or, I 
fuppofe the copper-plate prints of it may be had of 
the bookfellers in London. But it will only do for 
London, and other places of the fame latitude. 

When a level table cannot be had, the dial may 
be hung by the ring F at the top. And when it 
is not ufed, the wire that ferves for a itile may 
be drawn out, and put up within the cylinder; 
and the machine carried in the pocket. 

To make three Smdials upon three di$?erent Planes, 
Jo as tbey may all /hew the Time of tbe Day iy 
one Gnomon. 

O n  the fiat board AB C, dttfcriSe a horizontal 
dial, according to any of the rules laid down in 
the LeEture on Dialing ; and to ir fix ip gnomon 
FGH, the edge of the Ihadow from the fide FG 
being that which h e w s  the time of the day. 

9 *TO this horizontal or fiat board, join the up- 
right board ED C, touching the edge GH of 
the gnomon. Then, making the top of the 

gnomon 
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gnomon at G the center of the vertical fi)utb did, 
defcribe a fouth dial on the board E D  C. 
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Laitly, on a circular plate I K  defcribe an 
equinoEtial dial, all the hours ‘of which dial, arc 
equidifiant from each other, and making a flit 
c d in that  dial, from its edge to its center, in the 
XI1 o’clock line ; put the faid dial perpendicu- 
larly on the gnomon FG, as far as the flit will 
admit of; and the triple dial will be finiihed ; the 
fame gnomon ferving all the three, and hewing 
the Lrne time of the day on each of them. 

41 utiiwfal Did on n p k i h  Cross. 

This dial is reprefented by Fig. I .  of PLATE 
XI, and is moveable on a joint C, for elevating 
it to any given latitude, on the quadrant C o go, 
as it ftaiids upon the liorizontal board A. The 
arms of the crofs ftand at right angles to the rnid- 
dle part; and the top of it from a to 11, is of e q u 4  
length with either of the arms n e  or m k. 

Having Tet the middle line t II to the latitude of 
your place, on the quadrant, the b’oard A level, 
and the point N northward by the netclle; the 
plane of the crofi will be parallel to the planeof 
the equator ; and the machine W i l l  be rektified. 

Then, from 111 o’clock in the morning, till 
VI, the upper edge k I of the arm i o  will caft a‘ 
hadow on the time of the day on the fide of tlie 
arm c VI : from VI till IX the lower edge i of 
the arm i o  will cafl a ihadow on thc Ijours on 
the fide o q .  From IX in the morning to XI1 a t  
noon, the  edge a b  of the top part a n  will caR a 
Ihadow on the hours on the arm tt ef: from XI1 

F f 4  to 
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to I11 in the aFternoon, the edge cd  of the top 
part will cafi a ihadow on the hours on the 
grm k l w ;  from 111 to VI in the evening, the, 
edge g k  will cafi a fiadow on the hours on 
the part p s i  and from VI till IX, the fhadow 
of the edge ef will h e w  the time on the top 
part a n. 

The breadth of each part ob, ef, &c. mufk 
be io great as ncver td,let the fhadow fall quite 
without: the part or arm on which the hours arc: 
marked, when the fun is at his greaceit dcclina- 
tion from the equator. 

'P 

T o  determine the breadth of the fides of the 
arms which contain the hours, fo as to be in jufi 
proportion to their Irngth ; malie an ai$e 
AB C (Fig, 2 . )  of 23i dcgrees, which is equal 
t o  the ibn's greateft declination : and fuppofe 
the lkngth of e:di arm, from the fide sf the long 
middle part, arid aifo the length of the top part 
gbove the arms, t o  be q u a l  to Bd.  

T h e n ,  as  the edges of thc k d o w  from each of 
the arms, will be parallel to H e ,  making an angle 

* m e s  with the fide 13 d of the arm when 
the Of' '9; un's dc6 declination is 234; ckgrecs ; it is plain, 
that  if the length of the arm be B d ,  the leaft: 
breadth that it can have, to keep the edge B e of 
the fliadow B egd from going off the fide of the 
a r m  de before' it comes to the end  e d thereof, 
mu& be equal to e 4  or d B .  But in order to 
keep the h a d ~ w  within the quarter divifions of 
the hours, when it comes near the end of the 
arm, the breadth thereof fhould be fiill greater, 
fo a s  to be almoit doubled, on account of the 
pifiance between the tips pf the a r m .  'r 
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T o  place the hours right on the arms, take the 

following method : 

Lay down the crofs a I c d (Fig. 3.) on a fheet 
and with a black lead pencil, held 

.Qf clo raper; e to it, draw its kape  and Bze on the paper. 
Tisen, taking the length n e  in your compares, 
,and fetting one foot in the corner a, with the 
,other foot defcribe the quadrantal arc eJ- 
Divide this arc into fixequal parts, and through 
the divifion marks draw right lines ag, ' a  bab,8cc, 
continuing three of them to the arm ce, which 
are all that can fall ripon it j and they will meet 
the arm in thefe points through which the line8 
$hat divide the hours from each other (as iro 
Fig I.) are to be drawn right aci-ofs it. 

Divide each arm, for the three hours it conr 
tains, in the fame manner; and fee the hours to 
their proper places (on the fides of the arms) as 
$)ley are marked i n  24'~. 3. Each of the hour 

aces fhould be divided into four equal parts, ? or the half hours nnd quarters, in the quadrant 
cf; and right lines ihould be drawn through thefe 
,divifion triarlts in the quadrqnt, to the arms of 
the crof2, in  order to determine the places thereon 
where the rub-divifions of the hours muit be 
marked. 

This is a very fiinple kind of univerfal dial; 
it is very eafily made, and will have a pretty un- 
corninon appearance in a garden.-I have Ceen 
a dial of this fort, but neyer faw one of the kind 
that follows : 
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An univerJ.l Dial, fiewing the I-oiirs gthe Day ty 
a terrgrial Globe, and by the Shadows ojjvera,? 
Gnomons at tbe fame Time : lo~ether with all the 
Places of the Enrth which are then enligblemd 
by the Sun j and th@ to  which the Sun is then 
Rgng, .or on tbe Meridian, or Setting. 

This dial (See PLATE XII.) is made of a 
thick fquare piece of wood, or hollow meral. 
T h e  fides are cut into femicircular hollows, in 
which the hours are placed; the itile of each 
hollow coming out from the bottom thereof‘, 
as far as the ends of the hollows projeCt. The 
corners are cut out into ankles, in the. infides of 
which, the hours are alfo marked ; and the edge 
of the end of each fide of the angle ferves as a 
fiile for cafting a ihadow on the hours marked 
on the other fide. 

In the middle of the uppermofi fide or plane, 
there is an equinottial dial ; in the center where- 
of, an upright wire is fixt,  for caiting a ffiadow 
on the hours of that dial, and fupportinga iimall 
terrefirial globe,on its top. 

T h e  whole dial fiands on a pillar, in the 
middle of a round horizontal board, in which 
there ‘Is a compafi and magnetic needle, for 
placing the meridian itile toward the fouth. T h e  
pillar has a joint with a quadrant upon it, divided 
into go degrees (fuppofed to be hid from fight 
under the dial in the figure) for fetting it to the 
latitude of any given place; the fame way as 
already defcribed in the dial on the croG. 

T h e  equator of the globe is divided into 24 
equal parts, and the hours are laid down upon it 

5 at 
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at thefe parts. The  time of the day may be known 
by thefe hours, when the fun fliines upon the globe. 

To relkify and ufe this dial, fee it on a level 
table, or fole of a window, where the fun mines, 
placing the meridian Rile due foutli, by means 
of the rieedle; which will be; when the needle 
points as f i r  from the north fleur de-lis toward 
the wee, as it declines weltward, at your place. 
Then bend tbe,pillar in the joint, till the black 

omes to the latitude of your 

T h e  machine being thus reeificd, the plane 
of its dial-part will be pardlel to the equator, 
the wire or axis 
parallel to the e 
of the globle will po 
'the heaven. 

T h e  fame hour will then be hewn in feveral 
$of the hollows, by the ends of the ihadows of 
their refpetlive Mes. T h e  axis of the globe 
*will caft a kadow on the fame how of the day, 
, in the equinoEtia1 dial, in the *center of which it 
is placed, from the 20th of March to the 
'September; and, if the meridian of your place 
on the globe be fet even with the meridian We, 
all the parts of the globe that the fun' ihines 
'upon, will anfwer to thofe places of the real 
earth which are, then enlightened by the Tun. 
T h e  places whereahe h a d e  is ju f i  coming upon 
the globe, anfwer all to thofe places of the earth 
to which the fun is then fetting; as the places' 
where it is going off, and the light coming on, 

.anfwer to all thofe places of the earth where the 
fun is then riling, And laRly, if the hour of VI 

be 
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be marked on the equator in the merldian Q f  

as it is inarlted on the meridian of 

and fiade on the globe will ihew the time of the 

rthern Rile of the dial (oppofite to the 
fouthcrn or meridian one) is hid from fight in 
the figure, by the axis of the globe. The  hours 
in the hollow to which that Rile belongs, are alfo 
fuppofed to be hid by the oblique view of the 
figure : but they are the fame as the hours in the 
front hollow. Thofe alfp in the right and left 
hand femicircular hollows are moRly hid corn 

; and fo alfo are all thofe on the fides next 
ye of the four acute angles, 

The confiru&ion of this dial is as follows. 

Lol-rdon your in t i e  I figure)‘ the divifion of the light 

Sec PLATE XIII. 

On a thick fquare piece of wood, or metal, 
draw the lines d: c and  b a’, as far from each other 
as you intend for the thicltnefs of the fiile ab c 4, 
and ip the fame 1nilI111Cr, draw the like thick- 
nefs of. the other three ftilrs, efg h, i klqg,  and‘ 
n o p g ,  all ftanding outright as from the cenv 
1e.r. 

With any cbnvenient opening of the corn-” 
pailis, as a A (To as LO leave proper itrengtb 
of fluff whcn I( I is equal co %A’) fit one foot 
i n  a, as a center, and with the oilier foot de- 
fcribe the quadrantal arc Ai, Then, without 
*leering the compares, fcc OiIC foot in b as a 
wnter ,  and with die other h o t  deicribe chc qua- 
drant d B, All the other qitaclrants in the &US 
mull bc defcpibcd i n  :lie t i m ~  manner, a d  with 

a tho 
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the fame opening of the compaffes, o n  their 
ccnters c, f; i, k j and 11, o: anst each ql1,adrant 
divided into 6 equal parts, for, fo many hours, 
as in the figure ; each of wliich parts muit be 
liib-dividt?d into 4, for the half hours and quar- 
ters. 

45 

At equal difiances fi*om each corner, draw the 
right lines Ip  and I l p ,  Lq and M y ,  N r  a n d  
Or, 1's and .?S j to form the four anglilar 
IioIloWs l p  IC, .Lf M, Nr  0, and P s q,.: inali- 
ing the difiances between the tips of there hoi- 
lows, as IK, I. M, NO, and P .(iz, each equal 
to the radius- of the quadrants ; and leaving iuf- 
ficient roorrPwithin the angular points, p ,  q, r, 
and 5, for the equinotlial circle in the middle. 

'I'o divide the inGdes of the& angles pipperly 
for the hour&aces thereon, take the following 
method : 

Set one foot of the*cornpaKcs in the point .& 
as a centhr j and open the other to IC, and with 
that opening, defcribe the arc I< t : then, with- 
out altering the coinpafh, fit one foot ill K, 
and with tile other h o t  defcribe tlic arc 1 r. 
IIivide ench of thefe arcs, iiotn I a n d  I< to their 
interfe€tion at t, into four equal pnrts 5 and 
from their ceiiters 1 and K,  through the points 
of' clivifion, draw the right lincs 1 3 ,  14, 15, 
IG, 17 j and K 2, K r, K 1 2 ,  h' I r ; and they 
will ineet the fides K p  and Ip of the angle Ip  K 
where the 1iours thereon intill be placed. And 
thefe hour-fpaces in the arcs mufi be fiib-divided 
into four cqua,l parts, for rhc lialf hours and 
quarters.-Do the like for the other three 
angjes, and draw the dotted lines, and fit the 

11 o c1 rs 
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hours in the infides where thofe lines meet them, 
as in the figure : and the like hour-lines will be 
parallel to each other in all the quadrants and in 
all the angles. 

Mark points for all thek hours, on the uppel' 
fide and cut out all the angular hollows, and 
the quadrantal ones quite through the, places 
where their four gnomons mufi itand i and lay 
down the hours on their infides, as in PLATE XII, 
and then fet in their four gnomons, which mufi 
be as broad as the dial is thick; and this breadth 
and thicknds midi be large enough to keep the 
fiadowv of the -gnomons from everfilling quite 
out at the fides of. the hollows, even when the 
fun's declination is at the great&. 

Laitly, draw the equino&ial dial in the mid- 
dle, all the hours of which are equidifiant from 
each other; and the dial will be finiihed. 

As the Tun goes round, the broad end of the 
kadow of the itile a b c d  will hew the hours 
in the quadrant Ac, fiom fun rife till V I  in the 
morning ; the ihadow from the end A4 will hew 
the hours on the fide L from V to IX in the 

quadrant Dg (in the long days) will hew the 
hours from fun-rife till VI i n  the morning; and 
the Ihadow of the end N will hew 'the morning 
hours, on the fide 0 r, from I I I  ro VII. 

Juit as the fhadow of the northern iiile a 6 c d 
goes off the quadrant Ac,  the fliadow of the 
fouthern fiile i k l m  begins to fall within the 
quadrant FZ, a t  VI in the morning ; and thews 
the time, in that quadrant, from VI rill XI1 at 

morning; the ihadow o rl the fiile e f g b  in the 

IlOOn j 
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nom ; and from noon ti11 VI in the evening iA 
the quadrant m E ,  And the fhadow of the end 
0 hews the time from XI in the forenoon till 
IIP in the afternoon, on the fide r Nj as the 
ihadow of the end P hews the time from IX in 
the morning till I o'clock in the afternoon, on 
the fide 2s. 

At  noon, when the ihadow of the eafiern Rile 
c f g b  goes off the quadrant b C  (in which it 
kewed the time from V I  in the morning rill 
noon, as it did in the quadrant g D from fun- 
rife till VI in the morning) the ihadow of the 
wefiern Rile nopq begins to enter the quadrant 
H p ;  and f iews the hours thereon from XI1 at 
noon till VI in the evening; and after that till 
fun-ret, in the quadrant qG: and the end $, 
cafts a ihadow on the fide Ps from V in the 
evening till IX at night, if the fun be noc fer 
before that time. 

. The  fliadow of the end 1 hews the time on 
the fide Kp from 111 till VI1 in the afternoon; 
and the hadow of the Rile a b c d ihewsxhe time 
f iom VI in the evening till the fun  kts.  

T h e  ihadow of the upright central wire, that 
fiipports the globe a t  top, mews the time of the 
day, in the middle or c' uinoktial dial, all the 

fide of the equator. 

In this Supplement to my book of Le€turrs, 
all the machines that I have added to my a p p -  
ratus, fince that bouk was printed, are de- 
fcribed, excepting two; one of which is a model 

of 

fummer half yeat:, when t 9 le fun is on the north 
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of a m91 for fawing timber, and the other is 2 
model of the great engine at ,  London-bridge, 
for railing water. And my reafons for leaving 
them out are as f01lOw: 

Firff, I found it impoFtble to make fuch a 
drawing of the faw-mill as could be underfiood ; 
becaufe, in whatever view it be taken, a great 
many parts of it hid others from fighr. And, 
in order to ihew it in my L e t h e s ,  I am obliged 
to turn it into all manner of pofitions. 

Secondly, Becaufe any perforr who looks on 
Fig’. I .  of PLATE XI1 in the book,,.and.reads 
the account of it in the fifth LecSture therein, 
will be able to form a very good idea of the 
London-bridge engine, which has only two 
wheels and two trundles more than there are in 
Mr. Aldegea’s engine, from which the faid figure 
was taken, 

F I N I S ,  


