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B O ugr e 1.
S M L

Of bodies in motion,

T

 BEEP - el T E

OF THE MECHANICAL POWERS.

HEN two heavy bodies or weights are 1
/  made by any contrivance to a&t againft each
other, {fo as mutually to prevent each other from
being put into motion by gravity, they are faid to
be in equilibrio. The fame expreffion is ufed with
refpeét to other forces, which mutually prevent each
other from producing motion.

Any force may be compared with gravity, con- M
fidered as a ftandard. Weight is the aftion of gra-
vity on a given mafs (35, p). Whatever therefore
is proved concerning the weights of bodies will be
true in like circumftances of other forces.

Weights are fuppofed to a¢t in lines of direttion N
parallel to each other. In fa&, thefelines are direted
to the center of the earth, but the angle formed
between any two of them within the {pace occupied

by a mechanical engine is fo fmall, that the largeft
E 3 and








































































































































































































































































































































































































































































































































































































































































OF THE TIDES. 247

If the greateft acceleration and retardation of the
diurnal motion (241, N) cannot {ubfift in the fame
{ea at the fame time, the accumulation or defect
muft confequently be lefs; that is to fay, if one of
the fhores or coafts of any fea be lefs than ninety
degrees to the eaftward or wefltward of the other,
and the eaftern coaft, for inftance, be immediately .
under the Moon, the acceleration will, by caufing
the water to rife, occafion a defect or fall to the
weltward, becaufe the weftern parts, being retarded,
do not follow with a velocity fufficient to fupply
what is carried to the eaftward by the acecleration:
and the greater this retardation the greater the defet
or fall. But fince by the fuppofition the weftern fhore
is not go degrees diftant, the retardation is not there
fo great as it would have beenhad the fea been wider;
and therefore the fall in that fea is not fo great.
By a like argument it appears, that when the Moon
is at the meridian of the weftern coaft the elevation
is lefs, if the fea be lefs than ninety degrees from eaft

to weft. Hence in fmall inland feas the tides are P

inconfiderable ; and for this caufe, in the Adtlantic
ocean the tides do not rife fo high between the tro-
pics as they do farther to the north or fouth, the fea
being narrower between America and Africa in the
lower than in the higher latitudes. From hence
alfo follows the reafon why the tides are fo {imall as
they are found to be at the iflands of St. Helena and
Afcenfion, which lie in the middle of that fea; for,
fince the water cannot rife on the one fhore but by
falling at the other, it muft continue at a mean

height at thefe intermediate diftant iflands. 2 ..
R4 - This
























































































































































































































REFLECTION AND REFRAGTION. 313

all a& ence, but in refraction bent into a ewve
by the ackion of the body, fo s to enter the furface
of gny medium mere or lefs direétly than they other-
wife weuld haye done, if its denfity: had conti-
nued. the fame through the whole courfe of the
rays. And in reflection, that the force ating in
the direction of the perpendicular to. the furface
of a body, daes not deftroy the metion of the
ray all at once, but bends it back in a curve.
Which force, when it has deftroyed that part of
the motjon of the ray which tended perpendicularly
towards the common furface of the adjacent me-
diums, mufk reflect the ray with an equal angle
and degree of velocity on the oppofite fide of the

icular to the point of incidence, or vertex
of the curve, This is evident from what has al- N
ready. been faid an the compefition and refolution
of motion, (23, T), and may, perhaps, without
entering into particularexplanations, be more readily
- conceived, by attending to the motions of bodies
projected obliquely from. the Earth’s furface ; for
here the afcending or perpendicular part of the me-
tion is. gradually deftroyed: by the. continually act-
ing force, and a new, fimilar, and equal motion is
generated in  the contrary diredtion, which, ab-
ftrating the effe@ of the air’s refiftance, caufes
the body to fall under an equal angle, and with
the fame velocity,

If the forces of bodies upon the particles of o
light be fuppofed to att equally after the ratio of
the maffes of the particles, the rays will be all

equally












Y1SIBILITY OF OBJECTS, 317

fight affures us, that a body exifts at or in that
point, it s plain that we are liable to deception
in that refpect: for if the pencil be fo affected,
cither by refletion or refraction, as to proceed
with a different divergency or direétion, that is,
in the fame manner as it would have proceeded if
emitted from fome other point of fpace, the fenfe
will refer the place of the objeit to the point
which is in the direction of the laft courfe of the
rays (263, ©)-

Thus, if Mz (fig. 86.) reprefent the feétion of &
a plane mirror; and o3 an objet, then the pen-
cils oc and 2D being refle&ted at ¢ and b, wiil
proceed to the eye at E, in the fame manner as if
emitted from points fituated at 1 and M, and the
fame happening to the pencils which are emitted
from the intermediate points between 0 and B, the
fenfe will refer the place of the objecttorm. The
fame happens by refraction, as is clear from the
eonfideration of fig. 73- (263> E)-

If a pencil of rays be rendered convergent, fo r
25 to meet and crofs each other in a point, they will
afterwards diverge, and the fenfe will refer the
place of the radiant point or objeé to the focus
of the convergent rays, from which the divergence
was laft made; and, that rays of any fort may be
rendered thus convergent, either by refleftion o
sefraction, is eafily thewn.

Suppofe = (fig. 87.) to be 2 point, in amy il M
Juminated or luminous object, which emits 2 pen-
sil confifting of feven rays of light, R4, RE; RG,

RD,
















































ACTION OF SEEING EXPLAINED. 33x

which, we have notions refpeting pofition that
are not derived from the fight, whence we judge
whether a wall is perpendicular or a plane level,
&c. Thefe notions are derived from a perception
of the direttion in which gravity conftantly aéls;
to which direction we always refer. Whence it
happens, that though the pofition of the eye be ever
fo much changed, the idea of the pofition of objetts
in view remains unaltered. For example; if an w
obferver view an upright pole or ftaff, the image
of the pole on the retina will be in a line at right
angles to the opening of the eyelids, provided he
holds his head upright ; but if he vary the pofition
of his head, the image will be formed in a different
pofition, and upon a different part of the retina:
notwithftanding which, he conftantly imagines the
pole to be erect and unaltered.

Becaufe the foci of rays that differ in divergence x
are found at different diftances from the lens, thofe
which diverge lefs coming to a focus fooner than
thofe which diverge more, it is neceflary that the
eye fhould be adapted fo as to at upon the rays
that arrive from points at various diftances, and
to bring them to a focus upon the retina. The
natural ftruture of the eye is fuch, that parallel
- rays have their focus on the retina; and when the
proximity of any obje¢t caufes its rays to fall with
a greater divergency, the pupil of the eye contraéts
and excludes the moft divergent rays, at the fame
time that the cryftalline is brought forward, and
Ptrhﬂps rendered more convex by means of the

ligamentum




































MAGIC LANTHORN. 341

‘The magic lanthorn is a microfcope upon the
fame principles as the folar micro{cope, and may be
ufed with good effe¢t for magnifying fmall tran-
fparent objeéts ; but in general it is applied to the
purpofe of amufement, by cafting the fpecies or
image of a fmall tranfparent painting on glafs upon
a white wall or {creen, at the focal diftance from the
inftrumment.  After what has already been faid, it
will be eafy to underftand the following defcription
of its component parts. -

In the infide of a bex or lanthorn is placed
the candle or lamp ¢ (fig. 102.) whofe light
pafies through the plano-convex lens NN, and
ftrongly illuminates the objeét o B, which is a tran{-
parent painting on glals, inverted and moveable
before n, by means of a {liding piece in which
the glafs is fet or fixed. This illumination is ftill
more increafed by the refle&tion of-light from 2
concave mirror, ss, placed at the other end of the
box, that caufes the light to fall upon the lens
x N, as reprefented in the figure. Laftly, a lens
L1, fixed in a {liding tube, is brought to the requi-
fite diftance from the object 0B, and a large erelt
image 1M is formed upen the oppolite wall,

matic colours that are feparated very much, and the lofs
of light by refleftion, which is moft confiderable when the
refraction is. greateft, and the caufes why in the beft double
microfcopes three or more lenfes are fubftituted inftead of the
{;n:gl:: amplifying lens, D E.

Z 3 CHAP,
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REFRACTING TELESCOPEX. 343

is the following, where a concave is fubftituted in-
ftead of the convex eye-glafs.

Let L~ (fig. 104.) reprefent the object-glafs
as before, and oB a diftant objet. Then the
‘pencils from the refpective points of the object
would converge to their foci, and form the in-
verted image 1M, if the lens £ were not inter-
pofed. But the lens Ex being a double concave,
occafions the rays to diverge more than before ;
fo that the rays which are emitted from B 1n the
objec, inftead of converging to M, are made to
proceed parallel towards n. For the fame reafon
the rays from o are made to proceed parallel to-
wards k; the intermediate pencils being affected
in the fame manner. Now, fince parallel rays caufe
diftinét vifion, it is plain, that an eye placed in the
pencil 1, will conceive it to be emitted from {fome
point, fuppofe m, fituated in the laft direction of
the rays, and the image of B will be feen at m.
By the fame argument, the image of o will be feen
at i, by an eye fituated at &, and the like for the
intermediate points. Therefore, an image will be
feen at im, erect or fimilarly fituated with the object
itfelf.

This telefcope reprefents objects very bright and
clear, and as much magnified as the other does,
but is unpleafant in its ufe, on account of the
contratted field of view. For the pencils, being
rendered divergent with refpect to each other, pafs
moftly on one or the other fide, without entering
the pupil of the eye, and therefore a very {mall

Z 4 part






AERIAL UNDULATION. 348

The exhalations which continually rife from the e
Facth, render the air lefs tranfparent, (293) efpe-
cially near the Farth, where the mixture is lefs
complete, and therefore the celeftial bodies are
feen much more obfcure when in the horizon than
when at any confiderable elevation ; for in the firft
cafe, they are viewed through that part of the
atmofphere which is contiguous to the furface of the
Earth, and in the latter through a part which is
at a greater diftance. But this obfcurity is the
Jeaft part of the inconvenience. The rifing exha-
lations have a kind of undulating motion, like
that of fimoke or fteam, fo that objeéts {een through
them appear to have a tremulous or dancing mo-
tion, which is fenfible even to the naked eye, if
diftant obje@ts be viewed in a hot fummer’s day.
Hence alfo the ftars twinkle, and the fhadow of
lofty buildings have a tremulous motion. In te- E
lefcopes this effect is ftill more perceptible, info-
much as to render them intirely ufelefs, for terref-
trial objeéts, when they augment the apparent mag-
nitude more than eighty times *. But when objects
:0 the heavens are viewed at any confiderable alti-
tude, inftruments may be ufed which magnify many
tghoufands of times. '

# That accurate and enlightened aftronomer Alexander
Aubert, Efq. obferves, that this undulation is the greateft
when the telefcope is not placed in the open air, but within a
room. For the temperature of the room being {feldom cor-
tefpondent with that which obtains abroad, there is almoft
always a confiderable undulation produced at the window
where the ftreams of hot and cold air mix. Herfchel uies his

telefcopes in the open air.
' ' From






CAMERA OBSCURA, s 34._7

By the folar microfcope and magic lanthorn, L
~we have feen that the fpecies of near objefts may
be caft on a fcreen in a darkened chamber. The
camera obfcura has the fame relation to the tele-
fcope, as the folar microfcope has to the common
double microfcope, and is thus conftructed.

Let cp (fig. 106.) reprefent a darkened cham- M
ber perforated at L, where a convex lens is fixed,
the curvity of which is fuch, that the focus of
parallel rays falls upon the oppofite wall. Then,
if A5 be an objet at fuch a diftance, that the
rays which proceed from any given point of its
furface to the lens L, may be efteemed parallel, an
inverted picture will be formed on the oppofite
wall. For the pencil which proceeds from a will
converge to a, and the pencil which proceeds from
g, will converge to b, and the intermediate points
of the objeét will be depifted between a and b.
This is one of the moft pleafing and delightful ex-
periments in OpHics, and never fails to ftrike the
beholder with furprife and admiration. Its only
defec is the inverted pofition of the pi@ure, which
may be remedied by feveral methods. But as
they all tend to make the image lefs lively, they
are feldom ufed.

CHAY






MACNIFYING POWERS. 348

nated;, will caft its {pecies, by means of a
lens, on a fcreen at a greater diftance than will
another blue paper by the fame lens in like cir-
cumftances: And here it may be noted; that the
lens proper for this experiment muft be very flat,
or a portion of the furface*of a large {phere.
Hence the fpecies or image of a white object may
be faid to confit of an indefinite number of co-
loured images, the violet being neareft, and the
red fartheft from the lens, and the images of inter-
mediate colours at intermediate diftances. The
aggregate, oOr image itfelf, muft therefore be ia
fome degree confufed, and this confufion, being
very much increafed by the magnifying power, or
eye-glafs, renders it neceffary to ufe an eye-glafs
of a certain limited convexity to a given object-
glafs. For which reafon, if it be required to con-
fruct a telefcope that fhall magnify objects in a -
greater degree than a given telefcope, the object-
glafs muft be lefs convex, and of confequence its
focal diftance longer. Thus an objett-glafs of 4
feet focal length will bear an eye-glafs of about 1+
inch focus, and will magnify objects in length or
diameter 40 times: one of 2§ feet focal length
will bear an eye-glafs of 3 inches focus, and mag- -
nifies 100 times ; and one of 100 feet will bear an
eye-glafs of fix inches, and magnifies 200 times,
It is alfo neceffary to limit the aperture of the ob-
jeé&t-glafs, to exclude thofe rays which are incident
at too great diftances from the center; for thofe,
being more refracted, are more patticularly fub-

ject






DOLLOND'S EXPERIMENT. 351

dioptrics, it will be more regular to defcribe the
2chromatic telefcope firft, and refer the other to
its place, where we thall explain the properties of
. firuments that a& on the principle of reflection.
Becaufe the component rays of light differ
from each other in refrangibility, they are fepa-
rated from each other by refraction, and be-
caufe they are all refracted fo as to preferve a
conftant ratio between the fines of the angles of
incidence and refration, that feparation muft be
greateft when the whole beam of light is moft de-
fected from its courfe. From hence opticians have
concluded, and there is a paffage in Sir Ifaac
Newton’s * optics, that feems to confirm the opi-
nion, that prifins, which defle&t the whole beam
of light equally out of its courfe at like incidences,
will, however different their refractive denfities,
occafion alfo an equal feparation or divergency of
the component rays: or, in other words, that if
the emergent refracted light from the furface of 2
given prifm be immediately received on the fur-
face of a fecond prifm, which fhall refract it equal-
ly in the contrary direftion, fo that at its emer-
gence, it fhall proceed parallel to the firft incident
beam, this laft emergent light will continue white,
however different the matter of the fecond prifm
may be from that of the firft. But this Mr. Dol-
lond has fhewn to be ill-founded, for, by his ex-
periments it appears, that the different kinds of

# Book I. Part z. Experiment VIIL

glafs
3








































































