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arallel to each other, become convergent by a con-
ex lens; and afterwards, the concave lens destroys
tils convergency, and again renders the rays parallel
ig.each other.
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SR, as falling on the concave lens: in this case itds
certain they wonld assume the directions RQ, RQ
which, produced backward, would meet in the poin
¥, 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 place to another, they must always underg
the same refractions in returning from the last to tk
first.  If therefore, the refracted rays RQ, RQ
correspond to the incident rays SR, SR ; then, rec
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 light’
still, when I say that concave lenses have the powe
of rendering parallel those rays which, without th
refraction, would proceed to their focus. You wil
please carvefully to attend to the following laws o
refraction, which apply to both convex and concav
lenses.
1. By a couvex lens (Prate VI. Fig, 81.) pa
rallel rays are rendered convergent. ‘
Convergent rays become still more so (Prare.
VIL Fig. 1.), and divergent less divergent. ¥
2. By a concave lens parallel rays arve rendered
divergent. (Prate VIL ¥Fig. 2.) :

EErrErn XC.—ON THE MAGNIFYING POWER OF
PoCKET-GLASSES.

THuE principal article respecting teleseopical in-
iyments remains still to be explained, namely,
their effect in magnifying objects. I hape to place
this in 50 clear a light, as to remove every difficulty
1 which the subject may be involved; and for this
purpose I shall comprise what I have to say in the
follewing propositions, -

L Let e (Prare VIL Fig. 4.) be the object, situ-
afed on the axis of the instrument which passes per-
-pendicularly through both lenses in their centres,
Fhis object E ¢ must be considered as at an infinite
- distance,

#2. If then, the eye, placed at A, looks at this ob-
Jeet, it will appear under the angle E A e, called its
visnal angle. It will, accordingly, be necessary to
-prave, that on looking at the same object through

Divergent rays become still more divergent, Fig. 8§ l}if:‘glass, it will appear under a greater angle, and
and convergent rays less convergent. , 3 -gkactly- as many times greater as the focal distance
All this 1sfounded on the nature of refraction an the object-glass PAP exceeds that of the eye-glass

QRQ. .
3. As the effect of all lenses consists in represent-
-the objects in another place, and with a certain
nagmitude, we have only to examine the images
hich shall be successively represented by the two
lenses, the last of which is the immediaie objec of
g:sight of the person who looks through the
. lnstrument. .

.4 Now, the object E e being infinitely distant
from the convex lens PAP, its image will be vepre-

the figure of the lenses, the discnssion of which woul
require a very long detail; but the two rules whic
I have now laid down contain all that is essential
It is abundantly evident, then, that when the couve
and the concave lenses are so combined that the
acquire a comimon 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
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sented behind the lens at F £ so thai AF shall be
equal to the focal distance of the lens; and the
magnitude of this image ¥ £ is determined by the
straight line £ A e, drawn 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 AT is smaller
than the distance AE. ¥

5. Again, this image F f holds the place of th
object relatively to the eye-glass QBQ, as the rays
which fall on this lens are precisely those which
would almost form the image ¥ £, but are intercepted

in their progress by the'concave lens QBQ; so that '

this image is only imaginary : the effect, however, i
the same as if it were real.

6. This image F #; which we are now consid
ing as an object being at the focal distance of th
lens @BQ, will be transported almost to infinity b
the refvaction of this lens. The preceding figur
marks this new image at G g, whose distance AG
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. 2

7. This second image G g being, then, the objec
of the person who looks through the instrument, i
magnitude falls to be considered. To this effect, as,
it is produced by the first image F f from the re-
fracton of the lens QBQ, followng the general rule ;
we have only to draw through the centre of the lens!
B a straight line, which shall pass through the poin
# of the first image, and that line will mark at g th
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 diree-
tion as if they actually proceeded from the image

G g, it will appear to him under the angle G B g,
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ich is greater than the angle E A ¢, under which
the object E e appears to the naked eye.

:9, In order the better to compare these twao
angles, it is evident, first, that the angle EA e is
equal to the angle 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

_xemains to be proved, therefore, that the angle I'B f

sexceeds the angle ¥ A # as many times as the line
‘AT exceeds the line Bf; the former of which, AF,
#is the focal distance of the object-glass, and the
:pther; BT, the focal distance of the eye-glass.

"3:10. In order to demonstrate this, we must have
srecourse to certain geometrical propositions respect~

ing the nature of sectors. You will recollect that
the sector is part of a circle contained between two
dii CM and CN (PraTe VIL Fig. 5.), and an arch
portion of the circumference MN. In a sector,
en, there are three things to be considered ; 1. The
dius of the circle, CM or CN; 2. The quantity
‘of the arch MN; 8. The angle MCN,

-11. Let us now consider two sectors, MCN and
aren, whose radii CM and c¢m are equal to each
other; now it is demonsirated in the elements of
‘gépmetry, that the angles C and ¢ have the same pro-
portion to each other that the arches MN and ma
liave: in other words, the angle C is as many times
regter than the angle ¢, as the arch MN is greater
an- the arch m n; buot, instead of this awkward
wde of expression, we say, that the angles C and ¢
té: proportional to the arches MN and mn, the
adii being equal. ' :
. 12, Let us likewise consider two sectors, MCN
foid-men (Fig. 6.), whose angles C and ¢ are equal
o-each other, but the radii unequal; and it'is de-
snonstrated in geometry, that the arch MN is as
many times greater than the arch m a, as the radins
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CM is greater than the radius ¢m ; or, in geome-
trical language, the arches are in proportion to thel
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 greaten
radins exceeds the smaller, : |
13. Finally, let us consider likewise the case when,

as in the two sectors MCN and m en (Fig.7.), the
arches MN and mn are equal; but the radii CM!|
and ¢ m unequal. :

In this case, the angle C, which corresponds to} -
the greater radius CM, is the smaller, and the angle’”
¢, which correspends to the smaller radius ¢ m, is the. -

greater ; and this in the same proportion as the radii.
That is, the angle ¢ is as many times greater than
the angle C, as the radius CM is greater than the
radins cm; or, to speak geometrically, the angles
are reciprocally properiional to the radii, the arches
being equal.

14, "This last proposition carries me forward to
my conclusion, after I have subjoined this remark,),
that when the angles are very small, as in the case’

of pocket-glasses, there is no sensible difference in’~
the chords of the arches MN and m n, that is, of the -

straight lines MN and = », i§

15. Having made this remark, we return to Fig. 4.
The triangles FA 7 and FB # may be considered
as sectors, in which the arch ¥ £is the same in both)
Consequently the angle KB fexceeds the angle FA #
as often as the distance AT exceeds the distance BIY
That is, the object E e will appear through the in-
strument under an angle as many times greater ag
the-focal distance of the object-glass AT exceeds the
foeal distance of the eye-glass BF, which was the|
thing to be demonstrated. ;
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‘LETTER X CL—DuirEcTs 0F POCKET-GLASSES,
Or THE APPARENT FIELD.

.- You must be sensible that no great advantage is
{0 -be expected from such small instruments; and it

thas already been remarked, that they do not mag-

1ify objects above ten times. Woere the effect to be
carried farther, not only would the length become

too- great to admit of their being carried about in

- the pocket, but they would become subject to other

gid more essential defects. This has induced artists
gntively to lay aside glasses of this sort, when supe-
erior effect is required.

The principal of these defects is the smallness
f-the apparent field ; and this leads me to ex-

plain an important article relative to telescopes of

gvery description. When a telescope is directed ,
toward the heavens, or to very distant objects on the
arth, the space discovered appears in the figure of
circle, and we see those objects only which are
peluded in that space; so that if you wished to
xamine other objects, the position of the instrument
st be altered,  This civenlar space, presented io
he eye of the spectator, is denominated the apparent
fald, or, in one word, the jield of the instrument;
gnd it is abundantly obvious, that it must be a great
dvantage to have a very large field, and that, on
he contrary, a small field is a very great inconve-
nee in instroments of this sort. Let us suppose
two telescopes directed toward the moon, by the
¢ of which we can discover only the hall’ of that
nminary, whereas by the other we see her whole
ody, together with the neighbouring stars; the
eld of this last is therefore much greater than that
af the ather. That which presents the greater field
relieves us not only from the trouble of frequently
changing the position, but procures another very
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. Fig. 8.) only the space POP, and the objects whig
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great advantage; that of enabling us to compare, b
viewing them at the same time, several parts of the
object one with another. R
It is therefore one of the greatest perfections of
a telescope, to present a very ample field ; and it
accordingly a matter of much importance to me
sure the field of every instrument. In this view,

are regulated by the heavens, and we determine the.

circular space seen through a telescope, by measuxs
ing its diameier in degrees and minutes, Thus, th
apparent diameter of the full moon being about half
a degree, if a telescope takes in the moon only, w
say that the diameter of its field is half a de%ree;
and if you could see at once only the half of thy
moon, the diameter of the field would be the quarte

The measurement of angles, then, furnishes th
means of measuring the apparent field ; besides, t
thing is sufficiently clear of itself. Supposing wi
could see through the instrument AB (Prate VI

it contains; this space being a circle, its diamet
will be the line POP, whose middle point O is-
the axis of the instrument. Drawing, therefore, fron
the extremities PP the straight lines PC, PC, th
angle PCP will express the diameter of the appaven
field; and the half of this angle, OCP, is denominate
the semidiameter of the apparent field of such g
instrument. You will perfectly comprehend the
meaning, then, when it Is said that the diameter gf
the apparent field of such an instrument is one d
gree, that of another two degrees, and so on;
also when it is marked by minutes, as 30 minnte
which make half a degree, or 15 minntes, whic
malce the fourth part of a degree, s

But in order to form a right judgment of the valy
of & telescope, with respect to the apparent field, w;
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st likewise attend to the magnifying power of the
anstrument. It inay be vemarked in general, that
ithe more a telescope magnifies, the smaller, of ne-
gssity, must be the apparent field; these are the
jounds which nature herself has prescribed. Letus
uppose an instrument which should magnify 100
lmes; it is evident that the diameter of the field
ould: not possibly be so much as two degrees; for,
rthis space would appear 100 times greater, it
gonld resemble a space of two hundred degrees;
ater, of consequence, than the whole visible hea-
ns, which, from the one extremity to the other,
ontain only 180 degrees, and of which we can see
t the half at most at once, that is a circnlar space
90 degrees in diameter. From this you see, that
. telescope which magnifies 100 times could not
Jatain a field of so much as one degree; for this
léoree multiplied 100 times would give more than
0 degrees; and that accordingly a tolescope which
gnified 100 times would be excellent, if the dia-
ter of its field were somewhat less than one de-
e; and the very nature of the instrument admits
ot of a greater effect. .
i 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
v field magnified 10 times would give a space of
more than ten degrees in the heavens, which
¢ould be a small maiter, by setting too narrow
jounds to our view. We should have good reason,
then, to Teject such an instrument altogether. Thus
twould be very easy, with respect to the apparent
1d, to form a judgment of the excellence or defec-
iveness of instruments of this sort, when the effect

s taken into consideration. Ior when it magnifies

only 10 times, it may fairly be conjectured, that it
scovers a field of 9 degrees; as 9 degrees tuken
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on the other side downward. The point E, then,
g centre of the space seen through the insirument,
dius of which,. I A, as it passes perpendicularly
ratgh both lenses, undergoes no refraction; and
i (iar that this ray may have admission into the
e, the eye must be fixed somewhere on the axis
the instrument B F, behind the eye-glass, so that
e centre of the pupil shall be in the line BF; and
s a general rule for every species of telescope.
us. now consider the visible extremity of the
ect e, whose rays exactly fill the whole opening of
bject-glass P A P; but it will be sufficient to
tend only to the ray E A, which passes through the

e

13 times give 90 degrees, a space which our sight
capable of embracing: and if the diameter of i
field were only 5 degrees, or less, this wounld be i
instrument very defective indeed. Now T shall b
able to demonstrate, that if a telescope were to
constructed such as I have been describing, whic
should magnify more than 10 times, it would b
liable to this defect: the apparent field multiplied b
the magnifying power would be very considerably
under 90 degrees, and would not even show the ha
But when a small effect is aimed at, this defect is o
so sensible ; for if such an instrument magnifies o
5 times, the diameter of its field is about 4 degr g £ ol . il . )
which, magnified 5 times, contains a space of 2 géntre of the object-glass {A, as the 912118}5 SUH‘OUHCL__
degrees, with which we have reason to be satisfie lite more than strengthen this ray i 80 that if
but if we wished to magnify 25 times, the diametes tIs admitted into the eye, the others,, or at lenst a
of the field wonld be only half a degree, whi paiderable part of them, find admission likewise ;
taken 25 times, would give little more than 12 Lif this ray is not admitted into the eye, though
degrees, which is too little. © When, therefore, 1 -Iiaps some of ﬂle.Oth(_J‘rs Joay enter, éhey are E‘Slo
would magnify very much, a different arrangeme € t0 exXclie an impression sufficien ly poweritl,
of lenses must be employed, which I shall afterware ce this may be laid down as a yule, that the
explain. . mity e of the object is seen only so far as the
138% February 1762 R A, after having passed through the two lenses,
Y : admitted into the eye. !
We must therefore carefully examine the divec-
nof this ray ¢ A.  Now, as it passes through the
e of the object-glass A, it undergoes no refrac-
jon ; conformably to the rule laid down from the
ginning, That rays passing through the centre of
ilens whatever are not diverted from their direc-
), that is, undergo no vefraction. This ray, e A,
gfore, after having passed through the object-
183, would continue inthe same direction, to meet the
T rays issuing from the same point e, to the point
if the image represented by the object-glass at E £y
& point # being the image of the point ¢ of the
jeet; but the ray meeiing, at m, the concave lens,

Lerrer XCIL—DETERMINATION OF THE AD-
PARENT FIELD FOR POCKET-GLASIES.

To ascertain the apparent field being of very gre
Importance in the construction of telescopes, 1 prad
ceed to the application of it to the small glasses whic
I have been describing,

The lens P AP (Prare VIL Fig. 4.) is the objec
glass, QB Q the eye-glass, and the straight line K
the axis of the iusirument, in which is seen, at a ve
great distance, through the imstrument, the obje¢
Ee, under the angle” I A e, which represents il
semidiameter of the apparent field, for it extends as
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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 direction m 2, more divergent from B F,

being the natural effect of concave lenses to rendei
rays always more divergent. In order to ascertain
this new direction m #, you will please to recollect

that the object-glass represents the object K e in an:

inverted position at F £, so that A ¥ is equal to the
focal distance of this lens, which transports the object
Keto Ff Then this image F / occupies the place
of the object with respect to the eye-glass QBQ,
which, in its turn, transports that image to Gg
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 a manner that the interval-
B T shall be equal to its focal distance, :

As to the maguitude of these images, the first I £
is determined by the straight line ¢ A f drawn from
e through the centre A of the first lens; and th
other G g by the straight line /B g drawn from the
point f through the centre B of the second lens
This being laid down, the ray A m directed toward
the point fis refracted, and proceeds in the direc
tion 2 %; and this line m » being produced baclcward,
will pass through the point g, for mn has the same
effect in the eye as it if actnally proceeded from th
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 the!
opening of the pupil extends so far; and if the open
ing of the pupil were reduced to nothing, the ra
m 7 would be excluded from the eye, and the poin
¢ of the object could mnot be visible, nor even an
ather point of the object out of the axis A F. Ther
would, therefore, be no appareni field, and nothing:’
wonld be seen through such an instrument, except
the single point E of the object, which is in its axis...
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It Is 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 sm‘al.l. In this case the point ¢ will therefore be
still visible to the eye, if the small interval B m does
not exceed half the diameter of the eye, that the ray
#n may find admission into it; but in this case,
likewise, the eye must be brought as close as possible
’;ﬁﬂle_ e)Irf-Elqss: for as the ray mn removes from
- .
@igt :1:1{32. , 1t would escape the pupil at a greatfn‘
x:Now it is easy to determine the apparent field
which such. an instrument would discover on the
eye-glass : you have only to take the interval B m
equal to the semidiameter of the pupil, and to draw
through that point m, and the centre of the object-
glass A, the straight line m A ¢; then this lide will
wark on the object the extremity ¢, which will be
5 v151!)1e t_hrough the instroment, and the ancle
E{Ae will give the semidiameter of the appargnt
field. Hence you will easily judge, that whenever
the distance of the lenses A B exceeds some inches,

‘the angle B A % must become extremely small, as -

line or the distance B m is but about the twen-
part of an inch. Now if it were intended to
gnify very much, the distance of the lenses must

“lgeome considerable, and the consequence would be,

dhat the apparent field must become extremely small,
The structure of the human aye, then, sets bounds
io telescopes of this description, and ohliges us to
_ recourse to others of a different construction
whenever we want to produce very considerable

. _ﬁ'ects.

o

16¢% February 1762,
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Lerrer XCIIT,—AsTrnoNomical TELESCOPES, ANTY
" THEIR MAGNIFYING POWER. :

I erocEED to the second species of telescope
called astronomical, and remark, that they consist ¢
only two lenses, like those of the first species; wil
this difference, that in the construction of astron
mical telescopes, instead of a concave eye-glass, ‘w
employ a convex one. 4

The object-glass PAP (Prate V1L Fig.9.)is, as
the other species, convex, whose focus being at -E
we place, on the same axis, a smaller convex lens Q
in such a manner that its focus shall likewise fall o
the same point F. Then placing the eye at O, §
that the distance BO shall be nearly equal to the
focal distance of the eye-glass QQ, you will see objeq
distincily, and magnified as many times as the foe
distance of the object-glass AF shall exceed thai-
the eye-glass BF : butitis to be remarked, that ew
object will appear in an inverted position; so that.
the instrument were to be pointed toward a houns
the roof would appear undermost, and the grou
floor uppermost. As this civenmstance would
awkward in viewing terresirial objects, which wg
never see in an inverted situation, the use of thi§
species of telescopes is confined to the heavenly
bodies, 1t being a matter of indifference in what
divection they appear; it is sufficient to the astr
nomer to know that what he sees uppermost is real
undermost, and veciproeally. Nothing, howevél_tg-‘
forbids the application of such telescopes to terres:

trial objects; the eye soon becomes accustomed
the inverted position, provided the object is se
distinedy, and very much magnified.

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

: lelism of thes

placed in such & manner as to render the rays I* M,
td

Place of the object with respect t
b3111g mn its focus, the second
-Yemoved to an infinite distance by the refraction of

Let. 93. THEIR MAGNKIFYING POWERS. 313

that they must appear magnified as many times as
the focal distance of the obgject—glass excegds t}iaast Ecl)i'
the eye-glass, and in an inverted position; and thirdly.
that the ye must not be applied close to the eye:
glags, as in the first species, but must be removed to
nearly the focal distance of the ccular,

2L As to the first, it is demonstrated in the same
manner as in the preceding case: the rayse P, ¢ P
thlch are parallel before they enter into the oi)ject:
glass, meet by refraction in the foeus of this lens at
£ the eye-glass must, of couyse, restore the paral-
_ € rays, and distinct vision requires that
the rays proceeding from every point should he
nearly parallel to each other when they enter the

e. Now, the eye-glass, having its focus at T, is

M, by the refraction, parallel, and consequently

-~ the eye Will receive the rays N o, N o, parallel to

other.

2. With respect to the second article, let ns -

ér the object at E e (Prate VII. _F?zg 1(313,{:?)2;
that the dlstgnce_ E A shall be almost infinite,
€ mage of this object, represented by the object-

glass, will therefore be F /> situated at the focal dis.
1

ice of that lens A T, and determined by the straight
e ¢ Af drawn through the centre” of the le%ls
1s Image I' #, which is inverted, occupies the
0 the eye-glass, and
image will be again

s lens, and will fall, for example, at G g, the dig.

ihnee A G being considered as finite, like that of
. thE Now, in order to determine the magnitude of
is Image, you have only to draw thr

: ongh the centre
3 of the lens, and the extremity 7 "of the first
mage, the lftraaght line B £ a. Now this second
age & g being the immediate obj " visi
8% o & being cu)) ject of vision to
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the person who looks through the telescope, it is
evident at once that this representation is mverted,
and, as it is infinitely distent, will appear under afl
angle G B g¢. But the object itself K e will appea:
to the naked eye under the angle J A ¢: now yoy
ave sensible, without being reminded, that it is indifs -
fevent fo take the points A and B, in order to have
the visual angles EA ¢ and G B g, ou account of
the infinite distance of the object. You now see
here, as in the preceding case, that the triangles FAF
and I B f'may be considered as circular sectors, the
Jine F f measuring the arch of both; and the angles
themselves being so very small, no sensible mistake
can be committed in taking the chord for the arch,
As, then, the radii of these two sectors are the lines
AE and BEF, the arches being equal to each otherfp
it follows, as was formerly demonstrated, that the
fm%les F A f (or, which is the same thing, EAg-
and F B f (or, which is the same thing, G B g}
have the same proportion to each other that th
radii B F and A Fhave. Therefore, the angle G Bg
under which the object is seen through the telescope
as many times exceeds the angle E A ¢, under which
the object is seen by the naked eye, as the line A
exceeds the Line B IF'; which was the second point
to be demonstrated. 1 am under the necessity of
deferring the demonstration of my third propositic
till next post.
20tk February 1762.

vent field, and that it is is

i precisely the field which
ﬁli%l_lge's Fs to keep the eye fixed at the proper dis-
3y 1&?& O(E: if 1t.vivlere to be brought closer, or removed
ﬁ@ld » we should no longer discover so large a

‘;]'_;Th:e extent of the field being an article of such
%n p(;lgmce, indeed so essential, in all telescopes, it
; Egsﬂ e off" equal importance to determine exac’:tly
Elrsc}:) ace l:)] the eye from which the largest field is
fis vemI e. If'the eye were to be applied close to
"E@ eye]-lg ass, we should have nearly the same field
'};S Jvfg ' Ell)"l]e with the pocket-glass, ‘which becomes
% &061%1 ¥ bslmall Iwhenever the magnifying power
i nziderable, t is therefore a vast ;i
4 . 3 ad '
‘tao étsglonopncal telescopes, that by withdraw‘;i?rtilglz
tga ;;1& aij;e gf;g:ass, (}E{he apparent field ‘increases
0 : nt; and it is precisely this whi
enders such telesco i ¥ Ivodiyions
enders pes susceptible of prodigi
;%ggg;fyllqg powers, whereas those of the ﬁl;st spgec?iléz
‘ar gtn;_tns respect extremely limited. You know
14t v.-_uthr the astronomical telescope, the magnifyi o
t};lvlveﬁ has been carried beyond two hundre
Erl ! :e 0%1rfz fgl:e;;u an_incorilceivable shperiority over
those | 'st species, which can searcel if
en times; and the trifling in tonce Of fhe
' 1L ne convenlience
{overted position is mﬁnitgly overbalancfa?l (l))ff e
dvantage so very great. | y
+..I will endeavonr to pu
the1 cleTaﬁest light possible.
i; 1. The object E ¢ (Prate VII. F, i
A ¢ ; - Fig, 1) b
%%%Rellly ihstant, let ¢ be its extremitfrz, still) viseillﬁ%
B?Qg f::le te_lescope, whose lenses are PAP and
} » fitted on the common axis EA B Q ;—it falls -
Bpﬁﬁegittﬁllmfly considered what divection will be
Prsned by-the single ray which pas
stiec t ; ses fro
Et:;mt}y e. of t]g_e obj!act, through th_l; centre An;f' ttllzg
-object-glass,  You will recollect that the other FRYS
)

e

. p=4
times,

t this important article in

LerrEr XCIV,—OF THE APPARENT FIELD, AND
THE PLACE OF THE EYE, .

I fulfilling my engagement respeciing the thip
particular proposed, namely, to determine the place
of the eye behind the telescope, I remark that tk
subject is most intimately connected with the app
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e B If‘, then, the eye i
. ye is placed at O, it will recei
;llﬁat g{}ly th:é rays which proceed from ﬂnc‘:r ﬂnii:ﬁlclewi'
pea };]tef:t L, but those likewise which proceed ﬁf "
,bi“c;cee dle;_l?lty e, and consequently those also wh?c?
would evellf n;eiie:zy f one ?‘.fl e SHSs e E
‘receive at once the rays BO
fﬁiesn csal;ppoamg the pupil inf'iuitelyycf;)11t1‘a=u3il::(ii " g,
ﬁeijend g, thlerefore, the apparent field does no::L
ot 11] e largeness of the aperture of the pupil
rovided the eye be placed at (3; but the momlt)enlt) it

which Bl 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 ¢ A, passing throngh the centre .
of the lens PP, will undergo no refraction, but will *
pursue its direction in the straight line A f it and :
passing through the extremity of the image ¥ f> will
fall on the eye-glass at the point m ; and here itis
1o be obscrved, 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 zecedes [i : L
have been invisible. T}fat is 0 say? it would be. thie ap}_)z~11'c§1111';l géifl poit, it must lose considerably in
Tecessary to take fhe extremity e neaver to the axis, w7 If the point ?-}z were not i . .
in order that ’f]Je ray A fm may meet the eye-glass: eye-glass, it wonld ti‘ansrl::')t lfl the extremity of the
3. Now this ray A m will be refracted by the from the axis, and the tel}és;:g: v?rg]ll(’inorg remote
uld, of course,

iscover a larger
glie reaeil; Imlgel field. In order, then, to determine
g veal ppat ent field which the telescope is capabl
o tl?glgllg, let 1ihere be drawn, from the cgitrg
o plass o é]eit."g ass, to the extremity m of the
'ﬁl@:objec’f:, W 1]_15 rla?.:ﬁl;m %meﬂlA m, which, produced to
s 'k at e the visible remity ;
gfi&gqasnt]y t}lze Engle E A e or, w}?ilé}t:?? :1?;, -
ng, the angle B A m, will oi idiamoter
of .the appare?lt field, wl,li;rlllui e o idiameter

in proportion as fhe. extons oF (LCUy greater
greater, e extent of the eye-glass is

58. As, then, in

: , in the first speci

dol) pecies of tele

t_}}igai;:nitl ﬁe.ld1 dep_ende.d entirely on the icszlf ' thef:'
b apgrt’u::m fE‘lS in this case it depends eEI);tirelle .
b8, aporh bzt‘?reetllllihiye-%lass, there is an esseﬁtic:}

C ‘these two species of i

peu ‘ pecies of in

%@vé}i{rﬁl lfswem of the latter, The ﬁcru:;rgll];'mlltsf

1',é:‘i})ec:tin£ ot:{fd 11n demonstrating this_ last '&;fizl

PR g the place of the eye and the : "
ety may greatly assist us in the elucidati ot the

P,l'-eﬁ‘ﬁdlng sy ucidation of the

.o:F you will be so sood '

o . be 50 good as to reflect, tl j

o o st ettt e s

S A 1e

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 f produced will pass through
the extremity g of the second image G g, which s
the immediate object of vision. Having remarked
this, the refracted ray must assume the direction
1 O, and this produced passes through g. !
4, As, therefore, the two lines O # and B f meet
ai an infinite distance at g, they may be considered
as parallel to each other ; and hence we acquire ar
easier method to determine the position of the re:
fracted ray » O: you have only to draw it paralle
to the line B f. : ;
5. Hence it is clearly evident that the ray n O wi
somewhere meet the axis of the telescope at O, an
as usnally, when the maguifying power is great, th
point ¥ is much nearer To the lens Q Q than to tht
lens P P, the distance B m will be somewhat great
than the mage F f; and as the line » O is parallel &
# B, the line BO will be nearly equal to B T, that 1?: !
to the focal distance of the eye-glass.
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eye-glass transports it from F fto G g, this image
G g being very distant from the immediate 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. 3

As to the second, it is evident at first sight, that
as instead of the veal image E ¢, we see through the
telescope the image G g, it must be inverted. Finally,
this image is seen hy the .eye placed at O under the
angle G Og, or' B O n, whereas the object itself Xee
appears to the naked eye under the angle B A e the
telescope, therefore, magnifies as many times as the
angle B O n-is greater than the angle E Ae. Now,
as the line 7O is paraliel to B f, the angle B QO niis
equal to the angle I B f; and the angle KA ¢ s equal
to its opposite and vertical angle I' A #'; hence the
magnifying power must be estimated from the prd-
portion between the angles FB f and F A ; aceor!
dingly, as the angle F B f contains the angle I A £ as
often as the line A F, that is the fecal distance of the
object-glass, contains the line BF, that is the faeal
distance of the eye-glass, the magnifying power will
be therefore expressed by the proportion of these two

. (istances. 'This is proof sufficient that the elements |-

of geometry may be successfully employed in-res
searches of quite a different nature—a reflection net
unpleasing to the mathematician, 1y

23d Fedruary 1762. !‘-‘iii

i

Lerrer XCV.—DETERMINATION OF THE MAGNL
FYING POWER OF AsTRONOMICAL TELESCOP

AND THE CONSTRUCTION OF A 'UELESCOPE WHICH

SHALL MAGNITY OBJECTS A GIVEN NUMBER OF

TIMES.

You now have it clearly ascertained, not onl;
how many times 2 proposed instrument will magnity,
but what is the mode of constructing a - telescopg
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which shall magnify as many times as may be wished.
II_I 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 ane inch is contained in two feet. Every one
ignows_that a foot contains twelve inches; two feet
accordingly contain twenty-four inches, which are to
be: divided by one. But whatever number we divide
hy one, the quotient is always equal to the dividend ;

* ik then, it is asked, how often one inch is contained

iy twenty-four inches, the answer, without hesitation,
1s; twenty-four times; consequently, such a telescope
magnifies 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, you would see them through such a
ftelescope under an angle fwenty-four times greater
than by the naked eye.
s Let us suppose another astronomical telescope,
-the focal distance of whose ohject-glass is thirty-two
“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
ez_mh other; for, in all astronomical telescopes, the
distance of the lenses must be equal to the sum of
ithe :v:lo focal distances, as has been already demon-
rated. :
To find, then, how many times a telescope of the
‘above description magnifies, we must divide thirty. .
‘wo feet by three inches; and, in order to this, re-

- duce these thirty-two feet into inches, by mualtiplying

them by twelve,
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32 this produces 384 inches; and these again

12  divided by three, the focal distance, in inches; |

3884 of the eye-glass, gives a quotient of 128,
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;

othe foeal distance of the one of which shall be 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 samé
axis, so that their distance shall be equal to the sum
of the two focal distances; that is, they must be fixed
in a tube of this length, and then the eye being
placed behind the eye-glass, at its focal distance, will
see objects magnified 100 times._ ] .
This arrangement may be varied without end, by
assuming an eye-glass at pleasure, and adapting 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 100 inches
focus, and the distance of the lenses 101 inches. Ouy
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 1l:fe 202
inches. If you were to take an eye-glass of 3 inches
focus, the focal distance of the object-glass must be:
800 inches, and the distance of the lenses from eac1}*
other 303 inches. And if you were to take an eyé
glass of 4 inches focus, the object-glass must hav
focal distance of 400 inches, and the distance of th :
two lenses 404 inches, and so on, the instrument
always increasing in length, If, on the contrarys
you were io assume an eye-glass of only hall’ an
inch focus, the object-glass must have s focal dis
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tance of 100 half inches, that is, of fifty inches, and-
the distance between the lenses would only he 50
inches and a half, which is litile more than four feet.
And if an eye-glass of a quarter of an inch focus
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
?_5 inches and a quarter, that is little more than two
eet. -

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 reduced to
little more than two feet, would be more manageable
than one much longer.

No one, then, would hesitate about preferring the
shortest telescopes, provided all other circumstances
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

distinet, That of two feet in length certainly mag-
nifies 100-times, as well as the others; but on look-

ing through such a telescope, objects will appear not

enly 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 defects: but the dimness and con-
fusion are. still insupportable ; and these defects
diminish in_proportion as we employ greater ohject~

- glasses, and are reduced to almost nothing on em.

ploying: an object-glass of 300 inches, with an eye-

glass of 8 inches focus. On increasing these mea-

surements, the representation becomes still elearer

and wore distinct; so that in this respect long

telescopes are preferable to short, though atherwise
02
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less commodious, This circumstance imposes on me 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 abjects ane |
seen; and the other the distinciness and accaracy of’
expression with which they are represented. 'With-
ont these two qualities, all magnitying power, how-

ever great, procures no advantage for the contem--

plation of ebjects.
2th February 1762.

Lerrer XOVI,—DecrEE oF CLEARNESS.

Ix order to form a judgment of the degree of|
clemness in which objects arve represented by the
telescope, I shall recur to the same principles which
1 endeavoured to elucidate in treating the same
subject with reference to the microscope. . E

And, first, it must be considered, that in thisi
research it is not proposed to determine the degree)

of light vesident in objects themselves, and which|

may be very different, not only in different bodies,|
as being in their nature more or less luminous, bug
in the same body, according as circumstances vary.
The same bodies, when illuminated by the sun,

have undonbtedly more light than when the sky ig

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

tinguished ; but different bodies illuminated may
differ greatly in point of brightness, according ag
their colours are more ot less Lively, We are nog

inquiring, then, into that light or brightness whicilﬁ

resides in objects themselves ; buf, be it strong oy
faint, we say that a telescope represents the ohject’
in perfect clearness, when it is seen through the ing -
strument as cleavly as by the naked eye; so that if' -

the object be dim, we are not to expect that the
telescope should represent it as clear.
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..A.ccorclmglx, in respect of clearness, a telescope is
perfect, when it represents the object as clearly as it
‘itlll},pea?s to the naked eye. This takes place, as in

1e micrascope, when the whole opening of the pupil

is filled with the rays which proceed from every

peint of the object, after being transmitted throngh

-the telescope. If a telescope furnishes rays sufficient

to fill the whole opening of the pupil, no gr
degree of clearness need Pe desire£ H I:m,(fl supgggsifé
ﬂ; could supply rays in greater profusion, this would
ie entirely nseless, as the same quantity precisely.
and no more, could find admission into the eye. ’
Here, then, attention must be paid chiefly to the
apertare of the pupil, which, being variable, pre-
vents our laying down a fixed rule, unless we regu-
late ourselves according to a certain given aperture
which is sufficient, when the pupil, in a state of thé
greatest contraction, 15 filled with rays; and for this
purpose the diameter of the pupil is usually sup-

‘posed to })e one l_ine, twelve of which make an inch;
-we sometimes satisfy ourselves with even the half of

this, although to the diameter of the pupil only half

.8 line, and in some cases still less.

... If you will please to consider, that the light of the

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

even that of the moon is by no means inconsiderable,
y?u will be sensible that a small diminution in point
of clearness can be of no great consequence in the

: cﬁntempla'tioq of objects. Having premised this, all
‘. $hat remains is to examine the rays which the tele-
5eope transmits into the eye, and to compare them

. with the pupil ; and it will be sufficient to consider
- the rays which proceed from a single point of the
. ehject, that, for example, which is in the axis of the

telescope,

L. The object being infinitely dist.
} ] ant, the rays
which fall from it on the surfaceyof the objecet—él?s::
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PAP (Prate VIL Fig. 12.), ave parallel to each-
other: all therays, then, which come from the centre .
of the object, will be contained within the lines.
LP, L P, parallel to the axis E A. All these rays
taken together are denominated the pencil”of rays
which fzll 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 AT, i
2, This pencil of rays is changed, by the refracs:
tion of the object-glass, into a conical or pointed. -
figure P F P, and having crossed at the focus F, it :
forms a new cone m F m, terminated by the eye-.
glass; hence it is evident that the base of this cone
mm is as many times smaller than the breadth of .
the pencil P P, as the distance ¥ B is shorter than:.
the distance A F. ,
8. Now these rays F m, F m, on passing through
the eye-giass QB Q, become again parallel to each .
other, and form the pencil of rays n o, # 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 o, n 0, which enter..
into the eye; for if this breadth nn or oo is equal
to, ar 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 abject will seem as clear
as if you were to look at it with the nnassisted eye.-:
6. But if this pencil #n o0, were of much less
breadih than the diameter of the pupil, it is evident
that the representation must become so much more
obscure; which wounld be a great defect in the tele-
scope. In order to remedy it, the pencil must theve-
fore be at least half a line in breadth; and it wounld
be still better to have it a whole line in breadth, this
being the usual aperture of the pupil. , A
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k28, It is evident that the breadth of this second

pepcil has a certain relation to that of the first, which
13 very easy to determine. You have only to settle
how many times the distance z n 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-

_ -tifm to the distance m m, as the distance A F to th
" distance BT, on which the magnifying powe: de?

pends ; accordingly, the magnifying power itself dis-
covers how many times the pencil LP, L P, is
broader than the pencil no, 20, which enters into
the eye.

LA -S_ince, then, the breadth % n or ¢ o must be
one line, at least half a line, the aperture 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.
8. You see, then, that in order to avoid obscurity.
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

a lens formed by the arches of small circles cannot

“have & great aperture.

h—:;- o -1st Maych 1462,

T’J}‘ER XCVII,—APERTURE 0F OBJECT-GLASSES.

-2 Xou have now seen that the magnifying power

determines the size or extent of the object-glass, in

‘order that objects may appear with a sufficiens



326 APERTURE OF OBJECT-GLASSES.  Let 9%

degree of clearness. This determination 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 must be its facal
distance. b

The reason of this is evident, as in order to form -
o 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. I hayg

therefore represented (Prare VII. Fig. 13.) w0
lenses P and Q, the arches of which are described |

with a radius of two inches, The lens P, being the
thicker, is much greater than the lens @; but I
shall demonstrate afterwards that thick lenses axe
subject to other inconveniences, and these so great
as fo oblige us to lay them altogether aside. 'The
lens Q, then, will be found mere adapted for use,
being composed of smaller arches of the same circle;
and as its focal distance is two inches, its extent.qr
apertare m 1 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 twice greater
than the diameter of its aperture m #; that is, the
the aperture of a lens must of necessity be smaller
than half the focal distance. e
Having remarked, then, that in order to magnify
100 times, the aperture of the object-glass must
exceed 4 inches, it follows, that the focal distan
must exceed 8 inches ; I shall presently demonstrale
that the donble is not sufficient, and thai the focg!
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 preserty
that with regard to the geometrical figure of the
lens, the aperture cannot be greater than half its
focal distance.
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* Here, therefore, 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
ielescope is to magnify 100 times, we satisty our-
~ Selyes, in astronomical instruments, with one of three
fnches, the diminution of clearness being scarcely
pereeptible. Hence artists have laid it down as a
‘;i‘l’ile,- that, in order to magnify 100 times, the aper-
“ture of the object-glass must be three inches; and
for other magnifying powers, in that proportion.
“Thus, in order to magnify 50 times, it is sufficient
that the aperture of the object-glass be an inch and
4 -half; to magnify 25 times, three quariers of an
inch suffice, and so of other powers.
““Hence we see that for small magnifying powers a
very sinall aperture of the object-glass is sufficient,
gnd that, consequently, a moderate focal distance
may answer. But if yon wished o magnify 200
‘times, the aperture of the object-glass must be six
‘inches, or half a foot, which requires a very lavge
fens, whose focal distance must exceed even 100
feet, in order to obtain a distinet and exact expres-
sion. For this reason, great magnifying powers
Tequire very long telescopes, at least according to
the nsual arrangement of lenses which I have ex-
‘plained. But, for some time past, artists have been
Suceessfilly 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.
4+ Were you desirous, therefore, of constructing a
telescope which shonld magnify 400 times, the aper-
-:t"u-re-of the object-plass must be twelve inches, or 2
foot, let the focal distance be rendeved as small as
you will: and if you wished to magnify 4000 iimes,

.
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the aperture of the ohject-glass must be ten feet,avery*
great size indeed, and too much so for any artist t9'
execute; and this is the principal reason why we'-
can never hope to carry the magnifying power sg -

far, unless some great prince would be at the ex-
pense of providing and executing lenses of such
magnitude; and, after all, perhaps they would no
succeed.

A telescope, however, which should magnify 4004
times, would discover many wonderful things in the
heavens. The moon would appear 4000 times'
larger than to the naked eye; in other words, we
should see her as if she were 4000 times nearer ta
us than she is, Let us inquire, then, to what a
degree we might be able to distinguish the different
bodies which she may contain. The distance of the

i

moon from the earth is calenlated to be 240,000 .

English miles, the 4000th part of which is 60 miles.
such a telescope would accordingly show us the
moon as if she were only 60 miles distant; and,
consequently, we shonld be enabled to discover i
her the same things which we distingnish in ohjects:
removed to the same distance. Now, from the top:
of a mountain, we can easily discern other mo.untain’ﬁli
more than 60 miles distant. ‘There can be no doubt!-

then, that with such an instrument, we should discojr

ver on the surface of the moon many things to ﬁlk

us with surprise. But in order to determine whed:
ther the moon is inhabited by creatures similar t

great; we must have, in order to this effect, a tele-
scope which should magnify ten times more, that i
40,000 times, and this wounld require an object-glas

of 100 feet aperture, an enterprise which human drg’
will never be able to execute. But, with such an .

instrument, we should see the moon as if she were
no farther distant than from Berlin to Spandau, and

*

|
those of the earth, a distance of 60 miles is still togi.
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good eyes might easily discern men at this distance,
ifiany there were, but too indistinctly, it must he
-allowed, to be completely assured of tl}lre fact.

As we must rest satisfied with wishing on this
subject, mine should be to have at once a telescope
which should magnify 100,000 times;* the moon
would then appear as if she were only half a mile
distant.” o
gckhe aperture of the object-glass of this telescope
ust be 250 feet, and we should see, at least, the
larger animals which may be in the moon.

6th March 1762, -

Lerrer XCVIIL—ON DISDINCTNESS IN THE EX«
*PRESSION: ON THE SPACE OF DIFFUSION OCCA-
““SIONED BY THE APERTURE OF OBJECI-GLASSES,
,"'AND CONSIDERED AS THE FIRST SOURCE OF WANT

fOF DISTINCTNESS IN THE REPRESENTATION.

ISTINCTNESS of expression is a quality of so
much importance in the construction of telescopes,

- that it seems to take precedence of all the others
* which I have been endeavouring to explain; for it

must be allowed, that a telescope which does not
represent distinetly the images of objects, must be
very defective, I must, therefore, unfold the reasons
of this want of distinctness, that we may apply more
specessfully to the means of remedying it. '

. .They appear so much the more abstruse, that the

Jinciples hitherto laid down do not discover the
sonree: in fact, this defect is thus to be accounted
for—one of the principles on which T have hitherto
proceeded is not strictly true, though not far from
the truth.,

* Dr. Herschel has been sble to apply o magnifying power of 6500
tjmies to the fixed stars,—En,



- rays represent another image G g, different from the
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You will recollect that it has been laid down as.a
principle, that a convex lens collects into one point
of the image all the rays which come from one paint -
of the object. Were this strictly irue, images. re-
presented by lenses would be as distinctly expressed
as the object itself, and we should be under no appre«
hension of defeet in regard to this.

Here, then, lies the defectiveness of this principlel;
lenses have the property now ascribed to them only
around their centre; the rays which pass throegh
the extremities of a lens collect in a different point
from those which pass toward the cenire, though
all proceed from the same point of the object ; hence
are produced two different images, which oceasion
indistinetness. :

In ovder to set this in the clearest light, let us)
consider the convex lens PP, (Prare VIL Fig
14.) on the axis of which 's placed the object E ¢, of
which the point I, sitnated upon the axis, emits the
rays EN, EM, EA, EM, EN, to the surface of the
lens, To the direction of these rays, as changed
by refraction, we must now pay attention. e

1. The ray EA, which passes through the centre
A of the lens, undergoes no refraction, but proceeds
le];vardin the same direction, on the straight ling

2. The rays EM and EM, which are nearest {o
the first, indergo a small refraction, by which they
will meet with the axis somewhere at I, which is
the place of the image F £ as has been explained in
some of my preceding letters on this subject. .

3. The rays EN and EN, which are more remg
from the axis EA, and which pass toward the extres
mities NN of the lens, undergo a refraction somegs

what different, which collects them, not at the point
¥, but at another point G, nearer the lens; and thes

first I 7,
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& 4 Let us now carefully attend to this particnlar
-élreumstance, not hitherto remarked ; it is this, that
- the rays passing through the lens, toward its extre-

- mifies, represent another image G g, than what is

represented by those passing near the centre MAM.
% 8. It the rays EN, EN, were to retive still farther
from the centre A, and to pass through the poinis
PP of the lens, their point of re-union would be still
nearer to the lens, and would form & new image,
nearer than even G g.

~-i6. Hence yon will easily perceive, that the first
image F £, which is named the principal image, is
formed only by the rays which are almost infinitely
mear the centre ; and that according as the rays fetire
from it, toward the extremities of the lens, a particu-
ar hinage is formed nearer the lens, till those passing

‘ ;:i_;lbse to the extremities form the last, G g.

M. All the rays, therefore, which pass through the
1éns PP represent an infinity of images disposed
gtween F £ and G g ; and st every distance from
the-axis the refraction of the lens produces a parti-
cular image, so that the whole space between F and.
G is filled with a series of images. .
'8, This series of images is accordingly denomina-
#éd -the diffusion of the image; and when all these
rays alterwards enter into any eye, it is natural that
‘the vision should be so much disturbed, as the space
{P@, through which the image is diffused, is more

- ‘considerable. If this space~FG could be reduced
%o nothing, no confusion or indistinciness need be
_ apprehended.

9, The greater portions of their respective circles

- ‘that the arches PAP and PBP are, the greater like-

wise is FG the space of diffusion.  You see a good

- ‘zeason, then, for rejecting all lenses of too great

‘thickness, or in which the arches which form the
“surfaces of the lens are considerable segments of their
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circles (as in Prars VIL Fig. 15.}; of which the|
arches PAP and PBP are the fourth part of the;’
whole circumference, so that each contains 90 degreesy
this wonld, consequently, produce an insufferable |
confusion, , L
10. The arches, then, which form the surfaces of
. epl
a lens, must contain much less than 90 degrees: if. :
they contained so much as 60, the diffusion of the
image would be even then insupportable, Authors
who have treated the subject, admit of 30 degrees
at most: and some fix the boundary at 20 degrees.
A lens of this last deseription is represented by Fig..
16. of Plate VIL in which the arches PAP and.
PBP contain only 20 degrees, each being but the,
eighteenth part of the whole circumference of its.
respective circle, e
11. But if this lens were to supply the place of th
object-glass in a telescope, the arches PAP and PB!
must confain still many degrees less. For thoug]
the diffusion of the image be perceptible of itself, th
magnifying power multiplies it as many times as.it;
does the object. Therefore, the greater the magnify.
ing power proposed, the fewer must be the numbe
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 mmst be 8 inches, and its focal dis
tance 360 inches, which is equal to the radii withs
which the two arches PAP and PRP are described ;
hence it follows that each of these two arches cons
tainsg bnt half a degree; and it is distinctness of:
expression which requires an arch so small. If it:
were intended to magnify 200 times, half a degree:
would be siill too much, and the measure of the archy
in that case, onght not to exceed the third part of a:
degree. This arch, however, must receive an extent i
of 6 inches; the vadius of the cirele must therefore

. Let. 99,

APERTURE OF LENSES, 333

.-be so much greater, and consequently also the focal
© distance. This is the true reason why great magni-
- fying powers require telescopes of such considerable
. lTenigth.

Oth March 1162,

" OF LFNSES, AND OTHER MEANS OF LESSENING THE
“'Space or DirrusioN, TILL 1T 18 REDUCED 710

* NoTHING.

Lrrren X CIX.—DIMINUTION OF THE APERTURE

- WHEN the space of an object-glass is too greatto ad-
mit of distinctness of expression, it may be very easily
vemedied : you have only to cover the lens with =
circle of pasteboard, leaving an opening in the centre,
so-that the lens may transmit no other rays but those
which fall upon it throngh the opening, and that those
which before passed through the extremities of the
lens may be exeluded; 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.  Accordingly, 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
larger 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
¢mployed to give object-glasses any given extent,

: PP is the object-glass (Prare VIL Fig. 17.),
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
remarked, that the space of diffusion, in this case,

isionly the fourth part of what it was before. An





