‘which they have been forced : they are however liable
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to the vortex of the earth. The pores of steel ax

much less flexible, and better support the state i

to some derangement, as soon as force ceases to act
on them; but this derangement is less in propo
tion to the hardness of the steel. For this reason,
artificial magnets ought to be made of the hardest
steel: were they to be made of iron, they would;
immediately acquire, on being applied to magnetic
bars, a very great degree of power; but the momen
you detach them, all that power would disappe
Great precantien must therefore be employed i
separating from the bars magnets composed of well
tempered steel. For this purpose, before the sepa
ration, you press the supporter, which is of very soff
iron, in the direction of the line M N, (Prate ¥
Fig. 29.) taking pariicular cave not to touch the bar:
with it, for this would mar the whole process, and
oblige you to repeat the operation. On the applica;
tion of the supporter, a considerable portion of thi
magnetic mattex which is cireulating in the magne
G HI will make its way throngh the supporter, an
form a separate vortex, which will continue after th
magnet is detached from the bars.

Afterwards, you press the supporter slowly forw, }1
over the legs of the magnet to the extremities, %
represented in the figure, and in this state permitis
to rest for some time, that the vortex may be allowell
to setile. The supporter is likewise furnished wi
a weight P, which may be inereased every day
being always understood, that the supporter is to bl
so perfectly adjusted to the feet of the magmnet, as 0
touch them in all points.® '

8th December 1761,

* Anp accouns of Couloml's improvements on the method of magneti
bars of steel, will be found in the article Magnetism, of the Edink
Encyclopedia, vol. xiil. p. 264.~—Ep.
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ITER LXXII—On Dmpmms ; INsTRUMENTS
WHICH THAT 5CIENCE SUPPLIES: OF TELESCOPES

| D Microscores. IIFFERENT FIGURES GIVEN
To (31.455E5 or LENSES.

Tuze wonders of dioptrics will now, I think, fur-

nish a.subject worthy of your attention. This science

novides us with two kinds of instruments composed

f glass, which serve to extend our sphere of vision,

e

colv.ering objeets which would escape the naked

There are two cases in which the eye needs assist-

gf:i: the first is,_ when objects are too .distant to
dmit of our seeing them distinctly; such are the
eavenly bodies, respecting which the most iuipqrtant:
iseoveries have been made by means of dioptrieal

truments.  You will please to recollect what I
e said concerning the satellites of J upiter,...Which
1st.us in the diseovery of the longitude ; ' they are

le only with the aid of good telescopes; and

those of Saturn require telescopes of a still better

struction.
There are, besides, on the surface of the earth

bjects. very distant, which it is impossible for us to

and to examine in detail, without the assistance
lescopes, which represent them to us in the
manner as if they were near, These dioptri-
lasses or instruments, for viewing distant bodies
denominated Telescopes. ’
The ather case in which the eye needs assistance
en the abject, though sufficiently near, is too
t0 admit of a distinet examination of its parts
wewished, for example, to discover all the parts‘

fthe leg of a fly, or of any insect still smaller ;—if

-Wer}f disposed to examine the minuter particles
e-human body, such as the smallest fibres of the

uSC €s, or O i. L1 ".’E':, l
. 2 ner 1t WO e uapossiple Lo

L
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succeed without the help of certain mstrltlg:teuts i‘;ﬂ};ﬁd
| Microscopes, which represent small o ‘]'ecti. the
same manner as if they were a hundred or a thous
i reater.
tml?fegei,ei‘iaen, are two kipds_ of instrmn_ents‘,‘ Teflg;
scopes and Microscopes, iurnlshe.dlby i;opfn;rcs‘l o8
assisting the weakness of our sig ‘1t. \ eere;gi
only have elapsed since these instruments w e
vented; and from the era of that invention t1;11 st by
| dated the most important discoveries 11.11 as chn thjé
' by means of the telescope, and in physics by the
T heseme e produced merely by
| These wonderful effects are pro R
I the figure given to bits of glass, and the hapgy ?mj‘
bination ofg two or more glasses, which w{ret elrif o
nate Lenses, Dioptries 1s the._scmnce that n o
the principles on which such imstruments are gon
structed, -and the uses to which thfey are apgi] ied
and you will please to recollect that 1t1tm'ns el
on the direction which rays of light ta te on ﬁ'ata sin
through transpavent media of a differ enlt quall v{r;tef
passing, for example, from air mto‘ g ?Ss i(;l -
Lt and reciprocally, from glass or W*H.Fe:. c1111 31?011‘ -
" As long as the rays are propagate ! Segve th
same medium, as E‘ﬁr exal‘nﬁel ‘Elll;; ﬁlﬁy I_I,]];, BLC, A
irection, in the straight lir , LB, ]
SaPD;i;:l;l ’?f(fmg‘?;.ugl.), drawn from the luminous poin
SL whence these rays issue; and when hthfay :;1
wilere meet an eye they enter into 1t, and t fale Pded :
image of the object from which theg' pr oceie ,
%ﬁ this case the vision is denolinmat}s}ecfslmiﬂ e%h 2
ral ; sepresents to us the 0nj
natlul.lala;ef‘lndef science which explains fo us th
o zijles of this vision, is termed Optics. |
pluﬁ t1 when the rays, before they enter mnto the eye,
e rueﬁected on a finely polished surface, 51}5}1 als:1
?111'11‘1'01‘, the vision is mo longer matural; asin t

e we see the objects differently, and in a different
ce, from what they really ave. The science which
xplains the phenomena presented to us by this

lon from reflected rays, is termed Catoptries. | It,

, “supplies us with instruments caleulated to ex-
end the spheie of our vision; and you are acquaint-

| with such sorts of instruments, which, by means
one or two mirrors, render us the same services

those constructed with lenses. These are what
¢ properly denominate Telescopes ; but in order to
istinguish them from the common perspectives,
hich are composed only of glasses, it would be

ter to call them catoptric or reflecting telescopes,
this mode of expression would at least be more
~accurate; for the word telescope was in use before

he discovery of reflecting instruments, and then
meant the same thing with perspective.

-1 propose at present to confine myself entirely
dioptrical instruments, of which we have two sorts,
elescopes and microscopes. In the construction of
joth we employ glasses formed afier different man-
ers, the varions sorts of which I am going to ex-
lain,  They are principally three, according to the

ure given to the surface of the glass.

he first is the plane, when the surface of a glags
plane on both sides, as that of & common mirror.

u were to take, for example, a piece of looking-
lass, and to separate from it the quicksilver which
eres to its farther surface, you would have a glass
th of whose surfaces ave plane, and of the same
hickness throughout.
he second is the conver; a glass of this denomi-
nation is more raised in the middle than toward the
ge.
The third is the concave ; such a glass is hollow
ard the middle, and rises toward ihe edge,
Of .these three different figures which may he
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given to the surface of a glass, ave produced the s)
species of glasses represented in PraTe VI Fig. 2
1. The plane glass has both its surfaces plane.
1I. The plano-convex glass has one surface plang’
and the other convex.
11, The plano-concave has one surface plane ang
the other concave.
1V. The convezo-convez or double convex, hak
both surfaces convex.
V. The convexo-concave, or meniscus, has one su
face convex, and the other concave. :
V1. Finally, the concavo-concave, or double concavt,
has both surfaces concave.

It is proper to remark, that the figure represents ;

the section of these glasses or lenses.
8th December 1761,

Tzrrer LXXIIL—DirreERENCE oF LENSES WITH
RESPECT TO THE CURVE OF THEIR SURFACES, D1
TRIBUTION OF LENSES INTO THREE CLASSES.

Fron what I have said respecting the convex.an
concave surfaces of lenses, you will easily compr

hend that their form may be varied without eng,

according as the convexity and concavity are gre
or less. There is only one species of plane surfa
because a surface can be plane in one manner onl
but a convex surface may be considered as makiy
part of a sphere, and according as the radius }
diameter of that sphere is greater or less, the -cg
vexity will differ; and as we represent lenses -6
paper by segments of 2 circle, according as thes
circles are greater or less, the form of lenses
be infinite, with respect both to the convexity
concavity of their snrfaces,

As to the manner of forming and polishing glassi
all possible care is taken to render their figure €
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etly circular or spherical; for this purpose we
g ploy basins of metal formed by the turning
ng,l on a spherical surface, both inwardly and
vardly.
 Let ALBDYC (Prare V. Fig. 30.) be the form
of sneh'a basin, which shall have two surfaces, AEB
an CFD; each of which may have its separate ra-
@.}gs ; when a piece of glags is rubbed on the concave
i .Of. the basin AEB, it will become convex ; but
L1t is yubbed on the convex side CFD, it will be-
come concave. Sand, or coarse emery, is at first
_in: rybbing the glass on the basin, till it has
agquired the proper form ; and after that a fine species

; gf.emery, or pumice stone, to give it the last polish.

In order io know the real figure of the surfaces
Qj; a lens, you have only to measure the radius of the
surface of the basin on which that lens was formed ;
the true measure of the convexity and concavity
oft supfaces, is the radins of the circle or sphere
g% ch corresponds to.them, and of which they make
ALk,

hus, when it is said that the radins of the con-
surface AEB (Prate VI. Fig. 2.)is three inches,
i;}} - meaning is, that AEB is an arch of a circle de-
vibed with a radivs of three inches, the other suz-
o' AR heing plane.

That I may convey a still clearer idea of the dif-
rence of convexities, when their radii are greater
s, I shall here present you with several figures
different convexity; (see Prars VI, Fig. L)

o tlug_. you see, that the smaller the rading is,
greater is t:he curve of the surface, or the greater
difference h.-'qm the plane; on the contrary, the
greater the radius is, the movre the surface approaches
tﬂ 4. plane, -or Fhe arch of the circle to a straighf

ag, . If the radins were made still greater, the curve
mid at lal_l_gth become hardly perceptible. You
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glasses of this class, that they produce no change in
he appearance of the objects which we view through
them ; the objects appear exactly the same as if no-
g:lling interposed ; accordingly, they are of no manner
of use in dioptrics. This is not becanse the rays
hich enter into these glasses undergo no refraction,
hut because the refraction at the entrance is perfectly
straightened on going off, so that the rays, after
ing passed through the glass, resume the same
direction which they had pursued before they reached
!Glasses, therefore, of the other two classes, on
4ecount of the effect which they produce, constitute
dhie principal object of dioptries.
he second class of lenses contains those which
gre.thicker at the middle than at the edge, (Fig. 5.)
Their effect is the same, as long as the excess of
e thickness of the middle over that of the edge has-
convexity from concavity. But the smaller th same relation to the magnitude of the lens. All
vadii are, the greater and more perceptible do thi es of this class are commonly denominated conver,
convexities and concavities become ; and hence W& Agconvexity preclom].nate_s, though otherways ane of
say, reciprocally, that a convexity or concavity thei surfa.n.ces may be plain, and even concave.
greater in proportion as its radius, which is the mea. he third class contains all those lenses which are
sure of it, is smaller. - thicker at the edge than in the middle (Fig. 6.),
However great in other respects may be th Yhich all produce a similar effect, depending on the
variety we meet with in lenses or glasses, accordi s of thickness toward the edge over that in the
as their surfaces are plane, convex, or concave, an iddle. 45 concavity prevuils in all such lenses,
this in an infinity of different manners ; nevertheless are simply denominated concave. . They must
with respect to the effect resulting from them In refully distinguished from these of the second
dioptrics, they may be reduced to the three follow 8, which are the convex. .
ing classes i : enses of these two last classes are to be the subject
The fivst comprehends glasses which are ever; mylfo_llown_lg letters, in which I shall endeavour
where of an equal thickness; whether their two snr xplain their effects in dioptrics.
faces be plane and parallel io each other, (Prare VI +-12¢h December 1T61.
Fig. 3.) or the one convex and the other concave -
but concentric, or described round the same centr
(Fig. 4.), so that the thickness shall remain ever
where the same. It is to be remarked respectin

scarcely perceive it in the srch MN (Fig. 2.), the
radins of which is six inches, or half a foot; and if
the radius were still extended to ten or a hundred:
times the magnitude, the curve would become alt
gether imperceptible to the eye. ey

But this is by no means the case as to dioptries}
and I shall afterwards demonstrate, that though thé
radins were g hundred or a thousand feet, and the
curve of the lens absolutely imperceptible, the effe
would nevertheless be abumdantly apparent. The
radies must indeed be inconceivably great, to pro:
duce a surface perfectly plarie; from which you may
conclude, that a plane surface might be consideréd:
as a convex surface whose radius is infinitely greaty
or as a concave of a radius infinitely great. Hereit
is that convexity and concavity are confounded, so

£

ETTER LXXIV.—Errrcr or Convex Lewses,

2 Iy order to explain the effect produced by both
onvex and concave lenses, in the appearance of
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objects, two cases must be distinguished ; the one
when the object is very far distant from the lens, and
the other when it is neaver.

But before I enter on the explanation of this,d:
must say a few words on what is called the axis of -
the lens. As the two surfaces ave represented by
segments of a circle, you have only to draw a straigh
line through the centres of the two cireles; this lin
is named the axis of the lens. In Fig. 't. of Pramk.
VI the centre of the arch AEB being at C, and
that of the arch AFB at D, the straight line CD is
denominated the axis of the lens AB; and it Is easg.
to see that this axis passes through the middle of it
The same thing would apply, if the surfaces of the
lens were concave. But if one is plane, the axis
will be perpendicular to it, passing through the centre
of the other surface.

Hence it is obvious, that the sxis passes throughi
the two surfaces perpendicularly, and that accordy
ingly, a ray of light coming in the direction of th
axis, will suffer no refraction, because rays passing
from one medium into snother are not breken or
refracted, except when they do not enter in a pe
pendicular direction, _

It may likewise be proved, that all other rays passe
ing through the middle of the lens O undergo ng
refeaction, or rather that they again become parallel
to themselves. :

1t must be considerad, in ovder to comprehend the
renson of this, that at the points E and ¥ the two
surfaces of the lens are parallel to each other, for the
angle MEB which the ray MF makes with the arch
of the circle EB, or its tangent at L, is perfectl
equal to the angle PTA, which this same ra
produced, or P, makes with the arch of the circl
AT, or its tangent at F': you recollect that two suc
angles are denominated alternate, and that it i
demonstrated, when the alternate angles are equal

that the straight lines are parailel to each other; con-
sequently, the two tangents at F and at F will be
parallel, and it will be the same thing as if the ray
MIFP passed through a lens whose two surfaces.
ere parallel to each other. Now we have already
seen that rays do not change their direction in pass-
in thrfmgh such a lens.
aving made these remarks, let us now consider
gOnvex 1_ens A_B (Prate V1. Fig. 8.), whose axis
is. the _stx_'?.lght_hue QEFP; and let us suppose that
there is in this line, at a great distance from the
{ens, an object or luminous point O, which diffuses
rays in all directions; some of these will pass through
grr lens AB, such as OM, OL, and ON; of which
at in the middle, OE, will undergo no refraction,
byt will continue its divection through the lens in
the same produced straight line FIP. The other
tyo-rays, OM and ON, in passing through the lens
ward the edge, will be refracted both at entering
departing, so that they will somewhere meet the
as i.it I,_ and afierwards continne their progress
¢ direction IQ and IR. It might likewise he
{ Onstxfa.tﬁd_ that all the rays which fall between M
gnd. N will be refracted, so as to meet with the axis
intne same point 1. Therefore, the rays which had
lens Interposed, would haye pursued their recti-
al direction OM and ON, will, after the refrac-
on, pursue other directions, as if they had taken
elr departure from the point I; and if' there were
aneye somewhere at P, it would be affected just as
_ 111!111}101{5 point were actually at T, though there
o reality in this. You have only 1o suppase for
oment, that there is at I a real abject, which dis-
Ising ifs rays, would be equally seen by an eye
ced ak P, as it now sees the object at O by means
¢ 1ays refracted by the lens, because there is at
Image of the abject O, and the lens AB there
L2
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represents the object O, or transports it nearly to I
‘Fhe point O is therefore no longer the objeet of

vision, but rather its image, represented at I; fou
this is now its immediate object. ’

This lens, then, prodnces a very considerable i

change: an object very remote O is suddenly trans=

ported to I, from which the eye must mndoubtedly |

receive a very different impression from what it would
do, if withdrawing the lens, it were to view the ob-
ject O immediately. Let O be considered as a stary
the point O being supposed extremely distant, the .
lens will represent at I the image of that star, but aw
image which it is impossible to touch, and which has
no reality, as nothing exists at T, unless it be that the
rays proceeding from the point O are collected there
by the refraction of the lens. Neither is it to he
imagined, that the star would appear to us in the.
same manmer as if it really existed at I.  How could
a body many thousands of times bigger than the
earth exist at a point I? Our senses would be very
differently struek by it: We must carefully remark
then, that an image only is represented at I, like that
of a star represented in the bottom of the eye, or
that which we see in a mirror, the effect of whick
has nothing to surprise us. b

15tk December 1961,

"

. f
Lerrer LXXV.—THE samE SussEer: DIisTANCE
or T Focus oF Convex LENSES.

I mEaN to employ this letter in explaining the
effect produced by convex lenses, that is, such &
are thicker at the middle than at the edge. The
whole consists in determining the change which ray
undergo in their progress, on passing through such
a glass. In order to place this subject in its cleares
light, two cases must be cavefully distinguished ; thy
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-one when the object is very distant from the lens,
. and the other when it is at no great distance, I be-
“igin with considering the first case, that is, when the
" ohject is extremely remote from the lens.
s In Fig. 9. of Plate VL. MN is the convex lens, and
e straight line OAB is its axis, passing perpendi-
enlarly, through the middle. I remark, by the way,
at this property of the axis of every lens, that of
assing perpendicularly through its middle, conveys
the justest idea of it that we are capable of forming.
et us now conceive that on this axis there is some-
here at O an object OP, which I here represent as
a;straight line, whatever figure it may really have;
d as every point of this object emits its rays in all
directions, we confine our attention to those which
fall vn the lens.
My.remarks shall be at present farther limited to
the rays issuing from the point O, sitnated in the
vy axis of the lens. The figure represents three
these rays, OA, OM, and ON, the first of which,
» passing through the middle of the lens, under-
goes no change of direction, but proceeds, after
'avmg[passed through the lens, in the same straight
line BIS, that is in the axis of the lens; but the other
two rays, OM and ON, undergo a refraction both
op:entering into the glass and leaving it, by which
ey are turned aside i%‘om their first direction, so as
) meet somewhere at I with the axis, from which -
gy will proceed in their new direction, in the
straight lines MIQ and NIR; so that afterwards,
hen they shall meet an eye, they will produce in it
¢ same effect as if the point O existed at I, as they
serve- the same direction. For this reason, the
vex lens is said to transport the objeet O to T
. in order to distinguish this point I from the real
pgint. O, the former is called the image of the lattey,
hich in its turn is denominated the object.
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This point I is very remarkable, and when the
object Q is extremely distant, the image of it is like-
wise denominated the focus of the lens, of which I

shall explain the reason. If the sun be the object at

O, the rays which fall on the lens ave all collected at
I; and being endowed with the quality of heating, it
is natural that the concourse of so many rays at 1
should produce a degree of heat capable of settin
on fire any combusiible matter that may be place

there. Now, the place where so much heat is col- '

lected we call the focus ; the reason of this denomi.
nation with respect to convex lenses is evident
Hence, too, a convex lens is denominated a burning

glass, the effects of which you are undoubtedly well
acquainted with. I only remark, that this property
of collecting the rays of the sun in a certain point, -
called their focus, is common to all convex lenses::
they likewise collect the rays of the moon, of the:
stars, and of all very distani-bodies; though their

force is too small to produce any heat, we neverthe-

less employ the same term, focus: the focus of a

glass, accordingly, is nothing else but the spot wher

the image of very distant objects is represented ; to
which this condition must still be added, that the.

object onght to be sitnated in the very axis of th

lens ; for if it be out of the axis, its image will like~

wise be represented out of the axis. I shall hav
occasion to'speak of this afierwards.

1t may be proper still farther to subjoin the fols,

lowing remarks respecting the focus:—
1. As the point O, or the object, is infinitely di

tant, the rays OM, OA, and ON, may be considered

as parallel to each other; and, for the same reason,
parallel to the axis of the lens,

9, The focus I, therefore, is the point behind the
glass, where the rays parallel to the axis which falll

on the lens ave collected by the refraction of the lens.

“ Eet, '7 5.
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- 8. The focus of a lens, and the spot where the

_ Image of an object, infinitely distant, and situated in

ﬂﬁ? axis of the lens, is represented, are the same
1in,

- =4, The distance of the point I behind the lens,

hat is the length of the line B I, is called the dis-
tance of the focus of the lens. Some authors call it
the focal distance, .or focal length.

8. Hvery convex lens has its particular distance
of focus—one greater, another less—which is easily
ascertained by exposing the lens to the sun, and ob-
erving where the rays meet,

6. Lenses formed by arches of small circles, have
heir focuses very near behind them; but those

. whose surfaces are arches of great circles, have more

distant focuses.

7. 1t is of importance to know the focal distance

of every convex lens employed in dioptrics; and it
sufficient to know the foecus, in order to form a

dgment of all the effects to be expected from it,

Whether in the construction of telescopes or micro-

gtopes, -

8, If we employ lenses equally convex on both sides,
hat each surface shall correspond to the same

e,- then the radius of that circle gives nearly
f_'ocal distance of that lens; thus, to make a
birning-glass which shall burn at the distance of &
foot, you have only to form the two surfaces arches
circle, whose radius is one foot.

Buii when the lens is plano-convex, its focal
Wstance is nearly equal to the diameter of the circle,
Yeb ch corresponds to the convex surface.

-Acquaintance with these terms will facilitate the
ﬁb ygiidge of what I have farther to advance on this

19tk December 14%61.
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Lerrer LXXVI.—DisTaNCcE OF THE IMAGE OF
OBJECTS.

Havine remarked that an object infinitely distant
is represented by a convex lens in the very focus,
provided the object be in the axis of the lens, 1 pro-
ceed to nearer objects, but always situated in the
axis of the glass; and 1 ohserve, first, that the
nearer the object approaches to the lens, the farther
the image retires.

Tet us accordingly suppose that F (Prare VI
Fig. 10.) is the focus of the lens M M, so that when
an object is infinitely distant before the glass, or at the -

top of the figure, the image shall be represented at
F; on bringing the object nearer to the glass, and-
placing it snccessively at P, Q, R, the image will be:
represented at the points p, g, 7, more distant from
the lens than the focns : in other words, if A P is the?
distance of the object, B p will be the distance of:
the image ; and if A Q is the distance of the object
B g will be that of the image; and the distance B 7
of ‘the image will correspond to the distance A R of
the object.

There is a rule by which it is easy to calculate the:
distance of the image behind the lens, for every dis-
tance of the objeet before it, but I will not tire yo
with a dry exposition of this rule; it will be suffi
cient to vemark, in general, that the more the dis
tance of the object before the glass is diminished
the more is the distance of the image behind it in-]
creased. 1 shall to this subjoin the instance of a!
convex lens, whase focal distance is six inches, or of
a lens so formed, that if the distance of the object is:
infinitely great, the distance of the image hehind the!
lens shall be precisely six inches; now, on bringing’

the object nearer to the lens, the image will retire,
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'gcﬁi)rding to the gradations marked in the following
able :

Distance of the Olyject.

Distance of the Image.
: Infinity. | 6
Lo 421 7
i 24| 8
u; 18 9
T 15 | 10
12112
10 | 15
918
8| 24
Y

o 6 | Infinity.

- Thus the object being 42 inches distant from the
lenis, the image will fall at the distance of 7 inches,

hat is one inch beyond the focus. If the object i
7 . ) t
%t the distance of 24 inches, the image will ‘{fecnl:
mg?rqd to the distance of 8 inches from the lens,
it is two inches beyond the focus; and so of the

Though these numbers are applicable onl
iis whose focal distance is 6 ingllfes, some g)éxfgrasi
hsequences may, however, be deduced from them.
‘1. If the distance of the object is infinitely great
image falls exaetly in the focus. .
‘2, If the distance of the object is double the dis-
ice. of the focus, the distance of the image will
kewise be double the distance of the focus; i?l other
ds, the object and the image will be equally dis-
t from the lens. In the example above exhibited
¢ distance of the object being 12 inches, that of
e image is hikewise J2 inches.
. When the object is brought so near the lens
t the distance 1s precisely equal to that of the

focus, say 6 inches, as in the preceding example,
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it possible that distance should be increased ? The
nestion might undoubtedly puzzle philosophers, but
f easy soluiion to the mathematician, The image
will pass from an infinite distance to the other side
afthe lens, and consequently will be on the same side
with:the object. However strange this answer may
appear, it is confirmed, not only by reasoning, but
by experience, so that it is impossible to doubt of its
dity; to increase beyond infinity is the same thing
with: passing to the other side: this is unquestionably
g.real paradox. '
22d December 1761.

then the image retires to an infinite distance behind
the lens. :

4, It is likewise observable in general, that th
distance of the object and that of the image recipro
cally correspond; or if you put the object in the:
place of the image, it will fall in the place of the
object.

5, If, therefore, the lens MM (Prate V1. Fig. 11
collects at I the rays which issue from the point Oy
the same lens will likewise collect at O rays issuing
from the point L :

6. It is the consequence of a great principle in
dioptrics, in viriue of which it may be maintained,
that whatever are the refractions which rays have
undergone in passing through several refracting me-
dia, they may always retmn in the same direction.

‘Lerrer LXXVIE—MaeNITUDE oF IMaGEs.

_'_-¥,01I- can no longer doubt that every convex lens
This truth is of much importance in the know+ must represent somewhere the image of an object
ledge of lenses: thus, when I know, for exampley presented to it; and that in every case the place
that a lens has represented, at the diStance of & of the image varies as much according to the dis-
inches, the image of an object 24 inches distant, [ tance of the object as according to the focal distance
may confidently infer, that if the object were 8 incheg he lens: but a very impertant article remains yes
distant, the same lens would represent its image at xhe explained, T mean the magnitnde of the image.
When such a lens represents to us the image of

the distance of 24 inches. )
It is farther essential to remark, that when the d . sun, of the moon, or of a star, at the distance of
ot, you are abundantly sensible that these images

tance of the object is equal to that of the focus, the : i
image will suddenly retire to an infinite distance st be incomparably smaller than the objects them-
es. A star being much greater'than the whole

which perfectly harmonizes with the relation existin,
garth, how is it possible that an image of such mag-

between the object and the image. S
Vou will no doubt be curious to know in wha de should be represented to us at the distance of
place the image will be represented when the objee g.got? But the star appearing to us only as a point,
is brought still nearer to the lens, so that its distane Jimage vepresented by the lens likewise resembles
shall become less than that of the focus. This ques and consequently is infinitely smaller than
tion is the more embarrassing, that the answer mus et itself,
be, the distance of ihe image will in this case b ere are, then, in every representation made by
greater than infinity, since the nearer the object & nges, two things to be considered ; the one respects
proaches the lens, the farther does the image ret lace where the image is represented, and the
But the image being already infinitely distant, ho er the real magnitnde of the image, which may
, -very different {rom that of the object. The first

+
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being sufficiently elucidated, I proceed to furnish you:
with a very simple rule, by which you will be enabled:
in every case to determine what must be the magni
tnde of the image represented by the lens.

Let OP (Prate VL Fig. 9.) be any object what-;
ever situated on the axis of the convex lens M N;
we must first look for the place of the image, whichis
at I, so that the point I shall be the representation;
of the extremity O of the object, as the rays issuing
from the point O are there collected by the refraction
of the lens. Let us now see in what place will be
represented the other extremity P of the object; for
this purpose let us consider the vays PM, PA, PN,
which, issning from the point P, fall on the lens.
observe that the ray P A, which passes through the

- middle of the lens, does not change its direction,
but continues its progress in the straight line A K 8j
it will be therefore somewhere in this line at K, tha
the other rays PM and PN will meet; in other
words, the point K will be the image of the other
extremity P of the object, the point I being that o
the extremity O: hence it is easy to conclude tha
1K will be the image of the object O P, represente
by the lens,

In order then to determine the magnitude of t
image, having found the place I, you have only t
draw from the extremity P of the object, through A,
the middle of the lens, the straight line PAK S, an
to raise from I theline I K perpendicular to the axis
and this line TK will be the image in guestion ; it §
evident from this that the image is reversed, so tha
if the line OR were horizontal, and the object O

aman, the image would have the head K undermosty:

and the feet I upparmost.

On this I subjoin the following remarks:

1. The nearver the image is to the lens, the sma
it is; and the more remote it is, the greater its
magnitude. Thus, O P (Prare V1. Fig. 18.) being
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the. object placed on the axis before the lens M N, if
the image-fell at-Q, it would be smaller than if it fell
‘R, 8, or T\ For, as the straight line P A £ drawn
from the summit of the object P, through the middle
ofthe lens, always terminates the image, at whatever
distance it may be, it is evident that among the lines
Qg, R, Ss, Tt the first Q ¢ is the smallest, and
that the others increase in proportion as they remove
from the lens.
@i 2, There is one case in which the image is precisely
gqual to the object: it is when the distance of the
image is equal to that of the object; and this takes
place, as I have already remarked, when the distance
of the object A Q is double that of the focus of the
lens; the image will then be T #, so that the distance
is equal to A O.  You have only then to consider
the-two triangles O A P and T A% which having
he opposite angles at the point A, as well as the
sides A O and AT, equal each to each, aslikewise the
angles at O and T, which are both right angles;
ese two frinngles will be every way equal, and
lonsequently the side T'#, which is the image, will
besequal to the side O P, which is the object.
8, If the image were twice farther from the lens
an the object, it would be double the object; and
eneral, as many times as the image 1s farther
om the lens than the object, so many times will it
s.greater than the object. For the nearer you bring -
heiobject to the glass, the farther the image retires,
and consequently the greater it becomes.”
4. The contrary takes place when the image is
eorer the lens than the object; it is then as many
nes smaller than the object, as it is nearer the lens
ian. the object is.  If then the distance of the image
ere one thousand times less than that of the object,
ould likewise be one thousand times smaller.
5. Let us apply this to burning-glasses, which
eing exposed to the sun, represent its image in the



. the distance of the focus of a burning-glass, the more
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focus, or rather represent the focus, that is, the lnmi:
nous and brilliant cirele, which burns, and which i
nothing else but the image of the sun represented:hy;
the lens. You will no longer be surprised then at
the smallness of the image, notwithstanding the pros
digious magnitude of the sun, it being as many times,
smaller in the focus than the real sun, as the dis»
tance of the sun from the lens is greater than that of
the image. :

6. Hence likewise it is evident, that the greate

byilliant also is the civcle in the focus, that is, the

greater will be the image of the sun; and the diames

ter of the focus is always about one hundred times.

smaller than the distance of the focus from the lens
I shall afterwards explain the different uses which:

may be made of convex lenses; they are all sufii

ciently curious to merit attention.

28¢h December 1161,

Terrer LXXVIIL—BurKing-(GLASSES.

Tux first use of convex lenses, is their emplo
ment as burning-glasses, the effect of which mus
appear altogether astonishing, even to those 1?:11
already have some acquaintance with natural phile,

sophy. In fact, who could believe that ibe imagé.

of the sun simply should be capable of exciting sucly
a prodigious degree of heat? But your surprise wil

cease, if you please to pay some attention to th,ef.

following reflections :— )

1. Let M N (Prare VL Fig. 14.) be a burning
glass, which receives on its surface the rays of th
sun B, R, R, refracted in such a manner as t
present at F o small luminous circle, which is th
image of the sun, and so much smaller as it is neare,
to the glass,

2. All the rays of the sun, which fall on the suy

. 18, BURNING-GLASSES, 261

face of the glass, are collected in the small space
of ‘the focus F; their effect, accordingly, must in
space be as many times greater as the surface
o.glass exceeds the magnitude of the focus, or
of the sun’s image. We say that the rays, which
e dispersed over the whole surface of the glass
e'concentrated in the small space T. ’
The rays of the sun having a eertain degree of
16at, they exert their power in a very sensible man.
ner-at the focus; it is possible even to calculate how
many‘times the heat at the focus must exceed the
tural heat of the sun’s rays: we have only to ob-
setve how many times the surface of the glass is
ter than the focus,
4, If the glass were not greater than the focns,
heat wounld not be stronger at the focns than any
re else; hence we must conclude, that in order
the..p_mduction of a strong heat by a burning-
glass,'. It 1s not sufficient that it should be convex, or
that it should represent the image of the sun; it
must Desides have a surface which several times
xceedsﬂth'e magnitude of the focus, which is smaller
. proportion as it is nearer to the glass.
5. ¥'rance is in possession of the most excellent
b ng-glass: itis three feet in diameter, and its
ace'is calculated to be nearly two thousand times
reater than the focus, or the image of the sun which
Lirepresents.* It must produce, therefore, in the
faous, .a heat two thousand Hmes greater than that
ch we feel from the sun. Its effects are accord-

'l_:‘her]ens here alluded to was, we beliave, one of Tschirnbausen’s, that
fike:of Qr]enns purchased for the Academy of Seiences. A mare
_bu‘l_.'nmg lens, however, was afterwards mude in Eungland by Mr.
£ whi.{:h cost above L. 700, It had 2 feet 83 inches of ¢lear diame-
Ii‘-zj«..thm_]mms at the centre was 3% inches, and its foeal length 6 feat
es;in diameter, It was made of flint-glass, This celobrated lens in
! ‘1:‘;%1111:' p‘S:i f-‘—h;'i‘.b:’gh Lreyclopadin, avticle Burning Distrier
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ingly prodigious : wood of every kind is in a moment
set on five; metals are melted in a fow minutes;
and, in geneval, the most ardent five which we are !
capable of producing, is not once to be compared| «sible.  And a body is illuminated onl far
with the vehenient heat of this focus. . these proper particles are put into a motiy SOf B a3
6. The heat of boiling water is calculated to be; Jfion so rapid as to be capable of produci on of vibra-
about thrice greater than what we lfeel from the rai;]jlf _rm‘;_;he ether, p g New rays
of the sun in summer; or, which amounts fo . It is clear, then i ol
same thing, the heat of boiling water is thrice greate 58D have Sufﬁci:mt fblfc‘:h?; 12{:}3;;1&3;1;&1 rays of the
than the natural heat of the blood in the hnma cles of bodies, those which are cc'llemtm{1 te par-
body. But in order to melt lead, we must hav ipcus must put the particles which the ctec -mthth-e
heat thiice greater than s requisite to make wate A0to an agitation so violent, that their guﬁe:i, dehE=
boil ; and to melt copper, a heat still thrice greatel lon is entirely dissolved ’and the bod .tll Ifﬂ he-
is necessary. 'To melt gold requires a much highex pletely destroyed, which is e o ofyéhl-'se B?D]-IE-
degree of heat. Teat, then, one hundred time ody is combnstible, as wood, the disse'1 b or if
greater than that of our blood is capable of meltin e minute particles, joined to the most 0 u.don of
gold ; how far then must a_heat two thousand times 2ilon, makes a considerable part of it to ﬂmlz,lff‘ ﬁil—
in the form of smoke, and the gl.ossely par ticlez

greate]g exceed the til'i)rce of 0(11.111' ordin?iry fires ?d
7. But how are these prodigious eflects produce emain in the form o . . .
by the rays of the sun, l():olle(;’:ed in the focus of ome liquid by ¢ ]f :Sc}llif;ss.o f;t]is;]ll)li ?Otflllle_&‘., as rfn.atals,
burning-glass ? This is a very difficult guestio ence we may comprehend how fire acilr P?Ll tg:_leﬂ,
with respect to which philosophers are very muc is only the adhesion of their min ts?n ocles;
divided. Those who maintain that the rays are hich is attacked, and the particles t]}llslfn lialtlcles
emanation from the sun, darted with the amazing ereby afterwards put into the most vi lsetves are
velocity which 1 formerly described, are not greaqy on. Here, then, is a very striking eﬁ‘ec::: nf ggl.ta-
embarrassed for a solntion; they have only to say a-plasses, which derives-its oriein from tlo urn-
ihat the matter of the rays, striking bodies with f convex lenses.® There are besides man e naéure
effects to be described, - ywander-

violence, must totally break and destroy their minue
-28th December 1761.

th];a‘ slllll‘f.?ce_to a concussion, or motion of vibration,
4 E]lc b m 1ts turn, is capable of exciting new rays;
1 by these the body in question is rendered

particles. Bnt this opinion is no longer admitted id
sound philosophy.
8. The other system, which makes the natureo
light to consist in the agitation of the ether, appeay
little adapted to explain these surprising effects
burning-glasses. On carefully examining, hawever
all the eircumstances, we shall soon be convinced|a

- the possibility of this. The natural rays of the Sle'
as they fall on bodies, excite the minute particles; o

In g: W;:k already quoted, in p. 262, note, 1 have shown bow Burning
ézi)];es :nn;f:ruutmd of ey size, by huilding them, as it were, of
e E,e at.: tzione consisting of diflerent segments, which are ground
: munhpla-':'u ely. By this means the central parts of the Burning
o 55 t]uc':k than when the lens is of one piece, and the arror
phaerical nberm‘tmn may he in & great measure eorrected,—See th
gk Philvsaphical Journad, vol. viii. p- 160.—Enp. S
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noin ject i
EE thte (fxtthe. object ; and yeciprocally, to every point
o Whiillilal object u};ﬂl correspond a point ou the
able, recelves those rays, and no other '
3111—2_1;1];351 were to be remaved from the apei'turt:lh.l }?z :
'i;:fﬁﬁnir e f?vc?u}d be illuminated in quite a diﬁ"eren;:
o H ﬂ’sl in that case every point of the object
ou fuse ;'ts rays over the whole table, so that
e ybp{;ljlittho the table would be lluminated at
e g e e external objects, whereas at present
e y one only, that' whose rays it receives:
tromm th) you w:ll easily comprehend that the effect
i;é.ys ent;lﬁe c‘hﬁ‘efent. from what it would be, if the
TS nts simply by the aperture M N into the
~Let us now exami
t us now examine somewhat more closel
ser?ﬁlazhéi d1{’{-’e¥enc§ consists; and let us fivst supy
e poimt P of the object is gr :
t of the table p wi T v o thome
p will therefore veceive only tt
een.rays of the object P Yng on
‘ \ ¢ , and these re-uniting on
whicv;a}ilm?; n:zljfte; :.;111 _glake. a cell';‘.‘ain impres&%on,'
.‘ nsideration. For this purpos
Bwﬁl i%}fals? E{)frecollect the following Il))l'op,PoDssie
y 1 hY 2 \ 1T -
% Whi 1ad formerly the honour of explaining
lg‘ozl]gurs dlﬂ'lm from each other in the same
Tann musical sounds: each colour is pr
et a3 o : rodnced
a'determinate number of vibrations, wlljich ina

Lerren LXXIX.—TaE CAMERA QBsCURA.

W likewise employ convex lenses in the cainer
obscura, and by means of them all external object
are presented in the darkened room on a white suze
face, in their nataral colours, in such 4 manner tha
Iandscapes and public buildings, or objects in gen
ral, ave represented In much greater perfection tha
the power of the pencil is capable of producing.
Painters accordingly avail themselves of this method,
in order to draw with exactness landscapes and other
objects which are viewed at a distance. The camefa
obscura, then, which is the subject of this letts
is represented at B F G H (Prate V. Fig. 15
closely shut up on all sides, except one litile round
aperture made in one of the window-shutters, (&
which is fixed a convex lens, of such a focus as
throw the image of external objects, say the fre
O P, exactly on the opposite woll F G, atop.
white and moveable table is likewise employec
which is put in the place of the images represenigt,
The rays of light, therefore, can be admitted in
the chamber only through the apertnre M N,
which the lens is fixed, without which total
would prevail.
et nus now consider the point P of any obj
say the stem of our iree OP. listays PM, B A
PN, will full on the lens M N, and be refracted en time ar mper
it, 50 8 to meet again At the point p on the wall, ¢ Towe of Ou;“;mflf(%?(; in tl:l?n ether. The green -
on a white table® placed there for the purpps! certain number of vibrat‘:‘cm- gly appropriated to
This point p will consequently receive no other yaj ieen were these vibf.i 'lic'hs, and would no longer
but such as proceed from the point P; z}nd n it agh we do not knom 1ons more or less vapid.
manner every other point of the table will recg! hich produce such or w t ];e mumber of vibrations
only the rays which proceed from the correspond rhe permitted to su;) ;;152 hzlzoli%m;, we may how-
i . : v re, thai green require
o :ffl‘lf}ﬁiand v}l)bratlons na second,g and wh%,t w:
sil dm.m? er, twelve thousand, may likewise
y understood of the real number, whatever

+ The table should be mede of Stucco, ov Plaster of Pavis, grnunﬂ V8
swaothly, nnd ought to he concaye, that every part of it may e equadly;
tant from the lens.——To. E

il s
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9, This being laid down, the point p on the white;
table will be strnck by a motion of vibration, of
which twelve thousand will be completed in 2 second
Now, I have remarked, that the particles of a white
surface are all of such a nature as to receive ever
sort of agitation, more or less rapid; whereas those
of a coloured surface are adapted to receive only tha
degree of rapidity which corresponds to their colo
And as our table is white, the point p in it will be
excited to a motion of vibration corresponding 1o
the colour of green; in other words, it will be agi:
tated twelve thousand times in a second. ,

3. As long as the point p, or the particle of the
white surface which exists there, is agitated with
similay motion, this will be commmumicated to th
particles of the ether which survound it; and thi
motion diffusing itself in all divections, will general
rays of the same nature, that is to say, green; Jus
as, in music, the sound of a certain note, say G
agitates a siring wound up to the same tone, an
makes it emit a sound without being touched. :

4. The point p of the white table will accordingl
produce green rays, as if it were dyed or painte
that colour; and what I affirm of the point p, wi
equally take place with respect to all the poinis of
the illuminated table, which will produce all thi
rays, each of the same colour with that of the obje
whose image it represents. Every point of the table
will therefore become visible, nnder a certain colou
as if it were actually painted that colour. '

5. You will perceive; then, on the table, all
colours of the external objects, the rays of whi
will be admitted into the chamber through the len
each point in pardcular will appear of the colour
that point of the object which coxresp onds to it, and
you will see on the table a combination of variog

colours, disposed in the same order as you sce ther
In the objects themselves ; that is to say, 2 represel:

! L 1 -
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. ﬁgﬁ:l;)};l, or rz.tther the perfect picture, of all the objects
- on the outside of the dark chamber which ar Fore
. the lens N N, ch ave before
ﬁth GAEL 1glllese objects \ylll, however, appear reversed
o the able, :ELS you will conclude from what Y have
smd n my foregoing letters. The under part of the

- tree O will be represented at g, and the summit P st

— jg n é‘f;', v;}?it%e;lil‘lﬂ], _eac? object must be represented
on t 1 able, in the place which is tl ‘i
uation of the straight line drawn from thel:bgztltmﬁ

- through the middle of the lens A : that which is up-

war i en d down
(]i.: W:lz. l(litlf.:j]lseqte tt].y FE represente OWE Wﬂl‘d,
1 d tha W is to the left will be to th '.g i
ﬂ. ; - 5 : e right; ir
1 WOld, every tllll]g will be reversed in the }_)i(!tl.’ll.'ﬁ;f
3

- the representation will nevertheless be more exace
[4

and more perfect than’ £}
an the most accur inter i
Cn%able of producing. onate patater s
’ 1.71(:11; }\lwslll ﬂilrth(:i remﬁmrk, that this picture will
maller than the objects thems i
- : : elves, in
113?111 tlc‘mfas the _focus of the lens is shorter, Lelames
o <t 0:1!: ocus will accordingly give the objects in
i ure; and if you would wish to have them mag-
s 3!011‘ must employ lenses of a longer focus, or
o Inepfgsent the images at a greater distancef
. o 31 er f}? contemplate these vepresentations
y ﬁ‘omas%_ ‘he rays may be intercepted by a mir-
ol fror v}s; i(, they are reflected, so as to repre-
e & Ofv;eg uei-_ plct(l::lll‘e on a horizontal table; and
lar advantage i
s ge when we wish to copy

2d szuaéy 1762,

Tha lens § i

e quss::lllr‘.leflmﬁ ground on th.e anterine surface of a thicl plece
i e o lm:;u strlnuce E't w]m:‘h is ground flat, and inclined 4-%“ to

i without the us;! Qf'aI; lll)it;)[lme ][S lthelrefom ‘reﬂeuted on z horizontai

It i torally 1-eﬂeutcd._-En.J andl the image is much more perlect, as
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and thence continne their direction as if they pro-
ceeded from the point o, though they really origi-
nated from O, and by no means from o. =

- 4. Hence the inage is visible only to éyes situated
F;_ODlewhe‘re within the angle R ¢ Q, as at 8, where
an eye will actually receive the rays which come to
it from the point 0. But an eye situated out of this

angle, as at F or V, will see nothing at all of it,
because no one of the rays collected at o is r]irecteci
toward it: the image at o, therefore, differs very
essentially from a real object, and is visible only in
certain places. :

-5, But if a white table is placed at 0, and its sur-
fa.!ce‘ at this point o is really excited to an agitation
similar to that which takes place in the obj "0, thi

c ; ject O, this
spot o o_i !the surface itself generates rays which ven-
de;' it visible every where. Here, then, is the dif-
fﬁre1lce between the image of an object, and its re-
Ppresentation made in a camera obscura: the image

visible onlyin certain places, namely, those through
hich ave transmitted the rays that originally p1%-
ed from the object; whereas the pictur?a, Or repre-
‘sentation formed on the white table, is seen by its
g;f:t 1'ays% excite(cll by the agitation of the particles

arits surface, and conse isible i y
e rthces nd cons quently visible in every place
. 1t is likewise evident, that the white table must
ak olutely be placed exactly in the place of the image

ovmed by the lens, in order that every point of the
tahle may receive no other rays except such as pro-

ced from a single point of the object; for if other
rays‘were likewise to fall upon it, they would dis-
Wb the effect of the former, or render the repre-
$entation confused,
1. Were the lens to be entirely removed, and free
drission given to the rays into the dark chamber,
the white table would be illuminated by it, bat 10

Lerrer LXXX.—RerlEcTIONS ON THE REPRE-
genTaTioN 1§ THE Canrera OBsScuRA.

Tuoucs you can no longer entertain any doubt -
vespecting the representations made in a dark cham--
ber, by means of a convex lens, I hope the follawing -
reflections will not appear superfluous, as they serve -
to place this subject in a clearer light :—

1. The chamber must be completely darkened; -
for were the light admitted, the white table would be
visible, and the particles of its surface, already agi-
tated, would be incapable of receiving thie impression
of the rays which unite to form the images of exter
nal objects. Though, however, the chamber wer
a little illuminated, still something of the representa:
tion would appear on the table, but by no means so..
vivid as if the chamber were entirely dark. ﬁ

2. We must carefully distingunish the picture re
presented on the white table, from the image which
the lens in virtue of its own nature represents, as k
have formerly explained. It is very true, that
placing the table in the very place where the image
of the objects is formed by the lens, this image will
be confounded by the picture we perceive on 'th
table ; these two things are nevertheless of a nature
entirely different: the image is only a spectre or
shadow floating in the air, which is visible but in cer-
tain places; wheveas the representation is a réal pic-
ture, which every one in the chamber may see, an
to which duration alone is wanting. ;

3, In order the more clearly to elucidate this i
ference, you have only to consider carefully the!
pature of the image o (Prate VI, Fig. 16.), vepre~

sented by the convex lens M N, the object being ;
0. This image is nothing else but the place
which the rays O M, O C, O N, of the object, afte
having passed through the lens, meet by refraciio
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point O of the object will illuminate a certain small
space 0 0 on the wall, and agitate it by its rays. ‘The
game thing then, nearly, would take place, as if a
painter, instead of making points with a fine penecil,
shonld with a coarse one make spots of a certain
agnitude, attending, however, to design and co-
Jonring: the representation made on the wall will
have a resemblance to this sort of daubing; but it
vill be clearer in proportion to the smallness of the
aperture by which the rays are admitted.
5th January 1762,

picture would be visible, The rays of the different
objects would fall on every poini of the table, with-
out expressing any one determinate image, The
picture, accordingly, which we see in a camera ob-
scura, on 4 white surface, is the effect of the convex
lens fixed in the shutter: this it is which collects
anew, in a single point, all the rays that proceed
from one point of the object.

3. A very singular phenomenon is here however
observable, when the aperture made in the window-
shutter of the dark chamberis very small; for though
no lens be applied, you may nevertheless perceivey
on the opposite partition, the images of external ob- -
jects, and even with their natural colours; but the
representation is very faint and confused, and if-
the apertuve is enlarged, this represeniation entirely
disappears. I shall explain this phenomenon. ’

In Fig. 1. Plate VI, MN is the small aperiure
through which the rays of external objects are a
mitted into the dark chamber EFGH. The wall
T'G opposite to the aperture is white, the better to
receive the impression of rays of all sorts.

Let the point O be an object, of which the ray
OM, ON alone, with those which fall between them
can enter into the chamber. These rays will b
confined to the small space ¢ o of the wall, and will
illuminate it. This space o o will be so much smalle
or approach the nearer to a poiut, in proportion &
the aperture MN is small : if then this aperture wer
very small, we should have the effect already de
scvibed, according to which every point of the wh

Lerrer LXXXI.—Or THE Macrc LANTERN, AND
B . Sovar Microscors.

"
- . THE camera obscura has properly no effect except
» on very distant objects, but you will easily compre-
hend, that its application may be equally extended
» nearer objects, For this purpose, the white table
ust be removed farther from the lens, conformably
this general rule, that the nearer the object is
ronght to the convex lens, the farther does the
age, where the white table ought to be placed,
etire from it; and if the chambeyr is not of sufficient
epth, a different lens, of a shorier foens, must be
mployed.
You may place, then, out of the chamber, before
he aperture to which the convex lens is fitted, any
bject or picture whatever, and you will see a copy
it on the white table within the dark chamber,
yea(fier or smaller than the original, according as
¢ e B h - . lie distance of the image is greater or smaller; but
table receives cin_ly the }“’-}fb P'ioc‘fsdmg ﬁ‘.m& a Sglgl t'would be more conm?odioﬁs, undoubtedly, if the
poing of the oa‘]‘ect‘: there woul lbe P‘-Ol nee 1’, 9 bject could be exposed within the dark chamber,
Ezonsequence, & 1eplese1}tat1_on Sl‘n}l ar to that whie 1-order to its being moved and changed at plea-
is produced by the application of a convex lens ‘ttz ar iite. But here a great difficulty oceurs,—the ob-
aperture in the window-shutter. But in the presen tet itself would in this case be darkened, and con-
case, the aperture being of a certain extent, evey : 2
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sequently rendered incapable of producing the effect
we wish,

The thing wanted, then, is, to illuminate the:
object as much as possible within the dark cham~
ber, and at the same time to exelude the light.
have found out the means of doing this, You will
recollect that I constructed 2 machine to the effect I"
am mentioning, which I had the honour of present-:
ing to you six years ago; and now you will easily’
comprehend the structure, and the principles on
which it is founded. :

This machine consists of 2 hox very close on all
sides, nearly of a figure similar to Fig. 27, Prare
VI. The farther side of which EG has an opening.
1K, in which ave to be fitted the objects, portraits o¢
other pictures, OP, which you mean to represent;
on the other side, directly opposite, is a tube MNQR,
containing a convex lens MN; this tube is move-:
able, for the purpose of bringing the lens nearer t
the object, or of removing it, at pleasure. Then, pro;
vided the object OF be well illuminated, the len
will throw somewhere the image of it o p, and
you there place a white tablet, you will see upon
a perfect copy of the object, so much the clearer as
the object itself is more illnminated.

For this purpose I have contrived in this box tw
side wings, for the reception of lamps with large
wicks, and in each wing is placed a mirror to reflect
the light of the iamps on the objecis OP ; above, al
EF, 15 a chimney, by which the smoke of the lamps
passes off. Such is the constrnetion of this machine,
within which the object OT may be very strong {Z
illuminated, while the darkness of the chamber suf:
fers no diminution. In order to the proper use of
this machine, attention must be paid to the follo
ing remarks,

1. On sliding inward the tube MNQR, that
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bringing the lens MN nearer to the object OP, the
Image o p will retire ; the white tablet must therefore
e-removed backward, to receive the image at the
ust distance; the image will thereby be likewise
magnified, and you may go on to enlarge it at plea-
sure, by pressing the lens MN nearer and nearer to
tlie object QP.

“2. On removing the lens from the object, the
distance of the image will be diminished : the white
tgblet must in this case be moved nearer to the lens,
in-order to have a clear and distinet representation ;

it the image will be reduced. '

: 3. It is obvious that the image will be always
reversed ; but this inconvenience is easily remedied ;

‘Jou have only to reverse the object OP itselt, turn-

Ing it upside down, and the image will be repre-

~gented upright on the white tablet.

4, It is a favther genernl remark, that the more
e lmage is magnified on the white tablet, the less
wminous and distinet it will be; but on reducing
Image, it is vendered more distinct and brilliant,
€ reason is plain—the light proceeds wholly from
e Hlumination of the object; the greater that the
space is over which it is diffused, the more it must
be weakened, and the more contracted it is, the
nove brilliant.
5. Accordingly, the move you wish to magnify .
‘representation, the more Fou must strengtben
illumination of the object, by increasing the light
the lamps in the wings of the machine; but for
all representations 2 moderate illumination is suf-
{ivient.
‘The machine which I have been describing is
led the Magic Lantern, to distinguish it from the
mmon camera obscura, employed for representing
tant, objects; its figure, undoubtedly, has prob-

‘cured it the name of lantern, especially as it is de-

M2




274 USE AND EFFECT OT A Let. 82

signed to contain light; but the epithet megic must:
have been an invention of its first proprietors, who:
wished to impress the vulgar with the idea of magie:
or witcheraft. The ordinary magic-lanterns, how;
ever, are not constructed in this manner, and serv
to represent no other objects but figures painted o
glass, whereas this machine may be applied to ob:
jects of all sorts. )

It may even be employed for representing the:
smallest objects, and for magnifying the representa
tion to a prodigious size, so that the smallest fl
shall appear as large as an elephant; but, for this

purpose, the strongest light that lamps can give
far from being suflicient ; the machine must be dis
posed in such a manner that the objects may be illu-
minated by the rays of the sun, strengthened by 4
burning glass; the machine, in this case, changes
its name, and is called the Selar Microscope. I shall
have occasion to speak of it more at large in the
sequel.

8th January 1762,

Lerrer LXXXIL—Usze ann EFrECT OF A
sineLE CoNvEX LENS,

We likewise employ convex lenses for immediatel
looking through; but in order to explain _the%r dit=
ferent uses, we must go into a closer investigation of
their nature, ¢

Having observed the focal distance of such a glass,
I have already remarked, that when the object is
very remote, its image is represented in the focus
itself; but on bringing the object nearer to the lens,
the image retives farther and farther trom it: so that
if the distance of the object be equal to that of the
tocus of the lens, the image is vemoved to an infinite
distance, and consequently becomes infinitely great.
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_The reason is, that the rays OM, OM, (Prate
V1. Fig. 18.) which come from) the peint O, are re-
fracted by the lens, so as to become parallel to eack
“other, as N¥, NF; and as parallel lines are sup-
posed to proceed forward to infirdty, and as the
age Is always in the place where the rays, issuing
from one point of the object, are collected again
fer the refraction; in the case when the object
QA is equal to that of the focus of the lens, the

“Jlace of the image removes to an infinite distance;

7}‘,1!:1 as it is indifferent whether we conceive the
parallel lines NI and NF to meet at an infinite dis-
tance to the left or to the right, it may be said in-

differently, that the image is to the right or to the
Jeft infinitely distant, the effect being always the

same.
Having made this vemark, you will easily judge
vhat must be the place of the image, when the ob-
£ is brought still nearer to the lens.
“Let OP (PraTe VI Fig. 19.) be the object, and
its distance OA from the convex lens is less than
he distance of the focus, the rays OM, OM, which
Il upon it from the point O, are too divergent to
dmit of the possibility of their being rendeved pa-
allel to each other by the refractive power of the
s: they will therefore be still divergent after the
efraction, as marked by the lines NT, NF, though
ch less so than before; therefore, if these lines are
roduced backward, they will meet somewhere at o,
18 you may see in the dotted lines N o, N o, The
ays NF, NF, will, of consequence, after having
assed through the lens, preserve the same dirveetion
5 if they had proceeded from the point o, though
they have not actually passed through that point, as
only in the lens that they have taken this new
etion.  An eye which receives these vefracted
ays NF, NF, will be therefore affected as if they






