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SR, as falling on the concave lens: in this case itds
certain they would assume the directions RQ, RQ;
which, produced backward, would meet in the poi
¥, which is the common focus of the convex and
concave lenses. Now it is a general law, that in
whatever manner rays are refracted in their passag
from one piace to another, they must always nndergs
the same refractions in returning from the last to the
first.  If, therefore, the refracied rays RQ, R
correspond to the incident rays SR, SR ; then, recit
procally, the rays QR, QR, being the incident one
the refracted rays will be RS and RS, $
The matter will perhaps appear in a clearer lig
still, when T say that concave lenses have the powen
of rendering parallel those rays which, without th
refraction, would proceed to their focus. Yon wi
please carefilly to attend to the following laws -
refraction, which apply to both eonvex and concave
lenses.
1. By a convex lens (Prsre VI. Fig. 81.) pa:
rallel rays are rendered convergent. _ :
Convergent rays become still more so (Prage
VIIL. Fig. 1.), and divergent less divergent.
2. By a concave lens parallel rays are rendered
divergent. (Prate VIL Fig, 2.)
Divergeni rays become still more divergent, Fig. 3§
and convergent rays less convergent, o
All this 15 founded on the nature of refraction and
the figure of the lenses, the discussion of which would
require a very long detail ; but the two rules whie
I have now laid down contain all that is essential
It is abundantly evident, then, that when the convex
and the concave lenses are so combined that the
acquire 2 common focus at F, they will distinctly re-
present distant objects, because the parallelism of the
rays is restored by the concave lens after the con
vex lens had rendered them convergent. In other

=]
words, the rays of very distant objects, being nearly

Aaralle] to each other, become convergent by a con-
-¥gx lens; and afterwards, the concave lens destroys

his convergency, and again renders the rays parallel
Jo:each other,

.6th February 1762.

Efrrern XC.—ON THE MAGNIFYING POWER OF
: Pocrer-crassEs. .

THE principal article respecting telescopical in-
fruments remains still to be explained, namely,
heir effect in magnifying objects. I hope to place
s in so clear a light, as to remove every difficulty
which the subject may be involved ; and for this
tpose I shall comprise what I have to say in the
fdllowing propositions.
L. Let e (Prare VIL Fig. 4.) be the object, situ-
ated.on the axis of the instrument which passes per-
endicularly throngh both lenses in their centres.
s object I ¢ must be considered as at an infinite
distance,
2, If; then, the eye, placed at A, looks at this ab-
at, it will appear under the angle E A ¢, called its
visual angle. It will, accordingly, be necessary to
‘prove, that on looking at the same object through
glass, it will appear under a greater angle, and
gxactly-as many times greater as the -focal distance
D@Dm object-glass PAD exceeds that of the eye-glass
;8 _As the effect of all lenses consists in represent-
' the objects in another place, and with a certain
lagnitude, we have only to examine the images
which shall be successively represented by the two
lenses, the last of which is the immediate object of
the: sight of the person who looks through the
mstrument.
.4 Now, the abject E ¢ being infinitely distant
from the convex lens PAP, its image will be repre-




302 MAGNIFYING POWER OF Let. 90.

sented behind the lens at F /£ so that AF shall be
equal to the focal distance of the lens; and th
magnitude of this image Ff is determined by the
straight line /' A e, dvawn from the extremity of the
object ¢, through the centre of the lens A, by which
we see that this image is inverted, and as many times
smaller than the object, as the distance AF is smalle]
than the distance AE. y
5. Again, this image F £ holds the place of th
object relatively to the eye-glass QBQ, as the rays.
which fall on this lens ave precisely those which
would almost form the image ¥ #; but are intercepted
in their progress by the concave lens QBQ; so aﬁ.ﬁ
this image is only imaginary : the effect, however, 1
the same as if it were real.
6. This image ¥ /; which we are now consideg-
ing as an object being at the focal distance of the
lens QBQ, will be transported almost to infinity by
the refraction of this lens. The preceding figure
marks this new image at G g, whose distance A&
must be conceived as infinite, and the rays, refracted
a second time by the lens QBQ, will pursue the
same direction as if they actually proceeded from the
image G g. .
%. This second image G g being, then, the object
of the person who looks through the instrument, ifs
magnitude falls to be considered. To this effect, as
it is produced by the fivst image F f from the re
fraction of the lens QBQ, following the general rule,
we have only to draw through the centre of the lens
B a straight line, which shall pass through the pain
f of the first image, and that line will mark at g the
extremity of the second image.
8. Let the spectator now apply his eye to B; and
as the rays which it receives pursue the same dire

tion as if they actually proceeded from the image|
G g, it will appear to him under the angle G B g; |

“pther; BT, the focal distance of the eye-glass.

- fand'men (Fig. 6.), whose angles C and ¢ are equal
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hich is greater than the angle E A e, under which
the object E e appears to the naked eye.
=29, In order the better to compare these two
angles, it is evident, first, that the angle EA e is
Wequal to the angle F'A £, being vertical angles; for
the same reason, the angle G B g is equal to the angle
‘FB/, being vertical and opposite at the point B. It
emains to be proved, therefore, that the angle FB ¢’
texceeds the angle TA # as many times as the line
AT exceeds the line Bf; the former of which, AT,
4 the focal distance of the object-glass, and the

10. In order to demonstrate this, we must have
ecourse to certain geometrical propositions respect- : - , .
ing the natuve of sectors. You will recollect that : S ,

- “the sector is part of a civcle contained between two

dii CM and CN (Prare VII. Fig. 5.}, and an arch
portion of the circumference MN. In a sector,
hen, there are three things te be considered; 1. The

adius of the circle, CM or CN; 2. The quantity

f the avch MN; 38, The angle MCN,
11, Let us now consider two sectors, MCN and
wen, whose radii CM and ¢m are equal to each

other; now it is demonsirated in the elements of

*gépmetry, that the angles C and ¢ have the same pro- o . :
‘portion to each other that the arches MN and mx» . : “
tliave ¢ in other words, the angle C is as many times

greater than the angle ¢, as the arch MN is greater

lian- the avch m n; but, insiead of this awkward

node of expression, we say, that the angles C and ¢

“gvé’ proportional to the arches MN and m=», the

#radii heing equal. :
12, Let us likewise consider two sectors, MCN

-toeach other, but the radii unequal; and it'is de-

monstrated in geometry, that the arch MN is as

.- many times greater than the arch m », as the radius
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trical language, the arches are in proportion to the
radii, the angles being equal. The reason is ob-
vious, for every arch contains as many degrees as
.its angle ; and the degrees of a great circle exceed;
those of a small one as many times as the great
radins exceeds the smaller, : .

18. Finally, let us consider likewise the case when,
as In the two sectors MCN and mcn (Fig.7.), th
arches MN and m#u are equal; but the radii CM
and ¢ m unegual. : :

In this case, the angle C, which corresponds tal

the greater radins CM, is the smaller, and the angle’
¢, which corresponds to the smaller radius ¢ m, is the
greater ; and this in the same proportion as the radii,
That js, the angle ¢ is as many times greater than
the angle C, as the radins CM is greater than the
radius cm; or, to speak geometrically, the zngles
are recipracally proportional to the radii, the arches:
being equal.

14. This last proposition carries me forward to
my conclusion, atter I have subjoined this remark,

of pocket-glasses, there is no sensible difference in
the chords of the arches MN and m z, that is, of the
straight lines MN and m . i

15. Having made this remark, we return to Fig, 4;
The triangles FA 7 and FB f may be considered
as sectors, in which the arch F £'is the same in both;
Consequently the angle FB fexceeds the angle FA f
as ofien as the distance AF exceeds the distance B
That is, the object E e will appear through the in-
strument under an Eum_.m as many times greater asy
the-focal distance of the object-glass AT exceeds they
foeal distance of the eye-glass’ BF, which was the,
thing to be demonstrated. :
9k Februagry 1762,

CM is greater than the radius ¢m ; or, in geome-

that when the angles are very small, as in the case’.
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‘ OF THE APPARENT FIBLD.

w. You must be sensible that no great advantage is
{o be expected from such small instruments; and it
ithas already been remarked, that they do not mag-
nify objects above ten times. Were the effect to be
- carried farther, not only would the length become
too great to admit of their being carried about in
1e pocket, but they would become subject to other
and more essential defects. This has induced artists
gntively to lay aside glasses of this sort, when supe-
“perior effect is required.
The principal of these defects is the smallness
t-the apparent field ; and this leads me to ex-

.plain an important article relative to telescopes of

-toward the heavens, or to very distant objects on the
arth, the. space discovered appears in the figure of
-gtircle, and we see those objects only which are
‘ineluded in that space; so that if you wished to
gxamine other objects, the position of the instrument
‘must be altered. This civenlar space, presented to
- the eye of the spectator, is denominated the apparent
field, or, in one word, the fleld of the Instrument;
and it is abundantly obvious, that it must be a great
‘gdvantage to have a very large field, and that, on
ihe contrary, a small field is a very great inconve-
ence in instruments of this sort. Let us suppose
two telescopes directed toward thie moon, by the
“one of which we can discover only the half of that
luminary, whereas by the other we see her whole
-body, together with the neighbouring stars; the

field of this last is therefore much greater than that
of the other. That which presents the greater field
- zglieves us mnot only from the trouble of frequently
¢hanging the position, but procures anotber very

gyery description. When a telescope is directed ,
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great advantage ; that of enabling us to compare, b)
viewing them at the same time, several parts of th
object one with another, _
It is therefore one of the greatest perfections o
a telescope, to present a very ample field; and it
accordingly a matter of much importance to mea
sure the field of every instrument. In this view,
are regulated by the beavens, and we determine th
circular space seen through a telescope, by measur:
ing its diameter in degrees and minutes. Thus, thé
apparent diameter of the full moon being about ha
a degree, if a telescope takes in the moon only,
say that the diameter of its field is half a degresi
and if you could see at once only the half of th
moon, the diameter of the field would be the quarte
‘of a degree. :
The measurement of angles, then, furnishes -th
means of measuring the apparent field ; besides, th
thing is sufficiently clear of itself. Supposing wg
could see through the instrument AB (Prare VI
Fig, 8.) only the space POP, and the objects whig
it contains; this space being a circle, its diameter
will be the line POP, whose middle point O is-in
the axis of the instrument. Drawing, thevefore, fro
the extremities PP the straight lines PC, PC, t
angle PCP will express the diameter of the appaven
field; and the half of this angle, OCP, is denominated
the semidiameter of the apparent field of such gn
instrument. You will perfectly comprehend the
meaning, then, when it Is said that the diameter g
the apparent field of such an instrument is one d
gree, that of another two degrees, and so on; a
also when it is marked by minutes, as 30 minuteg
which make half a degree, or 15 minntes, whicl,
malke the fourth part of a degree. E
But in order to form a right judgment of the valw
of a telescope, with respect to the apparent field, we
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mitst likewise attend to the magnifying power of the
instrument, It may be remarked in general, that
he more a telescope magnifies, the smaller, of ne-
{tessity, must be the apparent field; these are the
unds which nature herself has prescribed. Letus
uppose an instrument which should magnify 100
Imes; it is evident that the diameter of the field
ould. not possibly be so much as two degrees; for,
agithis space would appear 100 times greater, it
nld resemble a space of two hundred degrees;
gater, of consequence, than the whole visible hea-
ns, which, from the one extremity to the other,
mtain only 180 degrees, and of which we can see
t-the half at mosi at once, that is a circalar space
00 degrees in diameter.  From this you see, that
v telescope which magnifies 100 times could not
intain a field of so much as one degree; for this
gree multiplied 100 times would give more than
40 degrees; and that accordingly a telescope which
magnified 100 times would be excellent, if the dia~
gter of its field were somewhat less than one de-
ee; and the very nature of the instrument admits
ot of a greater effect. ,

#But another telescope, which should magnify only
& times, would be extremely defective, if it dis-
vered a field of only one degree in diameter; as

“this field magnified 10 times would give a space of

more than ten degrees in the heavens, which
ould be a small matter, by setting too narrow
nds to our view. We should have good reasor,
en, to reject such an instrument altogether, Thus
would be very easy, with respect to the apparent
1d, to form a judgment of the excetlence or defec-
ness of instruments of this sort, when the effect
s taken into consideration, TFor when it magnifies
oaly 10 times, it may fairly be conjectured, that it
scovers a field of U degrees; as 9 degrees taken
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r.on the other side downward. The point E, then,
5 the centre of the space seen throngh the instroment,
vadius of which, I A, as it passes perpendicnlarly
igh both lenses, undergoes no refraction ; and
f%mﬂ. that this ray may have admission into the
the eye must be fixed somewhere on the axis
ol:the instrument BF, behind the eye-glass, so that
- gentre of the pupil shall be in the line BF; and
{is'is a general rule for every species of telescope.
el us now consider the visible extremity of the
ject e, whose rays exactly fill the whole opening of
¢. object-glass P A P; but it will be sufficient to
ajtend only to the ray T A, which passes through the
entre of the object-glass A, as the others surround,
little more than strengthen this vay; so that if
admitted into the eye, the others, or at least a
nsiderable part of them, find admission likewise ;
if this ray is not admitted into the eye, though
erhiaps some of the others may enter, they are too
ble to excite an impression sufficiently powerful.
e this may be laid down as a rule, that the
kiremity e of the object is seen only so far as the
y ¢ A, after having passed through the two lenses,
admitted into the eye. _—

We must therefore carefully examine the divec-
Hon of this ray ¢ A, Now, as it passes through the
tre of the object-glass A, it undergoes no refrac-
; conformably to the rule laid down from the
inning, That rays passing through the centre of
ny:lens whatever ave not diverted from their direc-
on, that is, undergo no refraction. This ray, ¢ A,
The lens PA P (Prare VIL Fig. 4. is the objec hyeefore, after having passed through the object-
glass, QBQ the eye-glass, and the straight line E (55, éuam " noﬁﬂE.EEﬂm same direc EOPEMN oet L e
the axis of the instrument, in which is seen, at a ver nw. H._p:&a issuing #.HoE ¢ %_umﬁmw mxwm; & H% © @ﬂ.ﬁm
great distance, through the instrument, the obje¢ the image represented by the object-glass at I'f;
Ee, under the angle’ E A e, which represents th

point # being the image of the pomt # of the
semidiameter of the apparent field, for it extends as jeet; but the ray meeting, at m, the concave lens,

19 times give 90 degrees, a space which our sight i
capable of embracing: and if the diameter of it
fleld were only 5 degrees, or less, this wonld be &
instrument very defective indeed. Now I shall b

able to demonstrate, that if a telescope were to b
constructed such as I have been describing, whic
should magnity more than 10 times, it would b
liable to this defeci: the apparent field multiplied b
the magnifying power would be very considerabl
under 90 degrees, and would not even show the ha
But when a small effect is aimed at, this defect is 1iC
s0 sensible ; for if such an instrument magnifies on
5 times, the diameter of its field is abont 4 degree:
which, magnified 5 times, contains a space of 2
degrees, with which we have reason to be satisfie
but if we wished to magnify 25 times, the diamet
of the field wonld be only half a degree, whic
taken 25 times, would give little more than 12
degrees, which is too little, ° When, therefore, w8
would magnify very much, a different arrangeme

of lenses must be employed, which I shall afterwards
explain.

13¢h February 1782, '

1

Lerrer XCIL—DETERMINATION OF THE AP- |
PARENT ¥IELD FOR POck®r-GLASSES.

To ascertain the apparent field being of very gre
importance in the construction of telescopes, I pr
ceed to the application of it to the small glasses whicl

I have been describing,.
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but not in its centre, will be diverted from that' .

direction; and instead of terminating in f; will as-»
sume the divection = %, more divergent from BF, i
being the natural effect of concave lenses to rendeis
rays always more divergent. In order to ascertain’
this new direction m n, you will please to recollect
that the objeci-glass represents the object E e in an:
inverted position at I/, so that A ¥ is equal to the
focal distance of this lens, which transports the objec
Eeto F£ Then this image ¥ f occupies the plac
of the object with respect to the eye-glass QBQ
which, in its turn, transports that image to G g’
whose distance B G must be as great as that of the.
object itself; and for this effect, it is necessary to/
place the eye-glass in such 2 manner that the interva
B F shall be equal to its focal distance. :

As to the magnitnde of these images, the first
is determined by the straight line ¢ A /'drawn from
¢ through the centre A of the first lens; and the:
other G g by the straight line /B g drawn from th
point # through the centre B of the second lens
This being laid down, the ray A m directed towar
the point f'is refracted, and proceeds in the direc
tion m n; and this line m » being produced baclkward
will pass through the point g, for mn has the same
effect in the eye as it if’ actually proceeded from the:
point g.  Now, as this line m n retires farther and:

farther from the axis B F, where the centre of the®

pupil is, it cannot enter into the eye, unless th
opening of the pupil extends so far; and if the open
ing of the pupil were reduced to nothing, the ra
m n would be excluded from the eye, and the point:
e of the ohject could not be visible, nor even any;
other point of the object out of the axis A I'. Ther

would, therefore, be no apparent field, and nothing
would be seen through sueh an instrument, except
the single point E of the object, which is in its axis.

i v Y6tk February 1762,
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Itis evident, then, that a telescope of this sort dis-
covers no field, but as far as the pupil expands; so
that in proportion as the expansion of the pupil is
greater or less, so likewise the apparent field is great
ar .mE.&._. In this case the point e will therefore he
still visible to the eye, if the small interval B m does
not exceed half the diameter of the eye, that the ray
ma may find admission into it; but in this case,
likewise, the eye must be brought as close as possible
W_M the mw....mnwww._mmmu for as the ray m n removes from
- .
&Mﬁ MMMM. » it would escape the pupil at a greater
z:Now it is easy to determine the apparent field
which such. an instrument would discover on the
@M@-%mmm“ you have only to take the interval B m
equal to the semidiameter of the pupil, and to draw
throngh that point m, and the centre of the object-
mHm.mm A, the straight line m A ¢ ; then this lirie will
mark on the object the extremity e, which will he
stilk q_m__.bm ﬁrp‘o:mr the instrnment, and the ancle
EA e will give the semidiameter of the mm%mp.wun
field. Hence you will easily judge, that whenever
the distance of the lenses A B ‘exceeds some inches,
the angle B A m must become extremely small, as
the line or the distance B m is but about the twen-
th part of an inch. Now if it were intended to

“magnify very much, the distance of the lenses must

mmn.oEm considerahle, and the consequence would be,
that the apparent field must become extremely small,
The structure of the human eye, then, sets bounds

‘1o telescopes of this description, and obliges us to
hive recourse to others of a different construction

ﬁ%mﬁmﬁe we want to produce very considerable
effects.
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Terrern XCITI,—AsTRONOMICAL TELESCOPES, A
© THEIR MAGNIFYING POWEE.

I procEEDn to the second species of telescope:
called astronomical, and remark, that they consist
only two lenses, like those of the fivst species ; wit
this difference, that in the construction of astrono:
mical telescopes, instead of a concave eye-glass,
employ a convex one. _

The ohjeet-glass PAP (Prare VIL #ig.9.} is, as
the other species, convex, whose focus being at I
we place, on the same axis, o smaller convex lens QQ
in such a manner that its focus shall likewise fall o
the same point F. Then placing the eye at O, so!
that the distance BO shall be nemly equal to thi
focal distance of the eye-glass QQ, yon will see object
distinetly, and magnified as many times as the foc
distance of the object-glass A F shall exceed that
the eye-glass BT : butitis to be remarked, that ew
object will appear in an inverted position; so thati
the instrument were to be poisted toward a hous
the roof would appear undermost, and the ground:
floor uppermost. As this circumstance would b
awkward in viewing terresirial objects, which w
never see in an inverted situation, the use of €
species of telescopes is confined to the heavenl
bodies, it being a matter of indifference in wi
direction they appear; it is sufficient to the astr
nomer to know that what he sees uppermost is reall
undermost, and reciprocally, Nothing, howeve
forhids the application of such telescopes to terress
trial objects; the eye soon becomes accustomed 4
the inverted position, provided the object is see
distinetly, and very much magnified.

Having given this description, three things fall
be demonstrated: first, that by this arrangement o
the lenses objects must appear distinetly ; secondly;

- glass, as in the first species,

. dine ¢ A £, dyawn through the centr

-AE. Now, in order. to deter
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‘that they must appear i i

R ! appear magnified as many times as

”‘m_”m focal distance of the object-glass mHanmm that of

M_.u e eye-glass, and in an inverted position; and thirdly,
at the eye must not be applied close to the mwmu

but must be removed to
tearly the focal distance of the ocular,

ol As to the first, it is demonstrated in the same
. Inanner as in the preceding case: the rayse B,z P
- which are parallel before they enter into the ow.mnnu
_Elass, meet by refraction in the focns of this Fhm at
7] the eye-glass must, of course, restore the paral-
: lelism of these rays, and distinet vision requires that
the rays proceeding from every point shonld be
nearly parallel to each other when they enter the
eye. Now, the eye-glass, having its focus at F, is
placed in such a Inanner as to render the rays H%g
.. ﬁrwﬁw %ﬁmw@a mwm.mnﬂwﬁuu parallel, and ooummmzmumuw
.mmnwm ﬁwwﬁ.. ve the rays Z.n_u N o, parallel to
i With respect to the second art ;
..m_.mmu the object at E ¢ (Prare meﬁww mmw% w nmmﬂ.
me.”_nr.mn the distance £ A shall be almost r.pm._iﬁm
The Image of this object, represented by the object.
glass, will therefore be ¥ £ situated at the mOnuH._&ml
tance of that lens A T, and determined by the mﬂ.m_.mrm
e of the lens,
, occupies the

.mEm H.Mmmum.m W J> which is inverted
Place o the object with respect to the eye-glass. o
w_..mEm. in its ch.Eu the second image %Em_um ,M:HMM
removed to an infinite distance by the refraction of
this lens, and will fall, for example, at G g, the dis-
tance A G being considered ag nfinite, like that of
AE. mine the magnitud
WE image, you have only to draw nreo:mrm.rm ommaﬁ.m
B of the lens, _and the extremity 7 of the first
fnage, the straight line B J & Now this second

mm-w D. %. .—um—._.u_- mw‘um .:.H:.-Hmﬁ“_._. 1k _ 3_. VIS10,
= ate OU ect J
- 15101 to
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which fll from the point e on the object-glass,
only accompany and strengthen the ray in question
e A, which is the principal with respect to vision.

9. Now this ray e A, passing through the centre
of the lens PP, will undergo no refraction, but will
pursue its direction in the straight line A f m, and
passing through the extremity of the image Ff; will
fall on the eye-glass at the point m ; and here it is
t0 be observed, that if the size of the eye-glass had
not extended so far as the point m, this ray would
never have reached the eye, and the point ¢ would
have been invisible. That is to say,
necessary to take the
in order that the ray A fm may meet the eye-glass:

8. Now this ray A m will be refracted by the

eye-glass in a way which it is very easy .to dis:

cover.  We have only to consider the second image .
G g; though infinitely distant, it is sufficient to know

that the straight line B/ produced will pass through
ge G g, whichisi

the extremity g of the second ima
the immediate object of vision. Having remarke
this, the refracted ray must assume the directio
5 O, and this produced passes throngh g.

4, As, therefore, the two lines O % and B fmee

at an infinite distance at g they may be considered

as parallel to each other; and hence we acquire
casier method to determine the position of ther
fracted ray » O: you have only to

to the line B /. :
5. Hence it is clearly evident that the ray 2 O w

somewhere meet
as usnally, when the magnifying power s grea

point ¥ is much neaver to the lens Q Q than to E
lens P P, the distance B m will be somewhat greateér

than the image F ' and as the line n O is parallel
£ B, the line BO will be nearly equal to B F, that
to the focal distance of the eye-glass.

it would be |
extremity e neaver to the axis, |

draw it paralle

the axis of the telescope at 0O, an
i t, th
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.6 i

ol szW Mmsw the eye is placed at O, it will receive
Bt ohidet B b} wua which proceed from ihe middle of
e oJect B ut those likewise which proceed from
ot o H.WH A Ewm consequently those also which
Broceed from every point of the object; the eye
souid even ZTeceive at once the rays BO and » ww
e ommmm MEW. the pupil infinitely contracted. In
) w_mw_u.mu& cw mmm-_..wﬁ.oﬁu the apparent field does not
e e largeness of the aperture of the pupil
B o MWW Uum .ﬁmﬁmm at O3 but the moment it
%Mmﬂumeﬁz e w omt, it must lose considerably in
T, It the point m were not in the extremi

= : trex

Ponmﬂﬂwu %M.Eo:g transmit rays still EM%M% HMWHMMM
v F“.mu M.:Mfm_m telescope would, of eourse,
over E.m@ mm d. Inorder, then, to determine
cmwmmnc<%_w mewn eld which the telescope is capable
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eye-glass transports it from F fto G g, this image
G g being very distant from the inmmediate object
of vision, ought to be seen distincily, as a good
eye requires a great distance in order to see thus.
This was the first article. 1
As to the second, it is evident at first sight, tha
as instead of the real image K e, we see through the
telescope the image G g, it must be inverted. Finally,
this image is seen by the eye placed at O under the
angle G Og, or B On, whereas the object itself Ke
appears to the naked eye under the angle i A e: the
telescope, therefore, magnifies as many times as the
angle B O« is greater than the angle E Ae. Now,
as the line 2O is parallel to B f; the angle BOnds
equal to the angle ' B f; and the angle E A ¢ is equal
to its opposite and vertical angle I"A £; hence the
magnifying power must be estimated from the pro-
partion between the angles B f and I A ; aceor
dingly, as the angle F' B f contains the angle I' A f as
oiten as the line A F, that is the feeal distance ol the

object-glass, contains the line BT, that ig the focdl

distance of the eye-glass, the magnitying power will

be thevefore expressed by the proportion of these two |
distances. ‘This is proof sufficient that the elemrents |
of geometry may be successfully employed in.-ve- |
searches of quite & different nature—a reflection-not |

unpleasing to the mathematician. i

28d February 1762. by

..T,

LerreR XCV.—DETERMINATION OF THE MAG
FYING POWER OF ASTRONMOMICAL TELESCORES,
AND THE CONSTRUCTION 0F A 'T'ELESCOPE WH
SHALL MAGNIFY OBJECTS A GIVEN NUMBER O
TIMES. k
You now have it clearly ascertained, not ol

how many times a proposed insirument will magnif

buc what is the mode of constructing a telescopg
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which shall magnify as many times as may be wished.
H_m_ the first case, you have only to measure the focal
_ distance of both lenses, the object-glass as well as
the eye-glass, in order to discover how much the
one exceeds the other.” This is performed by divi-
sion, and the quotient indicates the magnifying power.
« ‘Having, then, a telescope, the focal distance of
whose object-glass is two feet, and that of the eye-
glass one inch, it is only necessary to inquire how
often one inch is contained in two feet. Every one
Fboﬂm.ﬁrﬁ a foot eontains twelve inches; two feet
m.nne..m.bumww contain twenty-four inches, which are to
‘ be divided by one. But whatever number we divide
. by one, the quotient is always equal to the dividend ;
*if; then, it is asked, how often one inch is contained
Iy twenty-four inches, the answer, without hesitation,
15, Hiwﬂ&rwc:p. times ; consequently, such a telescope
mwagnifies twenty-four times, that is, represents dis-
tant objects in the same manner as if they were
-twenty-four times greater than they really ave; in
other words, yon would see them through such a
ttelescope under an angle fwenty-four times greater
than by the naked eye.
#Let us suppose another astronomical telescope.
-the focal distance of whose object-glass is ﬁrmﬁ%..gm
+feet; and that of the eye-glass three inches. You see
at once that these two lenses must be placed at the
distance of thirty-two feet and three inches from
each other; for, in all astronomical telescopes, the
distance of the lenses must be equal to the sum of
fthe two focal distances, as has been already demon-
sstrated, .
<o find, then, how many times = telescope of the

#wo feet by three inches; and, in order to this, re-

-duce these thirty-two feet into inch inlyi
" ‘them by go?mmw ino inches, by multiplying

4

‘above description magnifies, we must divide thirty- .
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32 this produces 884 inches; and these again
_12  divided by three, the focal distance, in inches}
3384 of the eye-glass, gives a qguotient of wwm,“
128 which indicates that the proposed telescope
magnifies 128 times, which must be allowed to be
very considerable.

Reciprocally, therefore, in order to construct a
telescope which shall magnify a given number of
times, say 100, we must employ two convex lenses;

-the foeal distance of the one of which shall he 100
times greater than that of the other; in this case the
one will give the object-glass, and the other the eye-
glass., These must afterwards be fitted on the same
axis, so that their distance shall be equal to the sum
af the itwo focal distances; that is, they mnst be munm@
in a tube of this length, and then the eye being
placed behind the eye-glass, at its foeal distance, will
see objects magnified 100 times. ) T

This arvangement may be varied without end, by
assuming an eye-glass at pleasure, and adapiing to
it an object-glass, whose focal distance shall be 100
times greater, Thus, taking an eye-glass of one

inch focus, the object-glass must be of |

focus, and the distance of the lenses 101 inches. Ony
taking an eye-glass of 2 inches focus, the object~

glass must have its focus at the distance of 200

inches, and the distance of the lenses will U.m 202

inches. If you were to take an eye-glass of 3 inches
focus, the focal distance of the object-glass must Umw

300 inches, and the distance of the lenses from mmo_m

other 303 inches, And if you were to take an eye

glass of 4 inches focus, the object-glass must have-a
focal distance of 400 inches, and the distance of th >
two lenses 404 inches, and so on, the instrumeng

always increasing in length, If, on the contrarg

you were io assame an_ eye-glass of only hall an

inch focus, the object-glass must have a focal dis-

100 inches-
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mm.ﬂom of 100 half inches, that is, of fifty inches, and-

the distance between the lenses would only be 50
inches and a half, which is little more than four feet.
And if an eye-glass of a quarter of an inch focns
were to be employed, the object-glass would require
a focal distance of only 100 quarters of an inch, or
25 inches, and the distance between the two lenses
wm inches and a quarter, that is little more than two
eet. o

Here, then, are several methods of producing the
same effect, that of magnifying 100 times; and if
every thing else were equal, we should not hesitate
about giving the preference to the last, as being the
shortest: for here the telescope, being veduced to
litile move than two feet, would be more manageable
than one much longer.

No one, then, would hesitate about preferring the
shortest telescopes, provided all other circnmstances
were the same, and all the different species repre-
sented objects in the same degree of perfection. But
though they all possess the same magnifying power,
the representation is by no means equally clear and
distinct. That of two feet in length cerfainly mag-
nifies 100 times, as well as the others; but on look-
ing through such & telescape, abjects will appear not
only dark, but blunt and confused, which is undoubt-
edly a very great defect. The last telescope but
one, whose object-glass is 50 inches focus, is less
subject to these defeets: but the dimness and con-
fasion are still insupportable ; and these defects
diminish in_proportion as we employ greater objeci-~
glasses, and are reduced to almost nothing on em-
ploying. an object-glass of 300 inches, with an eye-

‘glass of 3 inches focus. On increasing these mea-

surements, the representation becomes still clearer
and more distinct; so that in this respect long
telescopes are preferable to shart, though atherwise
02
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less commodious. This circumstance imposes onme a |
new task, that of farther explaining two very essential
articles in the theory of telescopes : the one respects
the clearness, or degree of light in which objects ave
seen; and the other the distinetness and accuracy of’
expression with which they are represented, With-
out these two qualities, all magnitying power, how-

ever great, procures no advantage for the contem-

plation of objects. ,

274h February 1762,

Lerrer XOVL—DzerEE oF CLEARNESS,

Ix order to form a judgment of the degree of|
clearness in which objects are represented by the
telescope, I shall recur to the same principles which
I endeavoured to clucidate in treating the same
subject with reference to the microscope. i

And, first, it must be considered, that in this|
yesearch it is not proposed to determine the degree
of light resident in objects themselves, and which
may be very different, not only in different bodies,
as being in their nature more or less luminous, bi
in the same bhody, according as circumstgnces vary.
The same bodies, when illuminated by the sun,
have undoubtedly move mm_rn than when the sky is

overcast, and in the night their light is wholly ex-

tinguished ; but different bodies Hluminated may
differ greatly in point of brightness, according as
their colours are more or less lively, We are no
inquiring, then, into that light or brightness which
resides in objects themselves; but, be it strong or
faint, we say that a telescope represents the object
in perfect clearness, when it is seen through the ing
strument as clearly as by the naked eye; so that i
the object be dim, we are not to expect that the
telescope should represent it as clear.
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-Accordingly, in respect of clearness, a telescope is
perfect, when it represents the object as clearly MM M
_chmmw.m to the naked eye. This takes place, as in
the micrascope, when the whole opening of the pupil
is filled with the rays which proceed from every
point of the object, after being transmitted through

the telescope. If a telescope furnishes rays sufficient

to fill the whole opening of the pupil, no gr
degree of clearness Wmmm e mmmw.m% ; HME.& mu%mwwmwm
ﬂ could supply rays in greater profusion, this wonld
be entively useless, as the same quantity precisely.
and no more, could find admission into the eye. ’
Here, then, attention must be paid chiefly to the
aperture of the pupil, which, being variable, pre-
vents our laying down a fixed rule, nnless we regu-
late ourselves according to a certain given aperture
which is sufficient, when the pupil, in 2 state of Qum
greatest contraction, is filled with H.m&ﬁm and for this
purpose the diameter of the pupil is usually sup-

‘pased to be one line, twelve of which make an inch;
-we sometimes satisfy ourselves with even the half of

this, although to the diameter of i

: g th, il onl .
a line, and .,_ub some cases still less, © pupth only halt
- If you will please to consider, that the light of the

$nn exceeds that of the moon 800,000 times, though

even that of the moon is by no means inconsiderable,
you will be sensible that a small diminution in point

~of clearness can be of no great consequence in the

contemplation of objects. Having premised this, all

" $hat remains is to examine the rays which the tele-

§cope transmits into the eye, and to compare them

. with the pupil; and it will be sufficien i
pil ; ¢ t to consider
- the rays which proceed from a single H,OF%MMH”MM

M_Wmommmw@aw@ﬁv moamNmBEmuSEnrmmEmﬁmﬁmom _&.m
1. The object being infini i
! L g infinitely distant, the rays
which fall from it on the surface of the orumon-mﬁﬂww
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PAP (Puare VII Fig. 12.), are parallel to each "
other: all the rays, then, which come from the centre -
of the object, will be contained within the lines..
LP, L P, parallel to the axis £ A. All these rays-
taken together are denominated the pencil” of rays
which fall on the object-glass, and the breadth of
this pencil is equal to the extent or aperture of the.
the object-glass, the diameter of which is P AP, i
2, This pencil of rays is changed, by the refracs:
tion of the object-glass, into a conical or pointed.: |
figwre P ¥ P, and having crossed at the focus ¥y it :
forms a new cone m F m, terminated by the eye-
glass; hence it is evident that the base of this cone
m m is as many times smaller than the hreadth of.
the pencil P P, as the distance T B is shorter than:
the distance A I, . e
3. Now these rays ¥ m, ¥ m, on passing throngh:
the eye-glass QB Q, become again parallel to each
other, and form the pencil of rays n o, n o, which.
enter into the eye, and there depict the image of the
point of the object whence they originally proceeded.
4. The question, then, resolves itself into the
breadth of this pencil of rays n 0, n 0, which enter.
into the eye; for if this breadth a#n or oo is equal.
to, or greater than, the opening of the pupil, it will
be filled with them, and the eye will enjoy all pos-
sible clearness; that is, the object will seem as clear
as if you were to look at it with the unassisted eye.-:
5. But if this pencil nz 00, were of much less:
Lreadth than the dismeter of the pupil, it is evident-
that the representation must become so much move
obscure; which would be a great defect in the tele-
scope. In order to remedy it, the pencil must there-
fore be at least half a line in breadth; and it would
be siill better to have it a whole line in breadth, this
being the usual aperture of the pupil.
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<228, It is evident that the breadth of this second

mm..mnm has a certan relation to that of the first, which
i very easy to determine. You have only to setile
how many times the distance 2 % or m m is less than
the distance P P, which is the aperture of the object-
glass. But the distance P P is in the same propor-
tion to the distance 7 m, as the distance A ¥ to the
distance BF, on which the magnifying power de-
pends ; accordingly, the magnifying power itself dis-

- covers how many times the pencil LP, I.P, is

broader than the pencil z 0, 7 0, which enters into
the eye. :

: f. Since, then, the breadth z # or 0 0 must be
‘one line, at least half a line, the aperinre of the
object-glass P P must at least contain as many half
lines as the magnifying power indicates; thus, when
the:telescope is to magnify 100 times, the aperture

- ofiits object-glass must have a diameter of 100 half

lines, or 50 lines, which make 4 inches and 2 lines,
+.18:. You see, then, that in order to avoid obseurity,
the aperture of the object-glass must be greater, in
proportion as the magnifying power is greater. And
consequently, if the object-glass employed is not sus-
ceptible of such' an aperture, the telescope will be
defective in respect of clearness of representation.
v.-Hence it is abundantly evident, that in order to
magnify very greatly, it is impossible to employ small
object-glasses, whose focal distance is too short, as
alens formed by the arches of small circles cannot

“have a great aperture.

,ﬂ ”f.n March 1762.

P

“Liétier XCVIL,—APERTURE or OBJECT-GLASSES.

‘You have now seen that the magnifying power
determines the size or extent of the ohject-glass, in
erder that objects may appear with a suofficient
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degree of clearness. This determiination respects :
only the size or aperture of the object-glass ; hows
ever, the focal distance is affected by it likewise, for -
the larger the lens is, the greater mmst be its focal
distance. e
The reason of this is evident, as in order to form °

a lens, whose focal distance is, for example, two
inches, its two surfaces must be arches of a circle
whose radius is likewise about two inches, 1 have
therefore represented (Prare VIL Fig. 18.) 190 .
lenses P and Q, the arches of which are described |
with & radins of two inches. The lens P, being the
thicker, is much greater than the lens Q; but T
shall demonstrate afterwards that thick lenses are
subject to other inconveniences, and these so great
as io oblige us to lay them altogether aside. The.
lens Q, then, will be found mere adapted for unse,
being composed of smaller arches of the same circle
and as its focal distance is two inches, its extent.qr
aperture 7 may scarcely exceed one inch. Hence
this may be laid down as a general rule, that the
focal distance of a lens must always be iwice greater
than the diameter of its aperture m n; that is, the
the aperture of a lens must of necessity be smaller
than half the focal distance. L
Having remarked, then, that in order to magnify
100 times, the aperture of the object-glass muwgh
exceed 4 inches, it follows, that the focal distang
must exceed 8§ inches; I shall presently demonstralg
that the double is not sufficient, and that the focgl
distance of this lens must be increased beyond 300
inches. The distinctness of the expression of the
image requires this great increase, as shall afterwards
be shown : I satisfy myself with remarking, at present,
that with regard to the geometrical figure of .the
lens, the aperture cannot be greater than half its
focal distance, X
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% H.Hmu..mu. Emﬂ.mmop..m“ I shall go somewhat more into
the detail respecting the aperture of the object-glass,

.. which every magnifying power requires; and I

~vemark, first, that though a sufficient degree of clear-
ness requires an aperture of four inches, when the
telescope is to magnify 100 times, we satisty our-
Hmm?mm. in astronomical insiruments, with one of three
Tnches, the diminution of clearness wmmsm. scarcely
perceptible.  Fence artists have laid it down as a
‘ile, that, in order to magnify 100 times, the aper-

g .
. ‘tare of the object-glass must be three inches; and

for other magnifying powers, in that propartion.
“Thus, in order to magnify 50 times, it is sufficient
that the aperture of the object-glass be an inch and
a:half; to magnify 25 times, three quarters of an
inch suffice, and so of other powers,

e Ience we see that for small magnifying powers a
very simall aperture of the object-glass is sufficient,
and that, consequently, a moderate focal distance
iay answer. But if you wished to magnify 200
‘times, the aperture of the object-glass must be six
‘inches, or half a foot, which requives a very large
Jens, .iEmm foecal distance must exceed even 100
feet, in order to obtain a distinet and exact expres-
sion. For this reason, great magnifying powers
require very long telescopes, at least according to
aww. usual arrangement of lenses which I have ex-
“plained. But, for some time past, artists have been
successfully employing themselves in diminishing
‘this excessive length. The aperture of the object-
glass, however, must follow the rule laid down, as
“clearness necessarily depends on it.

«‘Were you desirous, therefore, of constructing a
~telescope which shonld magnify 400 times, the aper-
‘ture-of the object-glass must be twelve inches, or a
toot, let the focal distance be rendered as small as
you will : and if yon wished to magnify 4000 times,

L
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You will recollect that it has been laid down as-2
principle, that a convex lens collects into one poin
of the image all the rays which come from one pomnt
of the object. Were this sirictly true, images. re-
presented by lenses would be as distincily expressed

as the object itself, and we should be under no appre- |

hension of defect in regard to this. 4

Here, then, lies the defectiveness of this principlel;
lenses have the property now ascribed to them only
around their centre; the rays which pass through

the extremities of a lens collect in a different point |
from those which pass toward the centre, thoungh |
all proceed from the same point of the object ; hence |

mnm?.omcnm&waom.mm.mwmwﬁﬁwmmmuﬂrwnronnmmmow
indistinctness. :

In order to set this in the clearest light, let s |
consider the convex lens PP, (Prare VIL Fig.|

14.) on the axis of which s placed the objeci E ¢, of
which the point E, situated npon the axis, emits {he
rays EN, EM, EA, EM, EN, to the surface of th

lens. To the direction of these rays, as changed:

by refraction, we must now pay attention.
1. The ray EA, which passes through the centrg
A of the lens, undergoes no refraction, but proceed
WWEE@E the same divection, on the straight lig
i S

2. The rays EM and EM, which are nearest {
the first, undergo a small refraction, by which they
will meet with the axis somewhere at I, which s
the place of the image F £, as has been explained 1
some of my preceding letters on this subject. .
8. The rays EN and EN, which are more remofg
from the axis LA, and which pass toward the extres
mities NN of the lens, undergo a refraction somez
what different, which collects them, not at the point
F, but at another point G, nearer the lens; and these
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% 4 Let us now carefully attend to this particular
© eircumstance, not hitherto remavked ; it 1s this, that
e ﬂp..m.umwm passing through the lens, toward its extre-
<. mifies, represent aunother image Gg, than what is
. represented by those passing near the centre MAM,
-+ 8. If the rays EN, EN, were to vetire still farther
from the centre A, and to pass through the points
PP of the lens, their point of re-union would be stiil
nearer to the lens, and would form a new image,
nearer than even G g.°
»-6, Hence yon will easily perceive, that the first
image T £, which is named the principal image, is
formed only by the rays which are almost infinitely
pear the centre ; and that according as the rays fetire
from it, toward the extremities of the lens, a particu-
lar image is formed nearer the lens, till those passing
clbse to the extremities form the last, G g.
tit, All the rays, therefore, which pass through the
ns PP vepresent an infinity of images disposed
dtween I f and G g; and at every distance from
‘the axis the refraction of the lens produces a parti-

is filled with a series of images. B

8. ‘T'his series of images is accordingly denomina-
itdd - the diffusion of the image; and when all these
rays afterwards enter into any eye, it is natural that
‘the vision should be so much disturbed, as the space

{F@, through which the image is diffused, is more
considerable. If this space~FG could be reduced
‘to nothing, no confusion or indistinctness need be
apprehended.

% 9. The greater portions of their respective circles
‘that the arches PAP and PBP ave, the greater like-
‘wise is FG the space of diffusion.  You see a good

‘reason, then, for rejecting all lenses of too great

rays represent another image G g, different from the
first I¥ £

‘thickness, or in which the arches which form the
“surfaces of the lens are considerable segments of their

ular image, so that the whole space between I and.
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circles (as in Prate VIL Fig. 15.); of which the
arches PAP and PBP are the fourth part of the
whole circumference, so that each contains 90degrees
this wonld, consequently, produce an insnfferable
confusion. .

10. "The arches, then, which form the surfaces o |
a lens, must contain much less than 90 degrees: if,
they contained so much as 80, the diffusion of the
image would be even then insupportable. Anthors
who have treated the subjeet, admit of 30 degrees
at most: and some fix the boundary at 20 degrees.
A lens of this last description is represented by Fig,
16. of Plate VIIL in which the arches PA D and:
PBP contain only 20 degrees, each being but the,
eighteenth part of the whole circumference of its
respective circle. :

11. But if this lens were to supply the place of the:
object-glass in a telescope, the arches PAP and PBR
must contain still many degrees less. For though
the diffusion of the image be perceptible of itself, the;|
magnifying power multiplies it as meny times as.it;
does the object. Therefore, the greater the magnify-
ing power proposed, the fewer must be the number
of degrees which the surfaces of the lens contain. - ¢

12. When the telescope is intended to magnify
100 times, you will recollect that the aperture. of
the object-glass must be 8 inches, and its focal diss
tance 360 inches, which is equal to the radii withs
which the two arches PAP and PBP are described; |
hence it follows that each of these two arches cons
tains but half a degree; and it is distinctness of:
expression which requires an arch so small. ¥ it
were intended to magnify 200 times, half a degree
would be still too much, and the measure of the archy
in that case, ought not to exceed the third part of a
degree. This arch, however, must receive an extent
of 6 inches; the radius of the circle must therefore

-~ Let. 99. APERTURE OF LENSES. 333

be so much greater, and consequently also the focal

- distance. T'his is the true reason why great magni-

fying powers require telescopes of such considerable

-~ Iength,

Oth March 1762,

Lerrer XCIX.—DIMINUTION OF THE APERTURE
* OF LFNSES, AND OTHER MEANS OF LESSENING THE
"'Spack oF DIFFUSION, TILL IT IS REDUCED T0
" NoTHING,

- WHEN the space of an object-glass is too greatto ad-
wit of distinctness of expression, it may be very easily
remedied : you have only to cover the lens with &
circle of pasteboard, leaving an opening in the centre,
sa:that the lens may transmit no other rays but those
which fall upon it through the opening, and that those

which before passed through the extremities of the

* lens may be excluded; for as no rays are transmitted
" but through the middle of the lens, the smaller the

opening is, the smaller likewise will be the space of
diffusion.  Aecordingly, by a gradual diminution of

. the opening, the space of diffusion may be reduced

at.pleasure.

Here the case is the same as if the lens were no
latger than the opening in the pasteboard, thus the
covered part becomes useless, and the opening deter-
mines the size-of the lens ; this then is the remedy
employed to give object-glasses any given extent.

. PP is the ‘object~glass (Prare VIL Fg. I7.),
before which is placed the pasteboard NN, having
the opening MM, which is now the extent of the
lens. This opening M M is here nearly the half of
what it would be were the pasteboard removed ; the
space of diffusion is therefore much smaller., Itis

emarked, that the space of diffusion, in this case,

isionly the fourth part of what it was before. An
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opening MM, reduced to a third of PP, wonld
render the space of diffusion nine times less, Thuy |

the effect of this remedy is very considerable; and
on covering the extremities of the lens ever so littlg)
the effect of it becomes perceptible.

If, therefore, a telescope labours under this defect;

that it does not represent objects sufficiently distinety

as a sevies of images blended together must of neces-
sity produce conlusion, you have only to contract
the aperture of the object-glass by a covering of

pasteboard such as I have described, and this con: "

fusion will infallibly disappear. But a defect equally

embarrassing is the consequence;—the degree of -

brightness is diminished. You will vecollect “that
every degrec of the magnifying power requires 3
certain aperture of the objeci-glass, that as many
rays may be iransmitted as are necessary to procuy
a sufficient illumination, Yt is vexatious, thereforé
in cmring one defect, to fall into another; and ‘i
order to the construction of a very good telescop
it is absolutely necessary that there should be su
cient hrightness of illumination, without injuring
distinetness in the representation,

But can there be no method of diminishing, nay
of totally redncing, the space of diffusion of ohjec:
glasses, without diminishing the aperture? This 4
the great inquiry which has for some time

solution of which promises such a field of discovery
in the science of dioptrics, I shall have the Lonour,

at least, of laying before you, the means which .

scientific nien have suggested for this purpose,
As the foeus of the rays which pass through the

middle of a convex lens is more distant from the:

. : . ,
lens, than the focus of the rays which pass through
the exiremities, it has been remarked that coneave
lenses produce a contrary effect. This has suggested

i past:
engaged the attention of the ingenious, and he |
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.+ the inquiry, whether it might not be possible to

combine a convex with a concave lens, in such =

‘manner, that the space of diffasion should he eniirely
- annihilated ; while, in other respects, this compound

lens should produce the same effect as an ordinary

~ simple object-glass ? You know that concave lenses
© gre measured by their focal distance as well as those

which are convex ; with this difference, that the focus
of the concave is only imaginary, and falls before the
lens, whereas the focus of convex lenses is real, and
falls behind them. Having made this remark, we
teason as follows: :

i 1. If we place (Prare VII. Fig. 18.) behind a
canveX lens P A P, a coneave one Q BQ of the same
focal distance, the rays which the convex lens would
callect in its focns will be refracted by the concave,

. 80, that they will again become parallel to each other,
28. they were befo

: ore passing through the convex
lens, . )

2. In this case, therefore, the concave lens destroys
the effect of the convex, and it is the same thing as
if the rays had proceeded in their natural direciion,

* without undergoing any refraction. For the concave

lens, having its focus at the same point F, (Fig. 10.)

- restores the parallelism of the rays, which would

atherwise have met at the point T,
- 8. Ifthe focal distance of the concave lens were
smaller than that of the convex, it would produce a

greater effect, and would render the rays divergent,
asin Fig. 19. of Plate VIL.: the incident parallel
rays LM, E A, LM, passing through the two lenses,

would assume the divections NO, BF, NO, which

zre divergent from each other. These two lenses

together produce, therefore, the same effect as a
simple concave lens, which would impress on the

incident parallel rays the same divergence. Two

such lenses joined together, of which the concave has
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a smaller focal distance than the convex, are there~ |
fore equivalent to a simple concave lens.

4. But if the concave lens Q Q (Prare VIL:|
Fig. 20.) has a greater focal distance than the convex |
lens PP, it is not even sufficient to render parallel to
each other the rays which the convex lens by itself
would eollect in its focus F: these rays, thereforey |
continue convergent, but their convergence will be
diminished by the concave lens, so that the rays,
instead of meeting in the point F, will meet in the
more distant point O.

5, These two lenses joined together will produce;
then, the same effect as a simple convex lens which
should have its foeus at O, as it would collect the |
parallel rays LM, EA, LM, equally in the same
point. It is therefore evident that two lenses may
be combined an -infinite variety of ways, the one
being convex and the other concave, so that thelr
combination shall be equivalent to a given conv
lens, -

6. Such a double object-glass may therefore b
employed in the construction of telescopes, instead
of the simple one, to which it is equivalent; and the:
effect as to the magnifying power will be just th
same. But the space of diffusion will be quite dif
ferent, and it may happen to be greater or less than
that of asimple object-glass ; and in this last case, th
double object-glass will be greatly preferable to t!
simple one.

4. But farther, it has been found possible to ar:
range two such lenses so that the space of diffusia
is reduced absolutely to nothing, which is undoub
edly the greatest advantage possible in the construc
tion of telescopes. Caleulation enables us to deter
mine this arrangement, but no artist has hitherig
been found capable of reducing it to practice.
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7" Lerrer C.—Or Comrounnd OBSECT-GLABSES.

i THE combination of two lenses, of which I have
now given the idea, is denominated a compound ob-
Ject-glass: the end proposed from them is, that all
‘the rays, as well those which pass through the extre-
‘Wities of a lens, as those which pass throngh the
-middle, should be collected in a single point, so that
‘only one image may be formed, without diffusion,
“as n simple object-glasses. Could artists succeed in
effecting such a construction, very great advantages
-would result from it, as you shall see.

~; Ltis evident, first, that the representation of objects
“must be much more distinct, and more exactly ex-
‘pressed, as vision is not disturbed by the apparition
of that series of images which ocenpy the space of
‘diffusion when the object-glass is simple.

% Again, as this space of diffusion is the only reason
‘which obliges us to give to simple object-glasses such
an excessive focal distance, in order to render the
Jnconvenience resulting from it imperceptible, by
‘employing compound object-glasses we are relieved
‘from that cumbersome expedient, and are enabled to
construct telescapes incomparably shorter, yet pos-

.

sessing the same magnifying power.
" 'When, employing a single object-glass, you want
1o magnify 2 hundred times, the focal distance cannot
be less than thivty feet, and the length of the tele-
scope becomes still greater on account of the eye-
‘glass, whose focal distance must be added; a small
‘object-glass would produce, from its greater space of
diffusion, an intolerable confusion. But a length of
thirty feet is not ouly very incommodious, but ar-
tists mm.EoE succeed in forming lenses of so great a
focal distance. You will readily perceive the reason
of this ; for the radius of the surfaces of such a lens
must likewise be thirty feet,-and it is very difficult to
VOL. 11, P




