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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
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.-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
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opening MM, reduced to a third of PP, wonld| -
render the space of diffusion nine times less, Thus
the effect of this vemedy is very considerable ; and
on covering the extremities of the lens ever so littlej
the effect of it becomes perceptible. '

If, therefore, a telescope labours under this defect;|
that it does not represent objects sufficiently distinct;-,;| '

as a series of images blended together must of neces-

. L | .
sity produce confusion, you have only to contrac

the aperture of the object-glass by a covering of .
pasteboard such as I have described, and this cond -
fusion will infallibly disappear. But a defect equally -
embarrassing is the consequence ;—the degree: of -
brightness is diminished. You will vecollect ‘thaf -
every degree of the magnifying power requires g -
certain aperture of the object-glass, that as many
rays may be transmitted as are necessary to procu
a sufficient illumination. It is vexatious, thereforé;
in curing one defect, to fall into another; and ‘i
order to tlie construction of a very good telescope;
it is absolutely necessary that there should be snffi:
cient brightness of illumination, without injuring
distinctness in the representation. “
Bat can there be no method of diminishing, nay
of totally reducing, the space of diffusion of chject:
glasses, without diminishing the aperture? This 45
the great inquiry which has for some time pas
engaged the attention of the ingenious, and the ,
solution of which promises such a field of discovery .
in the science of dioptries. I shall have the Lonour,
at least, of laying before you, the means which
scientific men 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 extremities, it has been remnarked that concave -
lenses produce a contrary effect. “i'his has suggested -

.28 they were be
- lens, ,
"+ 2. In this case, therefore, the concave lens destroys
 the effect of the convex, and it is the same thing as
- i the rays had proceeded in their natural direction,

L
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* the inquiry, whether it might not be possible 1o

combine a convex with a concave lens, in such a

« manner, that the space of diffusion should he entirely

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
veason as follows: :
w1 If we place (Prars VII. Fig. 18.) behind a
convex lens P AP, a concave one QB Q of the same
focal distance, the rays which the convex lens would
callect in its focus will be refracted by the concave,
so. that they-will again become parallel to each other,
fore passing through the convex

without undérgoing 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 F.

. 8. If the 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,
as in TFig, 19. of Plate VIL : the incident parallel
rays LM, E A, LM, passing throngh the two lenses,
would assume the directions NO, BF, NO, which
aye 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 roys 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 QQ (Prare VIE

Fig. 20.) has a greater focal distance than the conves
lens PP, it is not even sufficient to render parallel to. '
each other the rays which the convex lens by itself .
wonld collect in its focus ¥: these rays, therefore, -
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 focus at O, as it would collect the
parallel rays LM, EA, LM, equally in the same
point. It’is therefore evident that two lenses ma;
be combined an -infinite variety of ways, the one
being convex and the other concave, s0 that their
combination shall be equivalent to a given convex
fens. :
6. Such a double object-glass may therefore be
employed in the consiruction of telescopes, instead.
of the simple one, to which it is equivalent; and the
effect as to the magnifying power will be just the
same. But the space of diffusion will be quite difs
ferent, and it may happen to be greater or less than
that of a simple object-glass ; and in this last case, the
double object-glass will be greatly preferable to the
simple one.
#. But farther, it has been found possible to ar-
range two such lenses so that the space of diffusion
is reduced absolutely to nothing, which is undoubis
edly the greatest advantage possible in the construe-
sion of telescopes, Calculation enables .us to deter:

mine this arrangement, but no artist has hitherto »

been found capable of reducing it to practice.
13¢h Marek 1762,
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7" Lerrer C.—Or Compounn OBSECT-GLASSES,

TH]_ﬂ 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-
‘mities of a lens, as those which pass through the
‘middle, should be collected in a single point, so that
only one image may be formed, withont diffusion,
‘a5 in simple object-glasses. Could artists succeed in
effecting such a construction, very great advantages
-would result from it, as you shall see,

. Itis evident, first, that the representation of objects
‘must be much more distinet, and more exactly ex-
“pressed, as vision is not disturbed by the apparition
‘of that series of images which occupy 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
inconvenience resulting from it imperceptible, by
employing compound object-glasses we are relieved
‘from that cumbersome expedient, and are enabled to

."ﬁ(j_llg;truct telescopes incomparably shorter, yet pos-
. ‘sgssing the same magnifying power.

" 'When, employing a singtl)e object-glass, you want
ip magnify a hundred times, the focal distance cannot
De less than thirty feet, and the length of the tele-
scope becomes still greater on account of the eye-
'gls_.ss, whose focal distance must be added; a small
bject-glass would produce, from its greater space of
diffusion, an intolerable confusion. But 2 length of
ﬂnlrty feet is not ouly very incommodious, but ar-
tists seldom succeed in forming lenses of so great a
focal distance. You will readily perceive the veason
of this ; for the radius of the surfaces of such a lens
must likewise be thirty feet, -and it is very difficult to
VOL. I1, P
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deseribe exactly so great a circle, and the slightest
aberration renders all the labour useless.

Accidents of this sort ave not to be apprehended
in the construction of compeund object-glasses, which
may be formed of smaller circles, provided they are
susceptible of the aperture which the magnifying
power requires. Thus, in order to magnify one
hundred times, we have seen that the aperture of the
object-glass must be three inches; but it would be
easy to construct a compound object-glass whose focal
distance should be only one hundrved inches, and
which eould admit an aperture of more than three
inches: therefore, as the foeal distance of the eye-
glass must be one hundred times smaller, it wounld
be one inch: and the interval between the lenses
being the sum of their focal distances, the length of
the telescope would be only one hundred and one
inches, or eight feet five inches, which is far short of
thirty feet.

But it appears to me, that a compound object-glass;
whose focal distance shonld be fifty inches, might
easily admit an aperture of three inches, and even
more: taking, then, an eye-glass of half an inch focus,

you will obtain the ssme magnifying power of one -
fundred times, and the length of the telescope will -

be reduced one half, that is to four feet and less than
three inches. Such a telescope, then, would pro-
dnce the same effect as a common one of thirty
feet, which is assuredly carrying it as far as need be
wished.

If such a compound object-glass conld be made to

answer, you would only have to double all these - -

measurements in order to have one which shonld
admit an apertore of six inches; and this might be

employed to magnify two hundred times, making use .

of an eye-glass of half an inch focus as the two hun-
dredth part of the focal distance of the object-glass,
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which would, in this case, be one hundred inches,
Now, a common telescope which should magnify two
hundred times, must exceed one lmnd_re§ feet in
length ; whereas this one, which is constructed with
a compound object-glass, is reduced to about eight
feat, and is perfectly accommodated to use, whereas
a telescope of one hundred feet long would be an
unwieldy and almost useless load.

The subject might be carried stiil much farther,
and by again doubling the measurements, we might
have a compound object-glass whose focal distance
should be two hundred inches, or sixteen feet eight
inches, which should admit of an aperture of twelve
inches, or one foot: taking, then, an eye-glass of half
an inch focus, as two hundred inches contain four
hundred half inches, we should have a telescope
capable of magaifying four hundred times, and still
abundantly manageable, being under seventeen feet;
whereas were we to attempt to produce the same
magnifying power with a simple object-glass, the
length of the telescope must exceed three hundred
feet, and consequently could be of no manner of use,
on account of that enormous size. .

They have at Paxis a telescope one hundred and
twenty feet long, and one at London of one hundred
and thirty feet; but the dreadful trouble of monunt-
ing, and pointing ihem to the object, almost annihi-
lates the advantages expected from them. From this
you will conclude of what importance it would be to
suceeed in the constrnction of the compound lenses
which I have been describing. I suggested the first
idea of them several years ago, and since then artists
of the greatest ability in Xngland and France have
been attempting o execute them. Repeated efforts
and singular skill in the artist are undoubtedly re-
quisite. Indeed 1 have made, with the assistance

- of an able mechanician of our Academy, some not
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unsuccessful attempts; but the expense attending such
an enterprise has obliged me to give it up. .

But the Royal Socicty of London last year an-
nounced, that an eminent artist, of the name of Dol-
lond, # had fortunately succeeded; and his telescopes
are now universally admired. An able artist of Paris,
named Passement, boasts of a similar success. Both
these gentlemen did me the honour, some time ago,
to correspond with me on the subject; but as the
point in question was chiefly how to surmount cer-

tain great difficulties in the practical part, which I~

never attempted, it is but fair that I should relinquish
to them the honour of the discovery, The theory
‘alone is my province, and it has cost me much pro-
found research, and many paintul calculations, the
very sight of which would terrify you. Ishall there.
fore take care not to perplex you farther with this
abstruse inquiry.
16th March 1762.

LerrEr CL—TormarioN or SimeLE OBIEcT-
GLASSES.

Ix order to give yon some idea of the researches
which led me to the construction of compound
object-giasses, T must begin with the formation of
the simple lens. _

Qbserve, first, that the two surfaces of a lens may
be formed in an infinity of different ways, by taking
circles of which the surfaces are segments, either
equal or unequal to each other, the focal distance,
however, remaining always the same.

# The frst Achromatic Telescope ever eonstructed, was made by Chester
NMore Hall, Esq. of More-hall in Eissex, in the year 1733, no less than
twenty-four years Lefure the period nlhu_ler.l to by eur suther. ‘!1.‘5115. inva-
Iuable tastrumens is, thercfore, in every view of the matter, a Br}ﬂsh inven-
ton. Hew the article Optics, in the Edinburgh Encyclopedic, vol. xy.
pe 479, vote, for a full aecount of Ar. Hall’s labours.—Iip,
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- The same fignre is usnally given to both surfaces
of a lens, or, as the surfaces of a lens are represented
by arches of a circle, both surfaces arve formed with
radii equal to each other. Facility of execution has
undoubtedly recommended this figure, as the same
basin serves to form both surfaces, and most artists
are provided with but few basins.

Suppose, then, a convex lens, both whose surfaces
are polished on the same basin, one of twenty-four
inches radius, so that each surface shall be an arch of
the circle whose radius is twenty-four inches: this
lens will be convex on both sides, and will have its
focal distance at twenty-four inches, according to the,
common calculation; but as the focus depends on
the refraction, and as the refraction is not absolutely
the same in every species of glass, in which we find
a very considerable diversity, according as the glass
is more or less white and hard, this caleulation of
the focus is not strictly accurate; and wvsually the
focal distance of the lens is somewhat less than the
radius of its two surfaces, sometimes the tenth part,
sometimes the twelfth : accordingly, the supposed
lens, the radius of whose surfaces is twenty-four
inches, will have its focus at the distance of about
twenty-two inches, if it is formed of the same species
of glass of which mirrors are commonly manufac-
tured; though even in glass of this sort we meet
with a small diversity in respeet of refraction.

We see afterwards, that on meking the two sur-
faces of the lens unequal, an infinity of other lenses
may be formed, which shall all have the same foeal
distance ; for on taking the radius of one of the sur-
faces less than twenty-fonr inches, that of the other
surface must be taken greater in proportion, sccord-
ing to a certain rule. "The radius of one of the smr-
faces may always be taken at pleasure ; and by means

. ofa certain rule, the radins of the other may be found,
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in ovder that the focal distance may become the same
as if each surface had been formed on a radius of
twenty-four inches. The following table exhibits
several such lenses, which have all the same focal
distance. '

Lenses. Rudius of the first Suyfuce.  Radius of the Second Suyfece.

1. 24 24

1L 21 23
I 20 30
IV, 18 36
V. 18 48
YL 15 60
VI 14 84,
VIII. 13 156
IX. 12 infinity.

In the last form, the radius of ane surface is only
12 inches, or the half of 24 inches; but that of the
other becomes infinite: or rather, this surface is an

arch of a circle infinitely great ; and as such an arch

differs nothing from a straight line, this may be con-
sidered as a plane surface, and such a lens is plano-
convex,

Were we to assume the radius of a surface still
smaller than 12 inches, the other surtace must be
made concave, and the lens will become convexo-
concave; it will, in that case, bear the name of
meniscus, several figures of which are represented in
the following table :—

Meniscus. Radius of the Convex Radius of the Concave
Surfuce, Surfuce.

X. i1 132
XL 10 i 60
XH. 9 86
XTI 8 24

XIV. 8 12 ;
XV. k] ]
XVL 3 4

Here, then, is a new species of lenses, the last of
which is represented in Tig. 22. of Plate VII,, so0
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that we lLave now sixteen different species, which
have all the same focal distance; and this is about

22 inches, a little more or less, according to the

nature of the glass. »
When, therefore, the only question is, What focal

distance the lens ought to have? it is a matter of

indifference according to which of these forms you
go to work; bat there may be a very great differ-
ence in the space of diffusion to which each species
is subjected, this space becoming smaller in some
than in others. When a simple object-glass is to
be employed, as is nsually done, it is by no means
indifferent of what figure you assume it, for that
which produces the smallest space of diffusion is to
be preferred. Now, this excellent property does
not belong to the first species, where the two sur-
faces are equal; but nearly to species VIL, which
possesses the quality, that when you turn toward the
object its more convex surface, or that whose radins
is smallest, the space of diffusion is found to be
abont one-half less than when the lens is equally
convex on both sides; this, therefore, is the most
advantageous figure for simple object-glasses, and
practitioners are aceordingly agreed in the use of it.
- It is evident, then, that in order to ascertain the
space of diffusion of a lens, it is not sufficient to
know its focal distance; its species likewise must be
determined, that is, the radii of each surface; and
you must carefully distinguish which side is turned
to the object. ‘

After this explanation, it is necessary fo remark,
thatin order to discover the combination of two lenses
which shall produce no diffusien of image, it is abso-
lutely necessary to take into the account the figure of
both surfaces of each glass, and to resolve the follow-
ing problem : What neust be the radii of the surfaces of
two lenses, in order lo reduce to nothing the space of
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diffusian 7 The solution requires the most profound
researches of the most sublime geometry; and sup-
posing these to have been successful, the artist has,
after all, many difficulties to surmount, ‘The basins
must have precisely that curve which the caleulation
indicates ; nor is that sufficient, for in the operation
of forming the lens on the basin, the basin suffers
from the friction i its turn; lence it becomes
necessary to rectify its figure from time to time, with
all possible accuracy, for if all these precautions are
not strictly observed, it is impossible to ensure suc-
cess; and it is no easy maiter to prevent the lens
from assuming a figure somewhat different from that
of the hasin in which it is moulded. You must be
sensible, from all this, how difficult it must be to
carry to perfection this important article in dioptries.
20¢h March 1762, :

Lerrer CIT.—SEcOND SOURCE OF DEFECT AS TO
DISTINCTNESS OF REPRESENTATION BY THE TELE-
SCOPE. DIFFERENT REFRANGIBILITY OF RAYS.

You have now seen 'in what manner it may be
possible to remedy that defect in lenses which arises
from the different refiaction of rays, as those which
pass through the extremities of a lens do not meet

in the same point with those which pass through its -

middle, the effect of which is an infinity of images
dispersed through the space of diffusion. But this
is not the only defect; there is another, of so much
more Imporiance that it seems impossible to apply a
remedy, as the cause exists, not in the glass, but in
the natnre of the rays themselves. :

You will recollect that there is a great variety in
rays, with respect to the different colonrs of which
they convey the impression. I have compared this
diversity to that which we meet with in musical
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notes, having laid it down as a principle, that each
colour is attached to a certain mumber of vibrations.
But supposing that this explanation should still ap-
pear doubtfnl, it is beyond all -doub‘t, that rays of
different colours likewise undergo different refrac-
tions in their passage from one transparent medium
to another ; thus, red rays undergo the lgast refrac-
tion, and violet the greatest, though the difference is

-almost imperceptible. Now, all the other colours,

as orange, yellow, green, a.uld !Jlue, are conta‘inn:ad,-
with respect to vefraction, within these two limits.
It must likewise be remarked, that white is a mix-
ture of all the colours which by refraction are sepa-
rvated from each other.
. In fact, when a white ray O P, (Prare VIL
Fig. 23.) or a ray of the sun, falls obliquely on a piece
of glass A B CD, instead of pursuing its course n
the direction P Q, it not only deviates from this, but
divides into a variety of rays Pr, Ps, P#, Pw: the
first of which P 7, the one that deviates least, repre-
sents the red colour, and the last Pw, which de-
viates most, the violet colour. ‘Lhe dispersion » w is
is indeed much smaller than it appears in the
figure; the divergence, however, always becomes
more perceptible. o -
From this different refrangibility of rays, accord-
ing to their different colours, are El‘odl}ced the fol-
lowing phenomena with respect to dioptric glasses :—
1. Let PP (Fig. 24.) be a convex lens, on the
axis of which O R, at a very great distance A O,
is the object O o, the image of which, s represented
by the lens, we are to determine, putting aside here
the first irregularity, that which respects d_lﬂ-‘uswn 3 or;
which amounts to the same thing, attending to those
rays only which pass through the cenire of the lens
A'B, as if its extremities were covered with.a circle
of pasteboard. :

¥ 2
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2. Let us now suppose the ohject Q¢ io be red,
so that all its rays shall be of the same natuve; the
lens will somewhere represent the image of it Rz
equally red; the peint R is, in this case, denomi-

nated the focos of the red rays, or of those which

undergo the least refraction. .

2. But if the object Oo is violet, as rays of this
colour undergo the greatest refraction, the image Vo
will be nearer the lens than R »; this point V is
called the focus of violet rays.

4. If the object were painted some other interme-
diate colour between red and violet, the image would
fall between the points R and V, would be always
very distinet, and terminated by the straight line
0B, drawn from the extremity o of the object, thraugh
the centre of the lens, this being a general rule for
all colours.

5. But if the colour of the object is not puve, as
is the case in almost all bodies; or if the object is
white, which is 2 mixture of all colours, the differ-
ent speeies of rays will then be separated by refrac-
tion, and each will represent an image apart. That
which is formed of red rays will be at R ; and that
which is produced by the vialet, at Vv ; and the
whole space R V will be filled with images of the
intermediate colours,

6. The lens P I, then, will represent a succession
of images of the objeet Q o, disposed through the

small space RV, of which the most rempte from the.

lens is red, and the nearest Vv vialet, and the in-
termediate images of the intermediate colours, ac.
cording to the arder of the colours as they appear in
the rainbow.

1. Iach of these images will be abundantly dis-
tinet in itself; and all terminated by the straight line
o B w7, drawn from the extremity o of the object,
throngh the centre of the lens B; but they could
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not be viewed together without a very perceptible
confusion.

8. Hence, then, is produced a new space of dif-
fusion, as in the first irregularity ; but differing from
it in this—that the latter is independent on the aper-
tove of the lens, and that each image is painted of a
particular colour.

9. This space of diffusion R V depends on the
focal distance of the lens, so as to be always about
the 28th part; when, therefore, the focal distance of
the lens PP is 28 feet, the space BV becomes
equal to an entire foot, that is, the distance between
the red image R» and the violet Vv is ene foot.
If the focal distance were twice as great, or 56 feet,
the space R V would be two feet; and so of other
distances.

10. Hence the caleulation of the focal distance of
a lens hecomes uncertain, as the rays of each colour
have their separate focus; when, therefore, the foeus
of a lens is mentioned, it i$ always necessary to
announce the colour that we mean. But rays of an
intermediate nature are comnonly understood, those
between red and violet, namely the green. :

_ 11. Thus, when it is said, without farther expla-
nation, that the focal distance of such a lens is 56
feet, we are to understand that it is the green image
which falls at that distance ; the red image will fall
about a foot farther off, and the violet a foot nearer.

Here, then, is a new circumstance of essential
importance, to which attention must be paid in the
construction of diaptrical instruments,

284 March 1762,
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Lerrer CIIL—Mzans oF REMEDYING THIS DE-]!
FECT BY COMPOUND OBJECT-GLASSES.

It is necessary carvefully to distinguish this new
diffusion, or multiplication of the Image, arising
from the different refrangibility of rays, as being of

different colours from the first diffusion, occasioned.

by the aperture of the lens, in as much as the rays
which pass through the extremities form another
image than those which pass through its middle.
This new defect must accordingly be remedied dif-
ferently from the fivst.

You will please to recollect that I have proposed
two methods. for remedying the preceding defect;
the one consisted in an increase of the focal distance,
in order to diminish the curve of the surfaces of the

‘lens, This remedy introduces instruments extremely

long whenever a great magnifying power is required.
The other consists in a combination of two lenses,
the one convex, and the other concave, to modify

the refraction, so that all the rays transmitted
through these lenses may meet in the same point,.

and the space of diffusion be totally reduced.

But neither of these remedies affords the least.
‘assistanee toward removing the inconvenience arising

from the different refrangibility of rays. The first
even increases the evil; for the more that the focal
distance is increased, the more considerable becomes
the space through which the coloured images are
dispersed. Neither does the combination of two or
more lenses furnish any assistance; for we are as-
sured, from both theory and experience, that the
images of different colours remain always separated,
however great the number of lenses throngh which
the rays are transmitted, and that the more the lens
magnifies, the more the difference increases.
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- This difficulty appeared so formidable to the great
Newton, that he despaired of finding a remedy for a
defect which he believed absolutely inseparable from

_ dioptrical instruments, when the vision is produced

by refracted rays., For this reason he resolved to
give up refraction altogether, and to employ mirrors
instead of object-glasses, as reflection is always the
‘same for rays of every nature. This idea has pro-
cured for us those excellent reflecting telescopes,
whose surprising effects are so justly admired, and
which I shall describe after I have explained every
thing relative to refractive instruments.

On being convinced that it was impossible to re-
medy the different refrangibility of rays, by a combi-
nation of several lenses, I remarked that the reason
ofit was founded on the law of refraction, which is
the same in every species of glasses; and I perceived,
that if it were possible to employ other transparent
substances, whose refraction should be considerably
diffevent from that of glass, it might be very possi-
ble to combine such substance with glass, in such a
manner that all the rays should unite in the forma-
tion of a single image, without any space of diffu-
sion,  In pursnance of this idea, I found means to
-compose object-glasses of glass and water, wholly
exempt from the effect of the different refrangibility
of rays, which consequently would produce as good
an effect as mirrors,

I executed my idea with two meniscuses, or con-
cavo-convex lenses (Prare VIL Fig, 25.), the one of
-which is AACC, and the other BBCC, which 1

joined together with the concave surfaces toward

- ‘each other, filling the void between them with water,

so that the rays which entered by the lens AACC
must pass throungh the water enclosed between the
two lenses, before they went off through CCBB.
Each ray undergoes, then, four vefractions: the first




350 MEANS OF REMEDYING Let. 108..
on passing from the air into the lens AACC; the
second on passing from this lens into the water;
the third on passing thence into the other lens
CCBB; the fourth on passing from this lens into
the air,

As the four surfaces of these two lenses here enter
into consideration, I found means to determine their
semidiameters, so that of whatever colour a ray of
light might be, after having undergone these four
refractions, it should re-unite in the same point, and

the different refrangibility no longer produce differ- -
¥

ent images,

These object-glasses, compounded of two lenses
and water, were found subject at first to the former
defect, namely, that of the rays which pass through
the extremities forming a diffevent focus from what
is formed by those which pass throngh the middle ;
but, after much painful research, I found means te
proportion the radii of the four surfaces in such a
manner, that these compound object-glasses became
wholly exempted from the defects of both the classes
specified. But it was necessary, to this eftect, to
execute so exactly all the measurements prescribed
by the calculation, that the slightest aberration must
become fatal to the whole process; I was therefore
obliged to abandon the construction of these ob-
Jject-glasses,®

Besides, this project could remedy only the incon-
veniences which affeet the object-glass, and the eye-
glass might still labour under some defect as great,
which it would be impossible to remedy in the same
manner. Several eye-glasses ave frequently em-
ployed in the constinciion of telescopes, which I
shall deseribe afierwards : we shounld not, therefore,

* Object-glassea of this kind, even if executed in the most correct man-
ver, are incapable of produciug the effeets which our author expected from
them,—FEa, :
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gain much by a too scrupulous adherence to the
abject-glass only, while we overlook the other lenses,
though their effect may not be greatly perceptible
relatively to that of the object-glass.

But whatever pains these researches may have cost
me, I frankly declare, that I entirely give up at pre-
sent the construction of object-glasses compounded
of glasses and water; as well on account of the diffi-
oulty of execution, as that I.have since discovered
other means, not of destroying the effect of the dif-
ferent refraugibility of rays, but of rendering it
imperceptible, This shall be the subject of my next
letter.

2th March 1762,

Lrrrer CIV.—OrHER MEANS MORE PRACTICABLE.

. .Since the reflecting telescope came into general
use, refracting ones lewe been so yun down, that
they are on the point of being wholly laid aside.
The construction of them has accordingly for some
time past been wholly suspended, under a firm per-
suasion that every effort to raise them to a state of
perfection would be useless, as the great Newton had
demonstrated that the insmrmountable difficulties
arising from the different refrangibility of rays, was
. absolutely inseparable from the construction of tele-
scopes, '

If this sentiment be well founded, there is no
telescope capable of representing objects, but with a
confusion insupportable in proportion to the great-
ness of the magnifying power. However, though
there are telescopes extremely defective in this
respect, we likewise meet with some that are excel-
lent, and nowise inferior to the so much boasted
reflecting telescopes. 'This is undoubtedly a very
great paradox ; for it this defect really attached to
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the subject, we should not find a single exception.
Such an exception, therefore—and we heve the testi-
mony of experience that it exists—well merits every
degree of attention.

We are to inquire, then, how it happens that cer~

tain telescopes represent the object abundantly dis-
tinet, while others are but too much subject to the
defect occasioned by the different refrangibility of
rays. 1 think I have discovered the reason, which
1 submit in the following reflections :—

1. It is indubitably certain that the object-glass
represents an infinity of images of each object, which
are all arranged over the same space of diffusion, and
each of which is painted its own proper colour, as I
have demonstrated in the preceding letter.

9, Each of these images becomes an object, with
respect to the eye-glass, which represents each sepa«
rately, in the colour proper to it; so that the eye
discovers, through the telescope, an infinity of
images, disposed in a certain order, according to the
refraction of the lens.

8. And if, instead of ouve eye-glass, we were fo
employ several, the same thing will always take
place, and instead of one image, the telescope will
vepresent an infinity to the eye, ora series of images,
each of which expresses a separate object, but of a
particular colour. '

4. Let us now consider (Prare VIL Fig. 26.)

the last images presented by the telescope to an eye
placed ai O, and let R r be the red image, and Vv
the viclet, those of the other colours heing between
these two, according to the order of their different

refrangibility. I have not in this figure introdnced .

the lenses of the telescope, the only point at pre-
sent being to show in what manner the eye sees the
images. Only we must conceive the distance ot the
eye O from these images to be very great.

Let, 104,
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5. All these images B 7 and V with the inter-
mediate, are situated, then, on the axis of the tele-
scope ORV, and terminated by a certain straight
line, v, denominated the terminatrix of all the
images.

6. As I have vepresented these images in the
figure, the red image R is seen by the eye at 0,
under the angle R O, which is greater than the
angle V Ow, under which the violet image Vv is
seen. The violet rays which, from the image V v,
enter into the eye, are thevefore blended with the
red which come from the part R + of the red image
R
» 4. Consequently, the eye cannot see the violet
image without a mixture. of rays of other colours,
but which correspond to different points of the object
itself; thus the point = of the red image is con-
founded in the eye with the extremity v of the violet
image, from which a very great confusion must arise.
.. 8. But the ray » O not being mixed with the
others, the extremity seen will appear red, or the
image will seem bordered with red, which afterward
successively blends with these other colours, so that
the object Wwill appear with a party-coloured border;
a fault very common in telescopes, to which some,
however, are less subject than others.

9, If the greater image R » were the violet, and
Vo the red, the confusion would be equally offen-
sive, with this difference only, that the extremities of
the object would then appear bordered with violet
instead of red. .

10. The confusion depends, then, on the position
of the terminating straight line o, with relation to
the Jine VO, and the diversity which may take place
in it; the vesult must be, that the confusion will be
sometimes greater and sometimes less.

11. Let us now consider the case in which the
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last images represented by the telescope are so
arranged, that the straight terminating line v+ being

produced, would pass precisely into the eye. The -

eye will then see (Prare VIL Fig. 21.), along a

single ray w7 O, all the extremities; and, in general,

all the points which correspond to one and the same "
poiut of the object will be conveyed to the eye by a

single ray, and will there, consequently, be distinetly -

‘represented.

12. Here, then, is a case in which, notwithstand-
ing the diversity of images, the eye may see the
object distinctly, without any confilsion of the dif-
ferent parts, as happened in the preceding case,
Thl_s_ advantage, then, will be obtained when the
terminating line » 7, being produced, passes through
the place of the eye O, -

13. As the arrangement of the last images Rr
and Vo depends on the disposition of the eye-
glasses, in order to rescue telescopes from the defect
imputed to them, nothing more is requisite but to
arrange these lenses in such a manner, that the
terminating line of the last images v shall pass
through the eye; and telescopes thus constructed
will always be excellent, :

30tk Muarch 1762,

Lerren CV.—RECAPITULATION OF THE QUALI'PIES
OF A cooD TELESCOPE. ‘

_ON taking a general review of the subject, you
will readily admit that an excellent telescope 15 a
most valuable commodity, but rarely to be met with,
being subject to so many defects, and so many qua-
lities being requisite, each of which has an essential
influence on the construction of the instrament. As

the number of the good qualities is considerahle, |

in order that no one of them may escape your obser-

T.et. 105,
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vation, I shall again go over the ground, and make
4 distinct enumeration of them. _

L. The first respects the magnifying power; and
the more that a telescope magnifies objects, the more
perfect undoubtedly it is, provided that ne other
good quality is wanting., Now, the magnifying
power is to be estimated from the number of fumes
that the diameter of the object appears greater than
to the naked eye. You will recollect that, in tele-
scopes of two lenses, the magnilying power is so
many times greater as the focal distance. of the
object-glass exceeds that of the eye-glass. In tele-
scopes consisting of move lenses than two, the deter-
mination of the magnifying power is more intricate.

2. The second property of a good telescope is
brightness. It is always very defective when it
represents the object obscurely, and as through a
mist, In order to avoid this defect, the object-glass
must be of such a size as is regulated by the mag-
nifying power, Artists have getermi:ued thai, in
arder to magnify 300 times, the aperture of the
object-glass ought to be three inches diameter; and
for every other magnifying power, in proportion. And
when objects are not very luminous of themselves, it
would be proper to employ object-glasses of a still
preater diameter.

i. 8, The third quality is distinetness or accuracy of
representation. In order to produce this, the rays
which pass through the exiremities of the object-
glass ought to meet in the same point with those
which pass through the middle, or at least the aber-
ration should not be perceptible. 'When a simple ob-
jeet-glass is employed, its foeal distance must exceed
2 certain limit proportional to the magnifying power.
Thus, if you wish to magnify 100 times, the focal
distance of the object-glass must be at least 30 feet.
It is the destination, thevefore, which imposes the
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necessity of making telescopes so excessively long,
we want to obtain a very great magnifying power.

Now, in order to remedy this defect, an object-glass -
composed of two lenses may be employed; andy I
could artists suceeed in the construction of them,;

we should be enabled very considerably to shorten
telescopes, while the same magnifying power remain~
ed. Yon will have the goodness to recollect wha
I bave already suggested at some length on this
subject, A

4. The fourth quality regards likewise the dis<
tinctness or purity of representation, as far as it is
affected by the different refrangibility of rays of dife

ferent colours. I have shown how that defect may |

be remedied ; and as it is impossible that the images.

formed by different rays should be collected in 2 2
single one, the point In question is to arrange the

lenses in the manner 1 have described in the preced-
ing letter ; that is, the terminating line of the last
Images must pags through the eye. Without this,

the telescope will have the deféct of representing -

objects surrounded with the colours of the rainbow ;
but the defect will disappear on arranging the lenses
in the method I have pointed out. But to this
effect, more than two lenses must be employed, in
order to a proper arrangement. I have hitherto
spoken only of telescopes with two lenses, one of
which is the object-glass, and the other the eye-glass;
and you know that their distance from each other is
already determined by their focal distances, so that
here we are not at liberty to make any alteration,
It happens fortunately, however, that the termi-
nating line which I have wmentioned passes nearly

through the place of the eye, so that the defect -

avising from the colowrs of the rainbow is alnost
imperceptible, provided the preceding defect is re-
medied, especially when the magnilying power is
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- Dot very great. But when the power is considerable,
it would be proper to employ two eye-glasses, in
arder entirely to annihilate the colours of the rain-
-bow, as in this case the slightest defects, being
¢qually magnified, become insupportable.

-8, The fifth and last good quality of a telescope
is.a large apparent field, or the space which the in-
" sfpument discovers at once. You recollect that small
poacket-glasses with a concave eye-glass are subject
to the defect of presenting a very small field, which
renders them incapable of magnifying greatly. The
other species, that with a convex eye-glass, is less
subject to this defect ; but as it represents the object
inverted, telescopes of the first species would be pre-
ferable, did they discover a larger field, which de-
. bends on the diameter of the aperture of the eye-
.- glass; and you know we canmot increase this aper-

- ture at pleasure, because it is determined by focal
distance, But by employing two or three, or even
more eye-glasses, we have found means to render
the apparent field greater; and this is an additional
. xeason for employing several lenses in order to pro-
* -gure a telescope in all respects excellent,

; To these good qualities another may be still added,
that the representation shell not be inverted by the
instrament, as by astronomical telescopes. But this
defect may be easily remedied, if it be one, by the
addition of two more eye-glasses, a5 I shall show in
my next letier. -

8d April 1762,

+
‘Lerrer CVI.—TERRESTRIAL TELESCOPES WITH
: FOUR LENSES.

.. I wAvE treated at considerable length of telescopes
composed of two convex lenses, known by tlie name
of astronomical tubes, because they ave commonly
used for observing the heavenly bodies.
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You will readily comprehend that the use of such =

instruments, however excellent they may be, is
limited to the heavens, because they represent ob-

jects in an inverted position, which is very awkward ;
in contemplating terrestrial bodies, as we would |
rather wish to view them in their natural situation; -
but on the discovery of this species of telescope, -
means were quickly found of remedying that defect, -

by doubling, if T may say so, the same telescope

For as two lenses invert the object, or represent the -
image inverted, by joining a similar telescope to the |

former, for viewing the same image, it is a.ga’in inver-
ted, and this second representation will exhibit the ob-
jeet upright. Hence arose a new species of telescopes,
composed of four lenses, called terrestrial telescopes,
from their being designed to contemplate terrestrial.

objects; and the method of constructing them fol- .

lows.

1, The four lenses'A, B, C, D, (Prare VIL Fig.21.)
enclosed in the tube MMNN, represent the tele
scope in question; the first of which, A, directed
toward the ohject, is denominated the object-glass,

and the other three, BCD), the eye-glass. These four.

lenses are all convex, and the eye must be placed at
the extremity of the tube, at a .cert.ain distaqce from
the last eye-glass D, the determination of which shall
be afterwards explained.

9. Let us consider the effect which each lens must
produce when the object O o, which is viewed

through the telescope, is at a very great distance,

The object-glass will first represent the image of
this object at P p, its focal distance, the magnitnde
of the image being determined by the straight line
drawn from the extremity o, through the centre of
the lens A. This line is not represented in the
figure, that it may not be embarrassed with too many
Tines.
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i 3. This image, P p, occupies the place of the ob-

‘ject with respect to the second lens B, which is
‘placed in such a manner that the interval BP shall

be equal to its focal distance, in order that the second
image may be thence transported to an infinite dis-
tance, as Q ¢, which will be inverted as the first

.. Pp, and terminated by the straight line drawa

from the cenire of the lens B through the extre-
mity p. |
4, The interval between thesc two first lenses

- A, Bis equal, therefore, to the sum of their focal dis-

tances; and were the eye placed behind the lens B,
we should have an astvonomical telescope, through
which the object ( o would be seen at Q ¢, and
consequently inverted, and magnified as many times
as the distance AP exceeds the distance BP., Bat
instead of the eye, we place behind the lens B, at
some distance, the third lens C, with respect to which
the image Q ¢ occupies the place of the object, as
in fact it receives the rays from this image Q g,
which being at a very great distance, the lens C
will represent the image of it, at its focal distance,
inRo

5. The image Q g being inverted, the image R
will be upright, and terminated by the straight line
drawn from the extremity g through the centre of
the lens C, which will pass through the point 7.
Consequently the three lenses A,B,C together, re-
present the object O o at R 7, and this image R » is
upright. ‘

6. Finally, we have only to place the last lens in
such a manner that the interval D R shall be equal
to its focal distance ; this lens D will again transport
the image R #» to an infinite distance, as S5, the ex-
tremity of which, s, will be determined by the straight
line drawn from the centre of thelens I through
the extremity  ; and the eye placed behind this lens
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will in fact see this image S s instead of the real .
ject O a. o
Ob‘]'TE.CtHence it is easy to ascertain how many times
this telescope, composed of four lenses, mus’?JL mag-
nify the object; you have only to attend fo the two
couple of lenses, A, B and C,‘ D, each of whr1ch scga‘at_.
rately would be an astronomical telescope. The first
pair of lenses A and B magnifies as many times. _az.: :
the focal distance of the first lens A exceeds that o
the second lens B and so many times will the image--
formed by it, Q g, exceed the real object O o. ' :
8. Farther, this image Q ¢ occupying the place
of the object with respect to the other pair of lenses
C and D, it will be again multiplied as many tlmesf
as the focal distance of the lens C exceeds that of
the lens D. These two magnifying powers added,;
give the whole magnifying power produced by the.
lenses. :
fOli)l" If, then, the first pair of lenses, A and B, 1{15§g;-:
nify ten times, and the other pair, C and D, th 1‘1.e.e 7
times, the telescope will magnify the obJEf:t tfuﬁ@,r
ten, thatis thirty times; and the aperture of the
object-glass A must correspond to this ]‘nlaﬁmf:y
ing power, according to the rule formerly laic down,
J0. Hence you see, then, that on separating from B
terrestrial telescope the two last lenses Cand D, there
wounld remain an astronoinical tel_escope, and that
these two lenses, Cand D, would likewise form such
a telescope. A terrestrial telescope, therefore, com:
sists of two astronomical ones ; and reciprocally, t\;.wi
astronomical telescopes combined formn a terrvestria
0mEi‘his comstruction is susceptible of endless varia-
tions, same preferable to others, as I shall afterwards
demonstrate.

6th April P62,

© certain that, whether this ing

- small part of it.
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Lerren CVIL-—-ARrraNGEMENT 0F LENSES I
TeruesTRIAL TELESCOPES.

. YoU have seen how, by the addition of two con-
vex lenses to an astronomical telescope, a terrestrial
one is produced, which represents the object upright.
The four lenses of which a terrestrial telescope is
- eomposed, are susceptible of an infinite variety of

-rrangement, with respect to both focus and dis-
_tance. I shall explain those which are of most

%‘ssential importance, and refer you to Plate VIL
ig. 28, :
1. With respect to their distances, I have already
remarked, that the interval between the two first
lenses, A and B, is the sum of their focal distanees’;

- and the same thing holds as to the last lenses C and
D: for each pair may be considered as a simple

telescope, composed of two convex lenses. But what
must be the interval between the two middle lenses
Band C? May it be fixed at pleasure? As it is
erval be great or small,
the magnifying power, always compounded of the
two which each pair would produce separately, must
continue the same, _

2. On consulting experience, we soon perceive
that when the two middle lenses are placed very near
each other, the apparent field almost entirely vanishes;
and the same thing takes place when they are too
far separated. In both cases, to whatever object
the telescope is pointed, we discover only a very

3. For this reason artists bring the last pair of

lenses nearer to the first, or remove them to a

greater distance, till they discover the largest field,
and delay fixing the lenses till they have found this
situation, Now they have observed, that in settling

this most advantageous arrangement, the distance
YOL. 11, 0

_
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of the middle lenses, B and C, is always greater
than the sum of the foeal distances of these same two
lenses.

4. You will readily conclude that this distance
cannot depend on chance, but must be supported by
a theory, and that affording a termination much
more exact than what experience alone could have
furnished. As it is the duty of a natural philoso-
pher to investigate the causes of all the phenomena
which experience discovers, I proceed to unfold the
true principles which determine the most advan-
tageous distance BT between the two middle lenses.
For this purpose I refer to Plate VII. Fig. 20,

5. As all the rays must be conveyed to the eye,
let us attend to the divection of that one which, pro-
ceeding from the extremity O of the visible object,
passes through the centre A of the object-glass ; for
unless this ray is conveyed to the eye, this extremity
O will not be visible. Now this ray undergoes no
refraction in the object-glass, for it passes through
the centre A ; it will thevefore proceed in a straight
line to the second lens, which it will meet in its
extremity &, as this s the last ray transmitted throngh
the lenses. :

6. This ray, being refracted by the second lens,
will change its direction so as to meet somewhere
at n the axis of the lenses; this would have hap-
pened to be the focus of this lens, had the vay A &
been parallel to the axis; but as it proceeds from
the point A, its vennion with the axis at n will be
more distant from the lens B than its focal dis-
tance. ‘

7. We must now place the third lens C in such
a manner that the ray, after having crossed the axis
at m, may meet it exactly in its extremity ¢; from
whicl: it is evident, that the greater the aperture of
this lens C is, the farther it must be removed from
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the lens B, and the greater the interval BC becomes :
but, on the other hand, care must be taken not to
remove the lens C beyond that point, as in this case
the ray would escape it, and be transmitted no far-
ther,  This circumstance, then, determines the just
distance between the two middle lenses B and C,
conformably to experience.

8. This lens C will produce a new refraction of
the ray in question, which will convey it precisely to
the extremity 4 of the last eye-glass D, which, be-
ing smaller than €, will render the line ¢ d some-
what convergent toward the axis, and will thus
undergo, in the last lens, such a degree of refraction
as will reunite it with the axis at less than its focal
distance ; and there it is exactly that the eye must
be placed, in order to receive all the rays trans-
mitted through the lenses, and to discover the great-
est field.

9. Thus we are enabled to procure a field whose
diameter is almost twice as large as with an astro-
nomical telescope of the same magnifying power.
By means, then, of these telescopes with fonr lenses,
we obtain a double advantage; the object is repre-
sented upright, and a much larger field is discover-
ed—Dboth eircumstances of much importance.

10. Linally, it is possible to find such an arrange-
ment of these four lenses as, withont affecting either
of the advantages now mentioned, shall entirely do
away the defect arising from the colours of the rain-
bow, and at the same time represent the object with
all possible distinciness. But few ariists can attain
this degree of perfection.

101k April 1162,
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Lerrer CVIIT,—PRECAUTIONS T0 BE OBSERVED IN
THE CONSTRUCTION OF TrErEscopPES. NEcrssiTy
OF BLACKENING THE INSIDE OF TUBES., LY4-
PHRAGMS.

Av1ER these researches respecting the construc-
tion of telescopes, I must suggest and explain cer-
tain precautions necessary to be used ; which, though
they relate neither to the lenses themselves nor to
their arrangement, are nevertheless of such impor-.
tance, that if they are not very carefully observed,
the best instrument is rendered entively nseless. It
is not sufficient that the lenses should be arranged
in such a manner that all the rays which fall upon
them shall be transmitted through these lenses to
the eye; care must be taken, besides, to prevent the
transmission of extraneous rays through the tele-
scope, to disturb the representation. Let the follow-
ing precautions, then, be taken.

1. The lenses of which a telescope is composed
must be enclosed in a tube, that no other rays, ex-
cept those which are transmitted throngh the object-
glass, may reach the other lenses. For this effect,
the tube must be so very close throughout, that no
chink admits the smallest portion of light, If by any
accident the tube shall be perforated ever so slightly,
the extraneous light admiited would confound the
representation of the object.

2, 1t is likewise of importance to blacken through-
out the inside of the telescope, of the degpest black
possible, as it is well known that this colour does not
reflect the rays of light, be they ever so powerful,
You must have observed, accordingly, that the tubes

of telescopes are always blackened internally, A

single reflection will show the necessity of it,
8. The object-glass A (Prave VIL Fig. 81.)
transmits not only the rays of the object represented
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by. the telescope, but those also which by the extre-
mities enter all around in gﬁ:eat abumdance; such is
the ray & a, which falls on the inside upon the frame

.of the tube at ¢ : if, therefore, the. tube were white

inwardly, or of any other colour, it would be iliumi-
nated by this ray, and of itself would generate new
rays-of light, which must of necessity be conveyed
through the other lenses, and disturb the represen-
tation, by mingling with the proper rays of the ob-
ject.

: 4, Bat if the inside of the tube be blackened
deeply, no new rays will be produced, let the light
be ever so strong, This blackening must be carried
through the whole length of the telescope, as there
is no black so deep as not to generate, when illu-
minated, some faint light. Supposing, then, that
some extranecus rays were to make thelr way to the
second lens B, the black of the tube, pursuing their
conrse, would easily absorb them altogether, There
is a brilliant black, which, for this reason, it would

be very improper to employ.

5. But even this precaution is not sufficient, it is
necessary likewise to farnish the inside of the tube
with one or more diaphragms, perforated with a small
cireular aperture, the better to exclude all extrancous
light; but care must be taken that they do not ex-
clude the rays of the object which the instrument is
intended to represent. See Prare VIL Fig, 30.

6. It is necessary to observe at what place in the
tube the proper rays of the ohject are most con-

_ tracted; this must be at the points where their

Images are represented, for there all the rays are
collected together. Now, the object-glass A re-
presents the image in its focus at M. 'You have only,
then, to compute the magnitude of this image, and
there to fix yowr diaphragw, whose apertire m n
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shall be equal to the magnitnde of the image, or ra-
ther somewhat greater, For if the aperture were
less than the image, there would le a proportional

loss of the apparent field, which is always a great

defect,

7. These are the observations respecting the
diaphragm, which apply to astronomical telescopes
composed of two convex lenses. In terrestrial
telescopes two images are represented within the
tube; besides the first at M, represented by the

object-glass in its focus, and which the second lens B

transports to an infinite distance, the third lens
represents a second image in its focus N, which is
upright, whereas the former was inverted. At N,
therefore, is the proper place to fix a second dia-
phragm perforated with an aperture z #, of the mag-
nitude of the image there represented,

8. These diaphragms, aided by the blackuess of
the inside of the tube, produce likewise an excellent
effect with respect to distinctuess of representation.
It must be cavefully observed, however, that the

greater the field is which the telescope discovers, the -

less is to be expected from these diaphragms, as in
that case the images become greater, so that the aper-
ture of the diaphragms must be so enlarged as to
render them incapable of any longer exclnding the
extraneous rays. So much the greater care, there-~
tore, must be taken thoroughly to blacken the in-
side of the tube, and to make it larger, which con-
siderably diminishes the unpleasant effect of which I
have been speaking.

13#% April 1762,
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Lerrer CIX.— Ty wiar manNer TELESCOPES -
REPRESENT THE Moow, THE PLANETS, THE SUN,
AND THE FIXED STARS. WHY THESE LAST AP-
PEAR SMALLERL THROUGH THE TELESCOPE THAN

" TO THE NAKED EVE. CALCULATION OF THE
DISTANCE OF THE FIXED STARS, FROM A COMPA-
RISON OF 7THEIR APPARENT MAGNITUDE WITH
THAT OF THE SUN,

I amr persuaded, that by this time you are very
well pleased to be relieved at length from the dry
theory of telescopes, which is rendered agreeable
only by the importance of the discoveries which they
have enabled us to malke. : .

‘What pleasing surprise is felt on seeing very dis-
tant objects as distinctly as if they were one hundred
times nearer to us, or more especiaily in cases where
there is no possibility of reaching them, which holds
with respect to the heavenly bodies | And you are
already disposed to admit, that with the aid of the
telescope, many wonderful things relating to the stars
have been discovered.

On viewing the moon one hundred times nearer
than she really is, many curious inequalities are dis-
cernible; such as excessive heiohts and profound
depths, which from their regularity resemble rather
works of art than natural mountains, Hence a very
plausible argument is deduced, to prove that the
moon is inhabited by reasonable creatures. But we
have proofs still move satisfactory in simply contem-
plating the almighty power, in union with  the sove-
reign wisdom and goodness, of the Great Creator.

Thus the most Important discoveries have been
made respecting the planets, which, to the unassisted
eye, appear only as so many luminous poiis; but
which, viewed through a good telescope, resemble
the moon, and appear even still much greater,
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But you will be not a little surprised, when I
assure you, that with the assistance of the best
telescope, even one which magnifies move than two
hupdred times, the fixed stars still appear only as
points, nay still smaller than to the naked eye. This
18 o much the more astonishing, that it is certain
the telescope rtepresents them such as they would
appear were we two hundred times neaver. = Are we
not hence reduced to the necessity of concluding:
that hf:rc? telescopes fail to produce their effect?
But this idea presently vanishes, on considering that
they discover to us millions of litle stars which
without their aid, must have for eyer escaped the
eye. We likewise perceive the distapees between
the stars ncomparably greater; for two stars which
to the naked eye seemed almost to touch each other,
when viewed through the telescope, are seen at 2
very considerable distance; a sufficient proof of the
effect of the telescope.

‘What, then, is the reason that the fixed stars
appear to us smaller through the telescope than to
the naked eye? In resolving this question, I remark
first, that the fixed stars appear greater to the naked
eye thzu.J they ought to do, and that this arises from
a false light, occasioned by their twinkling, In fact
when the rays proceeding from a star come to painf’:
their Image at the bottom of the eye, on the retina,
our nerves are struck by it only in one point; but,’
by the lustre of the light the adjacent nerves likewise:
undergo a concussion, and produce the same feeling
which would be communicated i the image of the
object painted on the retina were much greater.
This happens on looking, in the night, at a very
distapt light. It appears much greater than when
weview it at a small distance; and this inerease of
magnitude is occasioned only by a false glare. Now,
the more that a telescope magnifies, the more this
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accident must diminish; not only because the rays
are thereby rendered somewbat fainter, but because
the real image at the bottom of the eye becomes
greater ; so tiat it is no longer a single point which
supports the whole impression of the rays. Accord-
ingly, however small the stars may appear through
a telescope, we may confidently affirm, that to the
nzked eye they would appear still much smaller but
for this accidental false light, and that as many times
as the telescope magnifies.

Hence it follows, that as the fixed stars appear
only like so many points, though magnified more
than 200 times, their distance must be inconceivable.
It will be easy for you to form 2 judgment how this
distance may be computed. The diameter of the
sun appears under an angle of 832 minutes: if, there-
fore, the sun were 82 times farther off, he would
appear under an angle of one minute; and, conse-
uently, still much greater than a fixed star viewed
rough the telescope, the diameter of which does
not exceed two seconds, or the thiriieth part of a
minute. The sun, therefore, must be thirty times
more, that is 960 times, farther removed, before his
appearance conld be reduced to that of 2 fixed star
observed with the assistance of a telescope. But the
fixed star is 200 times farther off than the telescope
represents it; and, consequently, the sun must be
200 times 960, that is, 192,000 times farther off
than he is, before he could be reduced to the appear-
ance of a fixed star. It follows, that if the fixed
stars were bodies as large as the sun, their distances
would be 192,000 times greater than that of the sun.
Were they still greater, their distances must be still
so many times greater; and supposing them even
many times smaller, their distances must always be
more than a thousand times greater than that of the

Q2
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sun. Now the distance of the sun from our glabe is
ubout 96,000,000 of English miles,

It is impossible, undoubtedly, to think of this
inmense distance of the fixed stars, and of the extent
of the whole universe, without astonishment. What
must be the power of that Great Being who created
this vast fabric, and who is the absolute Master of
it? Let us adore Him with the most profound
veneration. .

V1th April 1762,

Lerrer CX.—Way po e Moox AND THE SuUN
APPEAR GREATER AT RISING AND SETTING TIAN

AT A CERTAIN ELEVATION? DIFFIcULTIES ATTEND-

ING THE S80LUTION OF THIS PHENOMENON,

You must have frequently remarked, that the
moon, at rising and setting, appears much larger
than when she is cousiderably above the horizon ;
and every one must give testimony to the truth of
this phenomenon, The same observation has been
made with respect to the sun. ‘This appearance hag
long been a stumblina-block to philosophers ; and,
viewed in whatever ligﬁt, difficulties almost insuper-
able present themselves.

It would be ridiculous to conclude, that the moon’s
body is really greater when she is in the horizon
than when she has attained her greatest elevation,
For, besides that snch an idea would be absurd in
itself, it must be considered, that when the moon
appears to us in the horizon, she appears to other
inhabitants of our globe move elevated, and conse-
quently smaller. Now, it is impossible that the
same body should be, at the same time, greater and
smaller, .

It would be ahnost equally ridiculons to attempt
the solution of this strange phenomenon, by sup-
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posing that the moon is nearer to us when she
appears in the horizon, than when she is arrived at
a great elevation, from our certain knowledge that a
body appears greater in proportion as it is nearer
us; and you know that the move distant any object
is, the smaller it appears. It is for thid reason pre-
cisely that the stars appear so extremely small,
though their real magnitude be prodigious. .

But however plausible this idea may seem, it is
totally destitute of foundation ; for it is undoubtedly
certain, that the moon is at a greater distance from
us at vising and setting, than when at a greater
elevation. The demonstration follows: {Prare VIL
Fig. 82.) .

Let the circle ABD be the earth, and the moon
at L. This being laid down, an inhabitant at A
will see the moon n his zenith, or the most elevated
point of the heavens. But another inhabitant at D,
where the line DL touches the surface of the earth,
will see the moon at the same time in his horizon ;
50 that the moon will appear, at the same instant, to
the spectator A in his zenith, and to the other
spectator 1) in his horizon. It is evident, however,
that the last distance DL is greater than the first
AL, and consequently the moon is more distant
from those who see her in the horizon, than from
those who see her near their zenith. Hence it clearly
follows, that the moon, when seen in the horizon,
ought to appear smaller, being then in fact farther
from us than when arrived af a great elevation, It
is astonishing, therefore, that observation should he
in direct contradiction to this, and that the moon
should appear much greater when viewed near the
horizon, than in the summit of the heavens.

The more this phenomenon is investigated, the
more strange it appears, and the more worthy of
attention: it being undoubtedly certain, that the





