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XXVIL Trvgfigation of the Caufe of that Indifincinefs of
Vifion which has been aferibed to the fmallnefs of the Optic
Pencil. By William Herfchel, LL.D. F.R.S.

Read June 22, 1486.

SOON after my firft effays of ufing high powers with the
‘Newtonian telefcope, I began to doubt whether an opinion
which has been entertained by feveral eminent authors, ¢ that
-¢¢ vifion will grow indiftinét, when the optic pencils are lefs
¢¢ than the 4oth or soth part of an inch,” would hold good in
all cafes. 'To judge according to fo rigid a criterion, I per-
ceived that I was not intitled to fee diftin@ly with a power
much more than about 320, in a y-feet telefcope which bore
an aperture of 6,4 inches; whereas in many experiments on
double ffars I found myf{elf very well pleafed with magnifiers
that far exceeded fuch narrow limits. ‘This induced me, as it
were, by way of apology to myfelf, for feecing well where I
ought to have feen lefs diftinétly, to make a few experiments
on the fubjeét of the diameter of optic pencils. It occurred to
me, that an opinion which limits them to any* given fize can-
not be fupported by theory, which does not determine on fub-
je&ks of this nature, but muft be decided, like many other
phyfical queftions relating to matters of fa&t, by careful expe-
riments made upon the fubje&. The way, therefore, to come
at truth, in a cafe which feemed to me of confiderable im=
portance, lay flill open to me, as it had done to former ob-
7 fervers ;
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Dr. HerscHeL's Experiments, &c. 5ot
ferverss and I thought my{elf authorifed, according to a Car-
tefian maxim (Dubia etiam pro falfis babenda ), to {uppofe, for
a while, the fize of optic pencils, requifite for diftin& vifion,
intirely undecided.

The firft opportunity I had of making the propofed experi-
ments was in the year 1748, and the refult of them proved fo
decifive that I have never fince refumed the fubje&t; and had it
not been for a-late converfation with fome of my highly
cfteemed and learned friends, I might probably have left the
papers, on which thefe experiments were recorded, among the
reft of  thofg that are laid afide when they have afforded me the
information I want. But a doubt feeming ftill to be enter-
tained on the fubje&t of the {mallnefs of the optic pencils, it
may now be proper for me to communicate thefe experiments,
that it may appear how far the conclufions I have drawn from
them are warranted by the falts qn which .1 fuppofe them to
reft.

Experiments with the naked eye.

Exp. 1. Through a very thin plate of brafs I made a minute
hole with the fine point of a needle; its magnified diameter,
very accurately meafured under a double microfcope, I found
to be ,465 of an inch, while under the fame apparatus a line
of ,05 in length gave a magnified image of 3,545 inches.
Hence I concluded, that the real diameter of the perforation®
was. about the 152d part of an inch. Through this {mall
opening, held clofe to the eye, I could very diftinély read any
printed letters on which I made the trial. Proper allowance
muft be made for the very inconvenient fituation of the eye,
which by the unufual clofenefs to the paper cannot be expected
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to fee with its common facility. Befides, the continual mo-
tion of the letters, which is required on account of the fmall-
nefs of the field of view, muft needs take up a confiderable
time. ,

 Exp. 2. Tn fome other pieces of brafs I made fmaller holes;
and among many, that were meafured with the fame accuracy
as in the former experiment, I found one whofe magnified dia-
meter was ,29 : hence the real diameter could not exceed the
244th part of an inch. . Through this opening I could alfo
read the fame letters; but the difficulty of managing {o as not
to intercept all the incident light, as well as the very uncafy
fituation of the eye, were f{ufficient reafons for not carrying the
intended experiments any further under this form. Befides, I
thould hardly have allowed them to be fair, if, on a further
contraltion of the hole in the brafs plate, an indiftin@&nefs had
come on; as we might well have fufpe@ed at leaft two other
caufes, befides the fmallnefs of the pencils, to contribute to
fuch an imperfe&tion ; viz. want of light, and a defleGion of it
on the contratted edges of the hole.

Microfcopie Experiments,

Exp. 3. I had now recourfe to a double microfcope, confift-
ing, for fimplicity’s fake, of only two lenfes. The focal
length of the eye-glafs, carefully afcertained by an obje& half

-a mile off, being ,9; the diftance of the obje®-glafs from the
eye-glafs 9,36; and the aperture of the objeGt-glafs ,0405.
Hence we compute that the diameter of the optic pencil, when
it entered the eye, could not exceed the 232d part of an inch
yet with this conftru&tion I faw very diftinély every obje& L
Plaﬁed under the microfcope, - |

Exp.
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Exp. 4. 1 1educed the aperture of the obje&-glafs to o133
hence the pencd was found to be the 724tb part of an inch'y
and yet I {aw with this conftru&ion ver y dxﬁm&ly every obje&
that was placed under the magnifier.

Exp. 5. I made a fecond redu&ion of the aperture of the
obje&-glafs, fo that now it was no more than’ 0052 and'
therefore the optic pencil lefs: than the 18ocoth part of an'inch 3
and yet1 ‘could very well count the briftles on- the edge of the
wing of a ﬂy, and diftinguith their length and thicknefs.

Exp. 6. Changing the conftru®ion of the microfcope, I
now reduced the pencils by an increafe of power. Solar focus
of the eye-glafs »523 diftance between the obje@t-glafs. and
eye-glafs 7,6 ; aperture the fame as in the third experiment.
This gave me a pencil of the 336th part of aninch, with
whxch I faw very diftinétly.

"Exp. 7. Applying now the reduced aperture of the fourth
experiment, I had a pencil of the 11 39th part of an iuéh, with:
which I faw very well.

Exp. 8. T changed the eye lens for another of: »171 foca¥
length the ob_]e&—glafs and’ diftance between the two lenfes
temaining as in the two laft experiments ; apertune ,02. This
gave a penml of the 2173d part of an inch, with which E
could count, or rather fucceffively fee, the briftles before-men-~
tioned very well; the field, on accountof the great power,
not t'\kmg n more than two large and a fmall oneatatimes

* Exp. o. "1 was now convinced, that we. may fee. dlﬁmétly»
Wlth pencils incornparably lefs-than-the: ‘4oth or soth part of ar
mch, and indeed fo far from expe@cmg any  obftru&ion” te
diftin& vifion from the {mallnefs of the: pencxls, it -appeared
to me now as if their fize might in'futere be'intirely left out
of the account. Witha view, however, of feeing what cther

caufe:
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caufe might biingon that indiftinétnefs whichhad been afcrmed
to, the fmzﬂlp@[s of the - opt;c pqn;cﬂs, -J. continued thefq expes
riments - with 2 variation in the - dpparatus, and- ufed now: an,
objeé’c lens of a different focal length ; :the aperture and other
particulars being as in the "4th experiment. By this conftruc-
tiop, -which gave me a pencd of: the 724th partief an; mchf I
canld’ fee objects very well 3 but theugh theyappeared diffindly,
they were not fo fharp on thé edges asione wpuld with to fee
them. This being compared with the 4th’ ‘experiment, it ap-
peared.t that with equal pencils, unequal degrees of diftin@nefs
may take place and a pretty firiking- c1rcumﬁance, which ferved
to lead me in the following experiments, was, thatthe fmallef}
power gave me the leaft diftiné image ; notwith{tanding, from
former trials, the goodnefs of the lenfes I employed could ot
be doubted.

Exp. 10. On an examination of cxrcumﬂamces it occ:urrg:d to
me, as indeed I had already before. fmrmfed, that a ccer;;zu.nj
proportion of aperture might be neceffary to a given, focal
length of an obje&-lens or {peculum.; and that a failure in this
point might probably bring on. that indiftinétne{s which had
been afgribed to the fmallnefs of -the ,p,enc;,ilsv. - In order, there-
fore, to phti this toa trial, I ufed now- an;objc&-’lenéof 1,25
focal length, with an aperture confined to ,01 ; the reft of thé
apparatus being as in the 3d, 4th, and sth experiments. The
peneil ‘in this cafe was about the 10oodth part of an inch;
and though by a different conftruétion I had alr;:ady“fecn very
well with a pencil of not half that diameter, I found this to
give me, as now I had reafon to expe®, a very indiftiné
piure, fo much fo indeed, that it.could hardly be called a
reprefentation of the object.’

‘ Exp,
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Exp. 11, Increafing the apérture of the obje&-lens to ,o124,

I had'a pencil of the 758th part of an inch, but could fee no
better with it.
- Exp. 12. Proceeding in the track now pointed out to me, I'ad-
mitted an aperture of ,017, which gave a pencil of the 550th
part of an inch, but could fee not much better with it than
before.

Exp. 13. On a farther increafe of the aperture to ,0231,
and a pencil of the 406th part of an inch, I faw alittle better s
but @till had not diftinénefs enough even to fee the briftles
before-mentioned at all. Henceé we may conclude, that, in
fuch conftructions as the prefent one, the aperture of the object-
glafs muft bear a confiderable proportion to its focal length;
fince the 54th part (for ,0231 : 1,25 :: 1 : 54) is here not
nearly fufficient.

- Exp. 14. To the fame apparatus I applied a higher power,
by an exchange of the eye-glafs; but the indiftin@nefs re-
mained as before,

Exp. 15. Returning again to the former conftruéion, I ad-
mitted an aperture of about ,03%; and having now a pencil of
nearly the 2 50th part of an inch, I could but juft perceive fome
of the large briftles, which fhews that even the 34th part (for
5037 1 1,25 :: 1 : 34) of the focal length is not a fufficient
aperture for obje&-lenfes that act under fuch circumftances as
‘the prefent.

So far T have only related experiments that were made in the
year 17785 and my opinion that the fmallnefs of the optic
pencils could be no objetion to feeing well being thus fup-
ported by evident fals, I hefitated not, in a’ Paper on the
Parallax of the Fixed Stars  (Phil. Tranf. vol. LXXIL p. 96.)
to affirm, that we might fee’ diftin@ly’ with pencils much

{maller
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{maller than the 4oth or soth part of an inch., It did not ap-
pear to be neceffary, nor would the fubjet of that Paper per-
mit me to enter into a detail of experiments; but having, in
the courfe of my reading about that time, met with an account
¢f fome very {mall globules made for microfcopic ufes, I con-
tented myfelf with an inftance of {mall pencils taken from
them. I fhall, however, now proceed juft to hint at a few.
inferences that may be drawn from thefe related experiments ;
as, upon a mature confideration, we may find reafon to be-
lieve they point out a caufe of indiftinétnefs of vifion hitherto
never noticed by optical writers; and which, when properly
inveftigated, cannot but influence, and in fome refpeéts con-
tribute to the improvement of, our theories in optics. For,
admitting that every obje&t-glafs or fpeculum, whofe aperture
bears lefs than a certain ratio to its focal length, will begin to
give an indiftin@& pi¢ure, it will follow, that while former
opticians have been endeavouring to diminith the aberrations
arifing from the fpherical figure, and the different refrangibility
of rays, by increafing the focal length, they have been unaware
of expofing themfelves to the confequences of the caufe of
indiftinénefs here pointed out. And till its influence thall be
well afcertained and brought to'a proper theory, we muft {uf-
pe& that fuch tables as thofe which are given in our beft
authors of optics, pointing out an aperture of lefs than 6
inches for a glafs of 120 feet focal length (or a ratio of 1 to
240) muft be far from having that degree of perfection which
may yet be obtained. No wender that telefcopes, made ac~
cording to theories or tables, where one of the caufes of in-
diftin@nefs is unfufpetted, and therefore left out of theaccount,
can bear no fmaller pencil than the 4oth or soth part of an
inch! If then, on one hand, by increafing our apertures we

1 ‘ | certainly
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certainly run into great imperfeftions, we ought neverthelefs
alfo to confider what dangers, on the other, we may incur by
leflening them too much.

As foon as convenient, I intend experimentally to purfue this
fubject, in order to obtain proper data for {fubmitting this cavfe
of optical imperfeftion to theory; at prefent my engagement
with the work of a go-feet refle@or will hardly permit fo
much leifure; and till T fhall have repeated, extended, and
varied thefe experimental inveftigations, I would with them to
be looked upon as mere hints that may afford matter for future
difquifitions to the theoretical optician,
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