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- XIV. A Paper to obviate fome Doubts concerning the great Mage=a
nifying Powers ufed. By Mr. Herfchel, F. R. S..

TO-SIR-JOSEPH BANKS, BART. PiR. Sa.

SIR,

HAYV E: the honour of laying before you the refult of a fet

of meafures T have taken in order to afcertain once more the
powers of my Newtonian feven-feet refletor. . The method I
have formerly ufed, and which I fiill prefer to that which I
have now. been obliged to pra&tife, requires very fine weather
and a ftrong {un-thiny day:; but my impatience to an{wer the
requefts of ‘Sir JosEPH BANKS would not permit me to wait for.
{o precarious an- opportunity at this feafon of the year. The.
difference in all the powers, as far as zo1o, will be found to
be in favour of thofe I have mentioned; and, I believe, a

much greater concurrence could not well be expe@ed, where
different.
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174 A Paper 10 obviate fome Doubts concerning the
different methods of afcertaining them are ufed. The varia-
tion in the two higheft powers is more confiderable than I was
aware of 3 but ftill may eafily be thewn to be a neceilary confe-
quence of the difference in the methods. However, if upon
comparing together the methods it thould be thought, that the
power 5786 1s nearer the truth than 6450, I fhall readily join
¢o corret that number. The manner in which I have now
determined the powers is as follows: 1 took one of the eye
lenfes which magnifies leaft, and meafured its folar focus by
the fun’s rays as exallly as I could five times, which proved to be
1.01, 1.04, 1.09, 1.01, 1.0§, in half-inch meafure, a mean of
which is 1.04. The fidereal focus of my feven-feet {peculum
is 170.4 in the fame meafure. Thence, dividing 170.4 by
‘1.04 we find that the telefcope will magnify 163.8 times when
‘that lens is ufed. 'This power being found, I applied the fame
‘Jens as a fingle microfcope to view with it a certain obje&,
‘which was a drawn brafs wire faftened {o as not to turn upon
its axis or change its pofition ; for thefe wires are feldom per-
fe@ly round, or of aneven fize, and it is therefore neceflary to
ufe this precaution to prevent errors: then, with a fine pair
of compafies, I took four independent meafures of the image
of the brafs wire, which was thrown upon a fheet of paper
exadly 8% inches from the lens, the eye being always as clofe
to the lens as poffible. I viewed the fame wire, exaclly in the
{ame manner, with every one of the lenfes, and meafured the
pictures upon the paper. When I came to the higher powers
the wire was exchanged for another 4.37 times thinner than
the former, as determined by comparing the proportion of their
images 54 to 2333, taken by the fame lens.
When the images of thefe wires are obtained, the power of
the telefcope, with every one of the lenfes, becomes known

by



great magnifying Powers ufed by Myr. Herfchel, 175
by one plain analogy : wiz. as the image of the wire by the firft
lens (77%) is to the power it gives to the telefcope (1 63.8), fo
is the image of the wire by the fecond lens (119) to the power
it will give to the fame telefcope (250.7). The particulars of
all the meafures are as follows ¢

Powers as |lmages of a wire thrown] A mean of | Powers as they
they have | upon a paper in hundredths| the four ‘|come out by this
been called | of half inches. meafures, [method.
in my papers.

. 170.
46 |77 78 78 g8 y7i |163.86 =
227 |l19 119 119 1I9| II9 [250.7
278 143 143 144 143 143% |301.8
236 236 235 236 23537 |
460{ Smaller wire. } 496.7
53 54 55 54 54
754 |83 85 84 85| 843 |7ys5.a1
932 [to7 107 107 108 107% [986.7
1159 (128 128 129 128) 1283 |r179.9
1536 |An excellent lens, loft about eight months ago,
2010 (236 236 238 336 2361 |2175.8
3168 1281 283 281 280 281% |2585.5
6450 [635 625 630 626 629 |5786.3

I beg leave, Sir, now to give a fhort defcription of the method
I'have formerly ufed to determine thefe powers. In the year
1776 1 ereCted a mark of white paper, exatly half an inch in
diameter, which I viewed with my telefcope at the greateft
convenient diftance with one of the leaft magnifiers. An
affiffant was placed at retangles in a field, at the fame diftance

from



176 A Puaper to obviate fome Doubts concerning the
from my eye as the obje&t from the great fpeculum of the tele-
fcope. -Upon a pole erected there I viewed the magniﬁcd,imaige
of the half inch, and the affiftant marked it by my diretion ;
this being meafured gave the power of the inftrument at once.
"The power thus obtained was correted by theory, to reduce it
‘to what it would be upon infinitely diftant obje@ts. ‘The
‘powers of the reft of the lenfes I deduced from this by a Ca-
mera-eye-piece, which I made for that purpofe. ABCD (fig.1.)
reprefents ‘a perpendicular {eCtion of it. The end A fcrews
into the telefcope. Upon the end B may be fcrewed any of ‘the
‘common fingle-lens eye-pieces. /mn is a {mall oval plane
{peculum, adjufted to an angle of 45° by three fcrews, two
whereof appear at 0p. When the obferver looks in at B, he
may fee the objeét projected upon a fheet of paper on a table
.placed under the Camera-piece, and meafure its picture 4, 4, as
in fig. 2. The power of one lens therefore being known, that
of the reft was alfo found by comparing the meafures of the
projected images.
It may not be amifs to mention fome of the advantages and
.inconveniencies attending each of thefe methods. When we
take the focus of an eye-lens, which the firft method requires,
we are liable to a pretty confiderable uncertainty, and in very
{mall lenfes it is not to be done atall.  Moreover, in calculating
the power by that focus no account 1s made of the aberration
which takes place in all {fpecula and lenfes, and increafes the
image, fo that we rather find out how much the telefcope
fhould magnify than how much it really does magnify; butin
determining the power by an experiment we avoid thefe diffi-
culties.
On the other hand, when the power is very great, the latter

method becomes inconvenient, both on account of want of
g it



great maguifying Powers ufed by Mr. Hexfchel. a7y
tight in the object, and a very confidérable aberration which
takes place, and makes the piGture too indiftint to be very ac:
curate in the meafure, and of courfe larger than-it ought to be;
and this will account for the excefs in the meafures of my two
largeft powers. Hewever, when I employed 6450 upon the
diameter of o Lyrz, 1 incline to think the method I had ufed:
when I determined that power, ought to be preferred, becaufe
my Lamp-micrometer gives the meafure of an objeét as it ap-
pears in the telefcope, and therefore this aberration isincluded,
and fhould be taken into confideration.

To prevent any miftakes, I wifth to mention again, that I
have all along proceeded experimentally in the ufe of my powers,
and that Ido not mean to fay I have ufed 6450 (or 5786) upon
the planets, or even upon double ftars; every power I have
mentioned is to be underftood as having been ufed juft as it is
related ; but farther inferences ought not as yet to be drawn.
For inftance, my obfervations on ¢ Bootis mention that I have
viewed that ftar with 2010 {or as in the above table with 2175)
extremely diftinét; but upon feveral other celeftial objedts I
have found this - power of no fervice. Many plaufible fug-
geftions have already occurred to account for thefe appearancess;
but I wait till farther experiments fhall have furnithed me with
more materials to reafon upon. 'The ufe of high powers is a
new and untrodden path, and in this attempt variety of new
phenomena may be expected, therefore I with not to be in
a hafte to make general conclufions. I fhall not fail to purfue
this fubjec, and hope foon to be able to attack the celeftial
bodies with a ftill fironger armament, which is new pre-

paring.
Vor. LXXII. A a Tt
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It remains now only for me to make the moft fincere
acknowledgement for the favours you have thewn to me,
and to fay that I fhall ever remain, with equal refpe¢t and
gratitude,

s 1 r, your moft obedient, &c.

P. S. Dr. waTsoN junior has done me the favour feparately
to examine and meafure the powers of my telefcope; and
placing the greateft confidence in his accuracy, I rely on his
meafures at leaft as much as my own.
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