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I 7 will not be dnfﬁcult to shew that the power of penetratmg' o
into space by telescopesis very different from magnifying
power, and that, in the construction of mstruments these two

powers ought to be considered separately

In order to conduct -our present inquiry properly, it will be

| necessary to examine the nature of luminous bodies, and to
enter into the method of vision at a distance. Thercfore to
. prevent the maccumchthatAvould unavoidably arise from the

use of terms in their common acceptation, I shall have recourse'

“to algebraic symbols, and to such definitions as may be necessary

to fix a precxse ‘meaning to some expresswns whxch are often -

used in conversatxow wn:hout much regard to accumcy

‘By luminous bodxes I mean, in tlxe followmg pages, to denote l

such as throw out i

. those that are opaque, when they are in a sxtuatlon to reflect
light, should bc ‘understood to be included ; as objects of vxexon; .',
they must throw out hght and bec‘ome intitled to be caI!ed‘ E
lummom Howu er, those that shme by their own ho ht may L
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be called self-lummous, when there is an occasion to dlstmgmsh

them. |

- The question will arise, whether luminous bodxes scatter llght
in all directions equally ; but, till we are more intimately
acquainted with the powers which emit and reflect light, we
shall probably remain ignorant on this head. T should remark,

~ that what I mean to say, relates only to the physical points into

which we may conceive the surfaces of luminous bodies to be
divided ; for, when we take any gncn luminous body in its
whole constructxon such as the sun or the moon, the question
will assume another form, as will appear hereafter.

That light, flame, and luminous gases are penetrable to the

rays of light, we know from experience;* it follows therefore,

that every part of the sun’s disk cannot.appear equaliy lumi-
nous to an observer in a given situation, on account of the
unequal depth of its luminous atmosphere in different places.{-

. TN
This regards only bodies that are self-luminous. But the

greatest mequalmcs in the br 1ghtness of luminous bodics “iny
general, will undoubtedly be owmg .to their natural texture ;

* In order to put this to a proof, l placed four candles bchmd a screen, at } of an
inch distance from each other, so that their flames might range exactly in a lme. The
first of the candles was placed at the same distance from the screen, and just opposite

~ anarrow slit, 3 of an inch long, and § broad, _On the other side of the screen I fixed

up a bock, at such a distance from the slit ‘that, when the first of the candles was lighted,
the letters might not be sufficiently illuminated to become legible. Then, lighting
successively the second, third, and fourth candles, I found the lctters gradually more
illuminated, so that at last 1 could read them with great facility ; and, by the arrange-

~ment of the screen and candles, the light of the second, third, and fourth, could not

reach the book, without- penetranng the flames of those that werc placed before them,
+ See the Paper on the Nature and Construcnon of the Sun Phxl Tmm for

1795» page 46. e
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B "whxch may be extremely varlous, wlth regard to thexr power of g

- fthrowmg out llght more or less _copiously. -

Bnghtness Fascribe to bodies that throw out l:ght and those |

that throw out most are the brightest,

It will now be necessary to establislr certam expre‘ssxons for.l

brightness in different circumstaices.

In the first place, let us suppose a lummous surface. throwmw )
out light, and let the whole quantity of lzght thrown out by it -

be called L. | |
‘Now, since every part of thls surface‘ thro“s out light let us

suppose it divided into a number of lummous physical pomts,_

denoted by N. .

If the copiousness of the emission of llght from every phy-’ o

sical point of the luminous surface were equal, it might in
general be denoted by ¢; but, as that is most ‘probably-never =

the case, I make C stand for-the “fnoan "¢ coplousness of hght-

“thrown out from all the physical points of a luminous object.

This may be found in the following manner. Let ¢ express the |
copiousness of emitting light, of any number of physncal points -
that agree in this respect; and let the number of these points’ be

. Let the copiousness of emission of another number of points

;be ¢’y and their number »’, "And if, in the same manner, other

degrees of copiousness be called ¢*, ¢, &, and their numbers be

denoted by »*, n*, &, then w:ll the sum of every set of points, - |

multiplied by thexr respectlve copxousness of emitting light, give g

ot light thrown out by the whole luminous body.
That is, Li=cn + cn’ +c n’, &e.; and the mean coplousness

-us-the quannty

of emitting hght of each. physxcal pomt will be expressed by
u\cn+cn+c n,fﬂ'q ""‘C : :

Y
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lt is evxdent that the mean power, or copxousness of throwmg -

out hg}jiff every physmal point in the luminous surface, mul-

tiplied by the number of points, must give us the whole power -,

- of throwing out light, of the luminous body. That is CN = L.

I ought now to answer'an objection that may be made to this.
~ theory. Light, as has been stated, is transparent ; 'md since
‘the light of a pomt behind the “surface of a flame will pass
~ through the surface, ought we not to take in its depth, as well -
- as its’super ficial dimensions? In answer to this, I recur to what .
nhas been said with regard to the dlfferent‘“powers of . throx\mg

out lxght of the points of a luminous surface. For, as light must
be finally emitted through the surface, it is but referring all
light arising from the emission of - pomts behind the surface,
to the. surface -itself,.and the account -of emitted lmht will be

cqually true. And this" will-also explain-why it has been stated

as probable that dlfferent parts of the same luminous surface

may throw out dlfferentquantltnes of light. e
Since, therefore, the quantlty of light thrown-out by any lu- -

minous body is truly répresented by CN, and that an object is
bright-in consequence of Tight thrown out, we nay ‘say. that

hrightness is truly deﬁned by CN. lf however there should at"

any time be occasion for dis inction, the, bncrhtness arising

~ from the great value of C, may be called the intrinsic bright-

ness ; and that ansmg from the great valueof N, ~theaggrcgatc

brightness ;. ‘but the absolate brlghtne S, ln all CdSCS will etdl be’

defined by CN. -
Hitherto we have only consxdered Iummous obJects, and thexr

condition with regard to throwing out hght ‘We proceed now

N

to find an expression for their appearance at any assrgnethﬁss,

', ,mnce and here it wﬂl bepromﬁodeave out of the account




every part of CN which i is not apphed for the purpose of vxsuon B

L representing the whole quantity of light thrown out by CN.

we shall denote that part of it which is used in vision, exther by .
the eye or by the telescope, l. This will render the conclusions

that may be drawn hereafter more unexceptionable ; for, the

quantity of light / bemng scattered over a small space in propor- .

tion to L, it may reasonably be looked upon as more uniform
in its texture; and no scruples about its inequality will take
“place. The equation of hght in’this present sense, therefore is
CN=1I |

- Now, since we-know that the denslty of light decreases in

thc ratio of the squares of the distances of the luminous objects,
the e\pressmn for its quannty at thc (hstance of the observer

k4

D will bc

In natural vision, the quantity ! undergo"es a considerable
change, bythe opening and contractmg of the pupil of the eye.

If we call the aperture of the iris a, we find that in different |

pcrsons it dxﬁem consxdembly Its changes are not easily to be
-ascertained ; but we shall not be much out in- stating its varia-

'tmns to be chiefly between 1 and ¢ tenths of an inch. Perhaps |
this may be supposed under-mted for the pos)vers of vision, in
~a room completely darkencd, w ill exert themselves ina. wery -

“extraordinary manner. In some experiments_.on light, made at

Bath, in'the year 1 780, I have often remarl\ed that after staying -

S, W here on

7*7'”501110 tnne m a

| entcrmg I could not’ perceive any one ob;ect I was .no longer ‘
~ at a loss, in half an hour’s time;-to find every thmg I wanted. It s
is howwer probable that the opening of the iris is not the only

pmetratmg mto Space by Tele:copes. - 53 .

cause of seemg better after remammg long in the dark bur o

— =

Lomonem e
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| that the tranqtulhty of the retina, which is not dxsturbed by

foreign objects of vision, may render it fit to reccive impressions

~such as otherwise would have been too faint to be perceived.

This seems to be supported by telescopic vision; for it has often

happened to me, in a fine’ winter’s evening, when, at midnight,

and in the absence of tlie moon, I have taken sweeps of the hea-

_vens, of four, five, or six hours duration, that the sensibility of

the eye, in consequence of the exclusion of light from surround-
ing objects, by means of a black hood which I wear upon these
occasions, has been very great; and it is evident, that the open-
ing of the iris would have been of no service in these cases, on

account ‘of the diameter of the optic pencil, whlch, in the 20 feet
telescope, at the time of sweeping, was no more than ,12 inch.
The effect of this increased sensibility was such, that if 2 star of
the gd magnitude came towards the field of view, I found it
necessary to withdraw the eye before its ‘entrance, in order not
to injure the delicacy of vision acquired by long. continuance in’
the dark. The transit of large stars, unless where none of the
6th or 7th magnitude could be had, have generally been declined
in my sweeps, even with the 2o feet telescope. And I remem-
ber, that after a considerable sweep with the 40 feet instrument,

the appearance of Sirius announced itself, at a great distance,

*  like the dawn of the morning, and came on by degrees, increas-

ing in brlghtness till this brilliant star at last entered the ficld
of view of the telescope, with all the splendour of the rising sun,
and forced me to take the eye from that beautlful sight. Such

striking eﬁe(;ts are a sufficient proof of the great Sel'lSlbl])ty of

the eye, acquired by keeping it from the light.
On taking notice, in the begmnmg of sweeps, of the time that

passed Ifound that the ey he hght requnred

S T
"‘.‘ i e e e [ENRE SRR Bl R




penetratmg mto Space by T elescopea Rre 55 e :
near Qo before it could bc suﬁicxently reposed tw admlt a vxc.w“
of very delxcate ochcts in the telescope ; and that the observa-
tion of a transit of a star of the 2d or gd magmtude, vxould“" "
disorder the eye again, so as to require nearly the same txme
for the re-establishment of its tranquillity.

The dithiculty of ascertaining the greatest opening of the eye,
arises from the impossibility of measuring it at the time of its
extreie dilatation, which can only happen when every thing is

~completely dark ; but, if the variation of a is not easily to be -
ascertained, we have, on the other hand, no difficulty to deter-
mine the quantity of light admitted through a telescope, which

‘must depend upon the diameter of the object-glass, or mirror ;.
for, its aperture 4 may at all times be liacl by measurement...

It follows therefore that the expression ;, will always be

accurate for the quant:ty of light admitted by the eye; and that
i’D,' will be “sufficiently so for the t‘elescope For it must be

remembered, that the aperture of the eye is also concerned in = -
viewing mth tclcscopes ; and that, consequently, whenever the
pencil of lnght transmitted to the eye by optical instruments
exceeds the aperture of the pupil, much light must be lost. In -

‘that case, the cxpresmon A’l will- fail; and tllerefore in gene-

ral, if m be the magmfymg power, -i ought not to exceed a.

As] have dgﬁned the brxghtness of an object to the eye of
\ a*l
Dz ’

necessary to answer some objecnons that may be made to this

~ theory. Opncal Wnters have. pmveﬂlmt an object is equally
bright at all distances. It may, therefore, be mamtamecL\gamst |
me, that smce a wall 1llummated by the sun wxll appear equally 5

______an observer “at-

it will be
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bnght at whatsoever dnstance the observer be placed that views
. _1t’ the sun also, at the dnstance of Saturn, or still farther from us,

must be as bright as it isin its present situation. Nay, it may be

o urged that ina telescepe, the d}ﬁ'erent distance of stars can be of

no account with regard to their brxghtness, and that we must
conset1uent1y be able to see stars whxch are many thousands of

mﬁmtely distant not to be seen any ]onger

Now, objections such as these, which seem to ‘be the imme-

diate consequence of what has been demonstrated by mathema-
ticians, and which yet apparently contradict what I assert in this

. paper, deserve to be thoroughly answ ered.

It may be. remembered, that I have distinguished brightness
into three different sorts.* Two of these, which have been dis- .
criminated by intrinsic and absolute brightness, are, in common
language, left without distinction. In order to shew that they
are so, I might bring a variety of examples from common con-
‘versation ; but, taking this for granted, it may be shewn that

all the objections I have brought against my theory have their
’ foundation in this ambiguity.
"~ The demonstrations of opticians, with regard to what I call
intrinsic brightness, will not oppose what I affirm of absolute
brightness ; and I shall have nothing farther to do than to shew
that what mathematicians have said, must be understood to
refer entirely to the intrinsic brightness, or illumination of the
picture of objects on the retina of the eye: from which it will
clearly follow, that their doctrine and mine are perfectly recon-
cileable ; and that they can be at variance only when the am-
‘biguity of the word brightness is “overlooked, and objectlons,

& See page 52,




| «:uch as I havc made, are r*“med where the word brxghtness is.
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~ used as absolute, when we should have kept it to the only meamng

it can bear in the mathematicians’ theorem. :
The first objection I have mentxoned».xs, that the sun, to an |
observer on Saturn, must be as bright as it is here on earth. -

’Now by this cannot be mcmt that an. inhabitant standmg()ﬂ—

the planct Saturn, and looking at the sun, should absolutely

receive as much light from it as one on earth receives when he

‘sces. it for this would be contrary to the well known decrease

of light at various distances. The objection, therefore, can only
go to assert, that the picture of the sun, on the retina of the
Saturnian observer, is ‘as intensely illuminated as that on the
retina of the terrestrial astrenomer. To this I perfectly agree.

- But let those who. would go farther, and say that therefore the

that the sun on Saturn appeats to be a hundred times less

~provided the me:

sun is absolutely as bright to the one as to the other, remember ~

than on the earth ; and that consequently, though it may there

be intrinsically as bru;ht it must here be abvolutelv an hundred

times brighter. | |
The next objection T have to consider, rclates to the fixed

stars.  What has been shewn in ‘the preceding paragraph, with

regard to the sun, is so i‘fiiir&ji applicable to the stars, that it

will be very easy to place this point also in its ‘proper light. As *

[ have assented to the demonstration of opticians with regard to

the bughtncss of the sun, w hcn seen at the dlstance of Saturn, ,

i e intrinsic illu=—

mination of the picture on the retina of an observer, I can

have no hesitation to allow that the same will hold good with

a btdl‘ plam.d at anv assxgndble distance. But I must repeat, that

. bec thc duﬁmtwn of abwlm’e bnghtness, page 52.
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the light we can receive from stars is trulyéxpi‘essed by --%—f—-—, |
~and that thereforé thcir‘absol'ute bfigh_tness must vary in the
~ inverse ratio of the squai'es of their “distances. ~Hence | am
authorised to. conclude, and observation abundantly confirms it,
that stars cannot be seen by the naked eye, when they are more
~ than seven or eight times farther from us than Sirius; and that
they become, comparatively speaking, very soon invisible with
our best instruments. It will be shewn hereafter, that the visi-
* bility of stars depends on the penetrating power of telescopes,
which, I must repeat, falls indeed very short of shewing stars
- that are m"any-thousaflds of times farther from us than Sirius;
much less can we ever hope to see stars that are all but infi- -
nitely distant. o '

\

H

* If now it be admitted that the expressions we have laid down
are such as agree with well known facts, we may proceed to
vision at a distance ; and first with respect to the naked eye.

Here the power of penetrating into space, is not only con-
fined by nature, but is moreover occasionally limited by the
failure in brightness of luminous objects. Let us see whether
astronomical observations, assisted by mathematical reasoning,”
~ can give us some idea of the general extent of natural vision,
Among the reflecting luminous objects, our penetrating powers
are sufficiently ascertained. From- the moon we may step to
~ Venus, to Mercury, to- Mars, to Jupiter, to Saturn, and last of
all to the Georgian planet. An object seen by reflected light at
a greater distance than this, it has never been allowed us to

~ perceive; and it is indeed much to be admired,»that we should
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18 hundred millions of miles; especially when that llght‘

coming from thc sun to the planet, has to pass through an equal

59}'5“ ‘

see borrowed lllummatxon to the amazing dlstance of i more thanff

space, bc*fore it can be reflected, whercby. it must be so en-

fecbled as to be above 368 times less intense on that planet
than it is with us, and when probably not morc than one‘-thnzdi

part of that light can be thrown back from its disk.*
The range of natural vision with self-luminous objects, is

incomparably more extended, but less accurately to be ascer-

~tained. From our brightest luminary, the sun, we pass imme-

~diately to very distant objects; for, Sirius, Arcturus, and the
rest of the stars of the first magnitude, are probably those that -

come next; and what their distance may be, it is well known,
can only be calculated imperfectly from the doctrine of paral-

laxes, which places the nearest of them at least 412530 times

farther from us than the sun. Q
In order to take a second step forwards, we must enter into

some preliminary considerations, which cannot but be attended
‘with considerable uncertainty. The gcncral supposition, that

stars, at least thcsexﬁm%rsemn to be promiscuously scattered,
“are probably one with another of a certain magnitude, being

admitted, it has already been shewn in a former Paper,+ that
after a certam number of stars of the first magmtude hav ,

been qn“mged about the sun, a farther distant set will come in

for the second placc., The situation of these may be taken to-
| ' istance of the former —

—be; one mth’
from us

&

. Accordmg to Mx Boucuu, the surface of the moon 1bsorbs about two-thxrds;: Coe

of the llght it reccives f'rom the sun,  Sce Traite d’ Opt:quc, page 12z,
+ Plnl Trans. for the year 1796, page 166, 167, 168. ”
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By dxrectmg our new to them, and thus penetmtmé, one step o

farther into space, these stars of the second magnitude furnish us
- with an cxperiment that shews what plmnemena will take pfdw
~when we receive the illumination of two ver v remote objects,
equally bnght in themseltes, whercof one is at double the dis-
tance of the other. The expression for the brightness of such
WubjéC{S, at all” distances, and with any aperture of the ;iris,
“according to our f'orcqoinw notation, will be -31)-,1—; and a method

of reduuno“ this to an cxpcmncntdl investigation will be as
Tollows.

Let us admit that « Cygni, 8 Tauri, and others, are stars of

the second magnitude, such as are here to be considered.  We
know, that in looking at them and the former, the aperture of
the iris will probably undergo no change; since the difference
in brightness, between Sirius, Arcturus, « Cygni, and 8 Tauri,
does not scem to aftect the eye so as to require any alte-
ration in the dimensions of the iris; a, therefore becomes a
given quantity, and may be left out. Admitting also, that the
latter of these stars are probably at double the distance of the
former, we have D’ in one case four times that of the other;
and the two expressions for the brightness of the stars, will be
for those of the first magmtude, and 1/ for thosc of the second.
The quantities bemg thus prcparcd what I mean to suggest
by an experiment is, that since sensations, by their nature, will
not admit of being halved or quartered, we come thus to know
by inspection what phenomenon will be produccd by the fourth
part of the light of a star of the first jnag_nitu’de.v In this sense,

1 think we must take it for granted, that a certain idea of bright-

ness, attached to the stars which are generally denominated to

-
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"be of the second magmtude may be. added to our eXperlment'al
know]edge for b} thxq means, we are informed what we are.

a’l . a* ! . a’/ * W “ e
) Py ; » ’ ¥ e ;j )
to undel smnd by the e*cplessxom o Dmub\ Frer O

mnnot »vonde at the immense difference between the brlght-‘ :
ness of the sun' and that of Sirius; since the two first expres-
sions, when proper ly resolved, give us a ratio of brightness of
~ more than 170 ‘thousand millions to one; whereas the two
latter, as has been shewn, give only a ratio of four to.one.
What has been sald wnll carry us, with very little addition, to
the end of our unassisted power of vision to penetrate into space.
We can have no other guide to lead us a third step than the
same beforementioned hy »othesis;. in consequence of which,
however, it must be acknowledged to be sufficiently probable,
that the stars of the third magnitude may be placed about three
times as far from us as those of the first, It has been seen, by
my remarks on the comparative brightness of ‘the stars, that I
place no reliance on the classification of them into magnitude3'+
‘but, in the present instance, where the questlon lS not to ascer-
tain the precise- brightness of any one star, it is qmte suﬂlclent
to know that the number of the stars of the first three different "
magnitudes, or different brightnesses, ans'we'i"s; ina. general way,
sufficiently well to a supposed equally dlstant arrangement of a
first, second, and third" set of stars about the sun. Our third
step forwards into space may therefore very properly be said to -
~ full on the pole-st Cygni, ¢ Bootis, llihose of_etheeii
same order. - i SR . g

+ Then names ofth<. ObJCCfS Q, Smus, B8 Taun, are. hcre used to express thclr dxs- |
mncefromus.'v",' S e s EERE R T P

+ Phil. Trans. for the year 17.‘96, page 168, 169.; )
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As the dxfference, between these and the stars of thc prccedmg o

order; is much less stnl\mg than that between the stars of the
- first and second magmtude we also find that the expressions
'é:'f%(ll—f‘ and -F_J—:_l:iﬁ;-, are not in the hlgh ratio of 4. to 1, but onlv -
as g to 4, or01t01 B
Without tracmg the brlghtness of the stars through any
farther steps, 1 shall only remark, that the diminution of the
ratios of brighthe‘ss'of the stars of the 4th, sth, 6th, and 7th
magnitude, seems to answer to their mathemafical expressions,
as weil as, from the first steps we have taken, can possibly be
nnagn*cd The calculated ratio, for instance, of the brIQ‘htn(,Sa--
of a star of the 6th magmtude to that of one of the ~th, is but

little more than 14 to 1; but still we find by experience, that

the eye cah very conveniently perceive it. At the same.time,
the faintness of the stars of the 7th magnitude, which require
the finest nights, and the,best common eyes to be percened
gives us little room to belicve that we can penctrate much
farther into space, with objects of no greater br‘ightness than
stars. o

But, since it may be justly observed, that in the foregoing
estimation of the proportional distance of the stars, a consider-

able uncertainty must remain, we ought to make a proper

allowance for it; and, in order to see to what extent this should
go, we must make use of the experimental sensations of the
“ratios of brightnes%“\'vc have riow acquired, in going step by
step forward: for, numerical ratios. of bnghtness and sensa-
tions of them, as. has bcc.n notxced before, are vcry different
things. ‘And since, from the foregomgconsxderatlons, it may be -

“concluded, that as far as the 6th, *ﬂﬁﬁr%th magmtuae, therc-f
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| J‘iought to be a- vmblc general dxfference between stzu's of one -

order and that of the next follawmg, I thml\ from the famtness :
of the stars of the »th magnitude, we are authonzed to conclude, :
that no star, eight, nine, or at most ten times as far from us as

-~ Sirius, can possibly be perceived by the natural eye. -

The boundaries of vision, however, are not confined to single

stars.  Where the light of these falls short, the united lustre of :

sidereal systems will stlll be percexved In clear nights, for

instance, we may see a whitish patch in the 'sword-handle of

Perscus,* w hnch contains small stars of various sizes, as may bc_’ |
ascertained by a telescope of a modcrate power of penetrating

into space. We easily sce the united lustre of them, though the

light of no one of the single st.zrs could ha\e aﬁectcd the unas-
_ snsted eye o

| Consxdembly beyond the. distance of the former must be the
claster discovered by Mr.-MEssiER, in 1 764; north following

“H Geminofum. It contains. stars much smallcr than those of -

the former cluster ; and a telescope should have'a consxderable

penetrating power, to ascertain their bnghmcse properl), such

as my common  10-feet reflector. - The night should be clear,
in order to see. it well with the naked eye, and it wxll then

appear in the shape of a small nebula.

Still farther from us must be ‘the nebula bemeen 9 and (7.» '

| Herculis, dnscovered by Dr. HALLEY, in 1714 The stars of it
a -and has been -

are -so small that xt ha

‘rcgarded as such tiH mymstruments of hxgh penetratmg'

.* Sec thc cataloguc afﬂ second thousand of new nebu]ae and clus(ers of stars,, VI
- 33» 34 Phil. Trans. Vol. LXXIX page 251 ‘

4+ In thc Connozssance a’es T’emps for 1783, No 13, it is dewnbed as ancbula«« L

- mthout st"‘ ;
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‘powers were applied to it. It requires a'v'e-rv clear n'ight,;aud ‘
the absence of the moon, to see it with the natural eye.

Perhaps, among the farthest objects that can make an im-
~pression on the eye, when nat assisted by telescopes, may be
reckoned the nebula in theglrdle of Andromeda, discovered b}

- SimoN. MAR1US, -in 1612. It is however not difticult to per-
. ceive it, in a clear night, on account of its great extent.

——

~ From the powers of penctrating into space by natural vision,
we proceed now to that of telescopes. |
It has becn shewn, that brightness, or light, is to the mkul

" eye truly represented by-—l—),—l-; in a te]escope,‘ therefore, the
’ - . . !
light admitted will be e\pressed by 1)=l' “Hence it would fol-

low, that the artlﬁcml power of penetrating into space should be
to the natural one as A4 to a.  But this proportion must be cor-
rected by the practical deficiency in light reflected by mirrors,
or transmitted through glasses; and it will in a great measure
depend on the circumstanees of the workmanship, materials,
-and constructlon of the telescope, how much loss of hght there

\\111 be sustamed | |
In order to com¢’ to ‘some determmatxon on tlm sub)ect I

made many expenments with plam mu'roxs, puhbhed like my-
“large ones, and of the-same composition of metal: Ihe mecthod
I pursued was that pmpcsed by Mr. BouGUER, In hw Traité
d'Optique, page 16, fig. g.; but 1 brought the mirror, during o
the trial, as close to the line connectmg the two objects as pos-
sible, in order to render the,reﬂec_ted rays nearly per pcndxcular

The result was, that out of 100 thousand incident rays,
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- (,7962 were returned and therefore, ifa double reﬁechon takes e |

place, only 45242 wnll be returned.

Before this light can reach the eve it will suffer some loss m
* passing through the eye glass ; -and the amount of this I ascer-

tained, by taking a highly polished plain glass, of nearly the

by the method of the same author, page 21, fig. 5. I found, that

“out of 100 thousand incident rays, 9+825 were transmitted
through the glass. Hence, if two lenses be used, 89918 ; and\,,

with three lenses, 85265 rays will be tr‘msml ted to the ey
Then, by compounding, we shall have, in a telescope of my
construction with one reflection, 63796 rays, out of 100 thiou-
sand, come to the eye. In the NEwrox1ax form, witha single
eyc lens, g42901; and, with a double eye glass 40681 will re-
main for vision. -
There must always remain a considerable uncertainty in the

quantities here assigned ; as a newly polished mirror, or one in.

high preservation, will give more light than another that has
not those advantages The quality of metal also will make some

difference;; but, if Hﬁtﬂd—’kpﬁe—’tf by e\pcnments that the

metals or glasccs in use will yield more or less light than here

“usual thlckneba of optical glasses of small focal lengths. T hen, -

assigned, it is to be understood that the corrections must be

made accordingly. '

We proceed now to find a proper e\pressmn for the pov.er |
of penetrating mto space, that we may be exmbled to compare

e natural. eye.

its cffects, in ('

_Since then the brlghmcss m“ lummous ob_]c,cts is. mversel) as

- the qqmres of the. dxstances, it follows, that the’ penctmtmg

power must be as thc squ‘u'e rocts of the hg it recewcd by thc o

;Cye
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In natural VlSlOll, therefore -tlus power is truly c\presscd by

Nal; ; and since we have now also obtained a proper correc-
tion x, we must apply it to the incident light with telescopes.

In the NEwronian and other constructions where two
specula are used, there will also be some loss of light on account

of the interposition of the small speculum; therefore, putting & “

" for its diameter, we have A4 — b for the real incident light

This being corrected as above, will g:vc the qenex al expression

vzl x 4 — b* for the same power in teleqcopes But here we
are to take notice, that in refractors, and in telescopes with one
reflection, b will be = 0, and therefore is to be left out.

Then, if we put natural light / =1, and divide by a, we

\/x o

have the general form for tho penetrating power of

all sorts of telescopes, comp'lrcd to that of the natural eye as a
standard, according to any supposed aperture of the iris, and
proportion of light returned by reflection, or transmitted by
refraction. |

In the following investigation we shall suppose @ = ¢ tenths
of an inch;, as being perhaps nearly the general opening of the
iris, in star-light nights, when the eyé has been some moderate
time in the dark. The value of the corrections for loss of light
will stand as has been given before. |

-«

We may now proceed to determlne the powers of the instru-
ments that have been used in my astronomlcal observatlons,

‘but, as this sub_)ect will be best explamed by a report of the
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. obscrvanons themsdves I shall select a series of them for that"_
purposc, and relate them in the order wlu(,h wﬂl be most xllus-r__‘- i

trating.

~ First, wnh reg'lrd to the eye, 1t is wrtam that 1ts power, hke"
:all our othcr faculties, is limited by nature, and is regu ated by’

the permanent brightness of objects ;- as has been shewn aireadvi

when its extent with reflected light was Lompared to its exer- .

tion on self-luminous objects. It is further limited on borrowcd
light, by the occasional state of illumination; for, when that

becomes defective at any time, the power of the eye will men |
be contracted into a narrower compass; an mstance of which is

the followmg : _ ‘
In the year 1776, when I had er ec,tcd a telescope of 20 feet
focal length, of the Newr ONIAN construction, one of its effects

by trial was, that when towards evening, on-account of dark-.
ness, the natural eye could not penetrate far into space, the

telescope possessed that power sufficiently to shew, by the dié;l

of a distant church steeple, what o’clock it was, notwithstanding

~ the naked eye could no longer see the steeple itself. Here I only
speak of the penetrating power; for, hough it mlght require
magnifying power to see the figures on the dial, it could

require none to sce the steeple. Now the aperture of the tele- |

scope being 12 inches yand the constructxon of the NEWTomAN
tor'm, its, penetmtmg powel when calculdted accordmg to the

‘.".
given formuh, wxll be Vi 429 X 120 5%

2

bcmg all e\px,esscd"m tenths of an mch.

e [ mve'givcn the ﬁguzcs, in .m the followmg equatnon; of the calculated . penee

“trating powers, in order to shew thc constlucuons of my | mstruments to those who may :

-wish to be acquainted with them. =~ e

= ‘*8 99. A, b, ,,,alild,q,; ¢

4




68 o DT’HI:RSCHEL on the Pozvér of .

From the result of this computation it appears, that the cir=

" cumstance of seeing so well, in the dusk of the evening, may

* be easily accounted for, by a power of this telescope to penetrate
g9 times farther .into space‘thz}h the natural eye could reach,
with objects so faintly illuminated. S
. This observation completely refutes an objection to telescopic
vision, that may be drawn from what has also been demon-
strated by optical writers; namely, that no ‘telescope can shew
an object brighter than it is to the naked eye. For, in order to
reconcile this optical theory with experience, 1 have only to say,
that the objection  is intirely founded on the same ambighity "
of the word bri‘ght\xzié,ss that has before been detected. It is
perfectly true, that tl{e intrinsic illumination of the picture on
the retina, which is made by a telescope, cannot exceed that of
natural vision; but the absolute brightaess of the magnified
picture by which telescopic vision is performed, must exceed
that of the picture in natural vision, in the same ratio in which
the arca of the magnified picture exceeds that of the natural
one; suppdsing the intrinsic brightness of both pictures to be
the same. In our present instance, the éteeple and clock-dial
were rendered visible by the increased absolute brightness of
the object, which in natural vision was 15 hundred times inferior
“to what it was in the telescope. And this establishes beyond a
doubt, that telescopic vision is performed by the absolute bright-
ness of objects; for, in the present case, I find by computation,
that the intrinsic brightness, so far from being equal in the tele- .
scope to that of natural vision, was inferior to it in the ratio of
three to seven, - I |
The distinction between magxiifyi,ng power, and a power of

penetrating into space, could not but be felt long ago, though -
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B 1ts theory has not been mquxred into, ~ This undoubtedly gave R
rise to the mventxon of those very useful short telescopes called

night-glasses, 'When the darkness of the evening curtails the

- natural penetmtmg power, they come in very seasonably, to

the relief of mariners that are on the look out for objects which |

it is their interest to discover.  Night-glasses, such as they are

now generally made, will have a power of penetrating six or

“seven times farther into space than the mtuml eye. For, by
the construction of the double eye-glass, these tcleccopcs will

magnify 7 or 8 times; and the object glass being 2% inches in
diameter, the breadth of the optic pencil will be g1 or g4 ;tenths
of an inch.- As this cannot enter the eye, on a supposition of

~an opening of the iris of ¢ tenths, we are obliged to increase the

value of g, in order to make the telescope have its proper effect.
‘Now, whether nature will admit of such an c'nlargement becomes
an object of oxptmnent but, at all ov ents, ¢ cannhot be assumed

A
less than —, Then, if z be taken cs has been dctermmed for
Vv 853252
74

three refractions, we shall have - - = 6,46 or 7.,39.

Soon after the-discovery of the Georgian planet, a very cele-
brated observer of the heavens, who has added Comldembly to

our number of telescopic comets and nebule, exprcesed his wish,
in a letter to me, to know by what muhod I had been led to

suspect this object not to be a star, like others of the same
appearance, T have no doubt but that the instrument through o

-sorts of pow

which this astronomer generally looked out for comets, had a
spemtmtmg power much more than suﬁment to shew the ne\\
-planct, since even the nataral eye wi ill I‘t,d(h it. But here we -
have an instance of the great dxffercncc in the eﬂect of the two o
ers of' telescOpes, ior on ac«,ount of the smallness R :
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of the mec,t a chﬂerent sort of p(m er, nam@ly that of xmgm~
fwnor Was mquncd: :md, about the time of its discov cr‘i' I had
been remarkably attentive to an improvement of this power, as
- T happened to be then much in want of it irfor my very close
double stars.™ - )
B ;anexan_lining‘ ‘the nebulae which had been discovered by
many celebrated authors, and comparing my observations with
the account of them in the Connoissance des Temps for 1783, 1
found that most of those which I could not resolve into stars
with instruments of a small penetrating power, were easily
resolved with telescopes of a higher power of this sort; and,
that the effect was not owing to the magnifying power I used
upon these occasions, will fully appear from the observations ;
for, when the closcness of the stars was such as to require a
considerable degree of magnifying as well as penetrating power,
it always-appcared plainly, that the instrument which had the
highest penctrating power resolved them best, provided it had
as much of the other power as was required for the purpose.
- Sept. 20, 1783, 1 viewed the nebula between FLAMSTEED'S
ogth and 105th Piscium, discovercd by Mr. MEecHaAI1N, in 1780. S
“« It is not visihle in ‘the finder of my 7% -feet%lescope; but
« that of my eo-fectoews it.” |
Oct. o8, "84 I viewed the same object with the 7-feet tele-
scop . | .
“ It is qxtremelyfainﬂ \Vjih a magnifying power of 120, it
« secins to be a collection of very small stars: I sce many of
«them.” ‘
'®.Magnifying powers of 466, 625, 932, 11§9; 1504, 2010, 2398, 3168, 4294,

5489, 6450, 6652, were used upon ¢ Bootis, ¥ Leonis, a Lyrz, &¢. Sec Caf. of double
stars, Phil. Tran» Vol LXXII. pam. u,, and 14.7 ; and Vol L‘(X‘/ page 4,3 =R
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At thc tlme of these observatxons my 7-feet telescope had

’only a common fmdcr with an aperture of the obJect glass ‘of

‘ dbout of an mch m dlameter, and a smgle eye-lens there-

fore its pcnetratmg power was ‘/ 99"*’3 = 3,56 The hnder

- of the go- ~feet instrument, bemg ’lCthHldth had an object

STEED's 24 Aquarii, discovered by Mr. MaRALDI, in- 174.6‘

BT magmfymg powepofg’j' ’

' \/ ,4! )(92’._21‘ "

glass 1,17 inch in dnmcter, its pcnetratmg power, therefore,
s/sgx““‘\ |

was - == 4,50.

Now, that one of them shewed the nebula and not the other,
can only be ascribed to space—-peﬁetrating power, as*both instru-
ments were equal in magnifying power, and that so low as not
to require an achromatic object glass to render the image sufh-

ciently distinct. : .
The 7-feet reflector evidently reached the stars of the nebula;

but its penetrating and magnifying powers are very consi- -

derable, as will be shewn presently. _,

- July go, 1783, I viewed the nebula south preceding I"LAM-, @

Sy

LIS

“ In the small swee p ry* thls ne Fula appears like a telescoplc
“ comet.” s ——
Oct. 27, 1794< The same nebula wrch a’ -feet reﬂector.

» The small sweeper is a Ns.wroanN reﬁector, of 2 feet focal length 3 and, with
an aperture of 4,2 inches, has only a magmfymg power of 24, and a field of view 2° lz
Its distinctness is so perfect, that it w;ll shew Jetters at a moderate distance, with a L
cmen ‘ ni t the eye. rcmams »5@;;\7;

~at rest while the mstmmentmakes asweep from the honzon to the zenith. -
A large one of the same: construction has an aperture of g,z 1mhe9, with a foml

- Jengthoof 5 feet 3 inches. At also charged low enough for the eye to take in the '/ i

whole opnc pcncxl, and its penetratmg power, Wxth a doublc eye gmse, is
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“ 1 can nee th.at it i a clmtvr‘nl stars, mémy of them being

“ visthle! |
I we compare the penctiating power of the two instruments,

st i e

: . L . I i ;ﬁ e
we find Lh,..-u,.mf have ins the fipst Yoot 2 4 cx 12,845 and
\ “;““' ’1 (, .‘.,:w:::m ' o
I ilw I duer AARGES R E e eo,en. However, the magnily -

4
3

u\;; ;mwm' was partly concerned i this inctanee; fory in the
vieceper iU waes not sutlicient to separate the stars properly.
March g, 1984, With a sefect reflector, T viewed the nebula
near the pth Serpentis, discovered by Mr. Missu, in 1706 |
Lt has several stars i it they are however .m siall that 1
*ocan but st perecive some, and suspeet others.
May g, 0083 The wme nebula with o ro-feet- reflector ;

4

v u( A N
b A o 'A,H,(V].

“ With a magniving power of g50, it s all resolved into

“ostars s they arve very close, and the appearance s beautiful.

S With Goo, perfectly resolved. "There s aconsiderable star not

“ Lo from the middle s another not {ar from one side, but out

ol the clusters another pretty bright one; and-a great number
ol sall ones.”
Flere we have a case where the penctrating power ot 2o fell

short, when g resolved the nebula completely. "This object

requires alsogreat nagnifying power to shew the stars of 1t

wolls but that power had before been tried, in the s-feet, as far

as o0, without success, and could only give an mdication of its
bemy: composed of stars  whereas the lower magndyving power

of a0, with a greater pcncn:n,ing power, mn, |

ment, resolved the whole nebuli inte stars.,

e u:\-»iut xmtm« ‘
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May f;, 1783 1 vxewc,d thc nebula ctwecn 'md g()phmchx
discovered by Mr. stsxm m 1*-(;;, = , o

“ With a 10«1L‘C‘t xeﬂu,tor, and' o magmfymg p()wer of @ 250,
“1 see several stars in it, and make no doubt a higher power,
« and more light, will resolve it all into stars. This seems tobe .

“Ca good nebula for the purpose of csmblxﬂ!nng the connW
“ between nebule and clusters of stars in general.” SR
June 18, 1784. The same mbula,xm,.cd,mt! 1a larg:e NEW?

[ S

,/ ,43X$3‘32-’—21
5 :

TonTAN 2o-feet reflector ;. ;',)cenctmtihﬁg power.
== 61,18 and @ magnifying power of 157. |
¢« Avery large and very bright cluster of eXcéSsively com-
«« pressed stars, The stars are but just visible, and are of une-.
' qml magnitudes : the large stars are red; and the cluster is
a2 miniature of tlmt near I'Laszsteep’s ged Comee Bu‘emces

CRA 6 e . PD 108 18" T ‘
Here, a pe nctmtmg‘ power of 29, thh a magnifying power of |
250, would barcly shew a few stars ; when, in the other instru-
ment, a power 61 of the first sort, and only 157 of the latter
shewed them completely well, | o
July 4, 1783. I viewed the nebula between FLAMSTEED's ¢
and 26 Sagittarii, discovered by ABRAHAM IHLE, | m 1()(‘5 @

“ With a small co- ~feet \Jz\\ TONIAN tcks(‘ope, power 2005’
,“ it s all resolved mm stars, that are very small and LIOSC
~«“There must be some lxundwdx of them.  With g0, I see the
“stars very p!amlv but the nclmla is mo lcm in tins lamtude

s for xmi 1a 1)&}&\{4*,”;7%4,W. .

July 1¢, 1 "*’l‘ I view cd the xamc wbula \\zti a Lxrgc wO-fec
CNE WITONIAN 1 *eﬂe(*tor' Pow er 157 - '

e A mmt bv:},um ui oxtensive dnxtm oi \tdxa, of va mous mam s

‘ m“.,
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—+diameter, besides the scattered ones, which do more than fill
- * the extent of the field of view : * the large stars are red; the
« sinall ones are pale red. RA 180 29’ 39" PD 1147 o
. The penetrating power of the first_instrument was gg, that
~ of the latter 61 ;M’fbut,A fromx the observations, it ‘isfplain how

‘much superior the effect of the latter was to that of the former,

notwithstanding the magnifying power was so much in favour
of the instrument with the small penetrating power.

July go, 1783. With a small go-feet Newroniax reflector, 1
viewed the nebula-in the hand of Serpentarius, discovered by
Mr. MESSIER, in 1764. &) , e

¢« With a power of 200, I see it consists of stars. They arc
R better visible with goo. With 600, they are too obscure to be
« distinguished, though the appearance of stars is still preserved.
« This seems to be one of the most difficult objects to be
« resolved. With me, there is not a doubt remaining; but
«« another person, in order to form a judgment, ought previoﬁsly
“ to go 'through all the several gradations of nebulae which 1
« have resolved into stars.” - "

May 25, 1791. 1 viewed the same nebula with a go-feet
reflector of my construction, having a penetrating power of

B — 7508,

__« With a magnifying power of 147, it appears extremely
« bright, round, and easily resolvable. With goo, I can see the
« stars. It resembles the cluster of stars taken at 16" 43’ 40"+

» This field, by the passage of an quxatori:\l star, was 15’ 3" .
t+ The object referred to is No. 1o. of the Connoissance des Temps for 1783, called
» My description of it is, ¢« A very beautiful, and extremely

«« Nebuleuse sans etoiles. ‘
the most compressed part about 3 or 4 indiameter.”

«« compressed, cluster of stars:
« RA 162 4¢' 2*; PD 93° 46'7
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. whxch probably would put on the same appearanee as thls o
“« if it were at a dlstance half as far- agam as it is. RA 1‘7h 26’ S
J«19”; PDgg’ 107 | o L

- Here we may compare two observatlons ; one taken wnth the g
penetx ating power of g, the other with 753 and, a]though the
former instrument had far the adyantage in magmfymg powerﬁ
the latter certainly gave a more complete view of the object.

The go-feet reflector havmg been changed from the NEw-
TONIAN form to my present one, I had a very striking mstancc
of the great advantage of the increased penetrating power, in
~ the discovery of the (xeorgxan satellites. The improvement, by
laying aside the small mirror, was from 61 to 75; ‘and, whereas
the former was not sufficicnt to reach these faint objects, the
latter shewed them perfectly well.

March 14, 1798: I viewed the Georgian planet with a new

, \/ ,64 x 240)*
2.

= 95,853
and, having just before also viewed it with my go-feet . instru-
ment, I found, that with an equal magnifying power of goo, the
 25-feet telescope had considerably the advantage of the former.
Ieb. 24, 1786. I viewed the nebula near FLAMSTEED'S 5th[§_)
Serpentis, which has been mentxoned before, with my go-feet
reflector; magnifying power 157.
¢ The most beautiful extremely compressed cluster of small
“ stars; the greatest part of them gathered together into-one
“ brilliant nucleus, evidently consisting of stars, surrounded

o 5-fect reflector. Its pcnetrating power is

“ with many detached gathering stars of the same size and'
““ colour. RA 15 2! 12" PD 80§ - |
May 27, 1791. 1 viewed the saine olyect with my go-feet
- | | I.o - ,
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LA

Y vl S
- — = 191,069 maguify-

« A beautiful c

luster of stars. I counted abput goo-of them.
« The middle of it is so compressed that it is impossible to dis-

-« tinguish the stars.” = - J

- 5 .

‘Here it appears, that the superior penetratin g power of the fo=

feet telescope enabled me even to count the stars of this nebula.

It is also to be noticed, that the object did not strike me as
uncommonly beautiful; ‘because, with much more than double.

‘the_penetrating, and «lso more -than double the magnj,f}?ing

power, the stars could not appear so compressed and small as

in the eo-feet instrument: this, very naturally, must give it

more the resemblance ot a cpdrser cluster of stars, such as I had
been in the habit of seeing frequently.

~ The 4o-fee{: telescope was oxjiginally intended to have been
of the NE‘\VTON_:IAN construction ; but, in the yedr 1787,'when
I was gxperimehtally assured of the vast importance of a power,
to penetrate into space, I Jaid aside the werk of the small n:)irror;
which was then in hand;and completed the instrument in its
present form. o | D

~ «Oct. 10571791, 1 saw the 4th satéllite and the ring of
« Saturn, in the go-feet speculum, without an evye glass.”

The magnifying power on that occasion could not exceed 60
or 703 but the ‘great penetrating power made full amends for
the“lowness of the former; notwithstanding the greatest part
of it must have been lost for want of a greater opening of the
iris, which could not take in the whole pencil of rays, for this
could not be less than 7 or 8 tenths of aninch.
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*>

S . out by this instrument. - It is true that both’ satelhtes are w;thm: s

the réach ()f the go-féet teleseope' but it should be remembered

 tiidt when an object is once discovered bv a superior power, an

, inferi or one*mll suffice to 'see it afterwards. . 1 need not add that B
SRR jnuthe the 7 nor ‘ro-feet televopes will reach tl u.m, their -
pow erq, 20 cmd oq, are not sufficient to penetrate to such dlstant‘ b
objects, when the brightness of them is not more than that

‘of these satellites. It is ‘also evident, that the’ failure iri these

. latter instruments, arises not from want of magnifying poWer,

as cither of them has much more than suﬂluent for the purpose. ;
Nov. 5, 17 91. Iviewed Saturn mth the oo and 4o-feet“

telescopes. . o
«wgo-feet. The rth atelhte of Saturn is very <;mqll The mt

“od, f;d, 4th, dt} “and the new 6th satellite, are in thelr cal-
« wl ited place

R \mong othe mstmees of the supenc;uﬁeets of penetranon n'xtof:};*
L ;mee 1 slmuld mentxon the dxsmvery of an addmoml 6th satel-—

Tite of Saturn, on the 9,8th of \ugust 1~8 g3 and of .a ,th, (m the PR
11th of ‘septemher in the same year; w hich were first pomted o

, -

go-{ee - I'see the new Gth satdhte much better thh this
““ instrument than with the eo-feet. The sth is d]SO much larger
.« here than'in the go-feet; in which it was nearl}, the same size -
“as a small fixed star, but here it is consxdembly Iarger than, |

¢« that star.”

Here the supenor penetmtmcr po\\ er of the 4‘o—feet telescope‘.*'

—shewed 1tself or

which'is a very famt{;v

. ob; ect as it had also a conmdemble ‘advanta;,e in magmfymg'ﬁf' e
~ power, the disk of the rth satellite appeared larger than in the

2o-feet, But the small Std!’, wlueh may be saxd to be beyendj
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T ,  the reach of magmfymg power, could only proﬁt bv the supe- L
uonty of the other power. | o
Nov. 21, 1791.. 4,0-»feet reflector ; power g7o.
« The black division upon the ring is as dark as the heavens
« about Saturn, and of the same colour.” “ :
« The shadow of the body of Saturn is visible upon thc ring,
“_¢on the followmg side; its colour is very different from that ’
« of the dark division. The sth satelhte is less than the gd;
¢ is-even less than the 2d.”

eo-feet reflector; power goo. ‘
- «The gd satellite'seems to be smaller than i 1t was the last night

«but one. The 4th satellite seems to be larger than it was the
« 1g9th. . This telescope shews the satellttes not nearly so well -
« as the 40—feet ,
~ Here, the magmfymg power bemg nearly alnke, the supen- -
" ority of the 40 feet teleacope must be ascnbed to its penetratmg

power.

oy

" The dlﬂ'erent nature of the two powers above mentloned being
~ thus evidently estabhshed 1 ‘must now. remark, that, in some
‘respects, they even mterfere W1th each other; a few instances of
which 1 shall give. \
 August 24, 1783 vxewed the ‘nebula north precedmg
FLAMSTEED’S 1 Trlanguh, dlscovered by Mr. MESSIER, in 1764 =
« »_feet reflector; power 57. There is a suspicion that the
« nebula consists of exceedmgly small stars. With this. low
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« power it has a nebulous appearancw and it vanishes when T

~« put on the hlqher magnifying powers of 278 and 460.”

Oct.” 28, 1794. " | viewed the same nebulawith a 7—feet f’ |

reflector. " - e ‘ .
« It is large, but very famt With 190, it seems to be com-

“ poscd of.stars, and I think I see several of them but it w;ll—

« bear no magnifying power.’

In this experiment, mdgmfymg power was w:dently mJurmuS

to penetr ating power. I do notaccount for this upon the pnncxple

that by magnifying we make an object less bnght for, when
opticians have also demonstrated that brightness is diminished -
by magnifying, it must again be understood as reratmg only to-
the intrinsic brightness of the magnified picture; its absolute.

‘brightness, which is thé only one that concerns us at present,
~ must always remain the same.* The real explanation of the
fact, I take to be, that while the light collected is employed in
- magmfymg the obJect it cannot beexerted in gwmg penetratmg

| power. |

®* This may be proved thus. The mean intrinsic brightness, or rather illumination,

of a point of the picture on the retiria, wiﬂ be all tbe light that falls on the bicture,

divided by the number of its poihis, or C = = Now, since with-a greater magni- -

N

fying power m, the ‘number of pomts N increases as the sqaares of the power, the

expressxon for the mtrms:cbnghtness -ﬁ-,‘ will dccrease in the same ratzo 3 -and it will

l- 1 ‘ P
: LONSE(]UCH(]Y be in gencral Na m‘ and % or C o’ -;1—,‘-; that is, by ‘compounding

m

CN « TE= 1 =13 or absohxte bngkmess a gnven quantity. M. Boucvn has .

careful!y d:stmgmshed mtrmsxc and absolute bnghtncs&, when he speaks of the quan. S

“tity of light reflected from a wall at dxﬁ’erent distances. Thutt d’Ophque, page 39,

and 4o,
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| ,"'Jﬁne‘is’»‘ 1799- 1 viewed the planet Venus with a 1o-feet
- reflector. R S

e Its 'light is so vivid that it does not require, nor will it bear,

« 3 penetrating power of 29, neither with a low nor with a

“ | high magnifying power.”

This is not owing to the least imperfection in the mirror,
which is truly parabolical, and shews, with all its aperture open,
and a"“‘magnifying power of 600, the double star 5 Leonis in
the greatest perfection. | | | |

« It shewed Venus, perfectly well defined, with a penetrating |

-« power as low as 14, and a magnifying power of 400, or 600.”

- Here, penetrating power was injurious to magnifying power:
and that it necessarily must be so, when carried to a high pitch,
is evident ; for, by enlarging the aperture of the télescope, we
increase the evil that attends magnifying, which is, that we
cannot magnify the object without magnifying the medium.
Now, since the air is very seldom of so homogeneous a dispo-
sition as to admit to be magniﬁed highly, 1t follows that we
must meet with impurities and obstructions, in proportion to

jts quantity. But the contents of the columns of air through

which we look at the heavens by telescopes, being of equal
lengths, must be as their bases, that is, as the squares of the
apertures of the telescopes; and this is in a much higher ratio

than that of the increase of the power of penetrating into space.

From my long experience in these matters, I am led to appre-
hend, that the highest power of magnifying may possibly not
cxceed the reach of a 2o or ej-feet telescope; or may even lie in
a less compass than either. However, in beautiful nights, when
the cutside of our telescopes is dropping with moisture dis-
charged from the atmosphere, there are now and then ff‘wourgﬁlé ‘i
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| hours, in Wthh it 1s hdrdly possnble to put a lxmlt to magm-";.
fying power ~ Buit such valuable 0pportun1t1es are extremely
scarce; and, with large instruments, 1t wnll always be }ost labour -
to observe at other times. . T
As I have hinted at the natmal limits of magnifying power
I shall venture also to extend my surmises to those of pene-
trating power. There seems to be room for a considerable
increase in this branch of the telescope ; and, as the penetrating
power of my go-feet reflector already gbés to 191,69, there eari
hardly be any doubt but that it might be carried to 500, and
probably not much farther. The natural limit seems to be an |
equation between the faintest star that can be made visible, by
any means, and the united bnllxancy of star-light. For, as the
light of the heavens, in clear nights, is already very considerable
in my large telescope, it must in the end be so increased, by
enlarging the penetrating power, as to become a balance to
the light of all objects that are so remote as not to exceed in
brightness the general light of the heavens. Now, if P be put

_ | N ;
for penetrating power, we have / —= —= A = 10 feet 45,2

inches for an aperture-of-a reflector, on my constructlon that
would have such a power of 500, | |
~ But, to return to our subject; from what has been said before
we may conclude, that objects are viewed in their greatest per-
fection, when, in penetrating space, the magnifying power is
so low as only to be sufﬁcxent to shew the object well; and
——————when, in magnifying obj way umining them mi- e
‘nutely, the space-penetratmg power is no ]ngher that what will =~
_suffice for the purpose; for, in the use of exther power, them;u-"
dicious overcharge of the other, will prove hm tful to perfect
v1510n |

PR i e b R Ry




8 Dr. Herscury on the Power of s

- Itis remarkable that, from very differeut principles, I have
“formerly determined the length of the visual ray of my oo-feet

telescope upon the stars of the milky way, so as to agree nearly
with the calculations that have been given.*  The extent of

‘what I then figuratively called 1ny sounding line, and what now

appears to answer to the power of penetrating Ito- space, was
shewn to be not less than 415, 101, and 4g7 times the distance
of Sirius from the‘sun. We now have calculated that my tele-
scope, in the Newrox1an forny, at the time when the paper on
the Construction of the Heavens was written, possessed a power
of penetration, which exceeded that of natural vision 61,18 times:
and, as we have also shewn, that stars at 8, 9, or at most 10
times the distance of Sirius, must become invisible o the eye,
we may safely conclude, that no single star, above 48g, 551, or
at most G1e times as fur as Sirius, can any longer be seen in
this telescope.- Now, the greatest length of the former visual
ray, 497, agrees nearly with the lowest of these present numbers,

489 and the higher ones are all in favour of the former com-
putation; for that ray, though taken from what was perhaps
not far from its greatest extent, might possibly have reached to
some distance beyond the apparent bounds of the milky way:

 but, if there had been any considerable difference in these deter-

minations, we should remember that some of the data by which

1 have now calculated are only assumed. For instance, i the

opening of the iris, when we look at a star of the 7th magnitude,
should be only one-tenth of an inch and a half,‘ins‘tead\_ of two,
then a, in our formula, will be == 1,5 ;- which, when resolved,

* Phil, Trans. Vol._LXXV. page 247, 248.




wxll grwe a penetratmg" pmvc.r of 81, 8 and herefore cm thxs
‘s,suppo‘;ltmn our tc,lmcope \muld easzly have shewn stars 571
~ times as far fmm us as btruxS' and only thase at ()dg, 734, OF ;
B :81() times the same di stance, would have been beyond its réach. .
My reason for fixing upon two-tenths, rather than alower quan-
tity, was, that I might not run a risk of over-rating the powe
of my instruments. I have it however in contcmplatmn to
determine this quantity experimentally, and perceive already,
that the difficulties which attcnd this sub;ect may be overcome. .

It now only remains to shew, how far the penetrating power,
192, of my large reflector, will really rcach into space.  Then, =
since this number has been calculated to be in proportion to the
standard of natural vision, it follows, that if we admit a star of
the 7th magnitude to be visible to the unassisted eye, this tele-
scope will shew stars of the one thousand three hundred and
forty-second magnitude. . o
~ But, as we did:mw@pﬁarpthyé%’le stars above mentioned,
when the penetration of the natural eye was to he ascertained,
so we must now also call the united lustre of sidereal systems
“to ouraid in stretching fm'\mrdx mto space. - ‘ﬂu; »pose therefore,

a cluster of 5000 stars to be at one of thme nnmense dmmnces |
to. which only a 10—&:@; I *Hector can reach, and our formula

will give us the means of ¢ , hat may be.
putting § for the number ﬁfsturf; in  the thbtel zmd l) for its

: ~/ x A7 S
c’hﬁame we hav A == 1) * x\hu,l on :computat:on,

* D =117 (w“w@‘“ ‘»’* §rg miles.
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gcomes out to be above 113 mxlhons of 1mlhons of millions of
~ miles! A ‘number whlch e*u,eeds the distance of the nearest
fixed star, 4t least three hundred thousand times. |

=

~ From the above considerations it follows, that the railge for

observing, with a ’telesc‘ope such as my 4o-feet reflector, is
indeed very extensive. 'We have the inside of a sphere to cxa-
mine, the radius of which is the immense distance just now
assigned to be within the reach of the penetration of our instru-
ments, and of which all the celestial objects visible to the eye,
put together, form as it were but the kernel, while all the im-
mensity of its thick shell is reserved for the telescope.

It follows, in the next place, that much time must be required
for going through so extensive a range. The method of exa-
mining the heavens, by sweeping over space, instead of looking
merely at places that are known to contain obJects is the only
one that can be useful for discoveries. '

In order therefore to calculate how long a time it must take
- to sweep the heavens, as far as they are within the reach of my
go-feet telescope, charged with a magnifying power of 1000,
I have had recourse to my journals, to"find how many favour-
able hours we may annually hope for in this climate. It is to
be noticed, that the nights must be very clear; the moon
absent ; no twilight; no haziness; no violent wind; and no

sudden change of temperature ; then: also, short intervals for
filling up broken sweeps will occasion delays; and, under all
these circumstances, it appears that a year which will aftord ()o

or at most 100 hours, is to- be called very pl’OdULthC S
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In the equator, thh my eo-feet telescope, I have swept over'_: E
zones of two degreec; thh a power of 15%; but, an allowance -
of 10 minutes in polar distance must be made, for lappmg the' '

swceps over one another where they ] join.
~ As the breadth of the zones may be increased towards thc
poles, the northern hemisphere may be swept in about 40 zones :

to these we must add 19 southern zones; then, 59 zones,
which, on account of the sweeps lapping over one another about
5’ of time in right ascension, we must reckon of 25 hours each,

will give 1475 hours. “And, allowing 100 hours per year, we
find that, with the 20- feet telcscope the heavens may be svxept 5

“in about 14 years and }
Now, the time of sweepmg with different magmf)mg powers

will be as the squares of - the powers; and, putting p and ¢ or
the power and time in the go-feet telescope, and P = 1000 for

t P g
— = 59840.
Then, making the same allowance of 100 hours per year, it
appears that it will require not less than 598 years, to look with
the go-feet reflector, charged with the abovementioned power,
only one single moment-into cach part of space; and, even
then, so much of the southern hemxsphu‘e will remain unex-

the power in the 40, we slmll have p*:1:: P*:

plmed as will take up 213 \,carfs more to examine.

Slough, near Windsor,
June 20, 1799,




“methed of obtaining the value of «, easy as

V. A second Appendix to the z'niprbwd Solution of a Problem in
physical Astronomy, inserted in the sz/omp/ma/ Transactions
for the Year 1798, containing  some further  Remarks, and
improved Formule for computing the Cocfficients A and B:

by which the aritbmetical Work is considerably shortened and

- facilitated.  By. the_ Rev. John Hellins, B.D.- I'R. S. and
Vicar of Potter’s Pury, in Northamptonshire.

Roa“d‘ December 12, 1% 799. -

" b was shewn, in Art. g. of the first Appendix, chat the

14 v (1I=cc¢ .
+ i ), when ¢ is ex-

common logarithm of the fraction

pressed in numbers, might be taken out from TayLor’s excel-
lent tables, and converted into an hyperbolic - logarithm by

>means of table XXXVII» of Dopson’s Calculator; which

I—{»-V’(l )

method of obtaining the H. L is undoubtedly casier

and shorter than the more obvxous one of first computing the
numerical value of that fraction, dnd then taking out the hyper-
bolic logarithm corresponding to it froxn_q\tal")le. But yet, that

it is, requires, first,
a search in the table for the angle of which ¢ is the sine, and
generally a. proportion’ for. the fractional parts of a sccond:
then, a division of the degrees, minutes, and seconds contained
in thafang]e‘, by 2; and, thirdly, anotl’ler search for the loga-
rithmic tangent of half the angle, and another proportion to
find the fractional parts of a second.. I was therefore desirous




