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~ In dedicating to you this volume, I dis-

charge a duty, which-both Friendship and
Science impose upon me. The kind ap-
probation which you formerly bestowed on
some of the Instruments described in the
following pages, was the strongest excite-
ment to my earliest exertions; and the con--
stant interest you have since taken in the
progress of my researches, has often en-
couraged me to pursue them under circum-
stances not very favourable to physical in-
vestlgatlons

I shall ever regard it as the most forfu-

_ nate event of my life, that I have shared so
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much of your friendship, and enjoyed so
many opportunities of admiring the highest
moral and intellectual attainments: But,
independently of these personal feelings, a
scientific work would naturally shelter itself
* under a name which Science associates with a
ber highest efforts. .

+

'~ DAVID BREWSTER.

- Epinsvaan, March 15, 1818. -



PREFACE.

Iv committing this volume to the public,
feel a degtet of anxiety which is not usual
with those who are accustomed to appear
~ before its tribunal. Had it been a work of
Science, the principal object of which was te.
detail the observations of preceiling authors, -
or had I been able to command that uninter-
rupted lbisute which js almost indispensible
in experimental enquiries; this anxiety would
have been considerably abated. But the .
‘subjects which I have had occasion to treat,
are, in a great.measure, new ;. and from the
severity of my professional duties; I have
been obliged to pursue them in the most
itregular-and interrupted manner, and under
circumstances the most adverse to philoso-
phical.investigation. I rely, therefore, om
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the indulgence of the reader for any defects
which he may discover, and for amy errors
which may be ascribed to the circumstances
under which I have written,

In the original plan of this work, I proposed
to confine myself to the mere description of
" Instruments, and wished to leave the applica-
tion of them to-others who might afterwards
investigate. the subjects to which they refer
ted. I wasafraid, however, that they might
‘thus be overlooked as untried inventions;
which ‘had not received the sanction of ex- .
perience, and. I therefore undertook a series
~ of experiments upon Refractive Powers, by
means of the Instrument which I had con:
structed for that purpose. From these ex-
periments, I was naturally led to those upon
Dispersive Powers,—asubject which present~
‘ed a series of new and interesting results; and
‘which is, perhaps, the most difficult within
the whole range of experimental philosophy:.
With the aid of a new instrument, I have

measured the dispersions of 137 substances,
and by a series of calculations, which of
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themselves would have filled a volume, I
have determined the absolute dispersive
. powers of these various substances. - The
wuncorrected colour which remains after equal
- and oppesite dispersions, induced me to ex-
amine, with care, the action which different
bodies exercise upon the differently coloured
rays. The numerous experiments which
were made with that view, while they esta-
blish this differeénce of action, and prove the
existence of a lertiary spectrum, have sug-
gested some maxims which may contribute
ta the unprovement of the Achromat:c
Telescope. '

‘The diseovery of a new property impres-
sed upon light, by transmission through the
agate, opened a still wider and more allur.
ing field of enquiry; and.though this sub-
ject was not immediately connected- with
the description of any Instrument, I prose-
cuted it with renewed zeal, and examined
the variations which light, thus modified,
experienced from the action of refracting
-and reflecting substances. The power of

t .
r
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transparent bodtes to destmy this property 3
the optical phehohena peculigr to mica and

topaz ; and the singular. altermaticns of the
prismatic colours which these boiliés impress
upon polarised lLight, were thus éstaghlished
by numerous expetiments, .

The leading fesults which were obtained

in the tourse of these researches, may be
thus emimerated.
1. It has been ascertained, that chro-
mate of lead and realgar have a greater re-
fractive power than the diamond, which has
always been supposed to exceed every other
body in its action upon light.

9. The chromate. of lead possesies. a
double refraction, about thrice as great as

that of Iceland spar. - :
3. The three simple ipflammable sub-

stances have their refractive powers in the
very order of their inflammability.

4. All doubly refracting crystals possess
a double dispersive power, the greatest re-
frnction being accompanied with the hlghest

‘power of dispersion.
3
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- & The fluates, viz. fluor spar and crydélite,
bave the lowest refractive powers of all solid
dubstanoes, and the lowest dlsperswe powers
of dll bodies.

- 6 The agate, when cut by a plane at
‘nght angles to the lamina. of which it is
domposed, imprésses upon a transmitted ray
of light, the same character with one of the
pencils fornied by doubly refracting crystals.

- 7. 'This property of light, whéther com-
municated by she agate, or by double re-
fraction, or by reflection from transparent
bodies, may be destroyed by transmitting
the light, in one direction, through almost
all mineral substances, and even through
horn, tortoise shell, and guin arabic; while
in another ditection the original charactee
of the ray is not altered. ~ The sixis of the
substance in which the property is destroy-
ed, I have called the depularising axis ; and
thé axis in which it is rot altered, the neutral
axis. | . C
~ 8. Mica and topaz, while they possess, in _
commibn with other bodies, the neutral ar':d.
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depolarising axes, have also axes of a diffe.
rent kind. Each depolarising axis of the
mica is accompanied with.an obligue neutral
azis, while the neutral axis, between the two
common depelarising axes, has an oblu_yug de..
- polarising axis. :
- 9. When thei m:ages of a lummous ob_yect
are depolarised by the mica, they exhibit,
by a gentle inclination of the plate, the most
singular alternations of the prismatic co-
lours. The same colours were observed in
the topaz ; and in a more pérfect manner in -
a rhombmd of Iceland spar, whlch exhlblted
- some new phenomena.

10. Light suffers a peculiar modlﬁcatlon
when reflected from the oxidated surface of
polished steel, which'seems .to prove, that

the oxide is a thin transparent film. - .

11. Light is partially polarised when re-
flected from polished metallic surfaces.

+ "»-12. The light reflected from the clouds,
the blue light of the sky, and the light which
forms the rainbow, are all polarised.

~ 8. It appears, from a great variety of



PREFACE., © xiia

experiments,-that bodies exert a different
action upon the different et;loured rays; oil
of cassia having the least, and sulphuric acid
the ‘greatest, action upon green light. '
14. The existence of a third, or a ter#iary

" spectrum, has been established by numerous

experiments ; and a method has been point.-
ed out, of employing this spectrum as a
measute of the action which different bodies
‘exercise upon the differently coloured rays.

Since this volume has been printed, an
-account of the labours of the French Natiop~

_al Institute for 1812 has reached this coun-

try; and it appears from this abridged his--
tory. of its proceedings, that M. Arago, of
the Imperial Observatory, has noticed the
alternations of colour produced by the trans-

‘mission of polarised light. through-plates of
mica, and that M. Biot has discovered the
Jaw of these remarkable phenomena. ' It ap-
pears, also, from some notices in the scien-
tific journals, that M. Arago has discovered
the. depolarisation of light by transparent



xiv PREFACE.

bodies, and . that Malus had ascertained he-
fore his death, that Ilight was polarised by
teflection from metallic sucfaces. -
These notices were unkiown to me, till
I bad finished my experiments on the same
subjects. The only memoir, indeed, which
had reached this country, was one by Ma-
Ius, on the polarisation of light. by reflection
from transparent substances ; and neither I,
nor any of my literary friends, bad any
means of knowing, that he had extended his -
experiments to polished metals, or that his
associates in the Natienal Institute had ta-
ken up the subject which he had so success-
fully begun. e _
- After I had discovered the new property
of the agate, 1 ohserved all the phenome-
na of depolarisation, and the peculiar pro-
perties of mica and topaz, in reference tp
light polerised in that particular manner.
An account of my experiments was read at
- the meetings of the Royal Society of Edin-
burgh; and the experiments themselves
were repeated at different times, and with -
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the most satisfactory results, before several

" of its members.

~ The discoveries of M. Arago, are almost

exactly the same with those which are no-
ticed in the 7th and 9th Articles of the pre-
ceding enumeration ; but he does not seem
to have discovered the oblique axis of depo-
larisation and neutrality, which I have found
in mica and topaz, nor to have observed the
singular phenomena which I have detected
in Iceland spar. The generalisation of the
facts alluded to in Article 9. which the cele-
brated Biot bas the undivided merit of hav-
ing accomplished, will probably throw a new
light upon this perplexing branch of physical
optics. ‘

If this volume shall be favourably recei-
ved by the Public, I shall take the first op-
portunity of laying before them a continua-
tion of my experiments, and a description
of several other Instruments, which I have
been prevented from including in the pre-
sent treatise. :
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TREATISE

ON

NEW PHILOSOPHICAL INSTRUMENTS.

.

BOOK 1 )
ON MICROMETERS.

T % rapid advances which have been made in
Astronomy during the two last centuries, have
been almost entirely owing to the invention of
two simple instruments, the Telescope and the
Micrometer. When we compare the state of the.
science hefore the time of Galileo, who first ap- -
plied the telescope to the examination of the hea-
vens, with that more perfect system which is em-
braced by modern astrbhomers, we are astonished
at the progress of discovery, and at the wonder-
ful change which a single instrument has been
able to effect. The discovery of five primary and
A
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- seventeen secondary planets; the determination
of the figures and revolutions of several of the ce-
lestial bodies ; the transits of the inferior planets
over the sun; the successive propagation of light;
the aberration of the celestiat bodies; and the
structure of the starry heavens; are a few of the
additions which Astronomy has received from the
science of Optics. In the prosecution of these
discdveries, the micrometer became a pbw'rerful
auxiliary to the telescope. It enabled the practi-
cal astronomer to measure, with accuracy, the
smallest spaces in the heavens, to determine the

diameters of the planets, and to ascertain those’

minute changes in the form, and: ppsition of the
celestial hodies, which have led to the most im-
portant information respecting the economy of the
heavens. When we contrast the rude meapure-
ments of Bepler and Tycho-with the delicate ob-
servations of Bradley, Maskelyne, Herschel, and
Schroeter, we cannot fail to perceive. the advan-
tages of the micrometer, and the effect which any.
further improvement uponit must uitimately bave,
in contributing to the progress. of the most per-
fect of the sciences.

In the present advanced state of Astronomy,
every thing depends upon the accuracy. of obser-

vation. The quantities to be ascertained. are fre.
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quently so very minute, as scarcely td becoime sen-
sible in a series of years; and it is upon the preci-
sion.}vith- which these quantities are determined,
that the speculations of the physical astronomer
must depend. Had the ancients surveyed the
heavens with the same instruments as the mos
derns, we should, at this time, have been intimate-
1y acquainted with the mechanism of the universe;
we might have demonstrated those sublime views
which Dr Herschel has lately unfolded respecting
the motion of the solar system in absolute space;
and by detecting the velocity with which it ad-
vances, and the direction in which it moves, we
might have been able to trace a portion of its or-
bit round the centre of some greater system.

“But it is not merely to the excellence of in-
struments, that the astronomer must confide the
progress of his science. They must be simple as
well as accurate, and should be so easily procured,
a3 to be in the possession of all who have the in-
clination and the ability to use them. In exa-
minilig the history of the other physical sciences,
we find that much has been owing to the private
exertions of men of science, and that from very
slender means the most brilliant discoveries have
arisen. Whereas, in practical astronomy, every
thing has been done in a few national observate-

-
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ries, and in those connected with universities, or
in the possession of wealthy individuals. And
yet, how rapid has been the progress of discoy.ery!
and how much mere rapid would it have been,
had every private astronomer enjoyed the means
of observation ! The science would now have pos-
sessed a code of fa¢ts, and would have presented a
richer field for the speculations of the mechanical
philosopher.

But it is not for the purposes of astronomy,
merely, that the micrometer is a powerful instru«
ment in the hands of the philosopher. It is of
indispensible use in every branch of experimental
science, where small portions of space are to be
measured ;—in the researches of ,the naturalist,
where the size of minute objects, and the changes’
which they suffer, are to be ascertained; and in eve-
ry case where magnitude and distance require to be
measured. Hence the micrometer is a valuable in-
strument in the arts, as well as in the sciences; in
trigonometrical surveys; in the practice of navi-
gation; and in all military and naval operations.

Before we proceed to describe the micrometers
which form the subject of this Book, it will be ne-
cessary, for the information of the reader, to give
a general account of the most approved micromes-
ter of the common censtruction, that he may be
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able to estimate more carrectly the simplicity and
advantages of the instruments which are to come
under his review. '

The wire micrometer is an instrument fitted to
the eyepiece of a telescope, for the purpose of
measuring the angles subtended by small spaces
in the beavens, such as the diameters of the pla-
pets, &c. by comprehending these spaces between
two delicate paralle]l Gbres, which retain their pa-
_ rallelism while they are opened and shut by a me-
chanical coptrivance, ‘This instrument is repre-
sented in Plate I. Fig. 1. as attached, along with
the eyepiece GT, to the tube of the telescope A A,
by means of a screw round the circumference of
the circular plate d, (Fig. 1. and 2). Within this
circular plate is' fixed a conical ring ee, Fig. 2.
fastened to a second ring BB, (Fig. 1. and 2) by
three small screws, the ends of which may be seen
in Fig. 2. By turning the screw D, therefore,
(Fig, 1. and 2.) which works in teeth cut upon
the circumference d, the whole eyepiece, along
with the micrometer MN, may be made to re-
volve upon the conical ring ee as a centre. The
inclination of the micrometer to the horizon; is
pointed out upon the flat surface of the ring d,
which is divided into 860 degrees, &c. Into the
ring BB, (Fig. 1. and 2.) is screwed the common
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Huygenian eyepiece FG. ‘The micrometer itself
fs contained in the box EE, Fig. 1. and 3, which
moves freely through the square holes in the ring
BB, that the observer may follow an object while
it is passing quickly through the field of the te.
fescope. To shew the interior construction of the
instrument, we have represented it in Fig. 3..wi£h
one of its sides removed. The fork of brass an
is fixed to the largest of the two small screws on
the right hand side of the figure, and on the other
end of the screw is placed a nut L, united to the
divided head N, and moving, with its female
screw, upon the male screw already mentioned.
By turning the nut L, the fork 2 may be moved
backwards and forwards in the directions NM,
MN, without any lateral shake. Within the fork
nn is placed a second fork co, fixed to another
male screw on the left hand side of the figure,
which may, in like manner, be moved backwards
and forwards by means of the nut M, fixed to the
divided head P. Across the lower side of each
fork is extended a delicate fibre, or silver wire, ¢, ¢,
which partakes of the motion of the fork to which
it belongs, and both these fibres are so fixed that
they always continue parallel, whatever be the dis-
tance to which they are separéted by the motion
of the forks. The lower sides of the forks are

r
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made in such 2 manner, that the wires can just
pass each other without touching ; and at the in-
wtant of their passage, they must coincide so cond-
pletely as to appear one wire. When this takes
place, the index should point tothe zero of the scale
a within the micrometer, each division of which
is equal to the interval between any of the threads
of the male screw, and is of course passed over by
either of the wires during one complete revolution
of tie nut L. or M. The graduated heads N and
P are each divided into 100 parts, so that the dis-
tance between the wires can at any time be ascer-
taimed to the 100dth part of one of the divisions
of the scale a. These divisions are generaily the
50th of an inch each, 5o that every unit on the gra-
duated head corresponds to the 5000th part of an
‘inch. A third wire &, lying in the direction of the
screws, bisects the other two wires at right angles,
and is intended to point out the direction in which
the angle is to be measured. The angle subtend-
#d by the wires, when separated to any distance,
is found by counting the number of revolutions,
and parts of a revolution, of the divided head N
or M, which are necessary to make the one wire
‘move up to the other, and coincide with it. The
number of seconds passed over by ahy of the wires
during one revolution of the head N or M, must

t

1
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_be ascertained by actual experiment, that is, by

measuring a base, and observing the space com-
prehended between the wires at the end of that
base, where they are separated by so many revo-
lutions;—or by observing the time employed by an
equatorial star in passing from the one wire to the
other. When the angle is thus determined whick
corresponds to any given number of revolutiens,
it may be found by simple proportion for any other
number of revolutions; and these results may be
conveniently put down in the form of a Table, to
prevent the necessity of future calculation.

T.et it be required, for example, ta measure the
sun’s diameter, and let us suppose that two revo-
lutions of the divided head separate the wires to
such a distance, that they subtend exaetly an an-
gle of 60 seconds. Having directed the telescope
to the sun, turn round the micrometer by means
of the screw D, till the lower limb of the sun Ss,
(Plate 1. Fig. 4.) just.passes along the lowest pa-
rallel wire CI). Then turn the nut which moves
the other wire AB, till it is at such a distance from
CD, that the upper limb of the sun just passes along
it. The sun Ss is now comprehended exactly be-
tween the wires, and the angle which they subtend
is therefore a measure of his diameter. Let the
wire AB be now moved towards CD till they ca-




BOOK L.  COMMON WIRR MICROMETER. g9

incide, and suppose that it requires 60 revoh:tlons
of the divided head, and 46 hundredths of a revo-
Iution, to produce this coincidence. - Then, singe
two revolutions are equal to 60 seconds, 60,45 re-
volutions will be equal to 80°.235, or 30' 18".5, the
diameter of the sun required. The diameter thus
measured, is obviously perpendicular to the direc-
tion of the sun’s motion; but when we wish to
measure the diameter which is pai'allel to the line
of his daily motion, we must guide his upper or
lower limb along the wire which bisects the paral-
lel wires, and then separate the wires till the one
extremity of the diameter is in contact with the
first wire, at the very instant that the ‘other ex-
tremity is in contact with the second wire. The
motion of the sun, however, renders this obser--
vation so extremely difficult, that it is almost im-
possible to make it with any degree of accuracy.
By attending to the principles upon ‘which this
jnstmmept is constructed, it will be easy to disco-
ver the numerous sources of error to which it is
liable, The difficulty of finding the real zero of
the scale, or the instant when the two wires ap-
pear to be in contact ;~~the error ariéing from the
want of parallelism in the wires, or from a lateral
sheke in the forks which carry them ;—the inflexion
of light which takes place when the -wires are
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“near each other; the complicated structure of the
instrument ; the minuteness of the scale, and
of all it parts, but especially the difficuity of pro-
curing screws in which the distance of the threads
is always the same, are objections inseparable from

. the construction of this instrument. How far
these sources of error are removed in some of the
new instruments which we ‘are now to describe,
and what advantages they derive from simplicity
of construction, must be determined by an atten-
tive perusal of the following Chapters.
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CHAP. L
Description of a New Wire Micrometer.

T ue diameter of the sun, or any portion of space,
‘may be comprehended between a pair of wires pla-

ced in the eye-piece of a- telescope, either by a

mechanical or an optical contrivance; in the one
_ case, by varying the distance of the wires till they
contain exactly the solar disc; and in the other,
by expanding or contracting the image of the sun
till it exactly fills the space hetween a pair of fixa
ed wires. Thus let S's, Plate 1. Fig. 4. be the sun
in centact with the lower wire CD, the wire AB
may be moved into the position ab, so as to touch
the upper limb S of the sun; or if the wires AB,
CD,are both fixed, we may, by increasing the mag-
nifying power of thetelescope,expand theimage S's'
into8s, till its morth and south limbs are in accurate
contact with the fixed wires. In the first of these
methods, which has already been explained in the
description of the common wire micrometer, the
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angle subtended by the sun is measured by the
revolutions of the screw, which are necessary to
bring the wire AB from a state of coincidence with
CD into the position ab:—In the second method,
which is the principle on which the new instru-
ment is founded, the- angle is measured by the
change of magnifying power which is required to
enlarge the solar image, till its diameter is exact-
lyequal to the distance between the wires. Though
the wires are in this case absolutely fixed, yet the
angle which they subtend at the observer’s eye
continually changes with the magnifying power of
the telescope : for if the sun S's’ fills half the space
between the wires AB, CD, before the magnify-
ing power is increased, the angle subtended by '
these wires must be equal to twice the diameter
of the sun, or about 62 minutes; and when the so-
lar image has been expanded to Ss, the wires AB,
CD, only subtend an angle equal to the sun’s'dia-
meter, or about 81 minutes; so that if this expan-
. sion of the sun’s image has been produced by a
gradual change in the magnifying power of the
telescope, the wires must have subtended every
possible angle between 81 and 62 minutes.

The gradual variation of the magnifying power,
which is thus essential to the construction of the
instrument, may he effected by different contrivan- .
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ces,—by changing the distance between the twd
parts of the achromatic eyepiece ; *. by separating
one or more of the lenses of the compound object
glass; or by making 2 convex, a concave, or a
meniscus lens move along the axis of the telescope,
between the object glass and its principal focus.
The last of these contrivances, whicll is, for ma.+
ny reasons, preferable to any of the other two, is
represented in Plate 1. Fig. 5. where O is the ob-
ject glass, whose principal focus is at f, and L the
separate léns, which is moveable between O and f:
The parallel rays R, R, converging to f, after re-
fraction by the object glass O, are intercepted by
the lens L, and made to converge to a point F;
where thiey form an image of the object fromwhich~
they proceed. The focal distance of the objecs
glass O has therefore been diminished by the in- -
‘terposition of the lens L, and consequently the
magnifying power of the telescope, and the angle
subtended \hy a pair of fixed wires in the eyepiece,
bave suffered a corresponding change.  When the
lens is at /, in contact with the object glass, the
focus of parallel rays will be about ¢; the magni-
fying power will be the least possible, and the
angle of the wires will be & marimum ; and when

* This contrivance will be described in Chap. VIL p. 59.
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the lens is at 2, 30 that its distance from O is equal
to Of; the focus of parallel rays will be at f;—
the magnifying power will be the greatest possi.
ble, and the angle of the wires will be a minimum.
When the lens L has any intermediate position
between ! and /, the magnifying power and the
‘ angle of the wires have an intermediate value,
which depends upon the distance of the lens from
the object glass. Hence it appears, that the scale
which measures these variations in the angle of
the wires, may always be equal to the focal length
of the object glass; and it may be shewn in the
following manner, that it is a scale of equal parts,
the changes upon the-angle being always propaor-
tional to the variation in the position of the move-
able lens.

The point f being that to which the rays inci-
dent upon 1. always converge, we shall have by
the principles of optics, '

F4Lf: F=Lf: LF
F being equal to the focal length of the lens L.
Now it is obvious, that the magnitude of the image
formed at F, after refraction through both the
lenses, will be to the magnitude of the image
formed at f by the object glass O, {or by both
lenses when 1. is at #,) as LF is to L f; for the
image formed at f is the virtual object from which
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the image at F' is formed, and the mﬁgnitﬁde of

the image is always to the magnritude of the ob-
ject directly as their respective distances from. the
lens. Hence the magnifying power of -the tele-
scope when the lens L, is in these two positions, is
in the ratio of LF to L f, consequently the angle
subtended by the wires, which must always be in-
versely as the maguifying power, will be as L f 1o
LF. )
By making L.f=b, the preceding formula be-
comes - ' v
Fupb: Fixb: LF. Hence
S 1)
TEF4b
Then calling A the least angle mibtended by the
wires, or the angle which théy subtend when the
lens L is at #, and « the angle which they subtend

when the lens is at L or in any other position, we
have

LF

A:«x=LF: Lf, that is

Fb :
- A_'“:E_F_s:b, a.l'ld

Ab
s=A4 3 = the aNGLE for any distance &.

Calling P the greatest magnifying power, and «
the magnifying power for any distance b, we shall

have

ki e
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P :‘sr-_—b : ~%, and
PF . . .
i ew the rowrr for any distance b.
Making A=20, P=20, F=10, and $=0, 1,2, 8, 4,
successively, we obtain from these two formule
the results in the following Table.’

Different| Cadoulated | 3 - ,
co | Differ- |Caleulated] Differ.
values | magnifys
of b. Po""":g encer. | angles, § ences.
i ; e
. 0 2000000'1.81818 20 2
1 18.18182;_l 51515 22 2
2 116.66666],'2: 24
1.28205 2
3 [15.38461 1.09850 .26 2
4 [14.285717° 28

Hénce it appears, that when the different values
of b are in arithmetical progression, the angle «
of the wires varies at the same rate, and there-
_fore the scale which measures these angular varia-
tions is a scale of equal parts. The magnifying
power, however, does not vary with equal differ-
ences, and consequently a scale for measuring its
variations, if any scale were wanted, is not a scale
~ of equal parts. '
Having thus ascertained the nature of the scale,
we shall now proceed to point out the method of
constructing it. It is obvious that the length of
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the scale is arbitrary, and may be made equal ei-
sher to the whole focal length O of the object
glass, or to any portion of it. If the léns Li moves
along the whole lenigth of the axis Of, the angle
subtended by the wires can be vatied to a greater
degree than if the lens moves only along & portion
of the axis ; but as this advantage may be obtain-
ed by a conttivance hereafter to be destribed, it
will be found more convenient for astromomical
purposes to make the lens moveable only along
a part of the axis, a¢ from L towards f.

Let us suppose; thereforé, that when the object
glass O is 86 inches in focal length, 10 ifiches will
be a convenient length for the scale, and that the
telescope is constructed so that five lens L cah
move freely through that space.reckoned from f,
the next thing to be determined is the focil length
of the lens L.. It is evident that a lens of 8 inches
focal length will produée & much greater diminu-
tion of magnifying power, andcomsequently a much
greater increase upon the angle of the wires' in
moving from f to Li than a lens of greater focal
Jength; so that the value of the whole scale in mi-
nutes or seconds, or the increasé in the angle ocea-
sioned by the motion of the lens from f to L, must
be inversely as.the focal length of the moveable
Jens: If the angle of the wired is 26 minutes; for

»
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- example, and if the magnifying power of the te-
lescope 15 diminished fronk 40°to 80 by the motion
. of the lgns fromf to L then when the lens is st
1, the angle of the wires will be 34’ 40", for

" 80:40x 261 84’ 40", .

"Hence we have a scale of 10 inches to meazure
9'—84' 40", or 8’ 40°, and therefore every tenth
of an inch on the scale will be equal to 5.2.

If we employ a lens of much greater focal iength.
30 as to diminish the magnifying power only from
40 to 85, and if the angle of the wires is 26 mi-
nutes; then when the lens is at L, the mngl.e of the
wires will be 88’ 9" nearly, for.

95:40=20": 38 9" :
And hence we have a scale of 10 inches to mea.
sure 29°—3% 9, or 4 ¢, consequently every
tenth of an inch on the scale corresponds to 3°.8.
From this it will be manifest, that the accuracy
of the scale is increased by imereasing the focal
length of the moveable lens.

The two preceding exa.mplés are suited to a
micrometer for measuring the diameters of the
sun and moon at their various distances from the
- .earth; but, in aider to shew the resources of the
principie on which the instrument is founded, we
shall take another example, better ldapt.ed to this

purpese.




- CHAP.L. NEW WIRE MICKOMRTER. 19

Let us suppose that the pair of fixed wires sub-
tends only an angle of 407, for the purpose of mea-
suring the distance between double stars, or the
diameters of some of the smaller planets, that the
telescope magnifies 800 times, and that the Jens L
in its motion from f to L, through a space of 10
inches, diminishes the power of the instrument
to 940 ; then when the lens is at 1, the angle of
the wires will be 50°, for

2440 : 300= 40~ * &, - .
Hence we have a scale of 10 inches to measure
#0'—50", or 10", so that every inch of the scale
corresponds to 1%, and every 10th of an inch to 6.
* From this it follows, that the accuracy of the scaje
increnses as the angle subtended by the fixed wires
diminishes. '

" If it should be found convenient t6 make each
divisien of the scale correspond to a greater varia-
tion in the angle than ib any of the examples
which we have given, it~would then be proper to
make use of a vernier for. subdividing the units
of the scale. )

In order to shew more clearly the method of
completing the scale, we have represented a tele-
scope furnished with a micrometer, in Plate I. Fig.
6, where AB is the principal tube, with the object
glass at B; CD a secondary tube, at the right
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hand extremity of which is fixed the lens L, (Fig.
5.) which is moved backwards and forwards with
the tube, by the milled head F; and E the eye-
piece, which is adjusted to distinct vision by the
milled head G. The small index i projecting
from the principal tube below A, and furnished
with a vernier scale if necessary, points out the
divisions on the scale. Let it now be required te
construct the scale for the 2d Example, where the
lens L, by moving from f to L, changes the power
of the telescope from 40 to 85. Having moved
the tube CD. as far out as possible, by the milled
head F, mark the point of it at » to which the in-
dex i points, and this will be the beginning or ze-
* yo of the scale. Adjust the eye tube E to distinct
vision, and find by experiment * the angle subtend-
ed by the fixed wires: Let this angle be 29 mi.

* In order tofind the angle subtended by apair of wires AB, CIJ,
Plate I Fig. 4, direct the telescope, the object glassof which is sup~
posed o be at the point A, Plate I1. Fig, 2, to any upright ohject
MN, with a plain surface, perpendicular to the axis ‘of the tele-
scope, and placed at a-convenient distance, 500 feet for exampls,
and observe the space whichi the wires appear to,occupy, of the
points B, C, which the wires seem to cover, taking particular care
that the line: joining these points is perpendicular to the wires.
Let the space BC be 4 foet 2.57 inches, Bisect BC in D, and
draw DA ; then in the right angled triangle ADB, we have
AD =500 feet, and BD=2 feet 1,285 inches, to detenhine the
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nutes. Move the tube CD as far in as possible by
means of the nut ¥, till the:index i points to m,
and merk this as the other extremity of the scale.
Let the eye tube E be again adjusted to distinct
vision, and the angle subtended by the wires ag,;ain
determined experimentally ; and let this angle be
now 38 9. In order to find the point of the scale

- angle BAD, which, by the simplest case of plain trigonometry,
‘will be found to be 14’ 30%, so that the whole angle BAC, or
that subtended by the wires, will be 29,

It is obvious, however, thaton account of the proximity of the ob-
ject MN, the image of it in the telescope is formed by rays which
fall diverging upon the object glass O, and therefore this imuge
will be formed at_f*, Plate L. Fig. 5, at a greatgr distance than the
principal focus f. Hence the magnifying power will be greater,
and the angle of the wires less than they would have been had
the ohjett MN been infinitely distant, It is nocessary; therefore,
to find the corrected angle BAC, s¢ that we may have the real
value of that angle when the telescope is directed to the heavenly
* bodies. Let O, the focal length of O, Plate L, Fig, 5. be called @;
- Dthedistance of the ohject MN ; u the angle found by experiment ;
= the correct angle ; F the focal length of L ; and & the distance

of the lens L from the focus £ Then we have, by the principles

of Optics, D——f-‘—z [, the increase of focal Jength. Cal

ling this value of ff/ m, we have bfm=Ljs", and, by the
.. oy - Fé4-F
principles of Optics, Fgb4-m : F=bfom : F_-{:t% for the

new value of LF or for LF', Hence LF : LF'=o : 2; that is,

F6  Fb4Fm )
_F+6 Fibofm --“-l:, a formula from which the correct.
ed angle » may be readily found.
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corresponding to 88’ say, As 4’9", the value-of the
whole scale, is to 10 inches, the length of the
scale, 50 is 8" to 86 hundredths of an inch, which
being set from m to o, will mark out the point o
as corresponding to 88. The space o n being di-
vided into four parts far minutes, and each mi-

nute into as many divisions as possible, the micro. .

meter will be ready for yse. If great accuracy is
required, every unit of the scale might be deter-
mined experimentally, by any of the methods
rentioned in the preceding note. |

The instrument thus constructed, is capable of
measuring engles only between 29 and 33 9,
and is therefore peculiarly fitted for determining
the diameters of the sun and moon, Its range,
hewever, could easily have been extended, by
lengthening the tube CD, or by employing a move-
able lens, of smaller focal length ;—or instead of
one pair of wires, we might use several pairs, as
AB, CD, ab, cd, «, 13, Plate IL Fig. 1. so placed
that only one pair should be in the field of view
at a time, and that the least angle of the second

» Instead &f using the preoodmg trigonometrical method the
angle subtended by the wires may be more easily found by ob-

~ serving the time in which an equatorial star passes from the ope -

wire to the other, -This portion of time converted into minutes,
at the rate of 4 minutes to a degree, will be the angle subtend-
ed by the wires. ‘
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puir shouki be equal to the greatost angle of the
first pair, and the least engle of tho:- thizd pair
equal to the greatest angle of the second.

‘When the mitrometer iv construgted on these
prinéiples, it # certalnly free from almost all those
sources of error with which the wire micrometer

is affected. The imperfections of the screw, the
 etrors arising from the uncertainty of the zero,
from the bad centering of the lenses, from the
want of parallelism in the wires, and from the mi-
nuteness of the scale, are completely removed.
Nay, if the scale is formed by direct experiments,
whatever errors may exist in the instrument, are
actually corrected ; for as the sources from which
‘these errors proceed existed in the instrument
during the formation of the scale, they caunot .
possibly affect the result of any observation. The
scale is in fact the record of a series of experimen-
tal results, and the observation must be as free
from error as the experiments by which the scale
" was formed. It would, therefore, be of great ad-
vantage,inmicrometrical observations, to make the
points B, C, Plate IL. Fig. 2, with which the wires
appear to come in contact, as luminous as the ob-
jects to which it is intended to apply the instru-
ment, ‘or rather to have a series of results for ob-
Jects of various degrees of illumination,
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. The gpplication of this micrometer to a tele:
scope for measuring distances, will be explained
in Book I1I. Chap. I., to whick' we must also re;
fer the reader for the discussion of several points
connected with the theoxy of the instrument.
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CHAP lI

Descnptm of a New Micrometer for Re_ﬂacmg
Tdaw

Ix applying to the reﬂectmg telescopes of Grego.
ry and Cassegrain the principle which has been
explained in the preceding Chapter, we are led to
the formation of a micrometer, remarkablg for the
simplicity of its construction ;i and what, at first
sight, may appear paradoxical, we may convert a
Gregorian or a Cassegrainian telescope inte a ve-
ry accurate micrometer, almost without the aid of
any additional apparatus.. .

It will be readily seen by those who understand
the theory of these telescopes, that their magnify-
ing pawer may be increased merely by varying
the distance between the eyepiece and the great
speculum ; and then producing distinct vision by
4 new adjustment of the small mirror. Hence a
_ pair of wires fixed in the eyepiece may be made
to subtend different angles, solely by having that
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part of the instrument moveable along a portion
of the common axis of the two mirrors.

In order to understand this, let SS, Plate II.
Fig. 8. be the great speculum of a Gregorian tele- *
scope, having a round hole in its centre, and placed
at the extremity of the tube AA ; and let Mbe the
small speculum, whose focus is G, and centre H,
attached to an arm MQ, arid movesble along the
axis of the instrument by means of a.screw and
milled head. The rays RR, proceeding from the
lower part of any ohject, axi:i falling-upon tle spe-
culum 85, will:be refleéted to R, and will there
- form an image of that part of the object. In like
manner, the rays »» will form an image of the up.
per part of the ohjéct at #'. The rays diverging
from the image R'7, and intertepted by the small
speculufn M, will foem another iinte‘g‘e R"r", at the .
distance MF; which being viewed by the eye.
glass at E, whose focal distance is FE, will appeay
distinct and magnified to the observer.

- Let us now suppose that the lens B, or the eye-
prece of the telescope, (which is generally a Huy-
genisn eyepiece, with two glasses,) is moved by a
suitable apparatus into the position B, and that a
point F' is taken, 60 that ¥'E’ may be equal to FE.
Then it is manifest, that, in-order to have a dis.
tinct view of the object in,this new pesition of the
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eyepiece, the image formed by the small specu-
lum must be brought to F' in the focus of the lens
E’. But as the place of the first image Ry’ is in
no respects changed by the change of position in
the eyepiece, the formation of the image at F can
be effected.only by bringing the small mirror M in-
to a position M/, nearer the image R’”’ than it was
before ; and, as the space MM’ through which it
has been moved, in order fo converge the rays to
F', must necessarily be less than FF'=EE/, the
space through which the eyeglass.has moved; the
distance M'F’ of the new image at ¥ from the
small mirror, must be greater than MF, the dis-
tance of the other image at F, in the ratio of M'F’
to MF; and the magnifying power of the instru-
ment must at the same time beé inereased, and the
angle subtended by the wires diminished.
" Let us now see to what this variation of power
amounts, and what tmust be the. nature of the
scale by which the changes of the angle subtended
by the fixed wires ought to he measured. By the
principles of Catoptrics, we have '
Mf: MF=fG : GH, consequently
MF_fo GH -

fG
Now MF/'=MF 4.EE

M’F'=xMF 4 EE-~MM’, and
Mf=M fu MM’ '
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When the' small mirror, therefore, is at M, we
shall have

Mf—MM': MF 3 EE'MM'=fG : GH, and
makmg MM'ztz, fG=p, M frem

EE'=a, GH::gq, MFzn, we obtain
P Lot & acomaia §
o

The maguifying power produced by the -small

mirror when at M is evidently equal to FI-}.or
and the magnifying power produced by the small

mirror when at M' is equal to M f or 2E2=7 o

that if we call =, the least magnifying power of
the telescope, and P, any other magnifying power,
. we have

T e

w: P , and
. m—z

i

n
m H

M Bfe Gl
P= - X .

If A be the greatest angle of the wires, and « any
bther angle, then since the angles are inversely
as the magnifying powers, we have

: — and |
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Let us now suppose 2=0,1,2384%, successlvely,

p=1,
g =6,
=20, .
A =20,

then since m = p + ¢, we have .

and gince a =

m=",
XE

n =42 -

we have

Then, by the differént formule, we obtam the fol-
lowing results:

{ Calculated .
::;fllu‘é:;‘J m,a:gnifying Diﬂ'er-.lcﬁgl:'t:? Diﬂ'ﬂ-me:;fe“;é

p e [pOWersorvaences.i o oo |ences, \

! lues of . equal parts.
0 o | 20.000 20.000 20.000

1 2 20.980 lggg 19.065 gg? 12.115

2 4 2,022 1108 18.165 368 18.280
8 1.6 28.125 1176 17.297 887 17.845
4 | .8 24,801 ’'16.460 16.460

From these results it appears, that when ¢ va-
ries in arithmetical progression, the values of «, or
the calculated angles, do not vary in the same
rate, and consequently the scale which measures
these angular variations is not a scale of equal
parts, though, in the case for which the Table is
calculated, the deviation is net very considerable.
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In the formation of this micrometer, we may
either construct the scale from’calculation, after
the two extreme points of it have been fixed ex-
perimentally, by the method already described in
the preceding Chapter; or all the points of the
scale may be determined by direct' experiment.
It would perbaps be more i:qnveu_ient to divide
the scale into equal parts, and to . construct a
Table from the preceding -formulz, for the pur.
pose of shewing, by inspectioh, the angle which
‘ corresponds to any number of these equal di-
visions. o

L



CHAP. 1II, OBJECT GLASS MICROMRTRR. 31

CHAP. III.-

Duscription of a New Divided Object Glass Mi-

Tuz tommon divided object glass micrometer,
was invented about the same time by Savery and
Bouguer, and was afterwards greatly improved by
out countryman Mr Dollond. It consists of two
semilenses, A, B, Plate IL. Fig. 4. of the same focal
length, formed by dividing & convex lens into
two equsl parts, by a plane which passes through
its axis. The centres of these semilenses are
made to separate, and to approach each other,
by means of a sorew or pinion along the line AB,
and the distanee of their centres is measured up-
on 2 scale subdivided by a vernier, or, as in the
wire micromater, by a graduated head fixed upon
the screw. '

If it is required to measure the angle sub-
tended by two ohjects, MN, the semilenses are .
separated. till the two images of these objects are
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in contact, or till the image of M, formed by the
semilens A, appears to be in contact with the
fmage of N, formed by the semilens B. When
this happens, the angle subtended by the objects
is equal to the angle subtended by AB, the dis-
tance of the centres of the semilenses at the point
F, or the focus of the lenses where the contact of
the images takes place. It is manifest, that an
image of M will be formed in the line A F, and
at F the focus of rays diverging from M. In
like manner, an image of N will be formed in the

~ line BF, and at F the focus of rays proceeding

from the radiant point N. Hence it is obvious
that the angle subtended at F by M N, is the
saite as the angle subtended by AB at F. The
angle AFB may be easily found trigonometrical-
ly, the sides AB and OF being known; but, as
this angle is generally very small, it may, with-
out any perceptible error, be considered as pro.
portional to the subtense AB, or the distance be-~
tween the centres of the semilenses. By deter-
mining, therefore, experimentally, the angle which
corresponds to any distance AB of the semilenses, -
we may, by simple proportion, find the angle for
any other distance.®

*A complete perspective viéw, and s description of the most
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With this preliminary information, it will not
be difficult to understand the theory and construc-
" tion of the New Divided Object Glass Microme-
ter. 'This instrument consists of an achromatic
object glass, LL, (Plate II. Fig. 5.), having two
semilenses, A, B, represented in Fig. 6., move.
able between it and its principal focus fi These .
semilenses are completely fixed, so that their cen-
tres are invariably at the same distance; but
the angle subtended by the two images which
they form, is varied by giving them a motion
along the axis Of of the lens LL. When the
semilenses are close to LL, the two images are
much separated, and form a great angle; but, asthe
lenses are moved towards f, the centres of the imn.
ages gradually approach each other, and the angle
which they form is constantly increasing. By
ascertaining, therefore, experimentally, the angle
formed by the centres of the images, when the
semilenses are placed close to LIL, and also the
angle which they subtend when the semilenses
are at f, the other extremity of the scale, we
Jhave ap instrument which will measure, with the
utmost accuracy, all intermediate angles,

approved Divided Object Glass Micrometer, of the common
construction, will be found in the Epinsurer ENcycLorsnia,

Att, dsironomy, yol. KL p. 734,
C
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In constructing this micrometer for astronomi-
cal purposes, the semilenses may be made to
move only along a portion of the axis O f, parti-
oularly if the instrument is intended to measure
the diameters of the sun and moon, or any series
of angles within given limits. By increasing the
focal length of the semilenses, or by diminishing
the distance between their centres, the angles
may bé made to vary with any degree of slow-
ness, and of course each unit of the scale will
correspond to a very small portion of the whole
angle. The accuracy and magnitude of the scale,
indeed, may be increased without limit ; but it is
completely unnecessary to carry this any farther
than till the error of the scale is less than the pro-
bable error of observation. '

Let us now examine the theory of this micro-
meter, and endeavour to ascertain the nature of
the scale for measuring the variations of the angle.
For this purpose, let LL, Plate II. Fig. 5. be the
object glass which forms an inverted image, m n, of
the object MN, and let the semilenses AB, having
their centres at an invariable distance, be inter-
posed between the object glass and its principal
focus, in such a manner, that their centres are
equidistant from the axis O f. Now, it is obvi-
ous, that the size of the image m m, is propor-
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tional to the size of the objlect MN ; and, as the
angle subtended by MN depends upon its size,
the magnitude of the image m » may, in the case
of small angles, be assumed as 2 measure of the
angle subtended by MN. As the rays which
proceed from the point M, are all converged to
m by means of the lens LL alone, the ray b A,
which: paaseé through the centre of the semilens
A, must of course have the direction b m; and,
as it suffers no refraction in passing through the
centre of A, it will ‘proceed in the same direc-
tion & A. m, after emerging from the semilens,
and will cross the axis at ¥. For the same rea-
sons, the ray ¢ B, proceeding from N, aod pass-
ing through the centre of B, will cross the axis
at F, as it advances to n. If the distance of F
from A and B happens to be equal to the focal
length of the lenses A and B, when vombined
with LL, distinct images of M and N will'be
farmed at ¥, and they will appear to touch one
another ; and the line m n being the size of the
image that would have heen formed by the lens
LL alone, will be a2 measure of the angle subtend-
ed by the points MN. If the point F, where
the lines A m, B n cross the axis, should not hap-
pen to coincide with the focus of the lenses A; B,
when combined with LL, then let this focus be
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it F', nearer A and B than F. Draw the lines
AT m, B F'n, then it is obvious, that if the an-
gle subtended by MN were enlarged, so as to be
represented by »' m', instead of » m, or so that
the lens LL alone would form an image of it
equal to ' m', the point of intersection F woiild
coincide with the focus F ; so that,. in every po-
sition of the lenses A, B, with respect to LL, the
points MN may always be made to subtend such
an angle, that when they are placed before the
telescope, the points F, F’ will coincide, and con-
sequently the images of the points M, N will
be distinctly formed at F’, and will be in contact.
Whenever this happens, the space n' m' will be a
measure of the angle thus subtended by MN.
Hence it follows, that whatever be the position
of the semilenses A, B, on the axis O f, the rays
b A, ¢ B, which _pass through the centres of the
semilenses, will cross the axis at some point I,
" corresponding with the focus of rays diverging
from M, N, and will mark out the size of the
image & m’,’ and consequently the relative mag-
nitude of the angle subtended by the two points
M, N. '
From the equality of the vertical angles AF' B,
n' F' m', and the parallelism of the lines AB, a' m’,

we shall have
2 m:AB=fF:GF;
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and calling f F' = 6 as in page 15, and consider-
ing that GF’ = g——, F being the focal length of
the semllenses, we have

wow':AB=b: g, and consequently

Fb
X

n,m,_*AB_*‘ABxb

Now, celling AB=2, Fx10, and b = 1, 2, 3,
puccessively, we shall obtain
x1

nm' ...—..2+-—----~—22
" m’=2+3—3‘63m24
n’m-—-ﬂ-{-exs—&ﬁ

from which it appears, that when b is in arithme-
tical progression, the angle ' m’ vaties at the
same rate, and consequently the scale which mea-
sures the variations of the angle, subtended by
the centres of the two images, is a scale of equal
parts.

This instrument undergoes & very singular
change, when constructed asin Plate II. Fig. 7., so
that the semilenses are outermost and immoveable,
while another lens, LL, is made to move along
the axis G £ In this case, a double image is
formed as before, but the angle subtended by the

-centres of the images mever suffers any change
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during the motion of the lens LL along the axis
of the telescope. If the two images are in con-
tact when the lens LL is close to the semilenses,
they will continue in contact in every other po-
sition of LL; but the magnitude of the images
is constantly increasing during the motion of LL
towards f, the principal focus of the semilenses.
The reason of this remarkable property will be
understood from Fig. 7., where M, N, are two
objects placed at such an angle, that the rays
passing through the centres A, B, of the semi-
lenses, cross the axis at F, the focus of the com-
bined lenses for rays divergent from M and N.
In this case, distinct images of M and N will be
formed at F, and will 'consequently be in con:
tact. If the lens LL is refoved to the position
L/ Ly the rays M m, N n, which are incident
upon it at the points m and », having the same
degreé of convergency as before, will be refract-
ed to I, the focus of the combined lenses for
rays diverging from MN. Two distinct images
of the ohject will theréfore be formed at ¥, and
these images will still be in contact. In like man-
ner, it may be shewn, tbat whatever be the po-
sition of the lens LL hetween G and f, the rays
M f, N f, will cross the axis at a point coinci-
dent with the focus of the combined lenses, and
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will there form two images always in contact.
Hence it follows, that though the magnifying
power of the instrument is constantly changing
with the position of the lens LL, yet the angle
subtended by the centres of the two images ne-
ver suffers the least variation.

The application of the Divided Object Glass
Micrometer o a telescope for measuring distan-
ces, and to.a coming-up glass for ascertaining
whether a ship is approaching to, or receding
from, the observer, will be described in Book III.
Chap. II., to which we have reserved the discus-
sion of several points connected with the theory
of the Instrument.
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CHAP. 1V.
- Description of & Luminous Image Micrometer.

The object of this instrument is to measare the
angle subtended by two luminous points; and it
. mdy be applied with considerable advantage in
ascertaining the distances between fixed stars that
are comprehended in the field of a telescope ;o -
in determining the inclination which a line join-
ing the centres of two stars forms with the di-
rection of their apparent motion ;—in surveying
or in measuring distances dﬁriug night ;~~and in
finding the position of a ship, with respect to fix-
ed lights placed upon the coast.

Let LL (Plate IT. Fig.1.) be the object glass of an
achromatic telescope, whose focus is f, and M, N,
two luminous points, images of which will be
formed at m and n. When the images m, n are in
the anterier focus f, of the eyeglass E, they will
appear distinet and luminous points; but when
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- the eyeglass is pushed forward to E, so that f* is
1t.s antermr focus, the i images m, ﬂ, instead of be-
ing points as before, will be sections of the cone
of rays. LLim, -LL#n, or circular, -and well de-
fined images of light, whose diameters are a.d, cd.

f When the lens E is. brought still farther forward

' to B, so: that its anterior focus is at S the dia-

meters of these circular images wll.l increase to. -

=8, v3 and the angular distance of their centres
will diminish. - Hence, by advancing the eyeglass

E, till its anterior focus is at ¢, where the two

| circular images are evidently in .contact, we. ab-
tain a measure of the angle aubtepded by, the lu..

< minous points MN, in the same way. as in the di-.
vided. _object .glass micrometer. The, contact. 'pf__
the images will always take.place at the:-point o,
where the two cones of rays begin to separate;
and, as this point is marked out by the intersec-

. tion of the two extreme rays whi;éli form the in-

l. terior sides of each cone, its distance from f; or

¢.f, will not vary in the same rntiE) “with mn, Or
the angle subtended by the luminous points MN. .
, In order, therefore, to find the nature of the.
' scale, let L #m, L ¢ 2, be the extreme rays which:
form the interior sides of.each. cone, whenm=.
represents the distance of the images, or tke an- .
gle subtended by MN, then,
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mazlle=erieG, and !

ﬁm::LLP,:}p’: that is, the angle will vary as

g%. Hence, when the angle is infinitely small,
¢ f will be equal to 0; and consequently the scale
will commence at f, the focus of the lens LL.
By determining, therefore, experimentally, the
angle subtended by the luminous points, for any
given value of-@ f, the scale may be ‘easily con-
structed. Thus, let G f, the focal fength of LL,
be 24 inches, and let it be found, from direct ex-
periment, that the two circular images are in
eontact, when the angle subtended by the lumi-
rous poinats is 4 minutes, and when ¢ f'is 6 inches.
In order to determine the angle when of is 9
inclies, we have ¢ G =: 18 inches when ¢f.-6; and
? G = 21 inches when ¢ f== 3. Hence,

6 3 - ..
T T Rahunatbad? that 1s,

-;:%—,-:4’: v 42" §, consequently, the value of each
unit of the scale may be accurately determined.
1¢ is manifest, that the same effect will be pro-
duced by pulling out the. eyeglass E beyond the
focal point f. The haminous points will expand
into circular images as before, and these will come
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" into contact when the eyeglaaé Bis pu‘lie:i out to &<

proper distance from the focus; but this distanee
will always be greater than the corresponding dis-
tance within the focus at which the contact takes
place. *

The scale, therefore, for meéasuring the angle
of the luminous points, might stretch in both di-
vections from the fagus f'; so thet two. measures

- of the angle will be obtaine, one when the eye.

glass is between the object glass and its focus f,
and the other when it is pulled oit beyond that
focus. The mediun between these observations
will then be the angle required. :
Ast.hefucallangth G f, mot only varies wlth"
the distance of the object, but ofter suffers a .
comitierahlg change from & variation of tempera-
ture and from other causes, the scale showld be
moveable ; so that the index may always be at
sero, when the luminous points appesr distinct
and well defined to the observer. The luminous
points are now brotight into the field of view,
and the eyepiece E is made to approach the b
Ject glass, till the circular images are in contact.
"Fhe index will then mark upon the. scale the an-
guler distance of the points. The observation

" . * See Baok ITI. Chap. iii. p. 197.
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may be repeated by pulling out the eyepiece be-
yond f, till the circular images again touch each
oth;ar, and, if the scale. does mot" give the'-samé"-
result, the medium of the two ohservations may -
be assumed as the true angular distance of the
points. ~ : . -.

. In order to avoid the necessity of a moveable
scale, the adjustment for a change of temperature,
and for the aberration of focal length, may be ef-
fected by placing the object-glass in a small tube,
which, can be. pushed out or in about two inclies;
s0 that if the. focal length of the object-glass is -
increased, the focal point f may be kept opposite-
to the.zero of the scale by pulling out the object
glass tube; and, on the contrary, if its focal length-
is'shortenéd, the focal point may be kept station-.
ary by pushing in the object-glass. - :
' Tt is a_curious fact, that the cireular images, -
or the “sections of the cone of rays, are never so-
distinct and well defined after the rays have
crossed at m and », as’they are before the rays
have reached these points; and, therefore,: it
would be proper to place less confidence.in. the
observations taken beyond f, and to make the
scale commence oppasite to f, and stretch to-
wards the object-glass of the telescope. In
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this casé it is necessary to adjust the index to ze-
ro, when the luminous points are seen distinctly.
The only objection to which this micrometer
“seems to be liable is, that the expanded images
will pot be sufficiently defined in order to perceive
their mutual contact. The discs, however, are
much better defined than could have been ima-
gined; and the distinctness of their termination
must always increase with the goodness of the
object glass. C
The preceding method of creating a luminous
disc may be employed for other purposes in Prac-
tical Astronomy. In finding the right ascension
of the fixed stars, we might ascertain the arrival
of the east and west sides of their disc at the ver-
tical wires of the transit instrument, and obtain a
very accurate result, by taking a mean of the twa
- observations; and in the same manner, the obser-
ved altitudes of the north and south limbs would
furnish us with a very exact measure of their
declination. ‘

The same principle also conducts us to an ac-
curate method of performing one of the most de-
licate -observations in Practical Astronomy, to
measure the angle contained by a line joining the
centre of two stars nearly in contact, and a ling
lying in the direction of their- apparent motion,
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This observation was first tried by Dr Herschel
on double stars, for the purpese of ascertaining
- the angular motion of. the smallest star round its
companion. Heplaced twowires AB,CD, Platelll.
Iig. 2. in the field of view, one of which, AB, had
a motion of rotation, so as to form every possible
angle with the other. The moveable wire AB
was then placed in the direction of the apparent
motion of the star S, and the other wire CD was
made to form such an angle with it, that both the
stars arrived at this wire at the same time. The
inclination of the wires, which Dr Herschel calls
the angle of position, gives us the engle formed by
the line joining the centres of the stars 8, s, and the
direction of their apparent motion. In this way
of making the observation, the want of a visible
disc in the star renders it difficult to place one of
the wires parallel to the equator; and there is a
still greater difficulty in ascertaining the arrival of |
the largest star at the angular point, or'the in-
tersection of the two wires. By converting the
images of the star, however, into luminous discs,
as is represented in Fig. 8, we not only get rid
of these difficulties, but introduce a new source of
accuracy into the observation. Let the lumi-
nous discs, therefore, be expanded till the one
encroaches upon the otber, and let ene of the
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wires AB be so fixed that the southern limb of the
lower disc may glide along its surface, it is then ob-
vious that a line joining the two points m n, where
the luminous circumferences intersect each other,
is perpendicular to the line joining the centres of
these discs, and will therefore form an ai{gle COA
with the fixed wire AB, equal to the complement
of the angle SRO, which it is required to measure.
By making the moveable wire, therefore, pass
through the two points where the luminous circles
intersect each other, the micrometer will shew the
complement of the angle required.* :

The application of this micrometer to a tele-
scope for measuring distances, for surveying du-
ring night, and for detérmining the position of
a ship with respect to lights placed upon the
coast, will be explained in Book III. 'The princi-
ple of expanding a portion of light into a circular
image, will be found of extensive use, and will be
employed in a subsequent Chapter in the construc-
tion of a general Photometer.

® See Book II. chap, V.
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CHAP. V.

'Descripﬂon of @ Circular Mother-of-pearl Micro-
.o meler.

I~ the Philosophical Transactions for 1791, the
Iate Mr Tiberius Cavallo bas described an ingeni-
ous and simple micrometer, invented by himself,
“and excellently fitted for measuxing small angles
with accuracy and expedition. It consists of a
slip’ of mother-of-pear] minutely subdivided, and
stretched across the diaphragm that is placed in the -
anterior focus of the first eye-glass of an achroma-
tic telescope. The angle subtended by any pum-
ber of its divisions is then ascertained by experi.
ment, and therefore the value of any other num-
ber can be found either by simple propertion, or
from a table computed for the purpose.

This simple micrometer is very comvenient in

portable telescopes, where the eyepiece has a mo-
tion about its axis; but in telescopes supported
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upon stands, where the eyepiece is moved by arack
and pinion, the slip of mother-of-pearl cannot turn
round upon its axis, and, consequently, can only
measure angles in one direction. This difficulty,
indeed, might be surmounted by a mechanical con-
trivance for turning the diaphragm about its cen-
tre, or more simply, by giving a motion of rotation
to the tube which contains the first and second
eye-glasses. Agssuch a change in the eyepiece,
however, is often inconvenient and difficult to be
made, Mr Cavallo’s micrometer has this great
disadvantage, that it cannot be used in reflecting
telescopes, or in any achromatic telescope where
the adjustment of the eyepiece is effected by rack-
work, unless the structure of these instruments is
aitered for the purpose. Another disadvantage of
thiz micrometer arises from the slip of mother-of- -
pearl passing through the centre of the field. The
picture in the focus of the eye-glass is broken into
two parts, and the view is rendered still more un-
pleasant by the inequality of the segments into
which the field is divided. In addition to these
disadvantages, the different divisions of the micro-
meter are at unequal distances from the eye-giass
which views them, and therefore can neither ap-
pear equally distinct, nor subtend equal angles at
the eye.
D
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‘The circular mothér-of-pearl micrometer, is
free from all these disadvantages, and has like-
wise the benefit of a kind of diagonal scale, in-
creasing in accuracy with the angle to be mea-
sured. This micrometer, which I have often used,
both in determining small angles in the heavens,
and such as are subtended by terrestrial objects,
is represented in Plate 111 Fig. 4, which exhibits
its appearance in the focus of the first eye-glass.
The black ring, which forms part of the figure,
is the diaphragm, and the remaining part is an
annular portion of mother-of-pearl, having its
interior circumference divided into 860 equal
parts. The mother-of-pear] ring, which appears
connected with the diaphragm, is completely sepa-
rate from it, and is fixed at the end of a brass tube,
which is made to move between the third eye-glass -
and the diaphragm, so that the divided circumfe-
rence may be placed exactly in the focus of the
glass next the eye. When the micrometer is thus
fitted into the telescope, the angle subtended by
the whole field of view, or by the diameter of the
innermost circle of the micrometer, must be deter-
mined either by measuring a base, or by the pas-
.sage of an equatorial star ; and the angles subtend-
¢d by any number of divisions or degrees will be
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found by & table constructed in the following man-

ner.
Let Ampnbd, Plate II1. Fig. 5. be the interior

circumference of the micrometer scale, and let mn
be the object to be measured. Bisect the arch
mn in p, and draw Cm, Cp, Cn. The line Cp
will be at right angles to m=, and therefore mn
will be twice the sine of half the arch mpn. Con-
sequently, AB : mz = Rad : Sine of i mpn; there-
fore mn x R=sin. impn x AB, and mpa =

sin, fepn

x AB; a formula by which the angle sub-

- tended by the chord of any number of degrees

may be easily found. The first part of the formu-

la, viz. %%gp__u is constant, while AB varies with

the size of the micrometer, and with the magnify.
ing power which is applied. 'We have therefore

computed the follpwing ‘Fable, containing the va-

lue of the constant part of the formula for every

degree or divigion of the scale.
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1045
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1564
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1908
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2164

2334
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104
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106
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6561
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7071
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771
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1
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8526
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8788
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9100
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9511

145

146
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149
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151
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1
1
1
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1
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163
164
165
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9537
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9588
9613
9636
9659
9681
9703
9724
9744
9763
9781
9799
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9833
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9914
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9936
9945
9954
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8998
1.0000
1.0000 |




CHAP. V. MICROMETER. 58

In order to find the angle subtended by any
number of degrees, we have only to multiply the
constant part of the formula corresponding to that
nrumber in the table by Aﬁ, or the angle subtend-
ed by the whole field. Thus, if AB is 30 minutes,
as it happens to he in the micrometer which I have
constructed, the angle subtended by one degree of
the scale will be 80’ % ,0087 = 15} seconds, and
the angle subtended by 40 degrees will be 80’ x
842 == 10’ 15".6; and by making the calculation
it will be found, that as the angle to be measured '
increases, the accuracy of the scale also increases;
for when the arch is only 1 or 2 degrees, a varia-
tion of 1 degree produces a variation of about 16
seconds in the angle; whereas when the arch is
between 170 and 180, the variation of a degree
does not produce a change of much more than one
second in the angle. This is a most important ad-
vantage in the circular scele, as in Cavallo’s micro-
meter a limit is necéssarily put to the size of the
divisions.

1t is obvious, from an inspection of Fig. 4. Plate
I11. that there is no occasion for turning the circular
micrometer round its axis, because the divided cir~
cumference liesin every possible direction. InFig.5,
Yor example, if the object has the direction ab, it
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will be measured by the arch aob; and if it Jies in
the line cd, it wilt be measured by the arch crd.

In the circalar micrometer which has been men-
tioned, AB, or the diareter of the field of view, is
exactly half an inch, the diameter of the brass
tube in which it is fixed one inch, the length
of the tube half an inch, and the degrees of the
divided circumference »isth of an inch.
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CHAP. VE
Description of a Rotatory Micrometer with Points. -

I this instrument, a fine steel point s, Plate I11.
Fig. 5, is finnly fixed in the anterior focus of the
first eye-glass of a telescope, 30 as to be dstinctly
vigible in the field of view. Another steel point ¢
of the same kind projecting into the field, is fixed
to that part of the eye-tube which contains the
first glass, This tube has a motion of rotation
about the axis of the eye-piece, by means of which
the movesble point ¢ may be brought to coincide
with the fixed point 5, and may be separated from
it in the circumference of a circle. The separation,
or the distance of the two points, is always equal
to the chord s? of the arch s B2 which lies between
them ; and consequently the angle subtended by
the two points in one position, is to the aangle
which they subtend in any other posifion, as the
chards of the arches. through which the move-
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able point must travel to make the two points co-
incide. In order to find these arches, therefore,
the eye-piece of the telescope carries a circular
head CD, Plate III. Fig. 6, divided into 860°, and
firrnly fixed to the eye-tube T. From the centre
of the head there rises an annular shoulder, cone
centric with the tube, and containing a diaphragm
with the fixed point. The part of the eye-piece
AB which carries the first eye-glass, contains also
a diaphragm with a steel point, and is screwed
into the shoulder O of the part of the circular head
EF, which carries the vernier V. The ring EF is
fitted in such a manner as to mave uponr the annu.
lar shoulder rising from CD ;—so that by turning
round the tube AB, a rotatory motion is commu,
nicated to the vernier V, and to the steel point in
one of the diaphragms, while the other steel pomt
remains immoveable.

Im using this instrument, therefore, we have on-
ly to direct the telescope to any object, and sepa-
rate the steel points till they exactly cover the two
points which contain the angular distance requi-
red; and as the index will peint to 0 degrees when
the points coincide, it will now shew upon the
graduated head the arch which lies hetween the
points. ‘The angle corresponding to this arch
may be found by means of the Table in the pre:
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ceding Chapter, in the manner which has been al-
ready explained. '

When the angle corresponding to the diameter
of the circle in which the moveable point revolves
has been experimentally determined, the angles
themselves, expressed in minutes and seconds,
might be inserted on the graduated head AB.

It is obvious, that the moveable point ¢ may be
separated from the fixed one, by many other con-
trivances than the mere circular motion of the
eye-tdbe. The method represented in the figure

is the most simple, and perhaps the best, when the

centering is well executed ; but if we wish to en-
large the scale, the separation of the points may
be effected, by means of a pinion working in the
teeth of a wheel, to which the moveable point is
attached. The fixed point might perhaps be ad-
vantageously placed in the focus of the whole eye-
piece, while the moveable one revolves in the fo-
cus of the first eye-glass, so that both the points
may be seen with perfect distinctness,—an effect

which cannot be obtained with complete accuracy,

when they are both in the anterior focus of the
same lens, and when, at the moment of coinci-
dence, the one is behind the other.

The same principle which is employed in the
construction of this instrument, may be applied

————n e
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toa dividned‘object‘glasé, the one semilens having
a motion of rotation round the other; so that the
distance between their centres, and consequently
the angle subtended by the line joining the cen-
tres of the images, may constantly vary during &
complete revolution.



CHAP. VII. EYR-PIECE MICROMETREN. 49,

CHAP. VIIL B
Description of an Eye-piece Wire Micrometer.®

Tue general principle upon which this instru-
ment is founded, is the same as that which we
have explained in the first Chapter of this Book.
I_n‘the micrometer which is there described, the
angle of a pair of fixed wires is increased and di-
minished, by the motion of a second object-glass
along the axis of the telescope; while, in the pre-

® An instrument of nearly the same kind with that which
is the subject of the following Chapter, has been described by
Mr Ezekiel Walker, in the Philosophical Magazine for August
1811, Vol. xxxviii. p. 127, as a new invention of his own. I
certainly cannot suppose, that this ingenious writer had an ap-
portunity of seeing any of the instruments of this kind, which
bad been constructed under my direction. 8o early as the end
of the year 1805, I sent a drawing and description of the
eye-piece micrometer to Mr Carey, optical instrument maker,
London. 1In 1806, one of the instruments made for me by
Messrs Millerand Adie, Edinburgh, was examined by Professor
Playfair ; and since that time it has been in the possession of
a friend in London. The only variation in the instrument
proposed by Mr Walker is, the use of the lines on 3 slip of mo.
ther.of.pear, instead of the silver wires.
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sent instrument, the variation of the angle is ef-
fected by separating the two parts which compose
an achromatic eye-piece ; or when the e.ye-piece
consists of two or three lenses, by separating the
lens next the eye from the remaining lenses. If
the small tube, which contains the field-glass and
the first eye-gla:ss, be pulled out beyond its natu-
ral position, the magnifying power of the instru-
ment will be increased; and if the same tube be
pushed farther in than its natural position, the
magnifying power will be diminished. It will be
found in general, that if the tube already mention-
ed be allowed to move over the space of four in-
ches, that is, about two inches on each side of its
natural position, the magnifying power at one ex-
tremity of this space will not be very far from
double of what it is at the other extremity.

The eye-piece micrometer is represented in Plate
II1. Fig. 7, with all the lenses in their natural posi-
tion. The part AFG,containing thetwolenses A, C,
is fixed to the telescope, and a space is left between
the tube AC and the outer tube, in order to per-
mit the moveable part of the eye-piece to get suf-
ficiently near to the lens C, and also to a sufficient
distance from it. The other tube DB, containing
the field-glass D, and the first eye-glass B, is mo-
ved out and in by a rack and pinion E.- The scale
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is engraven upon the upper sl_xrféce In, and the di-

visions are pointed out by the index of a vernier -

placed at the extremity m of the outer tube FG.
The zero of the scale is the point marked out by
the index of the vernier, when the tube DB is
pushed in as far as possible; and the divisions may
be read off, if necessary, by means of a convex
- glass at F, fixed to the tube AFG.

The nature of the scale, by which the variations
of the angle are measured, might be accurately de-
termined by direct experiment; but as it may be
more convenient to fix the value of the divisions
by calculation, we shall now point out the method
by which this may be done. '

Let us first suppose, that the eye-piece consists
of two lenses, placed at a distance greater than
the sum of their focal lengths, as in Plate III.
Fig. 8, where O is the image formed by the tele-
scope, B the first, and A the second eye-glass.
Let the image formed by the lens A be at o, Bo
will be the focal length of B, when the image is
seen distinctly through the telescope. By pul-
ling out the lens B to B’, the image o must be
formed at o', when it is seen distinctly in this new
position, B'o’ being equal to Bo; and the conju-
gate focal length of A will now be A ¢, instead
of Ao. But, in order that an image of O may be

formed at o/, the whole eye-piece, must be brought
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nearer to O, or O must be brought nearer to A,
so that their distance is AO". The change of mag-
nifying power, produced by the lens A alone, is,

in the first position of the lenses, eﬁﬁal to %5, or
(calling A 0 =a, and AO = d) zs; and, in the

second position, == 20, ::. Now, if f= focal
length of A, we have, by the principles of optics,

af
‘=ip
have“—af a;f ;
as produced by the lens A alone. Now, calling

f:ﬁi,-a: 6, a =7, a'=8, we shall have the
magnifying power =2, 2}, 3, and the angles are
inversely proportional to the magnifying powers.
Calling the greatest angle 10, we shall have the -
results in the following Table:

and dfviding a by this expression, we

~~1 for the magnifying power,

L'a, or tl ¢ Calcula-| Differ- Angles if
conjugate ted mag-| encesof | Caleu- Differ« | the scale
focal | nifying |magnify- lated an- | ences of |were one off
length | powers, | 1ng gles, angles. | equal parts.
of A. power. : -

6 2.0 10 10

7 | 25 g'g 8 T ssg] 8718

8 3.0 0' 5 6.666 0:9 52 7.50

9 8.5 Q‘ e 5714 | o'aiy 6.25
10 40 | 5 ettt B

| |
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From thése results, it appears, that the scale
which measures the variation of the angle is not
a scale of equal parts; that is, equal changes in
a, or in the position of the lers B, do not corres-
pond to equal variations of the angle.

If there are three lenses in the eyepiece, as in
Plate 111 Fig. 9., and if the variation of power
is produced by the motion of the third lems C,
the conjugate focal length of the lens B will ob-
viously vary with the motion of C, as the image
must always be formed at o, the anterior focus of
C. Let us now call B o a, f= focal length of
B, m - BA, F = focal length of A, d = BS, the -
distance from B of the point S, from which rays
must diverge, in order to be refracted to o, or,
which is the same thing, the distance from B of
the point S, or virtual focus of the diverging rays
after they are refracted by the lens A; and D=
the distance of the image O, formed by the ob-
ject glass from the first lens A. Since the rays
proceeding from O diverge after refraction through
A, as if they proceeded from S, and are after-
wards converged to o by the lens B, it is manifest
that 0 and S are conjugate foci of the lens B;
so that we have, by the principles of optics,

BS= d-.-.'-a—‘_'.ﬁ_*‘—f. Then, since AS=d ~-m, and

since S is the virtual focusfor ﬁys diverging fromO,
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a point nearer to A than its principal focus, we

have

AS x F

AO:Dzﬁﬁ, or, AS being =d~-m,

_Fx dem
“dem L F
_ but the magnitude of the image at o, is, to the
magnitude of the image at O, as a:D; hence,
the magnifying power produced by the two lenses

D

A, B, will be = -%, or the magnifying power
_axd—m|F

TF wd —_ :
Now, supposing F = 15, f = 20, a = 30, 85,
40, &c. m = 28, and the greatest angle == 10, we

shal} have the results in the following Table.

Dif-| Velues [Caleulat-] Differ- !Ca.lcu- Differ- |Angles if]
feren of  ledmagni-ences of ; Inted | ences |the seal
values d. fying meg. | an- of |wereof
of a. ‘| powers.| power. | gles, [ angles, jqual
" 80 | 60 2.81 | 10 10

85 | 46.666| 8.81 | 100 |7.87 f“;“; 8.86

40 | 40 5.02 1 '44’ '5.60 1'25 6.72

45 | 86 6.46 I '71 4.85 '91 5.08

50 | 88.3331 8.17 ’ 8.44 3.44%

It appears from these results, that the scale
which measures the changes of the angle is not a
scale of equal parts. '
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. When another lens is interposed between B and
its conjugate focus o, as in Fig. 9., so as Lo con-
stitute the common achromatic eyepiece, the mag-
nifying power produced by these three lenses will
be = 5% % Z?F
length of the 8d lens, and r its distance from the .
fieldbar. In this case, the scale will be the same

as in the last case, ;——i—; being a constant quanti-

, where ¢ is the focal

ty, since the distance between the field-glass and
eye-glass is invariable. '

We have glready said, that the value of the
scale of this micrometer might be advantageous-
ly determined by direct experiment. This may
be done very accurately by the method which has
already been described in Chap. I. of this Book,
by observing how much of an object at a given
distance is comprehended between a pair of wires,
- when the moveable part of the tube is pulled out
1,2, 8, 4, &¢. divisions of the scale successively.
The intervals thus embraced by the wires will
give the proportional value of each unit of the
scale ; so that, by simple proportion, their real
vilue in minutes and seconds may be found for .
- different pairs of wires.
The foligwing method, however, is more simple,

- E
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and perhaps equally accurate. After having found
the greatest angle subtended by a pair of wires,
placed in the focus of the eyeglass, or the angle
when the index is at the zero of the scale, by the
method in Chap. 1., take the eye.piece out of
the telescope, and having pushed the tube which
containg the moveable lens or lenses as far
in as possible, direct it as a microscope to a
scale minutely divided.* Mark the position of
the index when the wires comprehend exactly a
certain number of these divisions, say 50, which
they may be made to do, by a very trifling motion
of the moveable tube, and make this point the
zero of the scale. Let the moveable tube be.now
pulled out til! the wires successively comprehend
48, 46, 44, 42, &c. of the divisions, or any other
numbers, diminishing in arithmetical progression,
and mark these points upon the tube, By this
means, a scale will be formed, in which the divi-
sions correspond to equal variations in the angle.
If it should be found convenient to divide the scale
into equal parts, the va!ue of the divisions may be
found in the same way,’ :

The principle of the eye-piece mlcrometer may

* The beantiful micrometrical scales constructed by Mr -
Coventry, are admirably adapted for this purpose,
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‘be applied with some advantage in the construc-
tion of a double image micrometer. The two im-
ages may be formed either by two semilenses fix-
ed at an invariable distance, and substituted in
the place of the principal object glass, or by bi-
secting the third eye-glass, and fixing its seg-
ments at a given distance. The angle subtended
by the centres of these double images, would then
be varied by the motion of part of the compound
eye-glass, and this variation would be measured
by a scale constructed in the way which has al-
ready been described. . :

i s e ol

In the seven preceding Chapters, we have brief-
1y described several mew micrometers, which ap-
pear to possess congidersble "advantages. We
shall now notice some other principles of construe-
tion, which may on some occasions be successfully
employed in the mensuration of small angles,
though they are not perhaps of sufficient import-
ance to demand a separate Chapter.

A very simple micrometer, with double images,
may be constructed by dividing the third eye-glass
-of an achromatic eye-piece, and fixing the seg-
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ments at an invariable distance. The angle form-
¢d by the line joining the centres of the two im-
ages, may then be varied at pleasure, either by
seperating one half of the eye-piece from the o-
. ther half, or, what is still better, by moving a
lens between the object-glass and its principal fo-
cus, If the first method is adopted, the angle will
vary in the same manner as in the wire.microme-
ter described in Chapter I.; and if the second
method is employed, the variation of the angie
will be the same as in the eyepiece micrometer -
described in this Chapter.

Another micrometer, with double images, may
also be formed, by bisecting the small mirror of &
Gregorian or Cassegrainian telescope, and mak-
ing the angle subtended by the centres of the two
images vary by the motion of the eye-piece, sz
in the micrometer deseribed in Chapter II. _

In microscopical observations, where it is requi-
red to measure the magnitude of minute objects,
the angle which they subtend may be varied by
immersing the objects themselves, as well as the
object-glass of the microscope, in some fluid whose
refractive power can be easily changed by the ad-
dition of another fluid. In consequence of this va-
riation of refructive power, the magnifying power
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of the microscope suffers a corresponding change ;
and therefore a pair of wires, or any other body
placed either in the focus of the eye-glass, or in the
focus of the microscope, will subtend different an- -
gles at the eye of the observer. The proportion
of the two fluids becoinés, in this case, the scele
which measures the angular variations. This prin-
ciple, which has a very extensive application in the
construction of instruments, will be more fully ex.
plained in Book V.
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CHAP. VIIL

On the Apphcatwn qf some of the precedmg Mzcro-
' meters fo Mzeroscopes

Tue attempts which were first made to measure
the size of microscopical objects, were extremely
rude and imperfect. Leeuwenhoek estimated the
magnitude of minute bodies by comparing them
with small grains of sand, one hundred of which
were equal to an inch in length. Dr Jurin made
a similar use of small pieces of silver wire, the
diameter of which he determined by wrapping
the wire round a cylindrical pin, and observing
how many breadths of it were equal to an inch.
The most valuable contrivances, however, of this
nature, are the beautifully divided scales which Mr
Coventry has formed upon ivory, gla;s, and sil-
ver. 'These scales are constructed with a degree
of minuteness and accuracy which have never
been surpassed, and are of the greatest use in

e
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microscopical observations, and in many physical
researches.

. The first application_of the screw to a micro-
scope; was made by Mr Benjamin Mertin. A
long and slender screw was made to traverse the
field of the microscope at the anterior focus of
the eye-glass ; and the size of any part of an ob- .
ject over which its extremity passed, was meas
sured by the number of revolutions and parts of
yevolutions which the screw had performed,—the
part of an inch corresponding to any number of
revolutions having been previously ascertained by
experiment. ‘

. ‘The application of the screw has been brought
to great perfection in the micrometer microscopes,
which have of late years been employed for read-
ing off . the divisions on the limbs of circular
instruments, and for measuring the dilatation and
contraction of bodies by heat and cold; but al-
most no attention has been paid to the construc-
tion of simple and accurate micrometers for mea-
suring the size of microscopical objects.

. The principle employed in the new wire micro-
meter is obviously applicable to the compound mi-
ctoscope. = The variation of magnifying power
may be effected either by giving the amplifying
lens a motion along the axis of the microscope,
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while the object-glass and eye-glass are station-
ary,—or this motion may be communicated to the
eye-glass and amplifying-glass, placed at a con-
stant distance in the same tube. A scale of
known dimensions, engraven upon glass, should
then be placed in the anterior focus of the eye-
- glass, so that the divisions may be seen distinct-
ly when the instrument is adjusted to the micro-
scopic object. If the part of the object which
we wish to measure does not occupy any ex-
act number of the units upon the scale, the
angle which it subtéends may be increased or di-

minished by altering the position of the moveable

lens or lenses, till the part of the ohject exactly
coincides with a certain number of units. The
space described by the lenses will then be a
measure of the variation of the angle, and con-
sequently of the size of the object; the magni-
tude of one or more of the divisions on the scale
having been previously ascertained by experi-
ment. As some light must be lost by the inter-
. position of the glass scale, the circular mother-
. of-pearl micrometer might be placed in the an-
tertor focus of the eye-glass, and nused in the man-
ner already described in Chapter V. of this
Bock ; and each unit of the scale may be again




CHAP, ¥III. TO MICROSCOPES. 78

subdivided by the method which we have now
beeit-éxplaining.

Of all the micrometers, however, which can he
applied to the microscope, the rotatory microme-
ter (sée Chapter VL) is by far the most simple.
It is constructed in the same way for a micro-
scope as for a telescope ; and when we have once
determined experimentally the space which cor-
responds to the greatest distance of the two steel -
points, the space which they comprehend, at any
other position, may be easily found. In using
this instrument, therefore, we have only to sepa-
rate the steel points till they embrace the object,
or part of an object, which it is required to mea~
sure ; and; by the angular distance of the points.
in degrees and minutes, as observed upon the cir-
cular divided head, we may find from the table in
P- 52, the length of the corresponding chord, and
consequently the magnitude of the object requi-
red. . :

The expansion of laminows points into circy-
lar images, might also be employed to measure
the magnitudes of mlnute objects; and the prin-
ciple of double mmges as explained in Chapter
II., might be applied with equal success. *

® Sce the lnet paragraph of the preceding Chapten,
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CHAP. IX.

On the Fibres proper for Micrometers, and on the
Method of Adjusting them in the Focus of the
Eye-glass. '

Xx the micrometer constructed by Huygens, the
object whose angle was required, was comprehend-
ed between the edges of two plates of brass. Sil-
ver wires, and sometimes hairs, were afterwards
substituted instead of the plates, and continued in
use till about the end of the last century. The
finest silver wire ever made was drawn in France to
the thickness of rgby of an inch. The plates used
for this purpose, and the secret of making them,
are said to have been lost amid the convulsions of
the revolution. The smallest silver wire which is

made in this country does not exceed =j of an

inch,
The impossibility of obtaining wire of a diame-
ter sufficiently minute for micrometers, induced
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Felix Fdntana,_‘ in 1775, to recommend the spi-
der’s web as an excellent substitute for silver wire.
According to La Lande, Fontana found some of
these fibres so small as the 8000th part of a line, T
or the 96,000th part of an inch, and he always em-
ployed those that were newly made. This sug-.
gestion of Fontana, however, did not excite much
notice, till the use of the spider’s web was intro-
duced by the celebrated Mr Edward Troughton,
who found this fibre to be so fine, opaque, and elas-
tic, as to answer all the objects of practical astro-
nomy. We are informed, however, by this distin-
gﬁi_shed artist, that it is only the stretcher, or the
long line which supports the web, that possesses
these valuable properties. The other parts of the
web, though equally fine and elastic, are very
transparent, and therefore completely unfit for
micrometrical fihres. The difficulty of procuring
the proper part of the spider’s web, has compelled
"many epticians and practical astronomers to em.
ploy the raw fibre of unwrought silk, or, what is
much worse, the coarse silver wire which is manu-

* Saggio del real gabinetio di firica ¢ df storia naturale de Fl-
renze, Rom. 1775, 4to, quoted by La Lande.

+ We suspect that some error hes been committed in thix
measurement. The 96,000th part of an inch is too minate a por-
tion of space to be seen distinctly even by very powerful mi-
€TOSCOpes,
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facturéd in this country. But whatever be the
comparative advantages of these different substan:
ces, they are all liable to the error arising from the
inflexion of light, which renders it tmpossihle to
ascertain the exact contact between the fibre and
the luminous body. This disadvantage.has beeén
experienced by every astronomical observer, and
has always been considered as inseparable from the
" wire micrometer. After numerous t¢rials, I have
succeeded in obtaining a delicate fibre, which ape.
pears to remove the error of inflexion, while it pos.
seises the requisite properties of opacity and elas.
ticity. This fibre is glass, which is so exceedingly
ductile that it can be drawn to any degree of fine.
ness, and can always be procured and prepared
with factlity,~—a circumstance of no small impoi‘.
tdnce to the practical astronomer, who.is. frequent-
ly obliged to send his micrometers to a great dis,
tance when they require to be repaired.

When the vitreous fibre is formed, and. stretchs
ed across the diaphragm of the eye-piece of a te~
lescope, it will -appear perfectly opaque, with a
delicate line of light_ extending along its axis.
This central transparency arises from -the refrac-
tion of ' the light which falls upon the edges-of
the cylindrical fibre, and therefore the diameter
of the luminous streak must vary with that of
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the fibee itself.” In a micrometer which we bave
fitted up in this way, the glass fibres are.about
the 1200th parf- of ab .inch in diameter, and the
fringe of light which stretches across their axis;
fs. dissimctly. visible, though it does not exeeed in
dinmeter the 8000th part of an inch. In using
these fihres for measuring the angle subtended by
two.luminous points, whether: they be two stars
or the opposite: extremities of a lmminoys. disc;
we may, as has hitherto been done, sefarate the
fibres till the lunxinous poeints are i contact with
theidr interior surfaces ;' but,'in order to awoid the
eFror arising from inflexion, we would propose thas
the separzation should be contimed till the rays of
Kight issuing from the haminous points dact through
the transparent axes of the fibres. The reys, thus
transmitted, suffer no isflemion in passing through
the fibre to the eye; and besides this advantege, wa
have the henefit of a delicate line, abont one-third
- of the dismeter of the fibre itmelf.

. On some: occasions we hav.e_:employ&d_thre&ia-

of melted sealing.-wax, which may be made ex-
tremely fine, though not: of such a regular diame-~
ter as silver ‘wire, or the fibres of glsss; and it is
a very singular fact, that ooe of these fibres of
wax was. exposed, without injury, to the heat of
the san, concentrated in the. focus of an object-
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glass, w:fh an aperture of 2.8 inches, and 29
inches in-focal length: '

"These “fibres * are’ placed in delicate para]lel
grooves formed upon the dlaphragm of thefirst eye-
glass, and may be fixed in their places, for tempo-
rary purposes, by a thin layer of bees-wax;—bhat
when they are required to be kept ai an invariable
distance, it is safer to. pinch themto the diaphragm
by ‘a small scréw-nail néar the extremity of each
wite. - ST -

" The diaphragm should be constricted so as to
move along the axis of the eyespiece, in’ oxder that
the fibres may be placed exactly in the anterior fo-
cusof the first eye-glass; and before any observation
is'made, the eye of the observér ought to be fixed
for a short time upon the fihres alone, till it is ac-
cbmmodated to that distance, and while it’is thus :
fixed, ‘distinct ' vision' should be produced by the
miotion ‘of the eye-tube. By attending to this
suggestion, which is of great practical importance,
the rays that diverge from the fibres; and these
that diverge from the distinct image, will unite on
the same points of the retina. - From the great
facility which the eye possesses of adjusting itself
to different distances, the adaptation of that organ
to the fibres and to the image, could not have been
effected by looking at the image alone, while dis-
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- tinct vision was produced by the motion of the
eye-piece, for as the eye has not any permanent
focus like a lens, the image might appear distinct
before the pencils of rays had actually converged
to a point; and when this does happen, the rays
proceeding from the fibres cannot unite with thove
proceeding from the image, on the same points of
the retina,

When the micrometer is employed in terrestrial
observations, the end of the eye.tube into which
the observer looks, should be furnished with an
aperture smaller than that which is used for com-
mon purposes, and this small aperture should be
used when the sun shines, or when the light of the
day is very great. Ifthe fibres happen to be small, .
théy will either cease to become visible in very
stréng light, or will appear to have a kind of vi- -
bratory motion which injurés the eye of the obser-
ver, and prevents him from making the observa-
tion. Hence it becomes necessary to diminish the
light by means of a small aperture.






BOOK II

ON

INSTRUMENTS FOR MEASURING ANGLES
WHEN THE

EYE IS NOT AT THEIR VERTEX. -
k- ¥

Faou the subject of micrometers for measuring
the angle subtended at the eye of the observer.
by a line joining any two points, we are naturally
led to consider the construction of imstruments
for measuring angles, when the eye is not pla.-
ced at their vertex. Instruments of this kind;
have an extensive and important application in:
the arts and sciences; and while they may be em-
ployed for a variety of inferior purposes, they are.
particularly useful for measuring the angles of
crystals, the inclination of strata, the declivity of
mountains, and the horaryangles of the fixed stars..

" The principle upon which several of these in-.
struments are fornied, is derived from the simple:

- P
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theorem in optics, that the images of objects,
formed by reflection from a plain purface, have

the same position, with respect to the reflecting.

- surface, as the objects themselves. If the ohject,
therefore, be a straight line, the angle which it
forms with-the reflecting plane will be equal to
the angle which the image forms with the same
plane, and the angle contained by the straight
line and its image will be double of either of these
" angles. Hence it follows, that when the angle
which the straight line forms with its image is
equal to two right.angles, or when the ohject and
its image form one line, the straight line will be
" at right angles to the reflecting surface. This is
- obvious from Plate V. Fig. 1., where CD is the
reflecting plane, and AB a straight line inclined
to it at any angle. The angle DB 4, which its

image B a forms with the plane CD, will in every

position be equil to. the angle DBA, which the
object forms with the sameplane ; and therefore,
when the object A'B, and its image B @', form one

straight line A’ @', the line A’B is perpendicular.

to the reflecting surface; for the angle A'BD be-
ing equal.to @' BD, they are both right ungles.
If the. straight line AB forms the acute angle
ABD: with the reflecting surface, and is viewed
By the eye in the direstion CD, it will then ap-
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‘pear to form one line with its image A a, and
will be at' right angles to the line ¢d, which is
perpendicular to CD. Hence we may conclude,
" im general, that when any straight line appears
4o form one line with its refiected image, it is at
right angles to a line in the reflecting surface,
perpendicular to the axis of the eye. . If we mow
suppose the reflecting surface to receive a rotato-
Ty motion in a plane  passing through c d at right
angles to the axis of the eye CD, till any recti-
{inéal object forms the same straight line with its
image, we then obtain the relative position of the
object to the reflecting plane; and the inclination
of this plane being measured upon a graduated
arch, gives us the relative position of the object
to the horizon, By determining, in this manne,
the respective inclinations of two lines which cut
each other, to the horizon, or to any other plane,
and by taking the difference of these inclinations,
we obtain the angle which -they form with one
another. ' :

" The application of this principle constitutes the
Klinometer for ‘measuring, with ‘the naked eye,
the apparent inélination of strata, 8uc. ;—~the goni-
ometrical microscope for determining the angles
formed by lines, or by the common .sectiors of
the planes of crystals ; ‘end the goniometrical te-
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lescope, for measuring the apparent inclination of
lines when great eccuracy is required, or when
the object is tao distant to. be examined by the
naked eye. .

If, instead of measuring the appavent nclina-
tion of a line to the horizon, we wish to-ascertain
the angle formed by two reflecting surfaces, we
have only to give a motion of rotation to the res
flecting surfaces in a plane perpendicular to their
common section, and mark, by means of the con-
iinuity of the object and its image, the positions
in which any distant line is at right angles to a
Iine in the reflecting surface, perpendicular to the
axis of the eye. The arch intercepted between
these two positions, is the supplement. of the ans
gle formed by the planes. The same result would
have been obtained, if the reflecting surfaces had
been stationary, and a rotatory motion communi-

cated to. the rectilineal object. If AB and BC, -

Plate V. Fig 2., for example, are sections of the
reflecting surfaces, and MN, OP, the right lined
ohject in two positions, and perpendicular to. the
surfaces AB, BC, then the angle MDO, or the
arch MO, is the supplement of fhe angle ABC;
for, in the quadrilateral ﬁg‘um NBPD, the angles
at N and P are right, and, therefore, the angles

44 B and D are, together, egual to two right an-

————
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. gles ; consequently the angle MDO is the supple-
ment of the angle ABC. Upon this principle
depends the goniometer for measuring the angles
of crystals, which will be fully described in a sub-
sequent chapter.
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CHAP. L
Description of a Klinometer.

‘Lx1s instrument, which is intended to measure
with the naked eye the apparent inclination of
 strata,* the declivity of mountains, and the appa-
rent magnitude of angles, when the eye is not at
their vertex, is represented in Plate IV. Fig 1.,
where AB is a graduated quadrant, about three
inches radius, fixed on the base BF, ED. The
arm CM, which carries the vernier scale MN,
moves round the centre C of the quadrant. This
arm likewise carries a frame GH, inclosing a
reflecting plane, made of black glass, or any
other reflecting substance, which moves upon
pivots ¢ and &, in a plane perpendicular to that
of the quadrant. When the instrument is to be
used, it is adjusted to a horizontal plane by the

* A very ingenious Klinometer for measuring the dip and

the bearing of strata, when the observeris able to reach them,
has been invented by Lord Webb Seymour,
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level LL and the three finger screws D, E, F. The
moveable arm is then shifted along the graduated
arch, till the reflected image of the stratum seen
in the black mirror is continuous with the direct
image. The arch, intercepted between the index
of the vernier and the beginning of .the scale,
will shew the angle of inclination. The reason
of this is obvious from Plate V. Fig. 8., where
CD is the stratum, and EF the reflecting plane.
The triangles DBE and DCE ‘are obviously simi-
ler, and hence the inclination of the stratum, or
the angle DBE is equal to the angle DEC, and is
consequently measured by the arch AF. If we
wish to determine the angle formed by two lines;
there i3 no occasion for adjusting the instrument
to a horizontal plane, as the value of the angle is
equal to the difference of the respective inclina-
tions of the lines to any given plane. '

It is frequently of advantage, in using this in-
strument, to have the frame GH and the piece of
black glass made as thin as possible, that when
the eye is placed near the frame GH, and is look-
ing obliquely into the reflecting surface, it may
perceive a greater portion of the direct image of
the line DB, whose inclination is required. When
this is the case, the reflected image of DB, scen
by the upper half of the pupil, will appear to co--
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incide’ with ‘the direct image, seen by the low: -
er balf of the pupil ; and, by this means, the ob-
server will be enabled to determine more accu-
rately, when the line DB is perpendicular to the
reflecting plane, than he could have done by
Jjudging merely of the apparent continuity of that.
line and its reflected image. -

~ It is obvious that the reflecting plane GH ma)a
be placed on any: part of the radius CM, on the
centre above C, or even on the circumference ‘of
the gradunated arch, without altering the prmcnph
of the instrument. _

. 'The preCeding mstmment might be of comuder-
phle advantage in laying down, in accurate per-.
spective, a building, or any other object, in which
there are:a number of Etra.ight lines. The rela-
tive position of all these lines, either to the hori-,
zon or to any other line, could be be qmckly

. ascertained. _—
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-CHAP IL°

Description of a new Gbniometerfor- measuring the
Angles of Crystals. - '

T iz Goniometers which were formerly employed
to measure the angles formed by the planes of
crystals, consisted of two small levers, having one
" -arm considerably shorter than the other, and mo-
" ving round the same centre of motion. The two
short arms of the lever were opened, and placed
upon the planes of the crystal, in a line perpendi-
cular to the common section of the planes, The
ingle formed by the levers being equal to the
angle of the planes, the centre of motion was pla-
" ced upon the centre of a graduated arch, whose
radius was equal to the longest of the levers, and
the cxtremities of these arms pointed out the
angle required upon the divided circumference,
The inaccuracy of measurements made in such 2
rude manner was so great, that the angles formed
by the planes of crystals, as given by different wri-
ters on crystallography, often differed by one, two,
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and sometimes three degrees; and hence it be-
_ came a matter of great importance to construct a
more perfect instrument, by which these imgles
. could be measured to any degree of accuracy.
The necessary imperfection of every mechanical
method, induced me to try the principle of reflec-
tion which has already been explained ; and in ap-
plying it to a goniometer for measuring the angles
of crystals, I have succeeded beyond my most san-
guine expectations.* The methods of employ-
| ing this ingtrument, which we shall pow describe,

-® Though the goniometer for messuring the angles of crywtals
is sufficiently different from the ingenious reflective goniometer
recently invented by Dr Wollaston; yet, to those who may
think that there is any resemblance between the two instra<
ments, it will be necessary to make the following statement y
The principle upon which =il the reflecting instruments, de—
scribed in Book II. are constructed, oceurred to me more than
Gve years ago, and appeared in a work which “was peblished in .
September 1807. The fertility of this principle was- obvious,
and T was frequently employed in applying it to the oonstructlon
. of different philosophical instruments.

On the 8d of February 1809, 1 garedlrecuonsw Mr Hari
ris to construct for me a goniometer, for measuring by reflec-
tion the angle which one line forms with another, or the angle
formed by two reflecting surfaces, by observing their relative -
position to any straight line. I showed this goniometer to se-
veral of my friends in London, during the months of February
and March; to Dr Clarke end Mr Woodhouse at Cambridge,
on the 22d of March; and, in the beginning of April, it was
exhibited to the mathematical class of this university by Pro-
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are applieable, not only 10 crystals whose surfaces
are smooth and polished, but to crystals whick
reflect no light whatever, and even to those in
such an imperfect state, that only small portions
of the real surface occasionslly appear.

The . goniometer for measuring the angles of
crystals is represented in Plate IV. Fig. 2.
where B circle, AB, about six .inches diameter,
and divided inte 860 degrees, moves round OO
as a centre, and is supported by two upright bars
M, N, fixed with screws into the stand SS. To
“the ring OO, supported by these bars, is fixed the
arm G, that carries the vernier scale E. This
‘scale remains stationary, while a rotatory mo.

fessor Leglie. At this time I got an addition made to the ine
strument by Mr Adie, by which it was fitted for measuring .
angles, when the eye was in their plane, by observing when the
seflected image of an object came in contact with another objeet
seen directly. The principal difference between this intrument
and Dr Wollaston’s Goniometer iz, that in the latter the reflecting
-planes are placed at the centre of the graduated scale, whereas
in the former they were placed on its circumference. In st~
ting these particulars, I cannot be understood to psesn that
this philosopher, to whom the sciences owe so many obligations,
was in auy respect acquainted with the instruments which I had
conetructed. I am anxious only to shew, that the principle of
&ll the instruments, described in this book, has been known to e
for some years; and that most of the instruments themselves
were actually constructed before Dr Woilaston’s invention was
made public, .
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tion is communicated to the divided circle AR
by means of 2 pinion moved by the milled-head Q,
which works in the teeth cut upon the circumfer-
ence of the circle AB. A rectangular piece of
brass L is fixed by two screws to one of the radii
T of the gradiated circle, so that.the slider s&
nfay move upon it, -@nd be placed at different
distances from thé centre of mation; by lying
hold of the pin below 5. A thin plate b, forms
ing part of the cock ¢bcC on the top of thix
slider, carries the crystal, and by means .of the
dandle { this plate has a motion round the centré
C,in a plane perpendicular to that of the divided
circle; Below this thin plate, and fixed to it by
the screw C, is another piece of brass fastened to
the top of the slider by the screw above C, and
moveshle, by means of the lever /, round that
screw as a centre, in the same plane with the
fci_i‘ciie.- When the handle ¢ is employed to mové
the plate b, it is pushed to or from the plane of
the circle AB; but when the lever  is used té
give the whole cock b¢C a Totatory motion
about the screw C, it is moved in a plane parallel
to that of the circle AB. By the combination of
these motions, the common section of the surfaces
of the crystals is brought into a position parallel
to the axis of the instrument. This adjustment
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is effected by placing the graduated circle in suclt
a position, that a vertical window-bar, or any
other. straight line, is mearly in: the piane of the
eirclé. A motion of rotation is then given to. the
crystal by the lever I;* and, if the reflected’ im-
age of the window-bar .forms- one straight line
with. the object itself, when .examined in each
. surface. of the crystal, the adjustment is com=
plete, or the plane of the graduated circle is pa~
rallel to a plane at right angles- to the common
section of the surfaces of the crystal. The in:
strument is then’ placed in such a position, that
the plane passing throug:h the eye and the win-
dow-bar is perpendicular to the plane of the. di-
vided circle, or that the commod section of the
surfaces of the crystal points to.the bar of thé
window. The index. is set to the beginning of
the scale by means of a stop at the 180th degree;
and the image of the vertical window-bar, or any
rectilineal object formed by reflection from the
first or right-hand surface of the crystal, is
brought te coincide with the direct image by
the vertical motion of the cock. The wholé gra-
duated circle is then made to revolve by the

- * The rotatory motion of the. crystal might be produced by
means of a screw or pinion. By this means the adjustmenty
would be mare easily and accurately effected: _ '

’
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toothed pinion, till the reflected image of the
vertical bar again coincides with the direct image
when examined in the other surface of the cry-
stal. When this position is obtaired, the index
of the vernier will point out, on the drnded arch,
the angle of the crystal.- '

- H, during this operation, the vertical bar was
exéqtly ‘perpendicular to the planes of the cry-
stal, the angle thus measured is the real angle
formed by these planes, whatever was the dis.
tance of the crystal from the centre of mution;
for the bar wes perpendicular to every line ly-
ing in the two planes. When the bar, however,
i3. inclined to the' planes of the crystal, as AR,
Plate V. Fig. 1. and appears t¢ be perpendiculay
to them enly when seen in one direction CD,
then ‘it is obvious, that there .is a parallax de-
pending on the angle ABA', and on the hori-
zontal aberration’ of the crystal from the centre
of the graduated circle. - This parallax, however,
vanishes, when the commen section of the planes
of the crystal coincides with the axis of motion;
end therefore it may be completely removed in
the original construction of the instrument, by
opening the centre of the divided circle, asin the
figure. But as the parallax is so small, and may
be removed by a simple adjustment, the instru-
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ment would still measure the angle with gréat ac-
curacy even if it were not open at the centre. :
_: During the preceding operation, the g'onlome-
ter must e\_rldenﬂy remain steady on its base, as
the smallest change in its position will affect the
accuracy of the result. Inorder to remove this in-
convenience, and render the instrument portable,
and independent of any object exterior to itself,
8 horizbntal arm DH, about six or eight inches
- long, projects from the base of the instrument, to
which it is fastened by means of a finger screw and
two projecting pins, and carries the vertical frame
HEK. Across this frame two or three pair of pa-
rallel silver wires are stretched in a perpendicular
direction, and are used instead - of the window-
bars, in the way which has been already describ-
ed. The angle of the erystal may then be de.
termined when the instrument is «held in the
hand, without the accuracy of the measure bheing
affected by any agitation whatever. In the men-
suration of the angle, the middle pair of silver
wires may be employed when the space described
hy the common section of the planes of the crystal
is not great; but, when this-space is considerable,
ane of the extreme pairs should be used with
the first surface of the crystal, and the other
pair with the second; for, if tlie silver wires
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should not be exactly parallel to the plane of the
graduated circle, the very small parallax ari-
sing from this cause will be nearly extimguish-

ed. The method of finding the coincidence be-

tween the wires seen directly, and their reflected
image, will be understood from Plate V. Fig. 4.
where a bg, ¢ d A'is a pair of silver wires, and a b,
¢ d the portions of them that are above the sur-
face of the erystal. When the eye is looking at
their reflected image be, df, it can also, from its
proximity to the erystal, see faintly the portions
bg, dk, or at least their extreme portions at g
and k. ' The crystal is therefore turned round by.
the handle 7, if it is the first or right-hand sur-
face; or by the nut opposite to Q, if it is the

other surface that is used, till the reflected lines
b e, d f exactly coincide with, or cover the wires-

bg, dh, or their extreme portions seen by direct’
vision. .

. 1f, instead of employing the frame HI, it is.
found convenient to use & distant object, we have

only to make any point of that object seen by re-
~ flection from one of the surfaces of the crystal,
come in contact with any point of znother ob-.
ject seen by direct vision, and at a considerable.
distance from the first. The coincidence between
the same. objects is observed by means of the




.OHAP 1. - A NEW.GQONIOMRTER. ‘o

other gurface, apd the angle of the crystal is do-
termined as before. -
It is obvious that this instrument will measure

the angles of crystals with great aceuracy, and .
little trouble, if the surfaces are moderately
_smoqth, and refleet the smallest quantity of lighs.

When the surface has the appearance of beipg
perfectly rough and irregular, the -oblique re-

flection generally gives a very distinct image ofa
~ rvertigal bar, when the image of a, horizontel line

' or of. gny ether object -cpuld-notipo@_ibl,y be op-
tained, It froquently happems, howevar, that
the -crystal does pot reflect sufficient light to
:form ‘gn image, or-is 8o irregular in ity guriace, or
%0 inconveniently, plaged im the specimen, that a

vanety of different contrivances must. be adopted
-for .measyring its angles. In a specimen of Al-
Japite,  for exampls, . belonging to Mr Allag,
_the czystals sre situmted in such a manner, that
their sagles could .not. be meapured, either by
.the goniometers of Hayy or Dr Wollaston, or hy

the instrument. which has. now begn . described,

.withput breaking off some of the prajecting parts: .
- of thn wmigeral, ‘
. When the plares of the Brystal are smooﬂl but
.unpolished, a gmall piece of parallel glass AB,
Plate V.. Fig. 5. or any other reflecting substance’

[ 2]
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‘with pdraltel sides, is successively placed’ upon
_the surfaces of the crystal CDE; the coinci-
dence of the direct image of a rectilineal object
with the image reflected from the piece of glass,
is observed 'a:s before, and the angle found in
precisely the same mannér. If the two surfaces
of the reflector should not be parallel, the aber-
ration will be corrected by reversing its position
on the second surface of the crystal.

When the pllénesl of the erystal are covered
with asperities which prevent the piece of glass
from lying parallel to these planes, we must
‘'make use of the refléctor AB; Plate V. Fig. 6.
supported by three slender feét, and so formed
‘that the reflecting plane mn is exactly parallel
‘to the plane op, passing through the extremities
of the three feet. The three feet are then plated
upon those points of the surface where there are
no asperities, and the coincidence of the images
is observed in the reflector: -}t is then transfer-
red to the other surface of the erystal, the coin-
cidence of the images agnin observed, and the
angle of the planes mensured as before. As the
surface of the crystal may always be brought in-
to a horizontal position when the coinciderice of
the object and its image is observed, the reflec-
“tor will stand steadily on the planes of the crystal;

1 §
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but, in order to secure it from sliding, a drop of
varnish or melted bee’s wax may be placed round
each of its feet. It might be praper to have two
or three of these reflecting tripods. of -different

~ sizes, and with their feet at different distances;

in order to accommodate themselves to the smooth
parts of the crystal. : Ome of the ‘reﬂectprs' mtight
bé fixed on each surface with bee’s wax, in the
way represented in Plate V. Fig. 7. where C is the
crystal, and A, B the two reflecting tripeds. If

-the position of the crystal should prevent us from

adopting either of these methods, which was the

case in _the specimen of Allgnite already men-
" tioned, we must have recourse to the gonidmew

trical microscope, which is intended to measure
the angles formed by two lines when the eye is
perpendicular to the plane of the angle.

If we conceive the two surfaces of a crystal to

be cut by a plane perpendicular to their common

section, the apparent angle contained by the twe
lines which form the boundary of the sectios,

-when the eye is perpendicular to the section, is

evidently the inclination of the planes. But if
the cutting plane is net perpendicular to, the
.common section, the apparent angle of the lines
.which form the boundaries of the section when
viewed by an eye perpendicular te it, is evident.
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ly greater or less than the real angle of the crys.
tal, according to the position of the cutting-plane.
If the observer, however, places himself in sach a
maenner, that the common section'of the planes is
parailel to the axis of his eye, then the apparent:
angle formed by the bounding lines of the section;
whatever be the ‘position of the cutting-plans,
~ is the real angle of the crystai. By placing the
crystal therefore in this position, in the foeus of
the -goniomettical microscope, which shall be
hereafter desetibed, and ‘measuring the apparent
angle formed by.the bounding- lines, we obtain;
by a very simple process, t!'he mcimatlon ot‘ the
plages.” '

This will be'understood: from Plate V. th 8.
ih which- ABCDEF is & crystal, ABC a section
of it perpéndicular to AP, and Abc an oblique
_section, * Now, though BAC i the real angle of
the cryst:ii 'IYe't; when' the 6hlique. section Ade.
is viewed by the obsérver at 0, its bounding lines
Ab, Acare apparently doindident with the lines

AB, AC, whose inclination is the real angle of
 the planes; and therefore; if we measuré by a
proper instrument, which we shall afterwards de-
scribe, the apparent angle contained by -the ob-
lique lines Ab, Ac, we obtain a measure of the

‘ renl angle of the crystal.
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‘The angles of the crystal may also be advan-
tageously deduced, from the plane angles by which
any of the solid angles is contained. The plane
angles are first measured with great accuracy by
the goniometrical microscope, or the angular mi-
crometer adapted to a micrescope, and the inclina-
tion of the planes is deduced from a trigonome-
trical formula. Whatever be the mumber of plane |
angles which contain the solid angle, we cen al-
ways reduce the solid angle to one which is formed
by three plane angles, and determine by the formu-
la the inclination of any two of them. Thus, -if
" the solid angle at A, Plate V. Fig..9. is contained
by five plane angles, and if it is required to find
the inclination of the planes ABC, ACD, we first
measure the plane angles CAB, CAD, and also
the angle contained by the lines AB, AD; so that
we have now reduced the solid angle contained
by five plane angles, into one contained by three
_ plane angles, CAB, CAD, BAD.

Legendre, in his Elements of Geometry, has
given a very elegant solution of this problem by
" & plain construction; and it is easy from his solu-
tion to form an instrument for shewing the angles
of the planes witheut the trouble of caiculation.
Thus let the angles BAC, CAD, DAE, Plate V.
" Fig. 10. be made equal t0 the three plane angles
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by which the -solid angle is contained. Make
AB equal to AE, and from the points B, E let
fall the perpendiculars BC, ED on the lines AC,
AD, and let them meet at O. From the point
C, as a centre with 'the radius CB, describe
the semicircle BFG. From the point O draw
OF at right angles to CO, and from F, where it
meets the semicircle, draw FC. The angle GCF
is the inclination of the two planes CAD, CAB.
In order tb construct an instrument on this prin-
ciple, to save the trouble of projection ar calcula-
tion, we have only to form a graduated circle
BHEG, with three moveable radii, AC, AD, AE,
and a fixed radius AB. ‘The moveable radii must
have vernier scales at their extremities, that they
may be set so as to contain the three plane angles
which form the solid angle. Two moveable arms
BG, EO, the former of which is divided into any
number of equal parts, turn round the extremi.
ties B, F; and, bj' means of a reflecting mirror on
their exterior sides, they can be set in such a
position as to be perpendicular to the radii AC,
AD. When this is done, the pumber of equal
pé:'ts between C and O, divided by the number
between B and C, is the natural co-sine of the
angle GCF; and therefore, by entering a table of
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. sines with this number, the inclination of the two
planes will be obtained. .
In order to obtain-a more accurate result, how-
ever, we must have recourse to 2 trigonometrical
formula. Let A, Plate V. Fig. 11. be the solid
angle, and let it be required to determine, by
. means of the three plane angles, the inclination
of the surfaces ACB, ACD. Draw AM, AN in
the planes ACB, ACD, and perpendicular to the
common section AC: join BM, DN. Then it
it obvious, that the angle MAN is the incling--
tion of the planes required, and that the angle
BAD, which is an oblique section of the prism
BM, will be equal to MAN when it is reduced
to the plane AMN. By considering that the in-
clinations of the bounding lines of the oblique
section of the prism, to the bounding lines of the
perpendicular section, are measured by the angles -
DAN, BAM, the complements of the two given
plane angles CAD, CAB, we shall obtain, by sphe-
rical tngonometry, the following formula :

A
| Sin. 220 =
. BAD4CAD—CAB ., BAD4CAB—CAD
R../( Sin, —+t————. Sin. e )
. CAB. §m. CAD

Or, calling ¢ the angle of the surfaces of the crys- .
tal, B, C the plane angles at the vertex of these
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surfaces, and A the other plane angle, then we .
shall have .

P e AdB—C A4C—B
Sin.s $=Redo(Sin. =T, sin.=F7)

ﬁ-: E ﬁl .CI .

a formula_from which the value of ¢ may be ob-
tained by a very simple calculation,

Let the angle BAD, for example, be 62° 56,
the angle CAD = 100" 2, and the angle CAB

= 106° 10/, then we shall have, by the preceding
formula, -

) @ , Sin. 28° 24’ Sm. B¥ 82"
Bin.* ¢ = Rad.* griroms Sin 150“2‘ ;

Now we h;we, _
Log. sin. 28° 24’ - -  9.6772640
Log. sin. 84° 32 - - 9.1584954

o ‘19'.4301594_ :
Add 2 Log. of Rad. - 20.0000000

99.480'759¢

Log.sin. 106°10' - - .9.9824774
Log.sin. 100°2" . - 0.9989068

19.9757842
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From - - - - - 8064307594
Subtract - - < .- 19.9757842

. 2Llog.sini - - - 194549752
Log.-sin.% - . - - 97314876

Hence 9= 92° 16' 18"
, and ¢ = 64" 32’ 96"
the angle of the surfaces of the crystal.

5
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- CHAP. L
Description of a Goniometrical Telescope.

Tmr. Klinometer, which we have described in
Chap. 1. may be successfully employed, when the
Tine whose inclination is to be measured can be
distinctly seen by the naked eye, and when a
very accurate result is not required. But if the
object is at a distance from the observer, or if
the angle must be determined with accuracy,
it will be necessary to make use of the goniometri-
cal telescope.

This instrument is represented in Plate V1.
Fig. 1., where TT is the eye-tube of the tele-
scope, which carries the graduated circle AB, di-
vided into 360 degrees. By means of the milled
head which surrcunds the eye-glass at E, this

. _circle has a motion of rotation about the axis of

the eyel-t.ube. The vernier V has likewise a mo-

tion round the gxis of the instrument, and may .
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be set to the zero of the scale, when the level, L,
fixed to the plane surface of the graduated circle,
is adjusted to a horizontal fine. On the same sur-
face, parallel to the axis of the level, there are
fixed two screws, (one of them is seen et s)
on which the arm DF may slide to or from the eye- ,
glass E. This arm is bent into a right angle

D, and carries a frame in which the small reflec-
ting plane O, made of black glass, is fitted so as
to have a rotatory motion dbout the axis a b. _

When an angular ohject appears in the field of

the telescope; the arm DF is pushed backwards
or forwards, till the mirror O .is near the centre
of the eye-glass, and it is then turned rouad its
‘axis a b, by means of theé lever h, till the obser-
ver, by looking ‘through the eye-glass, and into
the mirror at the same time, perceives a dis-
tinct reflected image of the field of view, and the
angular object which it contains. The gradu-
ated circle AB is then moved round its centre,
till the reflected image of oame of the lihes which
containg the angle is continuous with the line it-
‘self, and the degree pointed out by the index is -
noted down. The circle is again made to revolve
till the image of the other line is continuous with
the line itself, and the place of the index is again
marked, The arch of the circle intercepted be- -
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tween these positions, is the measure of the angle
réquirdd, To save the trouble of reading off 2
second line, the verniet may be placed at the zero
of the scale, when the first coincidence has been
observed. R ’

In order to explain the theory of this instrument,
tet ABC, Plate V1. Fig. 2. be a plane angle seen in
the field of the telescope, and MN the section of
a reflecting mirror, which moves along with the
graduated circlé. When the side BC is in the
same straight line with its image CE, BC is per-
pendicular to MN ; and when, by the motion of
the divided circle, the mirror MN is brought into
8 position m = perpendicular to the other side AB,
the arch described by the moveable circle is evi-
dently. a measure of the angle formed by the
lines AB, BC. The angular motion of the mir-
ror, in passing from the position MN to m n, is not
measured by the angle AOC formed at the centre O
by AO and CO, but by the angle FOG, which is
equal to ABC. This will be evident from consi-
dering, that the lines AB, CB are parellel to FO
GO, and that the same angle would have been.ob-
tained by taking the reflected image of the lines
FO and GO. '

When the instrument is required to measure
the apparent angle which any right line mekes .

e —
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with the horizon, the index of the vernier should
point to zero when the level is adjusted to the ho-
rizon ; and then, by turning round the graduated
circle till the coincidence between the direct and
-reflected image of the right line is observed, the
index will point out the angle required.

This instrument may, in some cases, be employ-
ed to measure an angle when it is not contained
by right lines. If it is required, for ex;lmplq, to
measure the apparent angle, which the distance
BC, Plate V. Fig. 12., subtends at any other
point O, we have only to make the axis round
which the mirror m n moves: poiht to O, and obh-
serve the'two positions of the mirror, when.the
points B, C, seen by reflection, come in contact
with any point D seen by direct vision, and the
intercepted arch will be the angle at O. If one
of the pointa B, C is at a greater distance from
0O than the other, it is evident that their reflected -
imeges cannot both-come in contact with D. A .
motion of the mirror, however, in a plane at
right angles to the plade-ia which it revolves, will
produce the contact without affecting the result.
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CHAP. 1V.
Description of & Goniometrical Microseope.

T uss instrument, which we have repsesented in
Plate V1. Fig. 8., is nothing more than the appli-
cation of the contrivance described in the prece-
ding Chapter to a simple or compound micro-
scope. The graduated head AB, the arm FD,
and the reflector O, are all constructed and used
exactly in the same way as in the gohiometrical
microscope. The level 2, however, is of no use in
the present instrument, as the angles to be mea-
sured have no relation to a horizontal line. The
object of this goniometer is to determine the an-
gles of crystals, which are too minute to be applied
" to the commen goniometér ; and this is dotie by
measuring the plane angles by which any solid
angle of the crystalis contained, and then finding,
by the formula given in a preceding Chapter, the
" angle of the planes themselves. The same result
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may be obtained by measuring with this instru-
ment the angle contained by the bounding lines of
every section of a crystal, when it is reduced by

projection to the angle contained by the planes.
" In this case, the plane of the graduated circle
must be parallel to a plane passing through the
bounding lines; an adjustment which can easily be
effected by a contrivance for giving the crystal a
motion in every direction.

Thereare numerous cases in microscopioal ohser-
vations, where it is necessary to measure very
minute angles, when the plane passing through
the lines by which the angle is contained is pex-
pendicular to the eye ; and there is no method but
the one now described, by which this can be done
with facility and accuracy. - The goniometrical
microscope, therefore, will have a very extensive
application in the arts and sciences, and in many
cases will be found of very essential advantage to
‘the experimental philosopher.
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CHAP. V. -
Description of an Angular Wire Micromeler.

"T'rx most obvious method of measuring the angle
.contained by two lines, when the eye is above the
‘plane which passes through them, is to have a
pair of wires crossing'one another in‘the centre of
‘the field of a teléscope, and ome of them moves-
ble, so as to form at the centre of ‘the field every

possible angle with the other. Dr Herschel’s po-

sition micrometer is nothing more than an instru-
‘ment of this kind. The moveable wire is turned
round in the field of the telescope by a pinion,
which works in the teeth of a wheel across which
the wire is stretched. By this means the movea-
ble wire forms every possible angle with the one
which is fixed, and an index points out on a cir~
cular scale the angle which is contained by the
wires.

Dr Herschel employed this instrument for mea-
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-~ guring the angle which a line, joining the two
stars that compose a double star, forms with the
line of their apparent motion. The micrometer
was placed in such a position, that the larger star
moved along the fixed wire, and the moveable
wire wasturned round till it passed through thetwo
stars, S, s, Plate III. Fig. 2. The angle pointed out
on the scale was the angle of position required.
Dr Herschel suspected, that the smaller of the two
stars which compose a double star revolved round
the greater, or rather round their common centre
of gravity ; and, by means of this instrument, he’
found, that, in the double star of Castor, this re.
volution was performed in 342 years.

In this instrument the two wires always cross
each other ‘at the centre of the field, .and conse-
quently their angular separation is produced
uniformly by tke motion of the pinion; or the an-
gular motion of the moveable wire is always pro-
portional to the angular motion of the pinion. -
This very circumstance, however, which though
it renders it easy for the observer to read off the
angle from the scale, is one of the greatest imper-
fections of the instrument. The observations must
obviously be all made on gne side of the centre of
the field, as appears from Plate III. Fig. 2., and the
use of the instrument is limited to those cases in

H
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which Ss is ie'ss than the radius SC. The greatest
disadvantage of the instrument, however, is the
shortness of the radius SC, for the error of ob-
servation must always diminish as the length of
this radius increases. This disadvantage does not
exist in measuring the angle of position of two
stars 8, s, for the distance S s remains the same
whatever be the length of SC; but in determining
all-other angles contained by lines, whose appa-
rent length is greater than SC, this imperfection
is inseparable from the instrument. Nay, there
are some cases in which the instrument completely
fails; as, for instance, when we wish to measure the
angle formed by two lines whick do not meet in
a point, but oely tend to a distant vertex. If the
~ distance of the nearest extremities of these lines
is greater than the chord of the angle which they
form, measured upon the radius SC, then it is im-
possible o measure that angle, for the wires can-
. not be brought to coincide with the two lines by
which it is contained. Nay, when the chord of
the angle does exceed the distance between the
nearest extremities, the portion of the wires that
can be brought into coincidence with the lines is
so small, as to lead to very serious errors in the
result. _
The new angular micrometer, which we ven-
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ture to propese as a substitute for this instrument,

is completely free from the defects which we have
just noticed, and is founded on a very beautiful

_property of the circle. If any two chords AB, CD,

Plate V. Fig. 18. intersect each other in the point O

" within the circle, the angle which they form at O

will be equal to half the sum of the arches AC, BD;
but if these chords do not intersect each ather with-
in the circle, but tend to any point O without the
.circle, as in Fig. 14., then the angle which they
form is equal to half the difference of the arches

AC, BD; that is, calling ¢ the angle; we have in

the first case ¢=AC:BD, and in the second case

AC~BD
2

0=

. Hence if AB, CD be two wires, pla- |

_ced in the focus of the first eye-glass of a tele-

scope,‘ the moveable one AB may be made to form
every possible angle with the fixed one CD, and |
that angle may be readlly found from the arches
AB, CD.

The apparatas by which these arches are med-
sured is representedin Platel V. Fig. 3,,and is nearly
the same as that which is employed to meastire the
arches compreliended between the two steel points
of the rotatory micrometer. “Tnthe present instru-
ment, however, the graduated circular head might
be divided only into 1807, in order tosave the trou-
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ble of halving the sum, or the difference of the

arches AC, BD; but as it would still be necessary
to measure fwo arches before the angle could be
ascertained, we have adopted another method, re-
markable for its simplicity, and giving no more
trouble than if the wires always intersected each
other in the centre of the field.

Let AB, for example, Plate V. Fig. 18, be the
fixed wire, and CD the moveable one, and let it be
required to find, at one observation, the angle
AOC or 9. Let the index of the vernier be at ze-
ro, when the point'D coincides with B; and as it is
obvious that the extremity C will be at ¢ when D
is at B, the arch ¢ A will be a constant guantity,
which we shall call . Making AC=m and BD=n,
we have, by the geometrical property already men-
tioned, h )

_ #H-n,

= —3
but since the extremity C will move over the
space Cc while D describes the space DB, these
arches must be equal, consequently we have
b=m-—n; hence adding 2 » to each side of
the equation, we obtain
b+ 2n=m + n, and dividing by 2 .
1bFa= ﬁ%'—ﬂ, consequently
¢=1b+"m

——— .
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"Hence the angle AOC is equal to half the arch
A ¢ added to the arch DB orsince A c is invariable,
the half of it is & constant quantity, and the angle
Tequired is equal to the sum of this constant quan-
tity and the arch DB.

‘When the wires do not intersect each other, as
in Fig. 14., we have

¢ = m‘;“ and,

b = m+ n; hence subtracting 2 n from each
side of the equation, we have
b—2 n = m~—n, and dividing by 2

m——'n
3b— n= ~5— consequently

p=%tb—n

That is, the angle AOB is equal to the differ-
ence between half the arch A ¢ and the arch DB,
or to & constant quantity, diminished by the arch
DB. . '- ‘

In finding the angle AOB, therefore, we have
*. merely to observe the place of the index when the -
wires are in their proper position; and as the scale
commences at B, or when D-and B coincide, and
‘i3 numbered both ways from B, the degree point-
ed out on the circular head, when increased or di-.
minished by the constant quantity, will give the
anglé of the wires which is sought. "The semi-
circle on each side of a diameter drawn through
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B, is divided into 180°, the 180th degree bemg at
the opposite end of that diameter.

The method of reading off the angle AOB, may
be still farther simplified, 50 as to save the trouble’
even of recollecting the constant quantity, and of
adding and subtracting it from the arch pointed
out by the index of the vernier. This effect is
produced by making the index of the vernier point
to the constant quantity upon the part of tl;é scale
below B, Fig, 18, when the points D, B coincide,
or when the wire CD is in the position ¢ B; for it is
obvious that if % is the zero of the scale, and Bz
equal to the constant quantity, the archD z, which
is pointed out by the index of the vernier, will be
equal to b + 2, or the angle AOB. Inlike man-
ner in Fig. 14., where the wires do not cross each
other within the field, and where B x is the constant
quantity, the arch D z marked out by the index.
of the vernier, is obviously equal to Xb—n, or the
angle AOB, which the wires tend to form at 0.
By mgans of this adjustment, therefore, we are
enabled to read off the angle AOB with the same-
facility ps if the wires intersected each other in
the very centre of the field, when the arches are
accurate measures of the angles at the centre.

It is not necessary that the two wires should be
_plgced ip the focus of the first eye-glass. I have
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constructed an instrument of this kind, in which
the fixed wire AB is placed in the focus of the
whole eye-piéce, or, what is the same thing, in the
focus of the object glass, while the moveable wire
CD revolved in the focus of the first eye-glass.
In this case the wire AB is more magnified than
the other ; but if this should be regarded as an in-
convenience, it might easily be removed by using
a more delicate fibre. : .

The graduated head upon which the scale of'this
instrument is engraven, is the same as that of the
- rotatory micrometer. The end of the eye-tube is
represented in Plate IV. Fig. 8., where CD is the
circular head, divided into 880°, anil subdivided by
the vernier V ; L is the level, and AB the part of
the eye-piece which contains the diaphragm with
the fixed and moveable wires. ‘The head CD, and
the level L, are firmly fixed to the eye tube T, and
from the head CD there rises an annular shoulder
concentric with the tube ; and containing the dia-
phragm across which the fixed wire is stretched,
This diaphragm, which is represented in Fig. 4.
with the wire extended across, projects through
the circle of brass EF. FAll these parts rempain im-
moveable, while the outer tube AB, and the other
half EF of the circular head which containsthe ver
nier V, have a rotatory metion upon the shoulder
which rises from CD. The tube AB is merely an

-
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outer case to protect a little tube within it, which,
containsthe eye-glass, and themoveable diaphragm
with its fibre extended across it. The inclosed tube
is screwed into the ring EF, and the outer tube is
also screwed upon the same ring; so thatby moving
AB, a metion of retation is communicated to the
vernier V, and to the diaphragm apd wire belonging
to the inner tube, while the rest of the eye-piece,
containing the other diaphragm with its wire, re..
mains stationary. By this means the moveable
wire is made to form every possible angle with the
fixed wire, and the angle is determined by the.
method which we have nlready explained. The

fixed wire is placed a little out of the cemtre of-

the diaphragm to which it belongs, and the dia-.
phragm itself is placed in a cell, in which it can
be tarned round, so as to adjust the wire to a ho-
rizontal line, when the level isset. The moveable.
wire is likewise placed: at a little distance from the
centre of its diaphragm, as represented in Fig. 5.;
but by means of screws which pass through the
inner tube into the edge of this diaphragm, it can
be moved in a plane at right angles to the axis of

the eye-piece, so that the moveable wire may be-

placed either in the centre of the field, or at dif-
ferent distances from it.

This instrument may be employed in micro-
scopical observations. o

[ —— ]
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CHAP. VL

Description of a Double-Image Goniomeer.

In every instrument in which & double image of
.an object is formed by means of two semilernses,
with their centres at a distance; the oneimage ap--
pears to have a rotatory motion round the other
when the télescope is turned about its axis, Thus
in Plate V1. Fig. 4. if A, B be the images of two
objects formed by the upper semilens when the com-
mon diameter of the semilenses is perpendicular
to the horizon; and. C, D, the images: of the same
objects, formed by the lower semilens; then by
turning the telescope about its axis, or the semi- -
lenses round in their tube, the imege:A will ap-
pear to move round C in the ¢ircle A E, and the
image B round D in the-circle BSF, or in the op-
posite directions if the telescope, or the seniilenses
"are turned the other way. When the distence AC

is equal to CD, asin Fig, 4. the image A willpass
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over the image D ; or if the telescope is turned in
the opposite direction, the image B will pass over
the image C. In like manner, when AC is great-
er or less than CD, the images will move as we
have represented them in Fig. 4. and 6. In all
these cases the four images may be brougl:it into
one straight line ; and when this takes place, the
line which passes through all the images will uni-
formly form the same angle with the horizon, as
the common diameter of the semilenses. It is very

eﬁsy to ascertain, with the utmost accuracy, when:

the images form one straight line ; but particu-
larly in the case. where AC, Fig. 5. is equal to
CD, for the image of A will then pass over D;

and the caincidence of the images will mark the-

instant when the line which joins them is paral-

: lel to the common diameter of the lenses. Hence,
as we obtain by this means the relation of the-

line joining the images to a fixed line in the in-
- strument, the relation of this line to the hori-
zon may be ea.slly found by means of 2 level and
a divided circular head. If the image is' a
straight line, then the coincidence of the two

images, so as to form one straight line, will in-:
dicate . the parallelism of that line to the diame-

ter of the semilenses.
In constructing a gonfometer of . this kmd sole-
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ly for the purpose of measuring angles when the
eye is not at their vertex, either the object-glass
or the third eye-glass might be made the divided.
lens. If the object-glass is divided, it should be
so constructed that it may have a rotatory mo-
tion in its cell, by applying the hand to a milled
circumference AB, Plate ‘VI. Fig. 7. Connected
with the tube TT of the telescope is a circular
ring of brass CD divided into 860°; and the di-
visions upon this scale are pointéd' out by the
index of & vernier », which moves along with
the semilenses. A level L is fixed to the plate
AB, having its axis parallel to the common diamnie-
ter of the lenses, and being adjusted to a horizontal
line when the index points to the zero of the scale.
In using the instrument, therefore, the. observer-
turns rounds the semilenses by means of the pro--
jecting milled circpmfererice AB till the coinci-
denge of the two images is distinctly perceived.
The index of the vernier will then point-out upon-
the graduated head the inclination of the line
which is required. ' '
When the telescope is long, this form of the
instrument, though extremely simple, is not very
convenient. The construction represented in
Plate VII. Fig. 8. is in peneral to be preferred.
This instrument consists of three tubes BL, LC,
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CA.. At the extremity B of the first tube is placed
the divided object-glass, and at the other extre-
mity L is fixed -the divided circular head EF.
The tube CL, which remains always at rest, is
‘fixed to the stand HI by means of the clasp and
screw at H. The ‘tube AC, which contains an
eye-piece, moves within both the tubes CL and
LB. The tube BL extends towards C, within
~ the tube CL, and round its circumference are cut
a number of teeth in which the enilless screw G
works, and thus givés a rotabo'r'y motion to the
tube LB, and the divided head EF. By this
means the common diameter of the semilenses at
B is made to form every possible angle with a
borizontal line, which is indicated by a level
above L, having its axis parallel to the common
diameter of the semniilenses. The index of the
vernier scale v, fixed to the stationary tube CL,
points out on the graduated head the angle re-
. quired. '

When the instrument is cdnstructed with the
third eye-glass divided instead of the object-
glass, the graduated head and vernier must be
placed upon the eye-tube, and made in' the same
. way as for the rotatory micrometer.

" If the principle of this-goniometer is applied to
the double-image telescope, which we have de-
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scribed in Book I. Chap. III. and in Book IIT.
Chap. II. and which consists of a divided lena
moveable between the ohject-glass and its prin-
cipal focus, we obtain an instrument of a very
singular kind, which will measure at the same
observation, the angle subtended at the eye of the
observer by a line joining two points; and like-
wise the angle which that line forms with the
horizon. When the two images of the line
which joins the two points are brought into con-
tact by, the motion of the semilenses along the
axis of the tube; these images must necessarily
be in the same straight line ; so that the relation -
of that line to the horizon, and the contact of
the two images of it which determines its angu-
lar magnitude are obtmned simultaneously, with-
eut any additional "observation or adjustment.
The one angle is read off on the rectilineal scale
which extends along the tube, while the other ig
pointed out by the index of the vernier upon a
circular divided head placed upon the same tube
which carries the semilenses.
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CHAP. VIL
Description of-a Diagonal Telescope.

Tur instruments which have already been de
scribed, with the exception of the double-image
goniometer, can enly be used with advantage when
the angle to be measured. is actually bounded by
two right lines, or when'two right lines are mutu-
ally inclined - to each other, without meeting in &
point. - But when we have only two points in the
Jines, which is the case. when we wish to measure
the angle that aline joming two. stars forms with
the horizon, we are under the necessity of employ-
ing a different principle, for the eye cannot judge
" with any degree of accuracy when these points are
situated in the same right line. In all the prece-
ding instruments too, the radius of the graduated
circle is necessarily very small, and the accuracy
.of the observation is obviously limited by the
field of the telescope. Ih the following In-

[ O —
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strument all these disadvantages appear to be re-
moved, and the principle of its construction seems
to point out a method of measurement by which
all angles of this kind may be determined with
the utmost accuracy. . '
This instrument is représented in two different
forms, in Plate VII. Fig. 4. and 5, where AB is
a portion of a circle greater than a quadrant, and
divided in the usual manner into degrees and parts
of a degree. This graduated limb may be sup-
ported in different ways, according to the purposes
to which the instrument is to be applied. A frame
EF, attached to a2 moveable radius, moves round
the centre C, by means of a clank and screw of
the common censtruction, and it has a sufficient
opening to admit a telescope DG, which can be
placed in any position between a horizontal and
.a vertical line, by a motion round the pivots
m, n, ina plané perpendicular to that of the se-
micircle. One of“the extremities of the arm CV
carries a vernier V for subdividing the degrees of
the limb AB. In the focus of the telescope are
placed three or four fibres parallel to each other,
' and perpendicular to the axis m », apd these are
crossed by a horizontal fibre which passes through
the centre of the field. When the jnstrument
has beeg adjusted tg a horizontal plane by the le-

L]
L




128 DESCRIPTION OF A BOOK I

vels attached to it, the arm CV, which carries the

telescope, is raised into such a position, that du--

ring _th'(; motion of the telescope round the centres

#m, 7, the intersection of the wires traces the line’
whose inclination to the horizon is required,

When this position is*obtained, the index will

point out the angle upon the graduated sémicircle.‘
If only two points in the line are given, the arm’
CV is shifted along the limb, till the intersection

of the wires passes through the two points.

This instrument may be employed with greay

advantage. in measuring the angle which a line,
joining -two stars, forms with the horizon, or
with a line joining other two stars; and hence it
may be used for determining the hour of the
night, and for finding the place of a comet, or
any other celestial body. The line which joins
any two stars, forms every possible angle with
the horizon in the course of 238 hours and 56 mi-
nutes ; so that by knowing the hour of the day
when this angle is of any given magnitude, the
hours correspondmg to other angles may be ob-
tained by simple proportion. The result which
is thus obtajned will of course require te be cor-

rected by refraction. The diagonal telescope may
also be employed in sur\reymg, and for other im- -

portant. purpoeses. . .
.
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CHAP. VIIL

Bucnp&m of a New Protractor for laying.. dwn
S aud measm-mg Angles upon Paper

T ue' cominen’ protractor which is ejnployed in
laying down and measuring angles in trigonome-
trical plans, can only be used when the lines that
contain the angle actually intersect edch other.
The centre of the protractor is laid upon the in:
tersection of the lines, and the arch upon its cir-
cumference, intercepted between the lines, is a
measure of their mutual inclination. When the
lines, however, do not meet in a point, the angle

" which they tend to form cannot be ascertained

without the additional operation of drawing a
third line’ parallel to either of the other two.
But even in the case where the point of inter-

section is given, it is often difficult, particularly

when the angle is small, to find the exact point; ’
so that; on this account, the risk of erroris in.
i
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creased. - These remarks are equally applicable
to the laying down of angles by the protractor.
In order to remedy these inconveniences, we pro-
pose to employ the geometrical principle which has
already been explained in the fifth Chapter of
this Book, Thus in Plate V. Figs. 18, 14, if
the lines AB, CD form an angle at O, the pro-
tractor, whose divided circumference is repre.
sented by the circle ACBD, may be lald down
in any way upon the limes AB, CD, so that the
firches AC, BD intercepted between them may
be distinctly observed. When the lines inter-
sect each other in a point within the protractor,
then half the sum of the arches will be thie angle
st O, and when the point O is without the pro-
tractor, the angle at O is gqual to half the dif-
ference of these arches. In prder to save the
~ trouble of dividing by twp, the circumference of
the protractor is divided ipto 180° instead of
860°. If the protractor is furnished with points
situated st the extremities of a mpveahle arm,
projecting beyond the divided circumference, and
_ carried round by a rack and pinion, the arches may
be measured with great facility. Thus, in Plate
V1L Fig. 2, when the point Q is withinthe protrac-
" tor, let the instrument be placed upon the lines
AB, CD, 5o that the points P, p, at the ends of
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the arms MP, M p may touch the lines AQ, DO
when the index of the vernier stands at the zero
of the scale. Then turn the pinion till the point
P comes to Q in the line CD. The other point p
will be at ¢, when p ¢ =PQ. Hence the arch

92—' will be equal to the angle AOC; or, since the

circumference is divided into 180° instead of 860-,
the arch ¢r= AOC; so that by ohserving the
place of the vernier when the point is at ¢, and
by turning the .pinion till the point comes to 7,
and again observing the position of the vernier,
‘we obtain the arch g r, or the angle AOC. The
same result might be obtained in a still simpler
way, by placing one of the points at O and the
other on the line OD, when the index of the
vernier is at zero. If the pinion is now turned
till the other point comes to the line OB,. the in-
dex will point out upon the scale the angle AOC.

When the two lines do not meet, as in Fig. 1.
the point P must be placed on the line AB, while
the other point p is in the line CD. By moving
the pinion till p comes to ¢ in the line AB, the
point P will have described the arch PQ=pg,
s0 that Q r = PQ-—p g =the angle formed by the
lines AB, CD. Hence, by making the point P
describe the arch Qr, we obtain the angle re-
quired.
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BOOK Il
oR
INSTRUMENTS
‘ FOR

MEASUBING DISTANCES,

CHAP. I

Description qf'a Telescope for measuring
- Distances. :

Ix the first Chapter of Book 1. we have already
explained the principle upon which this instru-
 ment is constructed; and have shewn its applica-
tion as a micrometer to the purposes of practical
gstronomy. We shall now proceed to point out
the advantages with which the same principle
may be extended to a portable telescope for mea-
suring distances ; and to describe the construg.
tion and use of the instrument, with as much



184 TZLESCOFE FOR BOOK IIf.

fulness and perspicuity as the nature of the sub-
© ject will allow.

In ascertaining distances from the angles sub-
tended by any object seen tiffough a telescope,
the accuracy of the result is obviously limited by
the field of view. If the angle is very small, any
error in the instrument, or in the observation,
will produce a great errot in the distance whick
is deduced from it; and this error will always
diminish as the angle is increased. We obtain
no remedy for this evil by augmenting the mag-
nifying power of the instrument; for though the
accuracy of the observation is increased, yet, as
the angle has suffered 3 diminution exactly corres-
ponding to the augmentation of power, the error is
as much imoreased by she one canse s it Wes di-
minished by the athe. JIn cases, therefore,
where very great accuracy is required, the use
of thre teleseope cannot be recomihended ; but ia
the majority. of cases in which the distamces of
ebjects are required; this extreme acturacy W
- hever wanted; and hence the micrometrical te-
lescope will be found of very great utility to tra-
vellers, and to officers of the army and havy,
who require an instruinent tdat is portable, and
not easily injured, while it can be employed with
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facility, and without thei trouble of tedious calcu-
Iation. . '

The instrument which we are.ahout to describe
seems to possess these qualities in a very great
degree, and at the same time combines the pro.
perties of & telescope, a microscope, and & trigono-
metrical instrument. As a telescope, it has a va-
riable magnifying power; as a compound mi-
croscope, its power and distinctness are very con-
siderable; and as a trigonometrical instrument, it
may be employed under circumstances in whick
other instruments could not be conveniently used.

The micrometrical telescope is represented in its
most generalform in Plate VIIL Fig. 1., where AB,
BC, CD, DE are the tubes of which it is coraposed.
The principal object-glass is placed at A; the
second or moveable ohject-glass is situated a little
to the left of C, at the end of the tube DC; and
the eyepiece is contained in the tube DE. When
the tubes BC, CD are pushed into the outer tube
AB, the moveable object-glass near C will be in
contact with the principal object-glass at A ; and
in this situation distinct vision may be procured
by pulling out the eyepiece DE: The magni-
fying power of the instrument is now a minimum.
By pulling out the tube CD, the moveable object-
glass near C is separated from the principal ob-
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ject-glass, distinct vision may again be procured
by pushing in the eye-tube DE, and the magni-
fying power of the telescope will be greater than
before. In like manner, by pulling out the tube
CB, and producing distinct vision by a2 new ad-
Justment of the eyepiece, the distance of the two
object-glasses, and likewise the magnifying powei_'
of the instrument, will increase, till the place of t.h(_:
. moveable lens coincides ‘with the principal focus
of the object-glass, when the magnifying power
of the telescope will be a mazrimusm. |
In this form of the instrument, the motion of
the second object-glass, and the adjustﬁent of
the eye-tube to distinct vision, are produced mere-
ly by pushing in or drawing out the tubes ; but
it would be much more convenient for the obser-
ver if there were only two tubes between A and
D, and if the motion of the tube which contains
the second object-glass, and of that which con-
tains the eyepiece, was effected by means of a
rack and pinion. By this means the adjustments
would all be produced with the utmost facility
and accuracy ; and by turning the pinion for the
ohject-glass with the one hand, and the pinion
for the eye-tube with the other, the observations
-would be made in much less time than if the
tubes were shifted merely with the hand. As
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telescopes, however, are so generally. constructed
with two or.three moveable tubes as shewn in
Plate VIIL Fig. 1., we shall accommodate our de-
scription to that form of the instrument. '

. The diaphragm or field-bar of the telescope,
which is placed in the anterior focus of the
first eye-glass, is represented in Fig. 2. where
a, b are two delicate steel points projecting into
the field of view, and mn, o p a pair of parallel
fibres, all of which are firmly fixed in their re-
spective positions. For the purpose of measur-
ing distances, the two steel points only are re- .
quired : The wires may be used, indeed, for the
same purpose; but they are principally intended
for measuring the angle subtended by any body
that is in motion. When it is required that the

~ instrument should measure a great variety of
~ angles, another steel point ¢ will be of great ad-

vantage, and its position may be determined in
the following manner. Let us suppose, that the
greatest and least magnifying power of the tele-
scope, or rather that the greatest and least angles
subtended by the points a, b, are to one other
as 8° to 1° or as 180 to 60'; then the instru-
ment, by means of these two points, will only
measure angles that are between 180" and 60". In '
order, therefore, to render it capable of determin-
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ing angles less than 60, another point ¢ should
be so placed in the field, that the cherd of ¢ ¢ isto
that of ab as 60’ to 180'; and consequentiy by
using the points &, ¢, all angles between 60’ and

20’ may be measured. Another point might like-

wise be used if necessary, and the samne method
might be adopted with respect to the wires.

In fixing the diaphragm in its proper position,
great attention must be paid to the rules laid
down in Book I. Chep. IX. and in order that the
adjustment of the diaphragm may be effected
with the greatest facility and accuracy, it should
be 30 constructed as to move by means of a screw
along the axis of the eye-tube.

The next point to be considered, is the nature
" and construction of the scale; by which the varia-
tions of the angle are to be measured. This
scele is engraven on the two moveable tubes BC,
CD, and its length is equal to the focal distance
of the principal object-glass, or, in general, to the
space through which the second object-glass is
sllowed to move along the axis of the tube:
When this object-glass is separated from the
principal object-glass till their distance is equal
to the focal length of the latter, the angle sub-

tended by @ pair of fixed points or wires will re-
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tain the same whusever be the focal length of
the former, and will suffer no change even if the
second object-glass be removed. In these cir-
cumstances, the magnifying power of the tele-
scope is a marimum, and consequently the angle
subtended by the points or wires is a minimum.
If the second object-glass is moved from this po-
sition towards the principal object-glass, the mi-
nimum angle of the points or wires will be in.
creased, and the increment which it receives will -
be directly as the space through which the second
object-glass has been moved, and inversely as its
focn! length. Hente the extent of the variation
which can be produced upon the minimum angle
. will be & mazimum when the second object-glass
is in contact with the principal object-glass, the '
facsl length of the former remaining the same:
Aad the extent of this variation may be increased
at pleasure, by taking a moveable object-glass of
a shorter focal length.

¥f the focal length of the principal ob_]ect-glass,
for example, is 30 inches, and that of the move-
able one 50 inches, while the minimum angle of
the wire is 40, then, by the formula

= A+&F€. (See p. 15.) we have for the great.
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est angle when the two lenses are in comtact,
and consequently when 4= 80,

40" % 30 ’ :
<= 40 + 50~ = 64, so that the greatest

extent of the scale will in this case be 64’ — 20
= 24, ) ) )
- If¥, or the focal length of the moveable ob-
Ject-glass, is only two inches, then we have

- =40 +io—";—s'9= 640" = 10°40".
Hence the greatest extent of the scale will now
be 10°40'—40'= 10°, -

As the length of the scale is 80 inches, one mi-~
nute on the scale will be equal to 1.25 inchesy
when the greatest extent is 24'; but, when the
greatest extent is 10°, one minute of the scale will
be equal only to 0.05 inches. Hence it appears
that, by diminishing the extent of the scale, we
increase its magnitude, and consequently its accu-
racy, to such an unnecessary degree, that the mi-
nuteness of the scale far exceeds the a.'ccuracy of
the observation; while, by increasing the extent
of the scale, we diminish its ma.ggitude and its ac-
curacy, till it is incapable of affording us a mea-
sure of the angle corresponding with the excel-
lence of the telescope. The movesble abject-
glass, therefore, should have such s focal length,
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that the probable error of the scale is less than the
error of ohservation; but, for common purposes, it
will be sufficient to make the focal length of the
moveable object glass equal to between one half
#nd one third of that of the prmcnpal ob_}ect"
glass. - '

The focal length of the second object glass and
the extent. of the scale bemg' thus determined, {hé'
formation of the scale itsélf is the next subject of
consideration. We have already demonstrated;
that the motion of the moveable object glass, along
equal portions of the axis of the telescope, corre-
sponds to equal changes upon: the -minimum angle
of the points or wires ; arid consequently, that the
scale which measures these angular variations is a
scale of equal parts. By determining, therefore,
the minimum angle, or the angle subtended by
the paints, when the object glasses are at their
greatest distance, and also the angle which they-
subtend when the two ohject glasses are in con-
tact, we obtain the- value of the angle at the two'
- extreme points.of the scale, and, consequently,
its value at any intermediate point.. -

Thus, if the length of the scale is 30 inches, the
- minimum angle 40, and. the angle of the other ex-
tremity of the scale :120', we have 60° for the ex-
tent of the scale,.s0 that half an inch on the scale
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will correspond with 1’, xnd one tenth of aw vk
will correspond with 12°. The scale may, there-
fore, be divided into 50 equal parts, or halves of
an inch, to shew minutes; into 800 equal parts, or
tenths of an inch, to shew every 12" ; orinto 1900
equal parts, or fortieths of an inch, to shew every 8*.
‘When the scale is engraven on more than one tube,
as in Plate VIII. Fig. 1., the extremity C of the
tube BC is the index for the divisions on the {ube
CD when CB is completely pushed inte AB; and
the extremity B of the tube ARB is the index for
the divisions on BC, when CD is complstely
drawn out. In measuring the distance between
the two extremities B, D of the scale, the breadth
of the milled circumference, at the extrémity C of
the tube BC, must evidently be omitted. The
method of finding the angles, at the two extremi-
ties of the scale, by direct experiment, has already
been fully explained in Book I. Chap, I. As the
exact determination of these extreme angles is of
the utmost consequence to the atcuracy of the
scale, the greatest care should be taken in canduct—
ing the observations.

Having thus pointed out the method of con-
structing the scale of the telescope, we shall now
proceed to shew its application to the measurement
of distances. Let D, E, Plate VIII. Fig. 8. be two

1 _
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prominent points in the object whose distance is to
be measured, and 30 chosen that at the station B the
pair of points may be made to comprehend the space
DE, without separating the two object glasses more
than four or five imches. The line joining the
points DD, E may be either vertical, or horizontal,
or inclined to the horizon. The points themselves
should always be so distinct, that they can be re-
cognised at the second station at A, and points of
this kind may easily be found, whatever be the ob-
ject to which the telescope is directed. The in-
terval between two windows or any two project-
ing parts in s building, the distance between
two stones lying in a field, or upon s hill, and
the space between two trees, may be used for the
purpose of measuring their distance from the ob-
server. _ ,

The telescope being directed to the object, and
the tubes BC, CD being pushed into the tube
AB, and distinct vision procured by the adjust-
ment of the eye tube DE, the two steel points
should either exactly coincide with the tweo points
D, E, Fig. 8. in the object whose distance is to be
measured, or should occupy a greater space. Ifthe
steel points. comprehend a greater interval than

* that which' lies between the points D, E of the
ghject, which is most likely to be the case, sepa-
rate the object glasses by pulling out the first di-
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vided tube CD, Fig. 1., and produce distinct
~ vision, by the eye-piece DE, till ‘the steel points
exactly coincide with the points D, E, Fig. 8,
" or comprehend the object DE, the extremity C of
the drawer CD (Fig. 1.,,) will then mark out
upon the scale the value of the angle DBE. Ha-
ving measured a base BA, reckoned always from
“the object glass of the telescope, and equal to
about ¥ or !, or a greater part of the whole dis-
tance, place the object glass of the telescope at A,
and again direct it. to the ohject DE. The dis-

tance DE will now subtend a much less angle at’

A than it did at B, and hence the steel points
will comprehend & much greater space than DE.
In order to shut the steel points, therefore, pull
out the tube CD; or, if necessafy, part of the’
tube BC also, and adjust the eye tube to distinct
vision, till the steel points exactly coincide with
the points D, E of the object; then, if the tube
"CD has not been completely drawn- out, the
extremity C will mark upon the scale between’
C and D the angle DAE; or, if the tube CD is
wholly drawn out, and likewise part of the tube

CD, then the extremity B of the outer tube AB’

will mark upon the scale, between B and C, the
value of the angle DAE. H a vernier were pla-
ced at the extremities B and C of the tubes AB

and BC, the angles :might be read off with the’
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greatest accﬁracy; and all the observations would,
be greatly facilitated if the tubes were moved by,
a rack and pinion.
Having now obtained the angles DBE, DAE,
or rather the tangents of these angles, (to which
~ the angles themselves are nearly proportional,) let
us calt DBE = m,DAE =5, and AB =a. T]:ien,'
since AC is to BC, as the tangent of the angle at
‘B is to the tangent of the angle at A, that is, asm
is to », we have obviously the ratio of the two dis-
tances AC, BC, and the difference AB of these
distances ; so that AC or BC may be found by
one of the simplest theorems in Algebra, namely,
to find the value of two numbers, whose ratio and
difference are given.
This. theorem gives us

AC=2Z gnd BC"'——"

Let us suppose, for example, that the angle
DBE, or m, is equal to 68 minutes, and DAE, or
%, equal to 46 minutes, and that the base AB or

a, is equal to 120 feet, then we have
AC = 1zoxﬁs=8160 370 1¢ feet.

120 46 3520
- BC= ﬁsx,&— 25 = 250 it feet.

* Hence we obtain the following rules:
For the greater distance AC. Multiply the length
x
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of the base in yards, or feet, by the greatest angle ;
divide the product by the difference between the two
angles, and the quotient will be the distance required
tn yards or feel.

For the lesser distance BC. Muliiply the
Eength of the base in yards, or feet, by the least an-
gle; divide the product by the difference between the
angles, and the quotient will be the distance rtglm'cd
in yards or feel.

* It is manifest from the preceding observetions,
that thete is no necessity of having the real angles
subtended at A and B, by the object DE, the ra~
tio of the angles being all that is wanted in prac-
tice. On this account the instrument is some-
times constructed with only the ratios of the angles
engraven upon the scale. In this case the angles
themselves are easily found, when ¢ither the max-
imum or minimum angle is determined.

The micrometrical telescope possesses one very
singular property, to which we would request the
particular attention of the reader, If any other mi-
crometer had been employed to measure the dis-
tance of the ebject- DE, by taking the angles
which it subtends at B and A, it would have been
necessary to apply a correction to the angle, ari-
sing from the sberration in the focal length of
the telescope, at the different distances AC, BC.
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‘This nberration, or increase, in the foeal length,
preduces a correspoading diminution in the angle,
s0-that we shonld have been obliged to diminish

F* DF
cach angle in the ratio of F+ DForp—y:F .

.wherwe F is the principal focal length of the tele-
scope, and D the distance of the object; but as
‘this very correction supposes the distance of the
object to be known, it would be necessary to find
the distance, upon the suppesition that no correc-
tion 'was requisite, aud then to have applied the
correction in the preceding formula, computed
from the approximate distance. :

In the micrometrical telescope, however, no
such correction is necessary. The virtual focal .
length of the combined ohject glasses, when the
steel points comprehend the angle DBE, is to their
virtual focal length, when the points comprehend
.the angle TDAE, in- the very same ratio as the
angles themselves ; pnd conseguently the correc-
tions, which are as the focal lengths; will also have
the smne ratio as the angles. Thesé corrections,
therefore, will not alter the ratio of the angles
found by the imstrament, and hefice the applica-
tion of them if ynwédessgry. - :

Thus, let F,f be the principal virtual focal

" "™ See Book L. Chap. L. p. 20.
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.lengths 'of the combined glasses, at the stations A

and B respectively. - Make AC =D, and BC=d
Then, since the magnifying powers are directly as
the conjugate focal lengths, since the angles are
inversely as the magnifying powers, and the an-.
gles inversely as the distances AC, BC, the conju-
gate focal lengths will be dlrectly as the dlstances.
that is, _
LY d‘-i-ff"D d
To explain this numerieally,
make D= 200, d =100, F= 12, f= 6, we shall

DF. 2400

have .D_—“F‘_’ FO0—12 = %2,76595, and

12.76595 : 6.88297 — 12: 6 — 200: 100; so-that
whatever be the distance of the object, - the. ratio

of the angles obtained by the micrometrical tele-

scope require no correctlon, in order to obtain an
accurate result. : : )
It iz obvious, however, that when we wish to
measure with this instrument the absolute.value of
the angles, these values must be corrected accord-
ing to the distance of the object, by means of the
formule given in page 20. - In cases where the
object is at a considerable distance, the incre-
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ment of the angle, as found by the formula, is o0
trifling to he takem into account, unless where
véry great dccuracy is required. -

- There is one application of the micrometrical
telescope to the mensuration of distances, which
. may, on many occasions, be of considerable service
to the military engineer, namely, to measure the
distance of an object from a station where the in-
equalities of the ground render it impossible to
procure a base ; and. it does this by a single obser-
vation, which is of the greatest conseqeence in
particular cases, where the proximity of the ene-
my’s guns makes it difficult to measure two an-
gles and.a base with deliberation and safety.

Let it be required, for example, to measure the
distance MC, Plate VIII Fig. 4. from astation M
where works are to be erectéd, within reech of the
enemy's guns, at C, and where the inequalities of
the ground prevent the mensuration of & base.
Take two stations A; B beyond- the reach of the
enerny’s guns, and in- the same vertical plane with
M, and by measuring the base AB, and ascertain-
ing, according to the methodaiready explained, the
angles aB5, a A% sybtended by any object 2 b,* at

* It is net .necessary that the line @ $ sbould be perpendicular
to the axis of the telescope. It is only requisité that it should’
be equally inclined to that axis at the stations A, B, and M,
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Cfind the distance AC. Then from the station M,
measure the angle a M b, subtended by thé same
object a b at M, and the distance MC will he a
fourth, proporuonal to the angle ¢ M b, the angle
a A b, and the distance AC; that is, if the angle
aMb=m, aAb=n, we shall have m: n = AC-' MC,

and MC = A—C—-—— ) which’ g'wes the followmg ru]e

The lesser distance is equal to the grealer distance,
multiplitd by the angle which corresponds lo the
greater distance, and divided by the angle which
corresponds o the lesser distance.
By means of this instrument, we may also mea-

sure accessible and inaccessible heights with

great facility and accuracy.. Thus, let BA, Plate
VIIL Fig. 5., be an accessible height, then, from
a point B, as near as possible to the vertical line
BA, measure the angle a B b, subtended by any
object a b at the top of the height, and call this m.
Measure alse the angle a Cd, subtended by the
same.object at C, which call a, and then find the
length of the base BC, which call . Hence,

' AC'AB-*m s, and

AB = A xT. . But by Euclid, 47. I.

. which will be the case when these pomts are m thé same verti-
enl plane. '
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ACQs = a¢ +3 muit.lplying by m?, and

" . transposing, we have

‘I.
AC=~/”':“,,01*"H

L AC = =

Vi

By similar regsoning we. obtain

From these formulz we derive the foilowing
rules : , B -

For ‘the perpendicular height. Multiply the
greater angle by the base,.and divide this product by
the square root of the difference between the squares
of the greater and the lesser angles ; the quotient will
be the height required. o

For the hypothenuse. Multiply the Ilesser an-
gle by the base, and divide this product by the square
root of the difference between thesgmres of the
greater and the lesser. angles ) the quotient will be the
length of the hypothenuse required, .

When the height AB is inaceessible, ﬁnd the
angle subtended by an otg]ect a b gt the stations
C and D, and, baving measuzed the hase OR), -
find, by the method elyesdy destribed, the distanre
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CB. Then, if » represents the angle taken at C,
and m that taken at D, we have
AD: AC=n:m, and

ACxun
AD =

"
But by Rlayfair’s Euclid, Book II. Prep. 12., we
have
AD'=AC' + CD* + 2DCxCB, and
AD'—AC'=CD* + gDCxCB, .
By substituting the preceding value of AD, we

obtain
AC* % »* . —————
s AC'=CD*+ 2DCXCB, and by
reduction, '
CD* 4+ 2DC'xCB
AC = J "_T":t'—f"'_" or, -
w1
BD*—-BC*
AC= /" »
. . N : — 1

' The preceding method is applicable only to in-
accessible heights, where the distauce CB is capa-

ble of being measured by the instrument.

As the angle subtended by the steel points,
when the two ob_]ect glas&es are in contact, is very
cousulerable, we may by successive measurements
detértmine angles of any magbitude. In Plate VIII.
Fig. 6., for example, the angle ACB may be found
by measuring successively the angles ACe, ¢Cf,
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- fCB, and, in the case of a mountain where the ver-
tical tine- AB is not visible, the angle ACB may be
ascertained by ﬁndmg in- succession the angles
ACe, ¢Cf, fiCb. For this purpose, the telescope -
should heve a level fixed upon the eye-tube,
with its axis parallel to the axis of the' instru-
ment, so that the lower steel point might cover.a
point &' in the horizontal line BC when the level
is adjusted. : -

' Having now shewn, at considerable length the
method of using the micrometricat telescope, when
we are completely unacquainted with the magni-
tude of the object whose distance is to be measu-
red, we shail next proceed to point out its use in
determining dlstanccs, ‘when the magnitude of the
object or of any part df it is known.

- Let DE, Plate VIII. Fig. 4. be a distant’ object
seen -by the observer at B, and perpendlcular to
the line BC, then, if the length of DE be known,
and if the angle DBE be measured with the mi-
crometrical telescope, the distance BC may be

-found by the simplest case of plam Trigonome-
try, which gives :

,  Cot $ DBE x :DE

_ BC =— Bad, >0 .since the angle
js very small, we may use the. formuls
Cot.DBExDE "

BC = — g
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That is, add the logarithm colangent of the angle
0 the logerithm of the length of the objeet,. and the
sum, subtracting radius, will be the logarithm of the
distance reguired.

In order, however, ta save the trouble of tngo
nometrical: calculation, we kave computed a series
of tables; which are given at the e_nid of the Chap-~
ter, shewing'fhe distance of a given object, when
it subtends different anglés at the eye of the obser-
ver. The first table is- calculated for ap ohject
one foot im length; the second fpr an object six;
feet in length; the third. for an -object 20 feet iy
let@:h; the fourth for ap ohject 30 fegt in length;
snd the fifth for an object 40 feet.in length., -
.. By means of these t,ables,-t.he distance of an
ohiect may be ascertaineds by mere inspection
when the angle is found in minutes, and when
the magnitude of the abject is, 1, 6, 20, 30, and
40 feet. If the angle is found both in minutes
and seconds, and if the magnitude of the known
object is neither 1, 6, 20, 30, or 40 feet, the di:
stance may be determined by simple proportmn.
" Thus:

ExampLe I.  If the object whose distance is
required is 6 feet, which is pearly the heigiit of a
man, and subtends an angle of 49 minutes, then,
by looking into Table II. opposite 49 minutes,
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we find 421 feet, ‘which isthe distamce’ of the
ohject. I* the' angle ‘be 49" 207, -thén ithe
distance of the object will be between 491 ‘and
41923 feet ; and the exatt gumber will: he faund
by sxmple proportion, thuky : T
Feet. ' . Heti N

60 : 8,5 = 40" ;' 2.8, which bemg suhtracted
from 421, leaves 415.8 feet. .. :

- Exampre I1.. If'the object is 20 j‘get, p.nd. t.he
uagle which it subtends 18’ 16”; thep in'T ahle Iv.
oppasite 1¥, "we have. 8820 feet; -and opposnte
19', 3619 feet, the difference of which is 201 feet.
Hence we have :

~Feet, . ' " Feet- -
60 201 = 16" 53 B, Wh.lch, subtracteﬂ from

3820 giyes 3766 for, the d.xstance of the object.

EXAMPLE III. If the Iength of the object is
neither 1 foot .8, 20, 30 or 40, but any othér; num-
ber, such. -as, 5, and the angle 50/, then enter
Table I. wlth the angle, and opposite 50 will be
found 68.7, . which, _ multiplied by 5, the real
length of the object, gives 3438.5 for, the dnstance
required.

The same answer m;ght be obtained by takmg_
the 4th part of the result given by Table III,, the
6th part of the result given in Table IV., and the
8th part of the result given in Table V.; since 5
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fs the 4th part of 20, the 6th part of 80, and the 8th
part of 40. Thus, opposite to 50, in these tables,
we have 1875, 2062, 2750, which, being divided
by 4, 6, and 8 respectively, leaves 848 feet.-

The third, fourth, and fifth tables may be parti-
cularly useful in taking a rapid survey. of a country
by means of the micrometrical telescope. Two

objects placed at the extremities of a chain, 20,

30, or 40 feet long, may be pliced opposite to the
telescope by one person, while another measures
the angle which they subtend, and thus obtains
a succession of distances with the greatest faci-
ﬁty. '
Sir George Mackenzie carried along with him
" to0 Iceland one of the micrometrical and double-
_image ‘telescopes, and a copy of the following
Tables, in order to make 2 general sﬁrvey of the
part of the island which he visited ; but the diffi-
culties which he had to encounter in the carriage
of his instruments, and from the ruggedness of
the ground, prevented him from doing the same
service to the geography which he has done to
the geology and mineralogy of that interesting
country. '




TABLES
MHEWING THE

DISTANCES AT WHICH DIFFERENT ANGLES
ARE SUBTENDED

BY

BODIES OF DIFFERANT LENGTHS.




158

TELRSCOFPE FOR

BOOK 111

TiBLE I. Shewing the Distances af which different

Angles are subtended by a Body ong

oot in

Length.
Angle angle Angle
L in Pect. in Feet. n Feet.
inutea. Minutes. | |Minutes.
1 |3437.7 32 | 107.4 63 54.5
2117189 33| 1042 64 53.7
3111460 34 ) 1011 85 52.9
4| 8594 85~ "982 66 52.1
5] 687.6 36 95.5 67 51.3
6| 5730 || 37 929 68 | 50.5
7 4910 || 38 90.5 69 49.8
8| 429.7 39 88.1 70 49.1
918820 5 40 B5S || 717 484
10 | 3438, 41} 838 72 47.7
11| 3125 | 42| 818 | 73| 471
12 | 286.5 43 79.9 T4 46.4
13 | 2644 44 78.1 75 | 488 °
14 _245.5 1 45 _ 76.4 i 76 452
151 22902 46 1 ™7 77| M6
16 | 2149 47 731 8 4.1
17 | 202.2 48 71.6 79 43.5
18 1910 49 702 80 430
19 180.9 50 68.7 81 424
20 171.9 51 67.4 82 41.9
21 | 1637 52 66.1 83 | 414
22| 156.3 53 64.9 84 | 409
.23 1 149.5 54 63.7 85 40.4
24 | 143.2 55 62.5 86 40.0
251 1315 56 61.4 87 39.5
26| 1322 57 60.3 88 | 39.1
| 27| 1273 58 59.3 89 | 38.6
28 122.7 59 | - 583 90 382
29 118.5 6D 57.3 91 378
30 1146 61 56.4 92 { 374
3| : 110.9 62 55.4 93 37.0

e i ——
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Angle Angle Angle
in Feet. in Feet. In Feet,
Minutes. Minutes. Minutes.
94 34.6 129 26.6 164 21.0
a5 362 130 26.4 165 209
96 358 151 26.2 168 20.7
97 35.4 132 26.0 I 167_ 20.6
o5 35.1 133 258 168 20.5
oo | 347 | 134 256 | 169| 203
100 34.4 135 25.4 170 20.2
101 340 136 | 252 171 20.1
102 337 137 24.0 172 20.0
103 | 33.4 138 | 242 173 { 199
104 33.0 139 24.6 174 19.8
105 327 ]4-0_ 245 175 19.7
106 324 141 234 176 19.5
107 | .32.1 142 21.2 177 19.4
108 31.8 143 24.0 178 193
109 316 144 239° 179 . 19.2
1101 31.2 1451 237 180 | 191
111 | 31.0 146 | 235 181 | 19.0
112§ 30.7 14T | 233 182 | 18.9.
115 | 304 148 | 232 183 188
114 | 30.] 148 | 23.0 184 | 18.7
115 29.9° 150 229 185 18.6
116 29.6 1511 2.7 186 18.6
117 | 204 152 | 226 187 | 18.4
118 20.1 153 22.5 158 18.3
119 289 154 223 189 18.2
120 265.6 155 222 - 190 18.1
121 28.4 156 221 191 18.0
122 28.2 157 21.9 192 17.9
123 27.9 158 21.8 193 17.8
124, 277 * 1569 21.6 194 17.7
125 1 21.5 160 | 216 195 17.7
126 213 161 214 196 17.6
1271 271 162 21.3 197 17.5
128 26.8 163 21.1 198 17.4
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AT Angle
ing e Feet. Anigle Feet. | ig Feet.

Miitutes. ) i‘Mi:iu tes, ‘| Minutes.
199 17.3 223 154 | 247 .| 139
200 172 224 15.4 248 13.9
201 17.1 225 15.3 249 13.8
202 | 16.0 [{e26 { 152 |es50| 137
203 169 4 297 152 | 251 | 137
204 16,9 228 15.1 252 13.6
2056 16.8 220 15.0 253 13.6
206 16.7 230 14.9 254 13.5
207 16.6 231 14.9 255 13.5
208 16.5 232 14.8 256 13.4
209 16.5 233 14.8 a57 | 133
210 16.4 234 14.7 258 13.3
211 16.3 235 147 | 259 13.2
212 16.2 236 14.6 | 260 13.2
213 16.1 237 14.5 261 13.1
214 16.1 238 14.4 262 13.1
215 16.0 239 14.4 263 | 13.0
216 15.9 240 14.3 264 13.0
217 15.9 241 14.3 265 13.0
218 158 242 14.2 266 12.9
219 157 243 4.1 267 12.8

220 15.6 244, 14.1 268 1286
221 15.6 245 14.0 269 127 -
202 155 246 14.0 270 127 |
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Angles are subtended by a Body six feet long.

Angle 1 . [ Aogte '.Aggh .
in Fect. cim Feet. I Faet
tes. Minites ‘Mlmlul. o
112062681 32| 6445; 63| 3276
2 | 10313, 33 625. 64| 3225]
31 687548 34| 6066 65| 3175
4| 5156, 35| 580.3{ 66| 3125
5| 412521 36| 5729 67| 3079
6| 343774 37| 8575) 88| 30331
7| 29466 38| 5428( 69| 2090/
B 25782 39 52890 70| 2947
9| 28018 5156 71| 2905
10 | 2062.6 41 503.1 72 286.4
11| 187521 42| 48L1fF 731 2k25
12| 171881 43| 4707 7Ta | 2w}
13| 158671 44| 4888Y 75| 2750
14| 14733 45| 4584 6| 2714
15 13750 46 #484) 7Trl 2679
16 | 1208.1 | 47| 4389 98| 2644
17} 12133] 48| 4207 79| 261.1
18| 11459 49 ] 421 80| 2578
19| 10856} 50| 4125 51| 2547
20 | 1031.4] &1 a4l 82| 2515
211 9822 521 3967l B3| 2485
22t 93761 53 3502f B4| 2455
23| B96S| 54| 38L9)] B5) 2487
4| 8504f 55| 375 B5| 2398
25 835 56| 3683( 87| 2371
.96 7933fF. Y| 3619) 88| 44
27| 7639F 58| 3566fF BB | 23518
e8| 7366f 59| 3496] 60| 2292
29| 7113l 60} 3438] 01)] 2267
0| 6815 61 3382) 92| .22
311 o654l 62l 3327] 93] 2218
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183 ROOX It
TABLE IL. —Contmued.
1" Kngie - Angle : Angie !

in . Feet. L' in Feet. {. . in . Feot. .

Mlnutea.] - inutes. | Minutes ; b
04 2194 | 129 160.04 164 18257
95 .} 217.1 130 158.7 1 165 125,0

96 2148 131 15751 166 124.2°
97| 2127 1321 15621 167 1235
98 21054 133 155.1 168 122.7
991 20841 134 153.9 169 - 122.0
100 2063 135 15281 <170 |1 1213
101 20421 136 1516 171 120.6
b 102 2022) 137] 1506 172] 1199
103 2003) 1387 '1495( 173 1192
. 104 19831 139 -148.4 174 118.5
1057 19654 140 | 14730 175 1179
106 1946) 141 | 1463] 176} 1172
107 192.9% 142 14521 177 116.6
108 190.9 || 143 144.2§ 178 1159
1007 1892 1441 1432f 179| 1153
110 187.54 145 1422 | 180 114.6
Iy 18581 146" 141.2 181 114.0
112 184.1 147 140.3 ) 182 113.3
113 18251 146 139.3§ 183 112.7
114 180.9 ) ‘149" 13841 184 112.1
115 17§41 150 137.5§ 18BS 111.5
116 17784 151 1366 186 110.9
117, 17T6.3 | 152 13574 1871 "110.5
1158 17481 153 1348 18§ 108.7
119 17549 154 133.9 189f 109.1
120 17194 155 | 1331f 190°| 1085
121 17054 156 322§ 191 107.9
122 169.1 4 157 13141 192 107 .4
123 167.71 158:; 130.5§ 193 106.8
124 | 16631 159°| 1207 194 106.3
125 165.1 160 12894 195 105.7
1261 1638] 1611 128.1| 196 1052
127 | 1825 162 127.3) 19| 1047

128 1 161.21)] ‘1631, 12651} -198 ) _ 10342
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CRAP. 1. . MEASURING DISTANCES.
TABLE II.-—C'ontimwd

Angle ) Angle Angle
" In - Feet. |- i Feet.’ PFeet.
Minntes, Minutes. Mmutes. )
199 103.6F 223 925 2471 834
200 |, 103.1( 224 921 248 | 83.1°
201 1026 225 91.7 || 249 | 828
202 102.1 [ 226 91.3 250 | 82.5
203 | 1016( 227 | 909 | 251] 821
{ 200 1001 228 905 252 818
1 205 100.7 || 229 0.1 2531 BL.5
206 1002 230 89.7 | 2541 81.2
207! 99.7) 231| -804 | 255] 809
208 | 992) 232 ‘890 256/ 806
208 | 987| 233| 886 257|803
210 98.2 || 234 88.2 258 | 80.0
211| 977 235 8.8 250 796
212 973 | 236 874 [ 260| 79.3
213 968 237 870 § 261 ]| 79.0
214 96.4 || 238 86.6 | 262 | TR.T
215 89591 239 86.2 [ 263 | 78.4
216 | 954 240| 858 264/ 8.1
217 95.0| 241 85.5 265 | 77.8
218 9461 242 852 4 206 T7.5
219 o41 243| 848 267| 772
220 93.7H 244 8451 268 76,9
221 93.3 245 84.1 || 269 76.6
222 92,9 | 246 83811 270| 764

b= et e =
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Tasre 1. Shewing the Distances al which differ-
ent Angles are sublended by a Body TwENTY
Jeet long.

Angle | Angle ] Angle

i Feet, n Feet. in | Feet

Inuces. Mintutes{ . Minntes.
1 | 689755 32 2079 63 1091
2 |87 |33 2084 64 1074
3 |28 | 34 | 2022 ] 65 ] 1058
4 |17189 § 35 | 1964 | 66 | 1042
.8 | 18761 36 | 1910 a7 1026
6 {11460 37 1858 68 1011
7 | e822 { 38 | 1809 | 69 | .996 |
8 8594 39 1762 70 082 |
[ 7639 44 1719 71 968
10 6876 41 1677 ki - 955
11 L6850 42 | 1637 73 942
12 5730 43 | 1599 T4 929
13 5289 44 1563 75 917 |
14 | 4910 | 45 | 1528 | 761 905 -
15 | 4584 45 1495 rirl 893 :
16 4297 &7 1462 78 851

17 '} 4044 48 1432 79 870

18 | 3820 | 49 | 1404 | 80 | 859
19| 8619 | 0| 1375} 81| 848
20 | 3838 | 51| 1348 | 82| 638
21 [ 9274 | 52 | 1922 | 83 | 828
22 | 3125 | 53| 1208 | 84 | s18
23 { 2080 | 54 | 1273 | 85| 808
24 | 2065 | 55| 1250 | 86 | 799
25 | 2750 | 56 | 1228 | 87| 790
2 | 2644 ) 57| 1206 | 88| 81
27 | 2547 | 58| 1186 | 89 | 72

28 | 55 [ 59| 1166 [ 90 | 764
20 | 2371 | 60 | 146 ) 91 | 755
30 | 2202 | 61 | 1127 ] 92| 47

1 81| 28| 62

1109 93 739

. r— = —




168

QHAP. L MEASURING DISTANCES.

Tance L —Continued.

Koghe Angls Angle
Am Fest in - Fest, im | PFet

Minutes, s ) Minutes,|
9y | 731 {120 | 538 [ 164 | 419
as | 723 {130 | a%0 {165 | 416
g ¥16 § 131. | 525 1 166 414
ar | e f132 | s |167 | 4l
a8 0% | 133 817 | 168 409
.99 694 i 134 513 | 169 406
100 687 | 135 508 | 170 404
10% as) || 136 505 | 171 i
f14,°) 674 | 137 &01 | 172 L
108 667 || 138 4098 1 173 07
104 661 [ 139 494 { 174 TS5
104 655 | 140 491 1 175 Fd
106 649 | 141 487 | 176 41
107 643 § 142 464 | 177 b Lot
108 437 | 143 A80 | 178 J56
100 831 1| 144 4717 1 179 B as
130 625 | 146 474 | 180 352
i1 qip | 146 471 | 18). =)
12| 614 §147 | 467 [ 182 | 78
118 608 § 148 464 | 163 376
4 803 | 148 461 1 184 374
115 508 | 160 458 | 185 372
LS | &08 | 152 | 455 | 186, | 370
117 588 [ 152 452 || 187 38
118 58% | 153 449 © 188 J66
119 578 || 154 446 | 189 364
120 573 | 155 448 | 190 362
121 568 | 156 441 | 191 360
122 564 | 157 438 ¢ 192 358
123 559 | 158 435 | 183 a56
124 554 | 159 432 | 194 354
125 549 | 160 430 195 352
126 545 § 161 427 || 196 351
127 541 ] 162 424 | 197 349
128 537 1| 163 421 1 198 © AT
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TinLe ITT.—Continued.

Angle Angle | ~Angie | . ,
In *} Feets _ in Feet. in Foet.
|Minutes] - Minutes.| ‘TMinutes, S

199 | 345 (208 | 308 | 47| 218
200 | 344 | @24 | 307/ | 48 | 2m
201 | 342 [[225 | 305 | 249 | 26
202 | 540 [[226 | 304 | 250 | 215
203 | 339 o7 | 302 f2s | 2ma
2064 | 337 [2e8 | sdor l'es2 |- o3
205 299
208
207
208
209

335 300 | 253 | 212

934 ) 230 | 299 je5¢ | e

332 | 931 | 297 | 255 | 269

330 | 232 | 296 | 258 | 268

328 ) 933 | 205 | 257 | <67
210 | 327 | 934 | 204 | 258 | 266
2111 325 1235 | 292 | 259 | 265
212 | 324 [236 | 201 | 260 | 264
213 | 322 Q237 | 290 | 261 | 263
214} 321 §238 | 280 | 262 | <262
215 | 319 239 | 287 | 263 | 261
216 | 318 [ #40 | 286 [ 264 | 20
917 | 316 1241 | 285 {265 | 250
218 | 315 | 242 | 984 § 266 | 28
219 | 313 243 | 283 ] 267 | BT
leso | 312 |24 | 282 | 268 | 256
221 | 311 J245 | 260 || 269 | 255
292 | 310 | 246

279 4§ 270 24

+

AL




READ. I MREASURING DISTANCES, T

Taste IV. Shewing the Distances at which diffe-
“rent Angles are sublended by a Bo@ THIRTY
feet long. «

. : [ e LT = : }1\
Ansh : | Angle f . . | Auglet |

n')] CPeet, f i Peet.: “In { Feet.
Misatel. | 7 Mimoes) T [Minotea] | ]

(03132 | o5 | | 6] 1ea7

B 51586 f 33| 3186 | 84| (1e12
& 34GTT B4 3633 ] 65| 1587
- 4| 2AT83 351 2946 § 66| 1563
5| 20636 56| 2864 1 ;6T -1.540
. 6.1 17188 31 988 | 68 1517
-7 14733 | 38| ‘214 ] 69

¢8| 12896 ff 39| 2044 | - 70 114.73
9 11449 a0 2T | 71| 1452

10.] 10313 [ 41| @516 72} l1am
i1 | - 9576 A -6 3 I3 | 1R
VIR 8504 | WA 8 | Te 11896
A3{ 7933 | k| (WML B | 1975
14| (1366 | ab| 2002 | 76 | l1mav
15| 6876 | WG| 242§ (07 133D
16| 6MS [ An| 2194 W IR
17| 6087 | 4| ‘2148 } 79| 1306
18| 5729 § 4] 2104 ] 180 | 1280
19 5428 50| 9GR § 81 273
20| - SIET Y 51| 2022 '8P 1258

oL 4011 | 2| 1954 | 83| 1243
82| ;4088 | 53| 1946] sa| ‘1228
93| 4492 | se| 1810 85| 1213

- | o4 4g971|| s 1sma |86 1199
25| 4835( 6] 42| 87| (1185

‘96| 3986 || 57| ‘1810 | 88| (1172

27| 389 || ¢ 1778 | -89 | ‘1159

29. 3683 || %] 18] 90} :1146

29| z856 || ‘60| 1710 91| ;1133

‘300 3438 | 61| 1691 §:o0R| E121
_3t! gm2e || 621 1663 1. 93' 1109
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., Tasrr IV.—Continued. -
| An ; . )
z':' - Heet. I!“"?' Foot, Feet.
ll.inm nutes. .
o1 1097 ) 129 799 629
95| 10854 130 | 793 625
9| 10740 18| 787 . [}
. 951 1065 | 1881 - ¥8L 617
95 We2 s 1381 5 ‘814
0| WAL} 194 M0 610
00| st || izsg| 764 806
a1 HE1 |} 138 758 802
J08 | 1011 187 § .952 509
108 rodl | 198 | M7 - §05
30| o2} 1901 4@ 592
106 . 982 §f 140 | TX7 589
YO&R] C BI3 f ML - KB6
0T o544 143 | i96 | §42
108 | . 955 43| ' 559
9| - B46 )| 1441 716 © XiI6
¥ 937 || s | T £13
3tl] ¢ ewo || 148 | 7086 ; 390
x| - 081 ) 4| WA
T3] 3|l 148 | 68 53
| 905 | 149 602 560
337 ST R 160 | 688 v
116] 889} 151] 683 {| 184 | N34
237 BS1 {1 152 | ‘a8 1871 55
118§ 674 |1 158 618 188§ 8549
AK9}  B66 § 154 | G6D 190 ] 546
A0 889 § (1854 a6s 190 | 48
18U C 862 f LG | & 19§ 840
13| : R4S [ 15T | 6hT 192 | &%
123 . 887 0 158 a8 |l .19%| 4
‘ABA #30 1 159 649 | 196 | 431
35| 0 8R4 K 160 645 1951 M8
124 #18 || ' 161 40 | 156 | 526
B[ f S$i20 147| 636 197 523
1261 <806 || - 163 &% 198.1 ' 531
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CHAP. I, MEASURING . ISISTANCES.
TasLe IV.—Continued.
Pigle Feet, lL(mi:fh - Feel. A?ngh ‘Feet.
{nutes. inmites. Minutes SO
199 518 223 462 247 417
200 | 516 | 221 | 460 || 248 415
201 | K13 j| 2251 468 249 | 418
202 | 510- [ 296 | 456 -] 250 412
208 | 507 || 227 ) 458 | 251 410
204 | 505 99 552 252 5409
206 501 280.| 448 2541 406
207 | 408 231 446 2651 404
08 | - 495 9921 444 256 402
200 4498 239 442 257 400
210| a0t | 234 441 I. 258 | 399
21y 488 | 285 aso |} =50 907
12 486 236 | 48Y G0 39
718 484 997 | 485 261 304,
214 462 2498t 498 262 393
2151 470 259 481 263 391
216 477 840.| 4230 264 300
2171 478 241 48% 265 380
218 | 418 | 242:| a4e6 | 266 | 388
Nng 411 243 | 494 267 386
200 | 4469 4| 492 268 385
221 4166 45.] 420 249 383
293 464 2467 410 || o0} 382 |
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TasLe V. Skmng thé Distances ad which dj ifferent
Angles” are subtended by a Body FORTY feel

S TELESCOPE. FOR

ROOE KIT.

long.

LAngh. Angle Asgle
in . Fect. in Feet, - In _Feet.

inuten | - Minutes. : Minutes
1-{ 187510 82 | 4206 63 | 2183
2.1 68755 33 | 4166 64 2148
3| A3887TF 34| 4044 65.] 2b
&1 843718 35 | 3928 66.] . 2083
C 5| 27502 86 3820 67| 2058
-6 | 22018 87| SHel| 68| 022
- 7. 19644 38.| 3618 69 1998
8.| 17189 89.| 3526 96 | 1964
9. 15279 40 | 34381 71 18y
10.} 18751 4] 335¢ .1 1910
11 | 12501 42 | 3274 {1 18 1684
12.] 11459 43 [ 3198 4.| 1858
13| 10576 44 { 9125 | 1833
14 9822l 45| sose!l 761 1809
15.| 9167 46 2000 v 1786
16.] 6594 | 47 2026 | 78| 1763
171 8089 48 2865 7o 1741
18| 7640 49 | 2806 B0 1719
191 TesT 5 . 2150 ] s8] 1698
20| 6876 51 2696 62 1677
21 | 6548 52 | 2644 83 1 1657
22| 6250 53 2504 84 1637
231 5978 54 | 2546 85 1618
24 | 5730 55 2500 86 1599
25| 5500 56 | 2455 87 1581
26| 5288 57 2412 88 1563
27 | 5093 58 | 2370 89 1545
28 | .4911 59 | 2330 90 1528
29 | 4740 60 | 2292 91 1511
30| 4584 61 2255 92 1495

31 4436 || 62 | 2218 93

1479

——
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TanLeg VContinued.
Angie - Angle Angle -
4 im Peet. 1 dn . Feﬂ. l , Festi
IMinutes. - Mioutes, Minmet sl
' 94 1463 . 120 1066 § 164 , 838
95 1448 11 130 10581 165 | 638
96 | 1493 | 131 ] 11050 | 166 88
87| 1418 | 132 1042} 167 8293
98 1403 | 188 - 1034 || 168 ;  BI8
.99 1389 i} 134 1026 § 169 . 813
100 1375f 18] (1017 170 | - 809
100 | 1361 186 | 1009 || 171} 804
102 1348 & 137 1062 || 173 | - 99
103 1335 1 138 209G ] 173 | 794
104 1822 || 139 989 | 174 | - TOO
105 1309 || 140 982 1 1715 Y85
106 1297 | 141 975 1 1764 . 181
107 1285 142 968§ 177 | TI6
108 1873 (| 143 | 881 | 178 772
109 1261 || 144 9551 179 | 768
110 1250 || 146 1948 | 180 | ' T84
111 - 1239 146 | 9423 181 T80
1121 1228 | 147 0359 182 | 756
113 | 1217 | M8 ‘929 { 183 1751
1141 1206 || 149.| 923 ) 84| 4T
115 ¢ 1185 || 150 917 ) 185 | 743
e} 11851 ¥5l] 911 | 186 989
nt 170 4 1521 1805} 18T 785
118 | 1165 § 153 899 1 188 | 781
119 1155 §| 154 893 | 189 727
120 1146 | 155 887 | 190 724
121 1136 || 156 881 || 191 720
122 11270 157 875 192 | 716
123 1118 j 158 BTO | 1931 712
124 1109 [ 159 865 || 194 T09
125 1100 || 160 860 { 195 705
126 1091 (- 161 B54 196 701
127 1082 | 162 849 [ 197 697
128 ¢ 1074 || 168 843 Il 198 694
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TELRSCOPE FOR

X80K 111.

TanrLe Vo—Continued.
l AL"“ Feet. A::h Feet. ' -in Feer.
Minuten nutes.
199 691 223 616 247 556
200 6Ra 224 614 248 &564
£01 684 225 611 249 852
202 680 226 608 | 250 S50
203 art 227 805 251 547
204 674 24 603 252 545
2056 670 %9 600 253 543
208 667 280 508 254 541
07 664 291 595 255 539
08 661 232 582 256 597
00 | 657 233+ 580 287 535
210 654 234 58T 259 593
211 651 235 5685 259 531
12 648 296 &83 260 529
213 643 o 24 580 281 527
214 642 298 578 263 525
215 639 239 578 | 263 523
218 636 240 57 264 521
217 633 241 570 265 519
218 631 b ] 568 268 517
219 628 243 585, 267 515
20 | " 625 24 563 268 518
b7 1 § 622 245 561 269 51}
222 619 | 246 550 270 509
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CHAP. I

Deseription of a Dowble-Tnage Telestope, and
Coming-up Glass for measuring Distances.

T ur theory and ‘copstruction. of this instrument,
when employed as a micrometer for determining
sugles in the heavens, has already been fully con-
sidered in another part of this volume. ‘The ap.
Plication of the principle to a military and naval
telescope for measuring angles and distances,~
the construction of the scale,~and the method of
using ‘the instrument, remain to be consxde,md in
the present Chapter.

The - double-image telescope, in its common
form, is represented in Plate VIII. Fig. 1. where
AB, BC, CD, DE are the tubes of which it is com-
posed. The principal object-glass is fixed at the ex-
tremity A : The moveableobject-glass, which con-
sists of two semilenses, having their centres fixed at
an invariable distance, as shewn in Plate 11, Fig. 6,
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is screwed into the end of the tube DC, and is si-
tuated a little to the left of C; and the eye-piece
is contained in the tube DE. By pushing the
tubes BC, CD into the outer tube AB, the move-
able semilenses near C will be brought into con-
tact, or nearly so, with the principal object-glass
at A ; and distinct vision will be procured by ad-
justing the eye-tube DE. When this adjustment
is- mrade, two images of any object to which the
instrament is directed will be distinctly seen in
the field of view. If the object is so small as

to occupy less than mbout ome-third of the field,

the two images will be completely separated
from one -another; but if it is so large as to
occupy - a greater. portion .of. the field, the two:
images will overlap eath other. When the object-
glass and semilenses -are thus in contact, the
magnifying- power of the telescope will be a mi-
nimum, and the angle subtended by the centres:
of the two images will be a marimum. By pul.
ling oui-the tube CD, the semilenses near C will
he separated from the principal object-glass;-—.
distinct vision will again be prooured: by reada

Justing the eye-tube DE;—the magnifying power:
of the telescope will be increased, and the angle
subtended by the centres of the images will be di-:

minished.. In.like manner, by pulling. out the:
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tubé CB, and producing distinct visien by:a new
adjustment of the eye-piece, the magnifying:powen
of the instrument will ‘be still farther .increased,
and the -angle subtended by the centres -of :the
images diminished ; but when the distance of the
semilenses from the principal object-glass s equal
to the focal length of the latter, the magnifying
power of the telescope will be: & mazimum; and
the angle subtended by 1he centres of the i tmagea
will be a minimum, PR :
. By -making the seniilenses, 'theréfore, move
along the axis of the teléscope between the abs
Ject-glass and its principal focus, the centres of
any two images formed by the lemses, ‘may: be
made to separate or approach each other, just'as'if
the centres of the semilenses themselveshad been
. permitted to separate or: approach: each other
by'a motion in the direction of their eommon’ di-
ameter. oo ' s Lo
: We have already explamed ina former part of
this volume, the principle of measuring angles -
by the contact of double images, and we have -
also ‘demonstrated, that equal changes are pro- -
duced upon the angle subtended by the line jbins -
ing the centres of the two images, by equal’mo- -
tions of the semilenses along the axis of thie teles -
scope, or,” in’ qther’ words, that the scale which.
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measures the variations of the angle, is a scale of

equal parts. It only remains, therefore, to point -

out the method of observing the angle which any

portion of space subtendsat the eye of the observer,

—to shew how to construct the scale of the in-.
strument,—and to describe the advantages which
it possesses in measuring the distances, and the
real and apparent magnitudes of objects.

If the double-image telescope is directed to -

any object which occupies but a small portion of
the field when the semilenses and the objects
glass are in contact, the two images of that ob-
Jject will be completely separated from each other,
If the common diameter of the sewmilenses, or,
what is the same thing, if the line which joins
their centres is perpendicular to the horizon, the
line which joins the centres of the two images
will also be perpendicular to the horizon; or the
one image will be above the other: And, in ge-
nerul, whatever be the inclination to the horizon
of the line which joins the centres of the semi~
lenses, the line joining the centres of the images
will have a similar inclination. .. Hence it follows,
that while the telescope is turned round its axis,
the line which joins the centres of the two images
will also have a corresponding rotatory metion.
Now, if ABDC, Plate VIIL Fig. 7. be any object,
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" such as the window of a house, and if it is required

to measure the angle subtended by the breadth of it

" AB, increase or diminish the distance between the

object-glass and the semilenses, til}, by turning the

telescope round its axis, the upper part a b of thé

one image of the window is in contact with.the
upper part AB of the other image, When this .
happens, the index will point out upon-the scale
the angle subtended by AB. .If the angle sub.
tended by BD had beea required, it. would have
been necessary to push-in the. sémilenses, and
turn the telescope about' its- axis till . the point. d
of the one image - coincided with the correspond.
ing point B of the other image. If A, B, instead
of being the extremities of any object AB, are
merely separate points, such as two stars, the eb
servation is-made in precisely the ssme way,. dnd
the angle will be pointed out on the scale when
the second image a of the star A is in contact
with, or exactly covers the image B of the star. -
Though the two:images have different degrees
of distinctness in different parts of the field, the
observer has it in his power to make- any of the
images more distinct than the other, merely by
changing its place in the field of view ; and it
will always contribute to .the accuracy of the
sbaervation to bring the part of the image where
M
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. - the contaet is” to be observéd, into the centre of

the field, or into that part of it where the points
of contact are most distinctly seen. The ob.
sexrver will at first experience some difficulty in
bringing the two images readily into contsct,
particelarly when the ohjects are net luminous;
but a litde prectice will remave the difficulty,
and render this method of observing angles hoth
my and pledsant. .

- Refore we begin to constmct them]e of the
" {mstrument, which is engravesonthetubes BC,C)
Piate VIHI. ¥ig. 1. we must first determine the
dxtont which ought to he given to the scale, or the
intervil between the extremn sagley, and likewise
she proper vilue of the smaliest angle, or that s
- which the scale should commence, The interval
between the extreme angles is regulated solely by
the focal length of the semilenses, and the.value
of the smellest angle, depends upon the distance
of their tentres. '
- If ¢ be the fucal length of the selmlenses, and b
their distance fram the principal focus fof the fixed
oluect-glaal. then weo have (See Plate 1. Fig. 4.)

GF = -—~—~g but when the object~glass and semi-

lensea are in contact, & is equal ta the pnpqlpq.l

focal length of the former, and GF is equal o
) |
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the focal length of the combined glassés. Let us
suppose, therefore; that the principal focal length
of the object-glass is @0 inches, and that it is re-
quired to give such -a focal length to the semi.
lenses, that the extreme angles may be to one
another in the ratio of 24 to 6. As the magni-
fying powers are as the focal lengths, and the
angles inversely as the magmifying powers, the
angles will be inversely as the focal lengths; so
that the focal length of the combined glssses,
when they are in contact, should be to tieit focal
length, when they are at their greatess distance,
as 6-to 24; but their foeal length is 80 inches in

. the latter case, when the semilenses are st the
* principal focal point of the ob_;ectgian and there-

fore we have
g‘oo::m: 735’

which is the value of GF, or the ficsl iength when

the g'-lasaes are in c‘ontict Now the formula
GF=;73 7 + 74§ becomes by reduetion 0-—-2_1: G Which,

. ; 15X 80
in the present example; gives ¢== ;5= 10; 80

that the focal length of the semilenses must be
10 inches, in order to make the extreme anglesin
the ratio of 6 to 24. By making the ratio of the

- extreme angles asm: n, and calling f = the focal
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length of the principal object-glase, we may obtaia

8 more general formula : Thus,
m:n=f:GF. Hence:

GI —'% ; and substituting this \ralue of -

GF instead of GF in the last formula, we obt.a.m

Pz f but when the - semllenses are -

—nf?
in con'tact thh -the object-glass b=f. Hence
s0

: " . 6
P La,whlchm the presentcasels¢=“;é_j;—q'

=
= 10 as before.. The focal length of the semi.
lenses being thus -accommodated to the ratio of
the extreme angles, or the interval between them,

we must them fix upon a convenjent value for the

smallest angle, by which the distance between
the centres of the semilenses must be regulated.
Now, in Plate I1. Fig. 4., OF =GF inFig. 5., and,

it has already been shewn (page 32.) that AFB is.
the angle subtended by the objects M, N when

the images of those objects are in contact at F ;
consequently, making @ = the smallest angle:
and 3= OA = half of the required distance be-
tween the centres of the semilenses, we have

- OF : OA = Rad. : Tang. 44, and

0A=2= 0570048 pye

—— M
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OF =GF =3L: Henceds= M x Tnga .

= ! T Radl
suming 50 for the smallest -angle, becomes 3 ==
Log. 1.5 + Log. Tang. 25 -— Rad. = 0.05454
which, being doubled, gives 0.10908, or nearly
eleven hundredths of an inch for the distance be.
tween the centres of . the semilenses. The small-
est ‘angle being takten at 50, the greatest angle
will be found by the following analogy.

: 6 : 24== 50 : 200, or §° 20,

- ‘Though we have thus determined by calculation
the value of the two extremeanglesof thescale, yet,
as it is difficult to measure, with sufficient accura-
¢y, the focal length of the different glasses, and
theé distance between the centres of the semilenses,
we must have recourse to experiment for deter-
mining correctly the value of the extreme angles,
as the accuracy of the whole scale depends upon
the resuit.

. In order to do this with the greatest exactness,
provide twoequal rectangular pieces of white paste-
board, like A, B, Plate VIII. Fig. 8., and fix each
of them to a sharp pointed piece of wood or iron,
in the way represented 'in the Figure; so that
when the pins are fixed in the ground, the line
AB which joins the pieces of pasteboard may
tiearly coincide with the upper surface of the one
and the lower surface of the other. On a level
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piece of ground, fix the marks Aland B at such xe

interval from each other, that when viewed by the

telescope at any distance shbove 200 or 800-yaxds,

in & line perpendioular to the middle part of AR, .

~ and when the semilenses are in contsct with the
object gines, the lower sarface of the second image
of A may exactly coincide with the upper surface
of B, as is represented by the dotted lines st A’ in
the Figure. This contact of the images may be.
obtained, either by approaching to or receding
from A, B; or by varying the distance between
the pieces of pastebpard, When thecontact is acou-
rately observed, we may calculate the angle sub-
tended at the ohject glass of the telescope, hy the
line AB which joins the cendresof tho piecenof paste-
board, by the method which bas already been ex-

' plained in Chap. I, Book I, By applying the carrec-
tion alsofor the observation of focal length, compu.
ted from the formula givex-n in the same place, we.
obtain s correct value of ene of the extreme angles
of the scale. The other extreme angle, which is
formed when the semilenses are at their grestest
distance from the object glass, may be determined
in the very same manner.  Since the scale is one
of equal parts, it may be formed with sufficient
accuracy. without determining the angle at both
extremitics. Any intermediate angle will be suf-
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fickently sbcurate, and if the instruinest i hot
wanted fo¥ astronomical purposes, this interme-
diate angle may be found with great facility, by
observing when the images of the sun; takes in a
horizontal line, are in contaet. Theé sun’s diame-
ter, as found in the Nautical Almanac for the
given time, will be the angle at that part of the

." . schlé. ‘The resson of taking the horizontd] dia-

mater of the sun is to avoid the ervor of réftaction,
with' whick every other diameter of his disc is af+
fected, :

In the example which we have alrendy taken,
the extent of the scale, or the interval between the
eéxtreme angles, is 200’ — 50’ = 150, and the
length of the stule is 80 inches; 5o that two feathe
of an iuch on the scale will correspond to bne mi»
nlte, or one twenlieth of an inch to 15 seeonds.
Hunce the stale may be safely divided ‘into 600
equal parts, each of which will correspond to 157
of b degree ; and even the fifth part of ohe of thess
divistong, o 87, will be petceptible tothe naked eye.
If greater accutdcy is required with the same ex:
tent of scale, these divisiohs may be still farther
sibdivided, by means of verniers projectiig frofe
the extremities B axid O of the tubes AB, BC; fo
whet the tube ABC is tompletely pushed inte
AB, the extremity C 1y the index for the divisiens
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on CD, and when CD is completely dsawn. out,
the extremity B is the index for the divisions on:
BC. As the reading off from a vernier is always

troublesome, and particularly in a portable instru- .

~ ment, it would be preferable to diminish the extent
of the scale, or the interval between the extreme
. sngles, in order that a smaller number of seconds
than 15 may be visible on the scale. Thus, if the
interval between the extreme angles is 50'—20/
or 80, then a whole inch on the scale will an-
swer to a single minute, one fenth of an inch to
@, one twentieth of an inch to .8"; hence the scale
of .30 inches being divided as before into 600 parts,
every three seconde will be the value of -an unit
on tlie scale, and single seconds may be easily read
off by the naked eye.

. The scale of theinstrument being thusconstruct-
ed, we should now proceed to point out its use in
measuring distances; but as the application of the
instrument for this purpase is madein precisely the
same way as the micrometrical telescope, and as all
the rules and tables which we have given for the
ome axe equally applicable to the other, it wounld be
-sltogether unnecessary to resume the subject in
the present Chapter. It may be proper merely to
remark, that the object, or portion of an object
whose angle is measured by the method of double

pu— Y
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images, should be chosen as luminous as possible,
or when it can be obtained it should be a dark
object upon a light‘ ground, such as the top of'a
house with the sky behind it. The direction of
the line which joins the two points that compre-
hend the angle may be inelined in any way to the
horizon; and in measuring inaccessible distances,
‘as répresented in Plate V1II. Fig. 3., the two ima-
ges of the object DE should appear separate, but
as near each other as possible, when the obser-
ver is at the station B, and.when the object glasy
and ‘semilenses are in contact.

-" We have hitherto supposed that the telescope

-consists of fourtubes AR, BC,CD, DE, Plate VIiI.

Fig. 1., and thatby the motion of the tubes BC, CD,

" thesemilenses approach to or recedefrom the object

glass, while the adjustmentof the tube DE produces
distinct vision. We have assumed this form of
the instrument, as being the general form of por-
table telescopes; but it is obvious that much
would be gained in point of simplicity, by having
only two tubes instead of three between A and
D; and the facility of observation would be still
farther increased, by having the tube nearest I,
and likewise the eye tube DE, moveable w ith
rack and pinion. By this means the adjustments

could be made with the utmost facility.
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- The double image telescope possesses the same
valuable property as the micrometrical instruthent,
in requiring no correction: for the angle in consé.
guence of the aberration of focal length, while it
bas the additionnl advantage of requiring no stand

or support. When wires or steel points are made
to contprehend the body, the smallest agitution
removes the wires or points from the extremities
of the object, and thus diminishes both the faci-
lity of making the observation, and the accuracy
of the result. In thé double image telescope;
however, the twoimages always keep together, so
that their contact can be observed with the ut. .
" most accuracy, not only when it is exposed to a -
flight tremor in the hand of the observer, but
even during the motion of a vessel st sea, or du-
ring the gentl¢ agitation of a carriage.

This valuable property renders the double image
~ telescope of grest utility, in situations where there
is neither time nor opportunity for steady obser.
vations. Asa naval telescope, therefore, for inea-
suring distances in genéral et sea, but particular.
ly as a coming-up-glass for ascertaining whether &
* ship is approaching to, or receding from, the ob-
server, it is entitled to particular notice. '

An ingenious instrumént of this kind, invent-
ed by the celebrated Mr Ramsden, has been for
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several years used in the English navy. It con.
. sists of & ‘common. telescope, having one of the

eyo-glmes divided into two equal segments, the

centres of which are separated from edch other by:

s micrometer screw. By this means, the centres of
" she two images of the object formed by the segs
ments of the eye-glass, are separated till they
come in-contact. The distance between the centres
of the glasses is shewn in revelutions, and parts of
a revolution of the finger screw, by which they.
are separated. The whole revolutions are indica~
ted by & scale on a small slip of brass fixed to the
eye-tube, while each of these umits is subdivided
into hundredth parts, by a circular head fixed on
the finger screw. Amnother instrument for the
same purpose, invented by M. Rochon of the Na-
_ tional Institute, and director of the naval observa-

* tory at Brest, has been used in the French navy,
and found of very great utility. -This instrument,
founded on the double refraction of Iceland crys-
tal, consists of two prisms of that substance, move-
able along the axis of the telescope. Two im-
ages are of course formed ; and the angle subtends
ed by the line joining their centres, is measured
by the distance between the prisms and the object,
glass. This instrument does great credit to the
ingenuity of its inventor; but its utility is ex-
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tremely limited by the small extent of -the scale,
which, without a particular construction of the
prisms, cannot measure angles above 20 minutes,
and also by the great difficulty of forming the prisms
with sufficient accuracy. * I was desirous,” says
M. Rochon, * of extending the effect of the double
refractions, so as to measure the diameter of the
sun’; and I accomplished this, which appeared to
exceed the known power of the double refraction
of rock crystal, which does not go beyond 20 mi-
nutes, when it is cut in the most advantageous
prismaticshape. For this, I employed two equ-al
prisms, cut in the direction nost suitable to my
purpose ; ard on placing them in opposite direc-
tions, T found that the double refraction was not
perceptible; but on reversing their directions, the
double refraction of each prism was nearly dou-
bled, so that I obtained two images ‘separated by
an interval of 40 minutes. ¥ ought not to omit,
thdt in this new construction, there are difficulties -
of execution not easy to surmount.”

- From this it appears, that the instrument of M.
Rochon will measure no farther than 20 minutes
when it is made in the ordinary way, and no far.
ther than 40 minutes when the new construction
is adopted. But we have already seen, that in
measuring distances, any error in the instrument;




CHAP, IT. FOR MEASURING DISTANQES: B ¢ .1

or in the observation, produces awertor- in the re-
sult, which increases with the smallness of the
angle, and therefore. in the Iceland crystal micro-
meter the results must be very inaccurate. It ig
besides so troublesome to construct, 3¢ liable to be
put out of order, and sp dificult to be repaired
when it is injured, that we never can expect to
find it in general use.® . The instrument, on the
contrary, which we have déscribed in this Chapter,
may have an extent of scale above 12 times great.
er than that of M. Rochon’s micrometer, and may

* The following quotation from the Memoir published by M.
Rochon, pointaouttheuewhichhasbeenmadeoflﬁsimtnh
ment in the French navy. .

« Conformably to these new principles, I have had two tele-
scopes with . double refracting medium constrocted under my
own inspection, which General Ganthesume will employ for de-
termining the position of his ships, and to find whether he be.
approaching any he may meet with at sea, ' ‘

« The uses of an instrument for'measuring very small angles
with precision, are too well known for me to describe its advan.
tages, The officers of the English navy are so fully sware of
them, that they hive used, for some years, Ramsden’s eye-glase
micrometer, though this answers the end but imperfectly, be.
cause it does not give the measure of the angle, and because of
the bad effect of the parallax produced by the . decussation of
" the rays that enter the eye. This defect is more sensible in
Ramsden’s eye-glass micrometer, than in Bouguer’s heliometer.
The officers who have compared my instrument with Ramsden’s,
of which there were several on board the Spanish ships with
our Brest fleet, agree that the celebrated English artist has vesy
imperfactly accomplished the object he proposed ; and Bouguer's
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meswire angies even of 10 and 12 degrees. Its
comsruction, too, is extremely simple, and it can
scarcely be put out of order unless it is broken in
pieces..

The method of employing it as a coming-up- '

glass, may be¢ very shortly explained. When &
seasel is seen at a distance, it subtends a certain
angle at the eye of the observer. If its distance
increnses, this angle will of course be proportion-
ally diminished ; and if it approsaches to the obe
server, the angle will be increased. . Now, if-this
vessal be viewed through the double image tele-
scope, and if the semilenses are separated from
* the ohject glass, till the two images either of the
whole vessel or of any part of it are in contact, we
obtain from the scale the angle which that part
subtends. If the images continue in contact, the
distance of the vessel must have remained the

‘heliometer would uiquegtionably be proferable for naval use, be
cause it bag less sensible parallax, and gives the measure of small
angles, so impartant for determining the distances of ghips from
their known dimensions.

¢« (General Gantheaume,” comtinues M. Rochon, * has made am
sdvantageous report of this inytrument, in his gocount of the
chace of the Swiftsure, which he captured.~—This instrument
#0 difficult to execute, that I know only one peraon, citizen Nap~
«i, who is capable of giving rock crystal the prismatic form, iy

the proper direction for obtaining the double refractions neges

sary to the goodness of the micrometer.”

-~
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same ; but if the images have separated from each
other, the vessel must be yeceding from the obser-
ver; and the propertion of the two distances may
be found, by again bringing the images in contact,
end finding the angle anew. If the first angle was
50, and the second 40, then the first distance must
-have boen to the second, as 40 to 50, that is in the
- inverse ratio of the angles. If the impges,.on. the
contrary, had overlapped each other at the second
, observation, the distance between the twn vessels
must hiave been diminishing, and the degreeof dis
minution would have beon found, by bringing.the
images into contact, and agein observing the angle.
If the angle were now 60, then the ratio. of the -
distances must have been as 50 to 60.

Neither the length of tha ship, nor.any put of
it lying in a horizontal direction, or in & direc.
tion inclined less than 90" to a horizontal line,
should be chesen for the subtense of the angle, as
the angle which it farma-at the eye of the obser.
wer may vary mefely from the turning of the ship,
while its distance suffers no variation. The length
of the masts, or any part of them, or of any verti-
cal line in the vessel, ought always ta be taken for
this purpose. :
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CHAP. 11II.

Description of Luminous I mage Telescopes for mea-
suring Angles and Distances during Night.

Ix the fourth Chapter of Book I. we have explain:
ed: the theory and general cohstruction of this in-
sttument. The application of the principle to a
teleacope for measuring distances, will form t.he
subject- of the present Chapter: :

We have.already seen, that the i mmges of two
luminous points formed in the focus of an object
glass, may be expanded into circular images of.
light till-they touch each, merely by pushing in
the eye-piece of the telescope; and we have de-
monstrated, that the angle, forméd by the line
Joining the centres of these images when in con-

tact, varies as % (See Plate I11. Fig. 1.} that isj,

directly as-the distance of the intersection of the
cones of rays from the focus of the object glass, and
inversely as the distance of the same point from
the object glass itself. We have likewise seen,
that the scale should commence at f, and stretch
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towards the object glass, that is, in bringing the
luminous images inta contact, the eye-piece should
be pushed in, so that we may perceive the sec-
tions of the cones of rays between the object glass
and its principal focus, though the position of the -
scale upon the tube will in reality be without the
focal point.. The sections of the comes of light
are, in general, better defined, when they are taken
between the object glass and its princigal focus;
but, in good telescopes, the difference is not so
great as to prevent the scale from being made on
éither_aide, or on both sides of the principal focus.

Aided by these principles, the constriction of
the instrument becomes remarkably simple, Let
w8 suppose, that the focsl length G f of the object
glass is 24 inches, and that we haye determined,
by actual experiment,® that the circular images
are in contact, when the angle subtended by two
lumineus points is 4 minutes, and when ¢fis 6.
inghes; then since ¢G is, in this case,. 18 inches,

and since the angle varies as f*{;‘.'we. shall °b“

tain, by simple proportion, the angle subtended. -
by the lpmigous points fqr any other values of ¢ f.

. *This may be done by the method described in the note st
pege’ 20, with this difference only, that two luminous points
must be used, mngadofﬂnumqu,Cofduob,ectBC,

Plate 1L Fig. 2. .
. N
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Thue let ¢.f be 8, and consequently ¢ G 21. Then

6 s ey 1 s r -

| 8 -éi....i 1" 42° %
By making o f successively equal to 8, 6, 9, 12,

. 15, 18, 21, we shall obtain the results in the fol-

lIowing Table.

Values of o T Valuen of . [ Caleplated angles

4 24 0" 0 0
s 21 o 1 43

. 8 18 L0 4 0.
9 15 o Y12

12 12 012 O

15 9 02 0

18 e 0360
21 3 134 0

By this means, we obtain the valae of each umit
of the scale, 80 that we wisy either divide the soale
into spaces proportional to the differences hetwedn
the calculated angles,: or, what is perhaps much
better, we may make it a scale of equal parts,
and take the angles from a sinall table calculated
on purpase. The slip of brass on which the scale
is engraven might be made to move in a groave,
formed in one of the tubes of the telescope, i in or-
der that the index may always be sét to azero,
when the object is seén distinctly through the te-
lescope ; or, what is a more simple method, the
seale may be eagraven. on the tube itself, and the
index may be set to-the rero of the scale at the
instant of distinct vision, by pulling out -or ‘push-
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img inthe object glass, which, for this purpose;
should be placed in a short moveable tube. This
adjustment becomes absolutely necessary, when
there is any aberration of focal length’ éﬁsing either
from the prommlty of the ob_;ect, or from any other
cause, _
1t is obvious, from Fig 1. Plate I§1.that the mag-
nitude of the scale depends both upon the diameter
of the object glass, and also upon its focal length.
When the diameter LL of the object glass is redu.
" ced to 71, then the comes of rays-LmL, LaL, are
reduced to Imi ¥nl, which intersect each other at
#', so that we bave now the space f9' instead of f'e,
to measure the angle subtended by the luminotis’
points M, N. If the focal length Gn of the tele-:
scope is imcreased ¢o Ga', while ‘LL: remaing-the
mime, the comes of rays will sross.each ether at a
paint in the axis between ¢ and 7, but less distant
‘from ¢ than #is from n; and hence we o shall have
agreater portion of the axis for measuring thcangle-
sulviended by the points. The magnitude of the
aedle consequently diminishes as the digmeter of
the ohject glass is increased, and. increases with'
‘the focal length of the telescope. It will, therefore,-
dépend upenr the 'angle L.nL, formed by ‘the ex-
toexne rays of the eone, K
" Now 1ét €L, Plate VIIT. Fig, 9, be one half of
the object glass:; G:f the axis of the velescope per-



N . L3
198 LUMINOUS IMAGE TELESCOTES FOR BOOK IIL.

pendicular to GL ;. and Gn the axis of the cone of
tays by which the point n of the image is formed.
1t is manifest, that the ray Gn, which prooceeds from
the object N, will pass unrefracted through the
centre G of the object glass; and that the ray G,
which proceeds from the middle point between M
and N, will also pass unrefracted through the same
centre G. Hence the angle 2G f, which we shall:
call & is equal to half the angle subtended by the
luminous points M, N at the object glass G, and
this angle is a constant quimtity, whatever be the
diameter and focal length of the object glass. In
the line #G, take any points #',n", and join #'L, #"L,
cressing the axis Gf at ¢ and ¢*. Jain also L,

cutting Gfin’p, &nd call the angle Gal, or half-

the angle of the cones, A. When Gn ia the focal.
length of the object glass, and Ga L. half the angle.
of the cones, the interior sides of each cone will:
cross the axis at #, where the images of M and N
will appear in contact, and ¢f will be the length of:
scale which we have for measuring twice the angle:
aGf. In like manneyr, when Gw', Gn", are the.
focal lengths of the chject gldss, and Gn'¥,:
Ga'L, half the sngles of the tones, the interiax:

rays of each cone will intersect the axis at ¢/, #%,.

~ where the images of M and N will appear to be
in contact, and ¢f",.¢"f", will be the length of
scale for measuring the constant apgle o, Now:
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the angle G¢Lz‘GnL4.nt=.;A+;, and G¢is the
tangent of GLe, the complement of GeL. Hence
Ge=Cotang. A+« and sinice
Ge=Gf—of, we have
Gf—#f=Cotang A+te, and
" G f—Cotang. Atw

from which we may obtain, when ' A is known, a
value of s, corresponding to any length of scale ¢f;
but it is preferable to form the scale according to
the method already explained, after the value of
any portion of it has been determined by actual ex-
periment. o .

. Hitherto we have supposed, that the angle is
measured by using the intersection of the cones
of light between the object glass and its prin-
- cipal focus; but as these cones ,also intersect
each other beyond the focus f, the scale may
_ sometimes be accommodated to this method of ob-
servation. In Plate VIII. Fig. 9, continue Ln
till it meets the axis in ¢; then in the triangle
"G ¢ the exterior angle n¢f'is equal to 2Gf4-Gre,
or to A+s; and in the triangle npo the exterior
angle Ling, or 2 A, is équal to ngf-rnef, or to Ade
+nef, that is, 2A=A+«+nef and nof2A—A
~oazAwee, Hence the angle n2f is greater than
the angle n4f, and consequently the scale for mea-
suring the variation in the intersection of the cones
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of light beyond the focus £, is grﬂat.er than the
other scale; for
¢f: ¢ f=Cotang, A+d: Cot A-a, and
° f__ofx Cotantg. At
Cotang. A+a

A telescope, in which the aperture of the ob-
Ject glass ‘is 2.25 inches, and its focal length
31.5, affords a length of scale equal to .38 inches,
to mensure a certain angle; while amother telés
scope, in which the aperture of the object glass is
1.25, and its focal length 14.5, gives only alength
of scale of 1.83 inches to measure the same angle.
In the first of thes¢ instruments, one-tenth of an
inch on the scale correaponds to about 30"

From these remarks, it appears that the length
of the scale depends upon the angle of thé cones .
of rays; and that the magnitude of the scale may -
be increased, either by diminishing the aperture
of the object glass, or by incteasing its focal length.
As the angle of the coned is not affected by the
eye-glass of the telescope, the scale will suffer
no change by any varation in the magnifying
power of the instrument. This is an important
advantage, as it enables us to accommodate the
magnifying power to the distance and size of the
luminous points, and to'the intensity of their hght,
without requiring a new scale.

When the luminous points are truly circular;
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€heir image i the focus of the object-glasy will
also have the same form, and every section of
the conical frustum comprebended between the
object-giass and the image, will also be circular
when it is perpendicular to'the axis of the tele-
scope. 'This, however, is strictly true, only when
" the image is formed in the axis of the teléscope;
for in all other cases, when the image is formed
towards n or m, the axid of the cone is not per-
pendicular to its base. But even in these cases,
the deviation is too trifling to be noticed, as it
does not affect the mensuration of the a.ngib sub-
- tended by the centres of the images, _
If the luminous points are not circular, but have -
any othex form, as N in Plate VIIIL. Fig. 10; then ¥
LL is the object-glass, an image similar to N will
be formed at n. In this case, the rays by which
the image # is formed, have not a conical shape as
before, but are refracted into a solid, bounded onm
one side by a circle LL, and on the other by the
irregular figure n. Every section of this solid,
however, approaches t0 a_circular form, in pro-
portion to its proximity to LL; and as the image
n is extremely small eompared with LL, any scc. -
tion of it ab will not deviate perceptibly from a
circle. Hence we perceive the reason why the
most irregular pieces of light, whether of an ob-
long, a triangular, or a quadrilateral form, always
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swell ito circular imsges when viewed through
. telescopes in which the.eye.glass is moved from the
place of distinct vision either towards or from the
object-glass of the telescope. In the luminous image
telescope, therefore, it is of the greatest conse-
quence that the apertures be exactly circular; and
when the form of the luminous points can be al.
tered by the observer, they should likewise be
made as round as possible, -
As the accuracy of chservation must in a great
ameasure depend on-the distinctness of the line
by which the. circular images are bounded, it is
of the utmost importance that an excellent achro-
matic object«glass should be selected for the in-
‘strument. . The objects being always luminous,
there is no .oceasion for much light, and a great
magnifying power heing equally unnecessary, the
‘diameter of the object-glass may be magde much
smaller than in common telescopes. ' By this means
‘we, in'a great measure, remove that indistinct.
ness in the outline’ of the circular images, which
-ariges either from spherical aberration, or from
‘the uncorrected aberration of refrangibility. The
diminution of the aperture too, as we have already
seen, has the advantage of increasing the leagth
‘of the scale. '
When the mstmment is constructed according
to these ptinciples, its application to the measure-
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" ment of distances is precisely the same as that of the
 mitrometrical telescope and the double image tele-
scope; and the Tables, which we have given in the,
first Chapter of this Book, may be advantageously
‘employed along with the luminous image tele-
The use of this instrument, howevet, is in some
.réspects limited, from the necessity of having the
_ angle always subtended by luminous pdints. But
there are numerous cases, and these too, of great
iml}.o_rtance, where it may be successfully employed.
The distance of a vessel from the coast, or the
rate at which it approaches-to or recedes from the
shore, may frequently be determined by taking the
angle subtended by accidental or by fixed lights
‘on the land. o
On the coast of Great Britain there are va-
rious lighthouses, which have two lights placed
at a considerable distance from each other. The
principal of these are contained in the follow-’
ing Table, for which I am indebted to Robert
Stevenson, Esq. civil engineer. In the first co-
lumn are given the names and situation of the
light houses; the second column contains their
supposed distance, which is in general‘prettj cox-
rect; and the third the bearing of the one llght
with respect to the other. -
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Sippased die-  Bearioge of the .

e T e Ly el
PentlapdSkm:es,Orkney, 6Dfeet N.W.&S.E.
Tay Lights, Forfarshive,. } of amile N'W. § N,
Fern Isles, Northumber-g 13 mils  EN.E.& W.5.W.

land,. ..o v .. o
Ty:;‘l;lghts, Northum-} 3 of a mile N.W.

s e e

Spurn Lights, Yorkshire, § of a mile N.W.by W. } W.

Hasbrough Lights, Nor. } : of a mile N.W. } W.

Mh . - 4 - & 4 B
erton Lights, Nor: -
wgl’k ights, Nor i 1 ofa mile W.5.W. } W.
’ - % 9 L I} . -

Leostoft Lights, Suffolk, } mile 8. ¢ E
Orfordness Lights, Suffolk, § of & mile N.E. by, E.
South Foreland Light
u oreiland Ligl s’}iof amile E. & W.
Kent, ........
Portland Lights, Port- .
tand Isle, . . . . . . z jmile - N.E. } E
‘Lixard Lights, Cornwall, 1 of a mile W.N.W.
St Anne’s Lights, Pem.

hrokeshire, . . . . . § 200 feet  S.8. E.
Yake Lights, Cheshire, . } mile S.8. W.

| \Bldstonehlllnghls,Che% 3 miles S.E by E‘_'
shire, ... .. RPN

Dudgeon )

Newarp

Nore Floating Lights, from 25 to 30 feet.

Goodwin

Owers
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One of the great objects of these double lights,
id to enanble the mariner to distinguish them from
others for which they might be mistaken; an effect
~ which is produced in some cases by revolving and
coloured lights, We conceive, however, that a more
extensive system of double Jights might be in-
troduced with great advantage, aud thet these
might be distinguished from one another by the
different angles which a.line Jommg the lights
forms with the horizon. '

"The principal object of the luminous image te-
lescope, is to make survejs; or, in general, to mea.
sute angles and distances during the night, when
natural objects oannot be seen, either through a
telescope, or with the nmaked eye. For this pur-
pose, artificial lights, or luminous paints must be
used; and when the distances to be memsured are
short, these might be fixed upon .a herizontal arm,
supportéd by a vertical pole; but when the dis-
tances are great, the artificial lights should ‘be.
placed at the extremities of ‘a chain, 20, 30, 40, or

.50 feetdomg. The chain being carried by an as-
distamt, and stretched in a direction perpendicular
to a line joining its centre and the eye of the ob-
serrer, the telescope is directed to the luminous
points, which, by the method already described,
aré expended into circular images, till they come




204 LUMINOUS IMAGE TELESCOPES ¥OR .HOOXIIL)

into contact. The angle which these points sub-
tend at the ghserver’s eye being thus ascertained,
their distance may be immediately determined by
means of the Tables in Chapter 1.
- For military purposes, this method of measu-
ring distances during night, may frequently be
"+ of the greatest advantage. If the lights are muf-
fled up on the side next the enemy, the whole
operations might be performed with the most
profound secrecy, and the survey of a piece of
ground might be made with a degree of delibera-
tion which could not be exercised during the day-
time, when the engineer is within reach of the
enemy’s guns. ‘The luminous image telescope re-
quires no stand like the micrometrical telescope,
as the circular images will remain in contact du-
ring any agitstion of the instrument; and in using
it, the observer is not troubled with double images,
_or with. double adjustments, as in the divided ob-~
Jectsglass micrometer. 'This instrument. possesses
also another advantage, as it cag measure the
apgle subtended by two luminous points, even when .
. these points are too distant to be comprehended
in the field of the telescope. In the micrometri-
cal telescope, the two points must always be seen
in the field of view; but it is sufficient in the pre-
sent instrument, that the observer perceives the
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" contact of the: cu‘cular images, mtliout neeu:g
their céntres. °
When artificial lights are used it is’ o!monsly
in our powersto dininish the aberration of re-
frangihbility, and thus‘to rendér the outline of the
circular images more perfect, by employing hoino-
geneous lights, such as red or orangelights,inwhich:
there are few or none of the most refrangible rays. .
This instrument might also be employed to
measure fhe relative distances of any object pho-
tometrically, and when there is only one.lumi.
nous point, When light is projected from any
luminous ‘body, its intensity varies in the in.
verse ratio of the square of the distance. By ob-
serving, therefore, the distance of the index from
the principal focus, when the circular image is
expanded to such a degree that it ceases to be-
come visible, it is easy to calculate the degree of
attenuation which the light has experienced.
The same observation being made at a different
distance from the luminous object, we obtain the
ratio of the squares of the distances, and conse.
guently the ratio of the distances themselves,
This will be better understood when we bave de-
scribed the photometer in a subsequent part of
the work,
In locking at the circular images formed by
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the expansion of Inminous points, & wariety of
curions optical phenomena arise from opening and
shutting the eye, and from holding it in different
positiens. The explanation of these facts, however,
will be more properly introduced when .we come
to describe the construction of & general Photo-
meter, C
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CHAP. IV.

Description of Instruments for measuring Inacces-
* sible Distances at one Stafion.

.Tuz instruments described in thé precéding
chapters, and indeed all the trigonometrical in-
strimaents with which we are acquaintéd, are
capable of meayuring inaccessible distances, only
from cbservations taken at the extremities of
a real: base, or of a base which is imcluded in
the instrumest itself. The impossibility, which
sometimes exists, of finding ground sufficiestly
level for the mensuration of' a straight line, and the
trouble and dificulty which attend the operation
even when the ground is favourable, render it -
extremely desirsble to have some 'instrisnent by
which inaccessible distances can be determined
from a single station. The method of measuring
distances, by observing the variation in the focal
length of a telescope, is gatally inadeqyate for this
purpose; and even if it were not affected with
errors which do not admit of correction, it could
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be applied only to distances that are extremely
small.

The principle upon which one of the follow-
ing instruments is constructed has been long un-
derstood, but, so far as 1 know, its application to
the measurement of angles and distances has never
yet been attempted. If two circles AB, CD,
of different radii, Plate IX. Fig. 1. are fixed
upon an axis EQ passing through their centres,
and if these circles are made to roll upon a
ssmooth surface, they will describe arches of &
great circle whose centre is.at the point O, formed.
by the intersection of the lines AC, BD, which:
join the extremities of any two parallel diavee.
ters of these circles. If one of the circles<CD is'
shifted inte the position cd, the circumferénces.
of AB and CD will describe portions of & lskger:
circle, as the intersection.of the lines Ac, Bd will
take place at a peint considerably beyond O.

In order to find an expression for the radius of'
the circles described by this instrument, draw C».
parallel to EF, thea since the triangles AnC CFO-
are similar, we have : :

CO: CFzAC: An, and ; :

AO: AE=AC: As, from which we obtaln :

Comg—x—,&g, and

_AEXAC |
AO”"-T"‘"‘".
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Mence it appears, that the radins of curvature
varies directly as the distance between the cir
cumferences of the circles, and inversely as the
difference of their radii. , ,

Let us now suppose that the circles AB, CD,
instead of being placed upon an axis EQ, are
fixed upon the tube of a telescope, and that the
axis of the teleseope coincides with the line join-
ing the centres of the circles. If an instrument
thus coastructed, is made to roll upen a smooth
surface, its axis will uniformly point to the centre
of the circles described by AB, CD, and if the
radius AQ is accurately determined, the space
described by any point in the circamference .of
AB will be a measure of the angular motion of the
axis of the telescope. In order to measure with
accuracy the space described by any paint in the
cireunference of AB, the instrumest is fitted up
as represented in Plate IX. Fig. 2, where AR
id one of the rolling circles fitted-upon one extre-
mity of the teleseope, and E the eye-glass. A level
L is fixed upen the arm LV, which moves round
£ as 8 centre, by means of the endless screw SS
working in the teeth of & wheel attached to the
arm LV. ‘The vernier V is placed at the other
extremity of the moveable arm, and subdivides,
int0 10 parts,each of the divisions on the graduated
circumference AB, so that the thousandth part of

0 ,
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the whele dircmssferenes sy be distinctly raad
off. Es owder ty explain the methpd of using the
imstrument whes thus cesstracted, jat ue suppese
that the axis of the telescops- iy wsrked by the
extremity of n sharp steel poims, projecting fram
the cidcumberenes to the céntre of the feh of view, -
and that the instrumseng is placed upen o smooth
. and: fewel surfhee, upos which it eost roll witheut.
any slide. Lat ABCD, Plaie X, Fig. 8, be the
telescope: thus fitted wp ; and having the index of
the veradier poititing to the ze¥p of the circular
seale, direct i te ey ohjeet. MN, and adjyst it to
such & posithm by the hand, thet the giecl point
anacthy coveys dny prominent pert-N of the ab.
jest when the axie of the level is horizontal.: Rol
the instrmnent along tshe plane sarface, till the
steel point comees inté enincidence with any othex
prominent part M of the oliect, The instn-
ment will néw Be in the position ebcd, and
A d will be the abek which it has descxibed, The
number of revolutions performed by the circle
AB are easily counted; emd if the level is not
horimontal when the stes! poink ecineides with M,
the instrumvent moust have described part of ano-
ther revolution. In order sa¥nd this portisn, turn
the ‘screw 98 til} the level indicates a hevizontal
position, and the index of Vhe vérnder will then point
eat on the scule the hundredilis or thesmandths -
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of & revolution hy whick the spave A0 exvéeds the
aumbey of complate revolutions. The exact: dis-
meter of AB being known, and the redius: Ao,
¢lie space Aa will be detonnined, simd consaquent
iy the angle st O, of the angle subtended by thé
points MN at the centve of the arch Aa; The
scale upon AB might easily be divided into mi-
‘nutes, a whole revolution representing a certain
number of degrees, se that the sngle at O could
be read off with the utmost facility. By means
of this instrument, therefore, we are enabled to
measure the sngle subtemded by any ohject dt a
point before the place of the observer.
. 1ot the graduated roRing circle AB be now
" yemoved to CD, the object end of the teleseope;
a8 is represented in Plate IX. Fig- 4, while the
ather cirele €D takes the place of AB. If
the telescope, when thus alteréd, is divected
to the object: M'N' as before, sod is made to
roll upon & plame surface, the arch A'q), which
it desctibed, while the bteel point moves from
a state of coincidence with M/ to a state of co-
~ incidence with N, will obviously be measured
in the way which has already been explained;
~ but the angle to which it corresponds will now
be the angle formed at O'; a point as far behind the
cbserver, as the point a was forinerly before him,
We bave therefore the angle subtended by the ob-
B |
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Ject M'N’ atthe points 0,0, and also the interme-
diate distance OO'=2R, R being the radius of
the arch Aa or A'd’; consequently the distances
PO, PF, and PO’ are known. - Calling the angle
M'ON‘'=m,the angle M'O'N'=#, and R the radius
of the arch A.a or A'a’, we shall obtain

If the ahiftmg of the rollmg circles from the one
extremity of the telescope to the other should be
regarded as a source either of error or inconve-
nience, the second observation might be taken by
another instrument, in which the largest rolling
© eircle AB is fixed upon the object end of the te.
lescope, the radius of the instrument being either
the same as that of the former, or different from
it. If the radius of the first telescope is different
from that of the second, we e may call it R', and
then we shall obtain
2 !
PQ:“-*—-—"XT
ux“m'

e I3

PF=
.Pop._ﬂ X R+ R’

1w 13
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In an instrument of this kind which I. have con-
_ structed, the diameter of the Iargest roller is

gz“z‘; of an mch the d.mmeter of the smallest rol.

8
ler :.':_6%%’ the difference of thelr radii -_:,,-5%3’ and )

787.50
“30.60° The ra-

dius 'is therefore 44 feet 9% inches, and the
length of the base OO’ 89 feet 6] inches. . In se.
veral experiments which I made with this instru. -
ment, the rolling circles described their respec.
tive arches without the smallest slide, and. the
successite measurements of these arches differed
from each other by quantmes too minute to be
noticed. ‘ o

The principle upon whlch this instrument iy
constructed, may be applied in another form,
wheré the rolling of the telescope is rendered un-
aeeessary. Thus, in Plate IX. Fig. 5, let AB,
CD be two equal and concentric arches, firmly
bound together, and divided into degrees and mi-
“nutes, and let the telescope EF, carrying a vernier
scale at both its extremies E and F, be so plaved
between AB and CD, that by means of ‘a screw
ita axis may be brought into a state of voincidence
with any radial line in the arches. ‘This coinci-
dence will obvieusly be indicated by the two ver-
niers pointing out the same degree. and minute

the dlsta.nce between the rol!ers
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upen each arch. In measuring, thevefore, with
this instrument, the angle MON, Phate IX. Fig.
8, from the centre O of the two arches, adjust
the two verniers to the zero of each arch, and
thes move the whole mstrument il the steel
point projecting from the diaphragm of the te-
lescope exactly covers the point M of ‘the object.
The instrument being now kept steadily ta this
posifion, remove the teleseope towards the other
extrernities of the two arches, till the steel podat
coingides with the other point N of the object, at
the same time that the two verniers mark the
same degree and minute in each. scale : The de-
gree and mainute now indicated by the verniers
will be the angle required. In order to mensure
the angle subtended at a point behind the observer,
we have only to invert the instrament, by phacing
the arch AB nearest the object, and also to invers
the tclescope, se that the vernier at L, the ohjees -
epd of the tabe,. n‘u}' be placed uponr the other
arch AB.

The same princq)le is capable of another upphn
eation, which is not without some peculiar advan-
tages. Two telescopes may be shsolutely fixed
at an invariable distance, and their axes may be
chahped Iy means of two mictometers, in such =
manner that the intersections of the axes may
take placy either at 2 point before or . behind
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the phack of the-chsexver, ¥ the axes of the Sxed
telescopes A, B, Plate 1X. Fig. 6. be in the di-

yeetion GV, 1OV, thevy will chviously intersect
“each ‘pther-at a point O beflrind the observer, and
“thé radius BOY, as well ds ¢he angle AOB, will

be détetmined by the méerometer. If the axes of

the télescopes are now meved by means of the

microeter screw, into-the directiond AQ, BO,

“they witl now intersect cath ofher #t a. point O
“befofe the ohserver; and the radius AO, together

with the angle AOB, will be determined as befere

By means of the micrometer..

The principle of all these instruments may be

-applied, in_different forms, to a variety of ugefal

purpeses ; bat there is eme application of it in
particelar, which promiges to be of some practical
importance. If the two telescopes are fixed at an
invariable angle, 50 that their axes always poiat
to the same part of an object, they wil obvicusly
form a portable base, and will thus enable us to
set off a distance without the aid of any other in-
strument, and under circumstances, when a bage
could not be measured by a chain or by glass rods.
The instrument will give. the distance through
the air, unaffected with the superficial inequalities
of the ground, and in a line paralle]l to the hori-
zon ; and whatever alterations it may undergo by
a change of temperature, a correction founded on
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experithent can be easily applied. It is obvious
that any errot in the observation will produce avery
comsidetable error in the base, and that the latter
error will be to the former, as radiusis to the sine
of half the angle formed by the telescopes. The
error of observation, however, must ‘always be
very swmall when the telescopes are good, and can-
not be supposed to exceed the hundredth of an
inch, when the point to which the axes of the te-
lescopes converge is not very remote. At all
- events, we have it in our power to diminish; as
much as we please, the error which affects the
. base, by, increasing the distance between the tele-
scopes, and by enlarging their magnifying power.
If the length of the base is about 1000 feet, the
distance between the telescopes about three or
four feet, and their magnifying power about 100,
we conceive that the error in the base would scarce~
ly amount to @ single inch.

-
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L

- CHAP. Y.,
Description of an Optical Instrument for meatying
“inaccessible Distances at one Station.

Yx the preceding Chapter, we had occasion to al-
Jude to a method of estimating distances, from the
variation in the focal length of a telescope. When
a telescope is directed to an abject very remote,
such as one of the heavenly bodies, the image of
such an object will be formed in the principal fo-
cus of the object glass. If this object is supposed
to approach gradually to the telescope, its image
will be formed at & greater distance from the ob-
Jject glass tham its principal focus, and every varia-
tion in the distance of the object will be accompa-
‘nied with a corresponding variation in the distance
of the image. The ratio of these variations being
known from the principles of optics, the distance
of the object may be easily determined by the dis-
tance of its image from the principal focus of the.
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object glass. IfD be the distance of the object from
the telescope, and F' the principal focal length of
the object glass, tlle aberration or increase of focal

length will be '“"'F“ Let F be equal to 24 inches,

andletDbemccemvely loo, 500, 1000, 2000,
8000, 4000 feet, &c. we shulll obtain the following
values of the abemtlon of focal length :

Dhtmoeothe ob)q:t Variation of focal leugth

ba Pest. . o Incles and dechnals
100 » - « - - 5878
500 - « + - + L1857 ‘

1000 s - - % - 0578 -
N pogD « - - - - 098D
L4000 - = « - - Ol4d
T R0G0 .+ - - - - 0072
16000 « - - ~ - 0:096

From these results, it appears that, at the short
distance of 100 and 500 feet, the variation of focal
lemgth is sufficiently rapid, and might be consider-
+d ds a rough measure of ‘these distances; but

when the distances increase, the variations are so-

extremely small, that we have only a variation of
1, of an inch, as & scale for measuring every &is-
tance between %000 and 8000 feet: Hence we
may fairly comchude, that the variation of focal
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fength eat only beelnployed W mepsure dmttnees
-that are extremely smafl.® : ‘

But without considen'mg the extreme minntes-
ness of the scale; this method of measuring distaw-
ces is Hable to great uncertainty, from varintions
of temperature, and from changes in the state of
the observer’s eye. The effects of these varietions
might indeed be removed by using a méveable
scale, and adjusting the zero 4o the principal focal
Point of the telescape at the time of cbservation
a8 determined hy directing it to a very remote ob-
ject: But this method of corvection would render
too complicated, an instrument which deérives from
simplicity of construction auny merit that it may
possess. | ‘ ’

The magnitude of the scale can be inereased
to any extent, by keeping the object-glass and
eye-glass at an invarisble distance, and producing
the adjustment to distinct vision, by the motion
of a second object-glass of considerable focotlength;
or the same thing might be cffécted in the Grego- .

® For the purpose of messuring small distances, the sberra-
tion of focal langth might be employéd with great advantage. A
small telescope, fitted up with a tube about double the focal
length of the object glass, would measure, with great accuracy,
the dimensions of buildings, the breadth of rivers,and other
short distances, which it is often both intaresting and usefiul to
determuine.
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rian reflecting telescope, by keeping the two
mirrors at a constant distance, and producing dis-
tinct vision by the motion of the eye-piece,as in
the reflecting micrometer, described in Book I.
Chap. II. In the micrometrical telescope, too, a
similay enlargemént of the scale may be obtained,
if we procure distinct vision by & motion of the
tube which contains the movesable object-glass.
The eyepiece will of course move along with it,
but the aberration of focal length will be consi-
derably expanded. In all these contrivances, how-
ever, and indeed in every contrivance which cax
be devised for this purpose, the imperfections of the .
instrument are magnified along with the scale, so
that no advantage whatever can be derived from
its enlargement. If there is any uncertainty respect-
ing the focal point within the space of the hun-
dredthof an inch in the scale of thefirst object-glass,
and if this scale is megnified 100 times by any op-
tical contrivance, the uncertainty must now be
extended over a whole inch, and consequently the
instrument must in reality be deteriorated by
every attempt to increase the scale. '
Knowing this to be the case, both from theory
and experiment, we were not alittle surprised a¢
secing the proposal made by the late Mr Pairi_ck
“Wilson, formexly professor of astronomy at Glas-

i
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gow, of determining the different distances of a
star, by the variations in the focal length of 2
long telescope® We have no opportunity of
knowing what particular method was 'emplpy.ed
by Mr Wilson, for magnifying the aberrations of
focal length, but it is highly probable that they
were similar to those which we have already
mentioned; or, at all events, they must have
been so contrived, that the focal point of one ob-
Jject-glass was made the radiant point to another.
‘Whatever the contrivance was, we have no hesita-
tion in saying that it was quite useless; and if »
telescope could be constructed of the same length
as the diameter -of the earth’s annual orbit, we -
conceive it quite demonstrable, that the variations
of its focal length, however magnified, conld never
be of any service in ascertaining the d1ﬁ'erent
-distances of a fixed star. : ,
Tkis ptaperty of measuring djstances is by no
means pecuhar to the telescope, as has been com.
monly 1mag1ned Considering the prmclple ge-

. Thuproposalmmmrdedm the'l‘mnsacuons oftheRoyal
Saciety of Edinburgh, Vol, i. Hist. pu 30, by the learned Professor
Robison. « If a long achromatic telescope be directed to 8 fixed
_ gtar, towards which the earth is moving, ‘the focal distance of the
telescope will be lengthened. The augmentation will indeed be
very small; but Mr Wilson has fallen upon- very ingenious
rethods of increasing it, so as to make it become sensible.”
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- nerally, it is nothing movre than to messure any
variation in the tangent of the angle of incidence,
from the corresponding variations in the tangent
of the angle of refraction, or of the sagle of re-
flection, if a reflecting telescope is employed. Whew
this prineiple is embodied in the telescope, it is
by no means applied in its best form. The lmit
which is necessarily put to the diameter of the ob-
Jjeet glass, and all the. imperfections of the instni~
ment, whether they arise from the nature of the
glass, or from the defects of its figure, concur in
affecting the measure of every change in the tan-
gent of the amgle of refraction. We propose,
therefore, to extend the application of the princi-
ple, by employing two plane mirrors, placed af »
" considerable distance, and converging to o peint
behind the observer. The varistions in the tan.
gent of the angle of reflection may then be ac-
curately determined, by means of a small tale-
scope moveable round a centre, and capable of be-
ing carried along the axis of the instrument, or the
* . line which is equidistant from the two mirrors.
The same effect will be obtained, by employing
twd prisms, placed at a distance from each other,
irx such a manner, that the refracted rays, proceed-
ing from a remote object, may meet in the line
which is equidistant from the f{wo prisms.
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As instruments of this kind can never be very .
portable, and are therefore not likely to be con-
structed for general use, we have thought it suf-
ficient merely to notice the prineiple of their con.
struction.
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RAYS ARE TRANSMITTED THROUGH FLUIDS, '
o
CHAP L

IDescrzptwn of TInstruments Jor viewing Objects un-
' der Water. .

T B sub_]ect of this Chapter was suggested to me
‘some time ago, by a- notice in one of the Philoso
phical Journals, that the Academy of Sciences at
Copenhagen had offered the mathematical prizée
to the inventor of a’ hydraulic tube, by means of
‘which objects might be distinctly seen at. the bot-
‘torx of the sea. The great practical utility of an
instrument of this kind, and the' advantages which
may arise from applying the principle upon which
: r

-
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it is constructed to other optical instruments, in-
duced me to give it a degree of attention Yo which
it might not otherwise have been entitled.

If the surface of the sea is ruffled, or in a state
of agitation, it i obv'lously imposslble to see the
objects below by any instrument which is not im-

"mersed in the water, Evep when the surface is
perfectly smooth, and the objects below sufficiently
illuminated, they car be perceived distinctly, only
when the visual line:forms a vory considerable angle
with, the surface. It is possible, indeed; to have
a contrivance which will counteract the obligue
position of the surface with regard to the axis of
vision; but as the correction must always vary
with the angle of obliquity, and must be adapted
to that angle, it cannot be applied in practice till
the inclination of the viswal line to the surface of
the water has been previously ascertained by a
geometrical operation. No instrument, - there-
fore, for secing ohjects under water, can be of any
service, in which the rays proceediag from the ob-
jects below must-be transmitted through the sur-
face of the flnid. Hence it becomes a necessary

~ part of the constyuetion, that the instrumpent shall
be partly immersed in the water, and that it shall

‘either float by melf, or be attached to soma ﬂoab—
ing body. S
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- Admitting this, therefore; as a pyinciple indis-
pensibly requisite in an instyunent of general ap-
plication, we shall proceod to describe the differ-
ent cantrivances which séem to fulfil ‘the eondi-
tions of the problent. - - S
Let SS, Plate X. Flg. 1. be the surface.of the
sea, ruffied by a breeze, orin such a state of agi-
tation as to prevent the objects belowr from being
seen by an.eye out of the water. ‘Into-the paral.
lelbpiped MN, made of wood or hollow copper;
let the tube ABCD he inserted in such 4 manser
that it has a motion round the pivot B, i a verti.
cal plane,.and that one hatf of it is plumged inte’
the water. Near the lower extremity CD of
the tube, fix a piece of thin and well:polished’
plate.glass ¢ f; at right aigiés to the axis of the:
tube; and cemented to it, so a8 ‘to resist the ‘ads
mission -of the water. When this spparatus is.
plunged into the sea, the floating - paralielopiped
~ MN will keep the tube ABCD in a verficalplane,
snd by moving it round the pivet P, it mdy be
diracted to’ any object at the bottom. The wa-
ter tontiguous to ¢f Weing pressed close to the
plate of glass, by the weight of the sapefincum-
bent colamn, the rays from the object will pro<
ceed, almoet without sufferitig any change, to the
observer at (), and will give as distinct a view of
1 .
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it as if the surface of the water -were perfettly
smooth, and the ¢ye placed directly above: the ob-
Ject. By this means, the irregularities arising
from p broken or. agitated. surface, or from: the
oblique position of the surface when it-is perfectly
smooth, are completely remeoved, - :

. H the depth is so great, or the ebjects so:xmall;
that the assistance of the telescope is-necessary to
peregive them distinetly, sminstrument of this kind
may be placed in the tube ABCD, and used-in the -
eommon way.. As this form, however, might mther
be awkward and inconvenient, it wounld be advan-
tageous to apply the telescope in the way represent.. -
ed in Fig. 2, where MN is the:fleating parallelo-
piped, and AB the telescope, moving round the .
pivot P, and having its tubes nearly twice aslong .

as the focal lenpth of .the object-glass. The:ob.. -

Ject-glass AD being fixed in such a manner as to -

prevent amy water from insinuating jtself into'the :

" tube, and being sunk below the surface of the sea,
will be in the same state gs the plate of glass in -
the preceding instrument, and will {ransmit a per-
fect image of the ohjects below to the eye. 2t B,
As the rays proceeding from the ohject pass from -
water to glass, they will obviously suffer less re-
fraction at the confines of the glass and water, -

_than if air had been the medium adjacent to the-
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object-glass. - Hence the foeal length of the tele-
scope will be considerably increased, and its achro-.
‘hatiers in some degree impaired.  The effect
which this will produce upon the gbodness of the
telescope, hawever, is too trifling to be noticed,
when we condider the coarse purposes to which it

is applied. But if it is thought of sufficient im-
| portance, it is easy to adapt the curvature of the
lenses to this particular case of refraction, and to
accommogate it to the formula of 1D’Aleinbert
* and Boscovich. This may be done very easily,
by dividing the radius of curvature a'of the outer
surface of the object-glass by 2.65; so that the
rays in passing frog: water into the, surface; whose

;adma is mgg, wlll suffer’ the same changes by re:

fractmn, as if they had been transmitted from aie
into a surface whose radius was a. _
" Thus in Plate X. Fig. 8. let BAD be a convex
surface of ‘crown-glass, whose centre is C, and let
‘paraliel rays of light incident at B be refracted
to F; then, by the principles of Optics,

' AF FC....m‘n,and

AC: AF = men:m
P representmg the sine of the angle of mcndence,
and n-the sine of the angle of refraction. " When
the refraction is made from air to glass, we have
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AF :FCx 1.5%:1, and - - - >
AC : AF = 0.568: 1.58. )
But when the refraction is made from watey tn
glass, we have _
CAF PO x1.15:1,*
. AC : AF =0.15: 1.15. :
Hence, when the radius of curvature AC, or 6 =, l,
we oltain :
‘@t AF = 1 ; 2,687 frem air r to glass,
@ : A'F = 1:7.667 from water to glass.
When AF = A'F, we have

a: e = "T.667: 881,

, ex2887 @
and &' = “gr = 585"

That is, in order that a ray of light incident up-
on a spherical surface at B may be refracted to
the same point F, when the refraction is made
from air to glass, and from water to glass, the ra-
dius of curvature BC must in the one case be a,

L

and in the other 3 65 ~

‘It is obvious, that the increase in the focal

¢ If we suppose the index of refraction from air to
to be 1.53, and that from gir to water to be 1.336, then the in
dex of refraction from water to crown.ghass will be 1.15, or the
" gines of the angles of incidence and refraction will be as 1.15
l’-ol. :
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length of the object-glass of the telescope, will
depeind upon the ourwature of that surface of the
éompbund.ions which & in contict with the waa
ter. - I its rddius of curvature weré idfinite, that:
dg, if the surface were plane, the incident rays -
would suffer mo refraction, whether they were
transmitted ' through air or water, and conse-
quently the focal length of the compound lens
would suffér no ehange by immersion in water, as
the refraction at all the other sarfaces by which:

the rays are converged to the focus, is the same,
as when the instrument is used in the open air.
* Now, if F is the focal length of the compound’
object—glass, and &, b the radii of the two surfaces'
of a convex lens of crown-glass, whose index of
refraction is 1.53, we have, by the pnnmples of .
Optics, '

b= L. 8874-—- =F )
But in every compound object-glass, whether

deuble or triple, the focal length F is known, and

the radius ¢ of the surface next the object may be
easily found. Hence we may determine the ra-,
djus b of an equivalent surface, which will pro.
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" duce the same vuitifnate refraction of the ‘rays;
_that is produced by all the other surfaces .of the
compound lens. Thus, if F =12, and a = 8, and
. consequently b = 24, then a Convex lens, the radii
* of whose surfaces are 8 and 24, will' have nearly.
the same focal length with any compound object-
glass having its focal length 12, and the radius
of its outer surface 8.

. ‘We have already seen that the focal lengt.h af
a convex surface of crown-glass when immersed in

- . « T . :
water, and when itsradius is 5B will be the same

as when its radius is a, and when the refraction is
méde from air into crown-glass ; and, conséquent-
1y, the focal length of any convex lens, or com-
pound object-glass, when the surface @ is immer-

sed in water, will be
F _ 2.65%1.887xab 5ab
T 265a4b T 265048

b representing the radius of the other surface, or
of a surface equivalent to all the remairning sur-
faces of the compound object-glass. When the
lens is equaily convex, we shall have

F=137%a.

We are therefore enabled, by the preceding for--
mulz, to find the length of the tube necessary for
. any object-glass when @ and F are known, upon
thg‘supp_dsit-i_on that the object is infinitely distant.-
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:As the distance of the object, hov;rever, mast ne-
cessarily be very small, the length of tube L
wehich the object-glass will, on- this uccount; re-
quire, may be found from the follomgtﬂ)rmﬁla
FD
. D‘-‘.F ’ .
where I is ‘the shortest distance, or depth of ,w_p;
ter in which the instrument is to be used, and
F the focal length of the object-glass, when im- '
mersed in the fluid.

Since it is of great consequence to. have the tube
as short as possible, the radius of curvature of the
outer surface @, should be made as great as is con-
sistent with the achromatism of the compound
lens; for the increase in the focal length of ‘the
object-glass, when immersed in water, varies a3
the curvature of that surface. :

When thé objects at the bottom are suﬂimently
illuminated by the light of the sky transmitted
through the water, the instruments now descri-
bed will enable us to perceive them with almost
the same distinctness, as if they had been situated
at an equal distance from the observer in the open
air. . But if the inequalities of the surface should
obstruct the transmission of the incident rays, or
if they should be in a great measure abserbed in
the mass of water through which they must tra;:-

L= e
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.wel, it mllbe necessary to render the subjacent
objects visible by astificial illumination.® For
this purpose, a tube GEIEF, Fig. 4, must Be. at
taihed to the tube ABCD, Fig. 1, ar to the tele-

* When the sky is clear, and the surface of the water unruf-
fled, objects may in general be seen distinetly at the depth of
‘S0 or 60 feet, and somectimes at s muich greater depth,
without the s of artifiviel dlumination, « By the “glase
window,” says Dr Halley, « so much light was transmitted,
that, when the sea was clear, and especially when the sun shone,
I could see perfectly well to write or read, much more to fasten
or lay hold of any thing under us to be taken. And by the re-
turn of the air-barrels, I often sent up orders, written with an
iron pen on small plates of kead, directing how to move us from
place to place, as occasion required. At other times, when the
‘water was troubled and thick, it would be dark as night below;
but in such case, I have been able to keep a candle burning in
the bell as long es I pleased, notwithstanding the great ex- .
pence of air requisite to maintain flame” Phil. Trass, 17164
vol. xxix. p. 498. In another place, the amme ingenions authox
ohserves : ¢ As to seeing under water, as long as the water is
not turbid, things are scen sufficiently distinct ; but & small de-
gree of thickness makes perfect night at no greas depth of win
ter” Phl Trans. 1721, vol. xxxi. p. i79. In some of the
lekes of North Ametica, the transparency of the water is so great,
that objects can be perceived at a very unusual depth. * The
waters of Lake Superior,” says Mt Heriot, ¢ e more pure and
pellucidthanthnseofanyo’thalakenponthiayube, and the fish,
a¢ well as the rocks, can be distinctly seen st o depth incredible to
persons who have never visited these regions. The density of
the medium on which the vessel moves, appears searcely to ex~
ceed that of the atmosphere; and the waveller becones- impres~
sed with awe at the novelty of his situation.” Heriot’s Travels
"ﬁ B ﬁ m C ‘ . . L. . . 1 -
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scope AB, Fig. 2. At the lower extremity of the _
second tube is placed a piece of plate-glass EF,
inclined a little to the axis of the tube; and at
the upper. extremity is a parabolic mirmor GH,
with a lamp I placed in its focus, and a conical
top K, for letting out the smoke. The rays emit-
ted by the lamp are reflected from the mirror GH:
in parallel lines, and, falling with a small degree
of obliquity upon the glass E¥, are refracted from
their original direction, o as to illuminate the ob-
Jjects below, to which the tube is pointed. In or-
derto direct this refracted light to the object, what-.
ever be ity distance from the observer, it will be
mecegsary to have a screw cormnunicating a gentle.
inclination to the tube GF. A small degree of
divergency may be advantageously given to the re.
fracted rays, by making the interior surface of the
glass EF concave. Instead of using the light of
the lamp, the light of the sky may be admitted
at the open -end of the tube GH. When the sea
is thick and-turbid, the light of the sky is obw
structed by the solid particles which are dispersed:
through the fluid mass, and hence it is impossible, -
by any cantrivance, to illuminate the objects at
the bottom. This instrument might be conve-:
niently used along with a diving-bell ; and in place;
of being attached, as is represented in the figure,
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to a floating piece of wood, it might with greater
"advantage be fixed on the gunwale of a boat.
Asit ma} sometimes be necessary to examine
‘gbjects situated below a projecting rock, ar be-
neath the boat or vessel in which the observer is
placed, the form .of the instrument must be ac-
commoddted to the peculiarities of this mode of
observation. With this view, the plates of glass
EF, ef, Plate X. Iig. 5, must be fixed in the sides
of the tubes, and the two plane mirrors MN, m3a,
placed at an angle of 45° to the axis. The objects.
below will thus be illuminated, end seen in the
same manner as before, particularly when they are:
ebliquely placed with regard to the observer. A
loss of light, indeed, will be sustained, in conse-
quence of the reflection from the plane mirrors;
but this unavoidable evil is compensated by thé
advantages peculiar to the form of the instru-
ment. | :
) When the instrument represented in Plate X,
Fig. 2. is employed for viewing objects beneath a
projecting rock, the plane mirror may be either
placed without the telescope, at a little distance
from the ebject-glass, so-as to form- different an-
gles with the axis of the instrument ; orthe eye.:
piece of the telescope may be bent into & rectan-.
gular form, and the mitror placed at the angular

———
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_ point, sothat it may make anangle 6f 45° with the
axis of each tube. + This form of the mstrumnt
is perhaps the most convenient, even for ge
purposes. '

It would lead us into too w1de a field to "detail
~ the various purposes to which instruments of this
kind might be applied; but some of these are of
such peculiar importance, as to require particular
notice. As an accompaniment to the diving-bell,
this telescope would be of ‘great service. Those
whd descend into the sea might, without quitting
the -bell, éxamine the botiom ‘to a considersbie

distance around them, and thus save a great deal -

of that ‘trouble and danger which must necessarily
attend these submarine operations. In moderute
depths, the instrument alone might be used to dis-
cover objects at the bottom of the sea; and when
the position of these is once ascertained, they
might afterwards be brought up either by diving,
or by a descent in-the diving-bell. "In rivers and
lakes, it might be employed with the same success
in recovering any article that has been lost. '

_ In the interesting pursuits of the geologist and
the natural historian, the present instrament will
find* an important” application.” It 'will ‘enable
them to examine the nature of rocks and strata
in the beds 'of Tivers-and lakes; to observe the
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phenomena of aquatic plants; to watch the man: .
ners and motions of fishes and other subaqueous
animalg; and thus to combine, in a high degl‘ee;
the purposes of science and amusement. There
§s perhaps no recreation more delightful, and cer-
tainly none more rational, than to be carried along
the surface of a pellucid stream, and to observe
all the phenomena below, when the broken surs
face of the current seems to render it impenetira~
ble to human eyes, and to secure its watery inha-
bitants from the observation and hostility of man.
In some of the valuable fisheries, this telescope
taight alse he advantageously employed. -In fishe
ing for the pinna marina, as it is practised on the
" coast of Naples; in discovering the rocks which -
produce the corals, when fhe depth is moderate ;
and in finding the banks on which the pearl oys~
ters have taken up their abode~~the fishermen
might derive essential aid from an instrument of
this construction. In the more humble operation
of finding the haunts of salmon in rivers, and of
enabling the fishermen to direct his spear with a
more certain aim, the preceding instrument is-not
without its use, |
In observing the results of experiments that
require to be made under water, and in exami.
ning the foundations of wooden bridges and of
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moles, and the effects produced by the currents on
the strata at the piers of stone bridges, the present
instrument will be of considerable advantage.

* An instrument for viewing objects under water
might be applied to a gun, for the purpose of en-
abling the sportsman to direct it with certainty
¢o any living object at-the bottom of & pool or
river. ‘ ,. - . . . .
The application of the same principle to the
construction of microscopes will be explained in
the following Book.

[
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CHAP IL

Description of an Instrument for measuring the Re.
Jractive Powers of Fluids, and of a method of
determining the Refractive Powers of Salids;
with Tables of the Refractwe Powers qf various
Substances. ?

Tarre is perhaps no part of natural philosophy -

more truly interesting, than that which relates
to the determination of the physical properties of
bodies. An accurate knowledge of these proper-
ties is of extensive use in the arts and sciences,
and has conducted the experimental philosopher
to some of the finest invemtions and discoveries,
of which the human mind can bosst. In the ar:
- dour of research, by which the last century was
characterised, investigations of this kind were by
no_means overlooked, though they were in a
great measure confined to the mechanical and
chemical properties of opaque bodies. It is only
of late years, that philosophers have turned their
serious attention to the powers of transpareni
substances, in refracting and dispersing the rays

..
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of light; and though the improvement of 'optical
 instruments is involved in the inquiry, yet this
branch of physics must be regarded as still in its
infancy. Every attempt, therefore, however hum-
“ble, of facilitating the determination of tefi’active_
- and dispersive powers, or of confirming and cor-
recting the results obtained by preceding authors,
is entitled to the particular attention, both of che-
mists and .expeﬁmenta_l philosophers. -

.. The method of medsuring refractive ' powers,
which. has been most generally employed, is to
form a prism of the transparent substance; and to
- ascertain the real deviation of a solar ray from its
onglnal direction, when transmitted thmugh the
two surfaces of the prism. The prism is turned
slowly about an axis parallel to the common section
of its planes, till the réfracted ray is stationary be-
tween its two opposite motions; and when this
position is obtained, the incident and the emergent
rays form equal angles with the surfaces at which
they are refracted. The deviation of the solar ray,
and the angle contained by the refracting surfaces,
being accurately measured, the ratio of the sines of
the angles of incidence and refraction may he found
by a simple calculation.  In order to obtain an
accurate measure of this deviation, Sir-Isaac New-
ton applied the prism to a quadrant, and ohser-

* Q Y

»




242 INSTRUMENT FOB MEASURING NOOK V.

ved the angle Which -the mean refrangible rays
made with the horizon ; and by means of this an-
gle, and the sun’s altitude, observed at the same
time, he found the angle of refraction, and con-
sequently the ratio of the sines of the angles of

- incidence and refraction, for the mean refrangible

Tays.

The celebrated Euler suggested & method of
measuring the refractive powers of transparent
fluids, by inclosing them between two large me.
niscuses of glays, and observing the focal length
of the compound lens, as aitered by the different
convex lenses of the fluids which were inclosed.
The curvature of the meniscuses, and the refrac.

" tive power of the glass from which they were

made, being accurately determined, the refractive
powers of the inclosed fluids were ensily aster
tained. This method was put in practice by hig
son Albert Euler; but he applied it only to. a very
few substances, and obtained no results. whlch
were deserving of notice. . ° 0

Both these methods, however, though. suffi-
ciently accurate for transparent fluids, are com.
pletely inapplicable to a numercus class ‘of soft
and aolid substances, which ave partly diaphanms 5
and even to those fluids, such as petreleumn, bal.
sam of Peru, balsam of sulpbur, &c. which are but
imperfectly transparent. -

2
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A new ahd elegant method of examining re-
fractive powers by prismatic reflection, has been
recently proposed by Dr Wollaston, who has thus
ascertained the index of refraction for more than
80 different substances. * This method,” says Dr
Wollaston, * was suggested by a consideration of
8ir Isaac Newton'’s prismatic eye-glass, the prin-
ciple of which depends on the reflection of light
at the inner surface of & dense refracting medium.
Since the range of inclination within which total
reflection takes place, depends not only on the
density of the reflecting prism, but also om the
rarity of the medium adjacent to it, the extent of
that range varies with the difference of the den.
sities of the two media. When, therefore, the re-
frrcttee power of one medium is known, that of
wny turer medium may be learned by examining
at what angle a ray of light will e reflected from
it. '

. Yer instance, when any object is laid under a
prist of flint.glass, with gir alone interposed, the

interndl angle of incidence at which the visnal

ray beging to be totally reflebted, and at which
the object ceases to be seen by refraction, is about
80" 10" but, when the objeet has been dipped in
water, and brought into contact with the glass, it
~ continmes visible by means of the higher refrac-
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tive power of ‘the water, as far as 574° of inci-
dence. {When any Kind of oil, or any resinous
cement, is interposed, this angle is still greater,
‘according to the refractive power of the medium
employed; and by cements that refract more
“strongly than the glass, the object may be seen
through the prism, at whatever angle of incidence
it is viewed. I
“ In examining the refractive powers of fluids,
or of fisible substances, the requisite contact is
easily obtained ; bit with selids which:can'in few
instances be made to touch to any great extenty
‘this carnot be effected without the intefrposition
of some fluid or cement of higher refractive power
than the medium under examination.. - Since the
surfaces of a stratum so interposed are. parallel,
it will ngt affect the total deviation of a ray
passing thrdugh' it, and may thezeforé be employ~
. ed without risk of any error in consequence.”
The instrument which Dr Wollaston 'has” cen-
structed upon this p_rimiiple, i3 extremiely simple
and ingenious, and.does preat credit to ‘the:.ime
ventive powers of that djatingnished philosos
‘pher; .but as I have never examined . the in:
strament itself, I-am by np-neansentitléd; to pre-
nounce uphn '*its,- accmracy.. - Dr Thorhas: Y oungy
however, a very cdmpetent -judge, had- remadked,
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that Dr Wolleston’s numbers belong correctly to
the extreme red rays; and if this observation is
well founded, all his measures of refractive pow-
ers must be increased by half the angle of disper.
sion, a quantity which cannot be obtained till the
index of - refraction has been previously deter-
mined. Independent of this objection, I cannot
but suspect, that the principle of - prismatic re.
flection is liable, in practice, to some source of
error, against which Dr Wollaston has net suffi-
ciently provided. I am induced to hazard this
conjecture, by observing the enormous difference
‘between many of his results and mine: a diffe-
rence which could not possibly have arisen from
any inaccuracy of observation, and -still less from
any variety in the nature of the substances which
- were examined. Pitch, for example, is ranked by
Dr Wollaston in the order of refractive powers as.
below oil of sassafras, and even below Radcliffe
crown-glass, whereas, ‘according to my experi-
ments, it ranks very far above ofl of sassafras.
This discrepancy appeared to me so -great, that
I repeated the experiment with different kinds of
‘oil of sassafras and pitch, but I uniformly obtain-
ed the same result. The refractive power of phos-
‘phorus, which Dr Wollaston makes 1.579, below-
both horn and flint-glass, affords a still moze stri-
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king proof of this conjecture. I have examined
this substance with particular care, and have
found its refractive power to exceed that of aoy
substance which I have tried hy this methosd, and
to rank between sulphur and diamond; a result
which might have been expected from its high
degree of inflammability. In the observations
upon the following Table of Refractive Powers,
1 shall bave occasion to resume this subject, and
to point out other cases in which the meagures
scem to: be fallacious, '

My attention was naturally drawn to the sub-
Ject of refractive powers, while using the instru-
ments for viewing objects under water, which have
been described in the preceding Chapter. It was
obvious, that the focal length of the object-glass of
a telescope varied with the refractive power of the
fluid in which it was plunged ; and that, if a com-
pound micrescape were employed, where the image
is always formed ¢ the same distance behind the
object-glass, the distance of the ol;iect from the
ahject-glass, or the magnitude of the image mea-
sured by a micrometer, wounld Jikewise afford a
. meagure of the refrgctive power of the fluid in
which the ohject and the object-glass were im-
merved, 1 accordingly fitted up a compound mi-
croscope with a svitable apperatus, aed, by ple-
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cing an object at the bottom of a glass-vessel
oontiiping the fluid to be examined, and immer-
sing the exterior surface of the ohject-glass in the
fluid, the distance between the object and the ob-
Jject-glass furnished a relative, or, by a little cal.
culation, an absolute measure of the refractive
power of the fluid. After making a number of
experiments in this way, I saw that the principle
was not sufficiently general in its application ;
that a great depth of fluid was necessary when
its refractive power wag great; and that it could
not be empleyed in the examination of imper.
fectly transparent fluids, and of the numeroms
class of soft solid substances, including the vae
rious gums and resins. 1 therefore abandoned it
altogether, and adopted the method which 1 shal}
now proceed to describe

At the extremity MN (Plate X. Fig. 6.) of »
compound microscope, at which the object-glass is
placed, a piece of thin parallel glass ¢ ix fixed in
& position perpendicular to the axis of the instru-
ment. A double and equally convex lens 3, whose
axis is also coincident with that of the microscope,
is inserted at the end of a small tube of brass
ABCD, which screws upon the piece MN, so that
the inner surface of the lens can be brought inta
contact with the piece of glass a, or placed at
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any small distance from it.” By means.of two
opposite perforations,' in the side of the tube
ABCD, ilnmediately behind the lens b, a small
portion of any substance can be introduced be-
~ tween the convex lens and the piece of parallel
glass. If the substance is fluid, it will form a
plano-concave lens, whose thickness ‘may be di-
minished to any assignable magnitude, by screw-
ing the lens b nearer to the plate of paralle] glass;
and if the substance is soft, and imperfectly. trans-
parent, it may be easily pressed, by the force .of
the screw, into a plano-concave lens, 50 extremely
thin at the centre as to be completely diaphanous.
By this means I have obtained the most perfectly.
transparent lenses of aloes, pitch, opium, asafes.
tida, dragons’ blood, cacutchouc, and many other
substances, through which light had never before
been regularly refracted. _

The plano-concave lens of the refractmg body
which is thus formed, obviously tends to increase
the focal length of the convex lens &, and, con-
sequently, to form the image of any object placed
at m, at a greater distance than the point P in
the anterior focus of the éye-glass QR ; but as
the lenses QR, LL, and b, are all fixed at inva- .
riable distances, it becomes riecess_ary to remove
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the object to n, ih-erder that a distinct image of
it may be formied at P. If a fluid of greater re-
fractive density is interposed between the lenses,
the plano-concave lens which it forms will have a
greater power in augmenting the . focal length of
®; and therefore, in order to have a distinct
imege at P, the object must be removed to some
point, asat n,ata greater distance from b, Hence
the distances bm, b n, &c." when carefully mea-
sured, will furnish a relative, or, by a simple cal-
culation, an absolute value of the refractive power
of the inclosed fluid. ¥or those who are desirous
to have the index of refraction without any trou-
ble, the instrument might be easily fitted up so
as to shew this by inspection; the mdex of refrac-
tion, corresponding to several of the' distances
bm, bn, &c. being determined by direct experi-
ment. ' o ' '
In the.following experiments, the object view-
ed by the microscope was a npumber of minute
scratches upon the upper surface of a piece of
plane glass ; {the distances bm, b n, &c. were mea-
~ sured by a pair of reverted calipers upon a well
divided scalé ; the lenses were.preserved at an in-
variable distance from each other; the ‘thickness
of the plano-concave lens, at the centre, ‘was




250 INSTRUMRENT FOR MEASURING BOOK iV.

kept as uniform as possible ; and the greatest care
was taken to observe the image which was form.
ed by the mean refrangible rays. In order to pre.
vent any error in judging of the instant of distinet
vision, from a variation in the focal length of the
eye, a delicate fibre of glass, with a transparent
axis, was stretched across the diaphragm, at the
snterior focus of the eye-glass, The eye being
always accommodated to the central part of this
fibre at the moment of observation, it is manifest
that all the results were obtained when the eye
of the observer had the same focal length.

The numbers in the following Tables’represent
merely the distances bm, b s, &c. or the intérv';ul
between the object and the object-glass of the
. microscope. Iintended, at first, to have computed
from these data the index of refraction, or the
ratio between the sines of the angles of incidence
and refraction for each substance: but, as the eb-
Ject-glass had a very small diameter, and as ¥ did
mot possess the tools in which it was ground, }
could not trust to the value of the radins of its
surfaces, as determined merely from the lens it.
self. To those, however, whe may wish to repeat
the experiments, the following formula will be of
considerable service, and will enable them to find
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the index of refraction witheut much trouble:
Let '

mzz index of refraction for the convex lens A, Plate X.
Fig. 7.;
= index of refraction for the concave flud lens B;
1 t '
p= opadr= oy .
d:z= SA, the distance of the object from the object-glass,
as given in the following Tables;
J= AF, the focal length of the Yens A, for rays diver-
" ging from $;
¢ == A f, the focal length of the compound lens AB
== the radius of each surface of the lens A:

‘Then we shall have,

In the object-glass which was employed for the
following'experiments, r was nearly 1.16; but 1
was at no trouble in acertaining this number, as
a new lens was executing for me, in such a man-

* As ¢ is a constant quantity, it may be found either by di~

rect observation, or by assuming the index of refraction for wew
ter 10 be 1.996.




252 INSTRUMENT FOR MEASURING B0OOK IV.

ner that the radius of its surfaces might be accu-
rately ascertained.

The determination of the index of refraction is,
after all, of very little importance. The numbers
in the following Table are sufficient for every pur-
pose of physics and chemistry; and those who
wish to employ any of the substances for optical
purposes, will be disposed to- determine the ratno
of the sines for themselves.
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TanLe L. . Containing the Réfmctive Powers qf’ va-
rious Solid and Fluid Substances.

-

_ Dia.mond, - E - See psge 282.
~ Phosphorus, - - }See Table 11,
- Soiphur, . .- -
* Aloes, socotrine, - - - 5120
5. Ditto, Barbadoes, - - - 5 120
_ f Ol of cinnamon, No 12 msplssated by ex- .
; posure to the air 1 hour, - - 5087
. @

* {t may be proper to mextion,-that almost al} the oils in
tbe following Table were procured fram an apothecary’s shop,
and may not therefore be of the genuine kind. .

+ It is very singilar, that Mr Flauksbee should make the
vefractive power of ot of cinnimon corsiderably less thas that
of oil of sassafras. No other author, 90 far as I know, bas made
the experiment ; so that, till now, the very unusual refractive
and dispersive qualities of this fluid, and of oil of cassia, have
been unknown. ‘The oil of cianamon, No.-G, and 18, were out
of the same bottle, and, thomgh sold as ail of cinnamon, it is cers
tainly cil of cassis. It bad the appearance of being adulterated
with some foreign. substance, both from its smell and from its
colour; which resembled that of brandy, . The oil of ¢irammon,
No. 9. was from o different shop, and bad the same eolour
with the oik of cassin, No. 7. which was sold under its right
name, Perbaps the genuine oil of cinnamon, which I have not
beety able to obtain, might have been thaf which Mr Hauksbes
employed ; though it is highly 1mprobnhle that ita refractive
power could be 30 very low.
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Oil of cassia, - - - . - 5007
Balsam of Toluy, - . - 4987
0Oil of cinnamon, (a different kind) - 4.837
10. * Muriate of antimony after standing 2 days, 4.710

Resin of jalap, - - . 4.631 -
Balsam of Peru, - - - a3
Oil of cinnamon, - - - 4.560
. Guiscum,© - - - 4498
15. Muriate of antimony after standing 22 hours, 4.473
“4 Pitch, . 4201
Ditto, another kind, - “ T - 4198
Ditto, burned & little, - . 4311
Gum ammoniac, - - - - 4.159
20. Asafetida, - - L= .. 4106
Dragon’s bloed, - - - - - LD09
“Matna burned into a very deep colour, 3.996

Jyice of the Asarwn Europeum, after standing
18 hours, - - - . 3.949
~0pillm, - ' - - .- 3.921

® This mutiate of aftimony is the same as Na-79, ks re.
fractive power increased very rapMly by axposure to the airg
¢ result which is the more singuler, as this substance imbibes
water very rapidly from the atmosphers. As the refactive
power of water is less than that of any other substunce, it und~
formly diminishes the refractive power of any body with whiek
it is mixed, end hence we should have expected a result -the
very reverse of what was chtsined. See Tannz V.

+ It is very remarkable, that vision was. more perfect wihn
a conceve lens of pitch was empleoyed, than when it wee made
of any other substance.
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25. Caoutchouc, - - . - 3.887
Muriate of antimony after standing 5 hours, 3.847
Copel, - - - - 3.843
* Glue, nearly hard, - - - 8841

. Maona burned inte a deeper colour than

. No. 81, - -~ - - 3.832

30. Rosin, - - . .- - - . 3881
-+ Elemi, - . - - 3.811
Gum galbanum, - - A8l
Manns burned into a yellowish-brown coionr, 3714
Gum anime - - - - - 4767
35. Gum Thus, - - . . 3.766
Burgundy pitch, - - 3.761

Turpentine, common, from s wrought plmk 3957
White sugar meited by heat, - - 3.155

Gum pagapenum, - - - 3751

40. Chio turpentine, - . - 3.748
" Petroleum, - - - - 3739
Bengoin, - T - - 3922
Gum juniper, . - - 3311

Oil of cinnamon and oil of olives, 1 part each, 3.692
45. Oitof cloves, -~ - - & . 3.688
Mastie, e e e - - 8678
Oil of snise seedsy - - “ - 3.657

* This glue was placed between the glasses when it was in
suth & state of induration that it could scarcely be cut with a
knife. It hardened by exposure to the air, but was not altoges
thar free from water when the esperitnent was made.
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Oil of ussafras, - - - .a. 3651
Manna slightly heated between the lenses, and

then cooled, - - - - 3.628

50. Canads balsam, e =l . 3617

Gum olibanur, - - - L4 3.810
Juice of the Urtica dioica, after standing some

time, (not a good observation,) - -, = 3.592

* (Genuine balsam of Gilead, - < 3580

b Shell lae, - - - <. 5573

35. Resin fresh from the larch, .- 1567
Resin of the bile of an ox, (from John Davy,

Eeq.) - - . - 3567

Chio tuxpentine melted, . - <4 8560

" Qil of mace; No. 123. cooled, SIS ¥ (4

. .©il of Barbadoes tar; . . - . -, 3.526
60. Bkimmed milk mixed with water, a.nd inspis-.

sated by evaporation, . _— . - 35

_Gum myrch, . - - - = 3463

Glue as soft as cacutchouc, - -, - 3458

~ Balsam of Capivi, - - - -~ 8457

Oil of cinnamon 1 part, oil of olives 2 partu, 3.443

65. Juice of a ripe orange inspissated, - - 3433

Gum Arabic, not altogether free from water, 3423

Qil of mace, “ - - . - 3413

‘Weak infusion of senna, after standing 9 hours, 3.412
Juice of the Sedum Telephium, after standing
14hours, - - - - - 3412

. In the possession of John Murrny, Esq. and brought from
Mecen. by Captain Vashon,
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70, Juice of the Angelica Archangelice, after staid-

ing several hours, - . - . . 3402
Juice of the Leontoden taraxacum, after stand-
ing -14 bours, - - - = 3.400

- Juice of the Lactuce urosa, after staudmg 10

; hours, - - - . " 3.400

Scammony, -« - " - - 3.400
Juice-of the Sanguinaria Cauademu after stand-

' ing 1@ hours, -~ - - - . 8387

.78, Oil of swees fennel seeds, . - 3376

White wax melted, and then cooled, - 3315

"0il of amber, - - - - - -3.373

Starch dried, - - .« . . 3.347

Muriste of antimony hefore exposure to the alr, 3.347

.80. Orange juice, after standing 18 hours, . 3.347
Juice of the. Ranunculus. Flammula, after stand-

" ing 7 hours,- . .. - - . 3.337

Juice.of the dngelica aylvestris, a&er standing

" 4t hours, . - .- - - - 3.334

~ Qil of pimento, or .Ia.muc.a pepper, - 3334

Oil of Rhodiym, - - > e . 8333

85. Spermaceti, cold, - . - . 3318
Hemlock juice { Contum maculatum), after stand-

Cing 6650, . - . . - 3317
Yolk of an egg nearly dried, - - 3310
MA'reacle, T T - 3.307

Oil of cinnamon 1 pm:t, oil of ohves 4- parts, 3.283
80. Campbor, - - - - - 3.280
Oil of spesrmint, - - - 3.217
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Oilofhysop, - . - - . 371
Honey, - - - - 3.267
Balsam of sulphar, - - . 3.259
Bees wax, cold, - - 3.248
Tallow, cold, - - - - - 8243
Yolk of an egg, after 15 houss exposure, 3234
Genume oil of juniper, (from John Murrsy,
"Eig) < - < - . . 3881
Qil of nutmeg, - - . 3227

1

Oil of earaway seeds, . « . 38
Qil of penny royal, - “« - 3.220
Oil of lemon, - - e 5.216
Hemlock juice, after atandmg 2, 8210
Oil of wormwood, yellow colonred, sfter
standing 6 hours, - . 3.210

Alum, - ~ .« . . - 32089
Raspberry jam, .« - - - 3207
Ollof diliseed, = - =~ . 8201
Windsor soap, - -~ .- . 3.200
Lintseed oil, - - - . 8196

Orange juice, after standing 8 bours, - 3.196
Qil of thyme, - - -« 8180
Oil of cinnemon 1 part, oil of olives 8 parts, 5.187
Qil of suvine, -~ - - - - 3184
Florence oil, - . . - 3188
Castor oil, - . - 3.183

0 of wormwood, yellow coloured, - 3.18}
Oil of laurel, (a plaster for borses feet,) 8170
Tallow, melted; . - - 3.167

Train oil, - - -'4 - - - 3.167
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190. Oil of juniper, .- . - T~ 8157
Miik of the cocoa nut, after mdmg 8 hours, 3.156

Oil of almonds, - - 3.153

. Oil of mace, No. 67. melted, " - 8147
""" Naples soap, S P 8 1. ¢
185. Cajepant oil, - e e a - 3.126
* " Oil of cinnamon 1 part, oil of olives 12 parts, 3.120
Hutle antique de lavose, - - - . . 8116

" Oil of turpentine, < - - - 8.115
Qil of camomile, ~ - .. . 314

‘130. Oil of olives, - - - - - 3113
" Juiceof a ripe orange; nfter standing 4 honrs, 3.107

Oil of lavender, . - - - - 3.105

Naphtha, - . - - e 3105

""" Repeseed oil, orgreendﬁ -« 3105

135. Ot of palm, -~ . « - 78108

©Frébbutter, - - = . .0 3008

 Spermacetioll, - - - - ' 3090

Oit of peppermint, -~ - - ' 3.089

0Oil of bergamot, = « e 8088

140. Oil of rosemary, - - “ 3.077
.. Interior of the crysialline of & haddock,

{not the nucleus,) - - " 3.067

0il of bnc]: distilled from spermaceti oif, - 3.066

. Salt butter, - - e . 3.053

-~ Marmalade, | - - 3.047

14-5. Jelly from lamb, after stundmg 15 hours,  3.047
Yolk of an egg, after a minute's exposure to |

theai, - . - . - 304
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Taliow, melted, - -~ - 8.038
- Juice of the Rumex sangiinexs, sﬁer shndmg
‘geveral hours, - - - - 3037
White wex, meltéd, = . - * 3.003
Spermaceti, melted, . -~ . - - - 2945

" Bees' wax, melted, “- . . - 294

Oilofrhue, - - =~ »+ =« < 2.909

- Sulphuric acid of the shops, - - 2867

* Muriate of antimony, - . - 2853
External part of the crystsiline of a young
haddock, - - - 2548
Phosphorous acid, - - - 2833
Central portion of the crystalline lens of ‘a
lamb, - - - - 2.829

- Middle cost of do. do. - -« 2780
- Yolk.of a heu's egg, (newly taken out,) - .- 2.778

160,

Gluten of wheat, dried between the lenses, 2.767
4 Gum dragon, (nesrly dry,) - -« 2923
Sulphuric aeid, No. 153. after standing half

&n hour in dawnp air, = 2687

® This is the muriate of antimony of the shops, and is much
“inferior in refractive power to No. 19,

+:Dr Wollaston makes the refractive power of gum-dragon
between 1.657 and 1.768, which is very much greater than bal
sam of Tolu, whereas, in the preceding Table, it is lower than
all the beleards, gums, resins, and oils. The portion of this
"substance, howevar, which I used, was not altogether dry,.no
that its refractive power in the preceding Table is lower than it
would have been, had the water which it conteined been coma
pletely evaporated, See the Tanrs, p. 286, No. 95,




CHAP. 11, REFRACTIVE POWERRS. 281

. . External part of the crystalline of a haddock, .
(older than No. 155.) - . 2.670
. Crystalline of a pigeon’s e}"e, - . - 2650
185. Juice of the rhind of a ripe orange, .«  2.633
®Pus, =« - - - - - 2.587

Essence of peppermint, - - -~ - 2577

" Aromatic spirit of vinegar, - - . .2555

- . Milk of the cocoa nut, . - - 2547
170. Outer coat of the crystalline of a lamb, (see

No. 157, 158.) - - . 2541

Cornea of ditto, - - - 2541

Juice of the fruit of a ripe orauge, . - 2.517

Oil of wine, . -~ . - - 2.504

. Oil of ambergrease,- - - e T 2504
175. Alechol, - - - - T2497
" 'Whitish fluid between the crystalline and its )
capsule, in the haddock No. 155. - 2491
Fluid from the crystalline of a lamb, after _
* puncturing the capsule, (see No.170.) - 2473

Bile of a fowl, - - - 2473
- Juice of the Sonchus cleraceus, - - . 2473

180. Iek, - - - - - 2467
Ketchup, - - - - - - 2.460
Juice of the Chelidonum majus, - 2448
Juice of the Angelica Anhangdioa,. SRS .47

Strong Highland whisky, - 2.446

* The difference of the refractive power of pus and mucys is
30 very considerable, that the one could scarcely be ruistaken
for the other when this optieal test is employed. ‘
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185. Laudanum, - - - “ - 2446
' .. Essence of peppermint, - - 2.436
"Juice of the dezrum Exropeurs, - - 2433

Arquebusade, .- . - 2.42%
Bmdf, - - - - - - 2.413
150. Rum, - - - - - - 2413

White of a hen's egg; » - - 2409
Juice of the Leontodon taraxacum, or dandelisn, 2.403
Juice of the Ranuwculue Flommuly, -« 2.399
" duice of the Sanguinaric Canadexsts, .- 2398
195, Juice of the Urtica divica, - - £.397
Oil of boxwood, - - - £.306
Juice of the Angalica sylvestrie, - - 23598
Jelly from cold lamb, -~ - - 2393
Juice of the fruit of a ripe orsuge newly ts- _
ken out, - - - . - 2392
200, Juice of the Cenium maculatum, or hemlock,
newly taken out, - - - 23%
Humasn blgod, - - . - 2387
Juice of the Sedum Telephium, - - 2387
Vitreous bumour of a pigeon’s eye, -~ 2380
Port wine, - - . - 2313
205, Strong infusion of tes, “ - 2357
Juice of the Lactwcs viross, - - 2354
Weak infusion of sevns, .« = 2353
Vinegar, - - - - 2.347
Vitreous humour of a lamb's eye, - 2.346
210. Juice of the Rumex samguinens, . - - 2.343
Aqueous bumour of a heddock’s eye, - 2326
Vitreous humour of do. . . 2.326
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Expectorated mucus, - - - - 232
Saliva, - - - - - - 2321
- 215, Water, . - - - 2309
Air, - - - - . 1485

* When sulphur was placed between the lenses,
its refractive power was so great, that the refrac-
tion at one concave surface of this substance was
nearly equal to the refraction at two surfaces of _
glags of the same convexity. Hence the com-
pound lens, instead of being convex, almost re-
sembled a piece of parallel glass in which the re-
fractions are equal and opposite.

In subjecting phosphorus to a similar trial, I
was Jed to expect, from Dr Wollaston’s measure.
of its refractive power, a very different result; but
I was surprised to find its refractive density so
enormous, that the deviation produced at one
concave siurface of this substance, was greater
than the two refractions at both the convex sur-
faces of the Jens, and that the compound lens had
~actually become concave. The refractive power,
therefore, of these two inflammable substances,
extended fax beyond the scale of Table I. so that .
I was under the necessity of employing a new
object-glass for the nricroscope, having its sides
unequally convex, and its flat surface turned
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to the piece of plane glass. By this wmeans, the
concave surface of the sulphur or phosphorus had
such a small degree of curvature, that it was in--
capable of counteracting the deep’ convexity of
the exterior surface of the lens of glass; and a
compound lens was thus obtained which had al-
ways 2 positive focus, and which required the ob-.
ject to be placed at a distance sufficiently com-
modious for the purposes of observation.

- With this new object-glass I obtained the fol-
lowing results for sulphur and phosphorus, and
several other bodies; and, in order to shew the
nature of the new scale, I have added the results
for a few other substances which are already in-
cluded, upon & different scale, in Table 1.

Tasie L. Containing the Refractive Powers of

Phosphorus, Sulphur, &e.
Refraction from sir, - - - 1.000
Water, - - - -  a 1.345
Ether, =~ - T - - 1.400
Alechol, - - - - 1.404
8. Tincture of cantharides, - 1418
Muriatic acid, - - - -« . 1481
Nitrous acid, @ -~ - - . - 1.446

- Nitric acid,  « - - - 1.456
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Hydrate of sods melted by heat, - 1.458
10. * Hydrophosphoric acid melted and hot, 1476
Do. when cold, - - - 1.507
+ Compound of chlorine and manganese after
deliquescence, - - - 1.500
. Do. sfter standing all night, - - 1.516
Sulphuric acid, . - - - - LbI7
15., Oil of poppy, - - - -, 1564
Oil of turpentine, « « « « L1588
Oil of feugreck, - - T - 1.593
Oil of marjoram, - - . 1.596
Nut eil, . - - - - 1.600
20. Oil of angelica, - - - -« L1600 -
Solution of gum~kmo in alcohol, Just trang.
parent, - - - - 1.600
Bird-lime, - - - - - . 1.630
© Oil of pimento, - - - 1.637
Balsam of capivi, - . - 1.646
25. 01l of Cumin, - e - - - 1.650

. Oil of sassafras, - - - 1.663
~ Qil of the cashew nut, - - - 1.692

Sugar after fmmn, . - = = L704
Rosin, - - - - - - 1.720
30. Pitch, - - - - - - 1.806
Oil of cinnamon, - - - 1817

® Made by Sir Humphry Davy, and given to me by John

Davy, Esq.
+ From Joha Davy, Esq. See PAx, Trans. 1812,



268 - TABLES OF . BOOK IV.

Balsam of Pery, - - - - 1.626
Balsam of Toly, - - . - 1.871.

. Castor from the beaver, - - 4.800
35. Qil of cassia, - - - - 1.911
Sulphur, - . = . . 4337
Phosphorus, - - - - 7.094

This measure of the refractive power of phos-
phorus, so extremely different from the result ob-
tained by Dr Wollaston,* confirms the beautiful
and sagacious conjecture of Sir Isaac Newton,
that all inflammable substances have high refrac-
tive powers. 'This conjecture, founded on a very
limited number of experiments, was completély
overturned by the results of Dr Wollaston’s ob-
servations; and I therefore feel peculiar satisfac-
tion in restoring to credit the opinion of our im-
mortal countryman, and in establishing, for the
first time, that the refractive powers of the three .
simple inflammable substances are in the very order
of their inflammability. '

In making the experiment with phosphorus, I
was particularly solicitous to guard against every
source of error, and I have now repeated it more

¢ The result obthined by this ingenious philosopher, when
reduced to the seale in the preceding Table, is sbout 1.8 in-
stead of 7.094.’ '
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than six times with the same resuit.* Some diffi-
culty will be experienced, by those who choose
to repest the experiment, in moulding a thin’
plate of phosphorus inte a plano-concave lens.
The phosphorous acid, which is instantly formed. .
upon its surface by exposure to the air, must be
carefully taken off by a piece of bibulous paper
before the substance is placed between the lenses.
In order to find the index of refraction when
the lens of glass is unequally convex, let us sup-
pose r to be radius of the surface next the object,
and R the radivs of the other surface, and, con--
sequently, the radius of the plano-concave lens of
fiuid; then, the other quantities being indicated
by the same letters, as in page 251. we shall have

pdrR
f dr4.dB—~pr R
. *SR
e=yy ‘
of
$R—fR

=

¢ It will be seen from the Table in p. 283. that I have ob. |

tained a aimilar result by forming the phosphorus into pnsms :
hetwetn plltes of glm
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. Though all the following Tables, except Ta-.
ble V. have already been given in the General
Table, yet it is of importance to bave them also.
in & separate form. The scale is precisely the
same as in Table I,

Tasre 11 Containing the Refractive Powers of
the Fluids of a Youone Happocx’s Eye.

Aqueous humour, - - . - - 2996

Vitreous humour, - - . 2.926
Whitish fluid between the crystalline and its cap-

sule, - - - - - 2491
External part of the crystalline, e« 2843

The central part of the crystalline, 0.183; of an
inch thick, placed between the lenses, - 0377

The central part of the crystalline, in the last
of these experiments, was rolled between the fin-
ger and the thumb till it was deprived of all the
softer parts, and till only a small hard nucleus
remained, baving a diameter of 18 hundredths
of an inch. This nucleus was placed between
the lenses, but the distance of the object, instead
of being about 8.00 inches, as one would, without
much thought, have expected, was only 87 hua-

[
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dredths of an inch. This curious result is a com-
plete proof of the great rapidity with which the
refractive density. of the lens increases towards
 the centre, and will be understood from Plate X.
'Fig. 8. where- CD s the piece of parallel glass,
“AB the convex object-glass, and EF the nucleus
of -the érystalline. Now, since the concave sur-
" face, which is in contact with the postenor sur-
Sace of the lens AB, is obviously formed by the
exterior coat mm of the crystalline; and since -
‘tlns coat has a less refractive power than the in-
tenor nucleus 7, this nucIeus must act a3 a con-
cave lens; and its action is 50 powerful, that it
far more than counteracts the refraction produced
at the concave surface of mm. Had the refrac-
tion of the external nucleus been precisely 'equal
to the refraction of the concave surface of the
crystalline, the distance of the object would have
been 2.848 inches instead of 0.877. It must be
recollected, however, that the nucleus n refracts
tike a double convex lens, while the coat mm re-
fracts only at'its anterior surface. |
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Tasre IV. Refractive Powers of the Fluids of a

mb’s Eye.
Vitrepus humour, . . - T 2.346
JFluid io the erystalline sfter puncturing the cap-
 sule, - - - I 2473
Outer coat of the crystalhng Iens, - L 284
M:ddle coat of do. - =, < 2780
Centrs:l portmn ofdo. - - e é.'829

P

The fol]owmg expenments were _made upon
munate of antimony, in order. % ascertain the
cause of its refractive density bemg increased by
exposure to the air.. The scale is the same as in
Table II. |

© Tanre V. Rqﬁ-actwe Power qf Mur:a!e qf

' Antzmony

Myriste of sntimay, - - - . 0 1809
Do. exposed to the air, - e - 1.642
Do. exposed to the air longer, - - 1700
Do. exposed to the damp open air, . 1.578
Do. taken into the room, - - - 1643
Do. after being placed in dry air, - = - 1.687

Do. being exposed to the light of the sun, - 1.750
Do. do. - - - 1.800
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Do. being exposed to the light of the sun, ' - = 1.927
Do. - do. the sun's light being very weak, 1.850
Deo. do. the sun’s light being wesker, 1.837

" Do, do. placed in damp air, - 1.667

- TABLE ‘I;I. Refractive Powers of Vegelable Juices.

1. Juice of the fruit of a ripe orange newly
taken out, - - - - 2392
Do. sfter standing several days, . . 3433

2, Juice of the Contum maowlatum, or common
hemlock, . . - . - - 2390
Do. sfter standing 6* 50, - - - 3.317
3. Juice of the dngelica ayluesirds, .~ 2343

Do. after standing 2 hours, - - 2.833
Do. aRer standing 4§ hours, - - 3.334

4. Juice of the dngelica Archangelica, - = 447
Do. after standing several bours, - §.402

. 8. Juice of the Sanguinaria Canadensis, - 2.398
Do. after standing 12 bours, . - 3.387

6. Juice of the Leontodon taraxacum, - 2.403
Do. after standiog 14 hours, ~ - . 3400

7. Juice of the Lactuca virosa, - - 2354
Do. sfter standing 10 bours, - < 3400

8. Juice of the Rwumex sanguineus, -y - 2343
Do. after standing some hours, } 2.833

Do. after standing longer, - . - 3.037
9. Juice of the Chelidomium mqjus, - - 2448
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-10. Wesk mfus:on of senna, “ - 2,353
Do. after bemg exposed to the air 9 hours, 3.412
‘11. Juice of the desarum Euvropenn - - 2433

Do. sfter standing several.hours, - 3.648
Do. after standing longer, - 7. 3.813
Do, after standing 18 hours, - - 3.949
12. Juice of the Ransneuiss Flammula, - 2.399
Do. after standing 7 hours, - - 3.337

18. Juice of the Sedum T'elephium, - - 2387
* Do. after standing 14 bours, “- 3412
14, Juice of the Urtica divica, “ - 2597
. Do. after standing,~~(not a good obaemtlon) 3.592
15. Juice of the Sonchus oleraceus, - w 2473
* Do. after standing 7 hours, a - 3.400
16. Juice of the Fragaria Vesca, : - R.890

_ ‘The preceding -experiments on the refractive
powers of vegetable juices, exhibit a singular co-
incidence of results. The refractive power of
them all exceeds a little that of water; and when
the aguetus parts are evaporated, the residuum,
‘with a few exceptions, has nearly the same re-
fmct:ve density.
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Method of Measuring the Refractive Powers of |
‘ Solid Fragments. :

The preceding method of t;ieasuring refractive
powers is applicable only to fluid bodies, or to
those substances which may be formed into &
concave lens by heat, pressure, or evaporation.
‘The -various kinds of glass, however,‘and the nu-
meroas class of transparent minerals, are obvious-
ly exciuded from this method of measurement. .
In order to determine the refractive power of
these hard solids, it is necessary to form them in-
to a prism, having at least two surfaces mccurate-
‘ly plane and wel polished; to measure the angle
of these surfaces, and to calculate the refractive
power of the prism from the observed deviation of
. a transmitted ray.of light. The trouble and ex-
pence of such a process have prevented it from
being frequently employed ; and the small numher
of solids whose refractive powers have been ascer-
tained, is too satisfactory a proof of the difficul-
ties which attend this mode of observation. Even-
in determining the refractive power of different
kinds of flint-glass for achromatic telescopes, the
practical optician does not encounter .the labour
of forming them into prisms, hut resorts to the

TS
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easy, though inaccurate, method of estimating the
index of refraction from the speclﬁc gravity of
the glass.

A simple and accurate method, therefore, was
still wanting for determining the refractive power
of solid substances; and I was peculiarly anxious
to discover some way in which this object could
he attained, without grinding or polisbing any
part of the solid, and ever when its surface wag
so irregular, either from fracture or from eny
other cause, that no ohject whatever comld be
percewed th.rough the specimen.

. It occurred to me, that if & broken clup of any
traneparent solid were immersed in a fluid of the
same refractive power, the imcident mys would
suffer no refraction in passing from the fluid into
the solid, or from the solid into the @uid; and,
consequently, that objects could be seen distinct~
Iy through the bwoken chip, whatever was the ir-
regularity eithex of its form or of s ‘surface,
Theugh this reasoning appeaxed correct. in thee
ry, I scarcely expected in practice so singular a ve.
sult. In order 1o make the experiment under the
most unfavourable circumstances, I took a piece
of crown glase, of @ very irregular-shape, and so
broken in ite surface as to appear almest opague,
and, upon plunging it in Camada balsam, 1 was
H
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sarphised to find that it became nearly iavisible
i the fluid, and thst there was so snall a refracs
fion of the rays gt #he: cemfines of the solid and
the fiid, that ¥ comld even read with facility
mrough all ity superfeial irregularities. ;

-In. this euse, the orown g‘hu and the Conada
balsam bad nearly the sanve tefractive power; and;
by incrensing the distance of the ebject, mmy re-
maining vefruction at the coxfines of the'solid and
the fluid was eusily detected . By mining, there-
fore, fluids of different refractive powers, it was
easy to obtain & compound whidh had the same re-
ﬁm'ctivddensity with the solid. There was still
wanting, however, some.exmct indication of the
precise . instant -when . all - refraction was extin-
guished ot the confines’ of the two medis, as it iy
enly in this particular state of things.that the re-
fractive power of the flukd could be regarded as
a- measure of the refractive power of the solid
in order to obtsin -tAis indication, I placed be:
tween the glasses a, b, Plate X. Fig. 6. a portion
of the fluid which came nearest to the solid in
refractive density, and I measured the distance
b n, at which an object at n was seen distinctly.
A small chip of the solid was then interposed be-
tween the lenses along with the fluid, so that the
rays diverging from n were transmitted through
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the solid. If the distance b4, at which the object
was seen with perfect distinctness, was now the
same as before, it is obvious, that the sqlid and
the fluid had exactly the same refractive power;
but, if there was any difference between these
distances, the re.fractive power of the fluid was
altered, till the object was seen distinctly at the
distance b n, both when the refraction was made
through the solid alone, and whep it was made -
" Ahrough the solid and the fiuid combined.”  When
this happens, the distance bn is a measure of the
refractive power of both. :

The fluid which I found most convenient for
this purpose, was a mixture of oil of cassia and:
oil of olives, by means of which 1 could determine
the refractive powers of all solids frem 5.077, the
refractive power of oil of cassia, to 8.113, the re-~
fractive power of oil of olives. The following
Table will shew pretty. nearly the variation of re-
fraction arising from the mixture of these twe
otls. : -

Oil of cassia, the same as No. 7. See p. 253. 5.077

Oil of cassia, the same as No. 13, - - 4.560
Oil of cassia 1 psrt, oil of olives I part, -  3.692
Disto 1 part, ditto 2 parts, 3443
Ditto T part, ditte 4 parts, 3.983

Ditto 1 part, ditto 8 parts, ' 3.187
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-OH of caisia 1 part, oil of olives 12 parts, - 3120
O:l of olivgs aloue, A = m me - 3113
:As a speeimen of this method of ‘measuring refrac.
:tive’ powers, 1 wished to. have given, in the pre-
:sent Chaptes, a series of results for the sotid sub-
:stances’ which I have submitted to.examination,
Dut as my experiments are -not et complesed, I
st reserve this Table for some future oceasion.
" Before'we leave this part of our subject, it may
-be proper to notice one application of the prece-
-ding principle, which. promises to be of some prac-
ical importance. . In ‘ascertaining the soundness
of valuable minerals, that have 2 rough and un-
polished surface, the artist is guided by no rules
-upen:which he can rely; and the less experienced
-purchisers are still more unfit for such a deter-
-mination. : I have often seen specimens of topaz,
"sold as sound, where the flaws and imperfections
-were concealed by the ruggedness of their sur-
face, and were not detected till they were wrought
-by the lapidary. In such cases, we have only to
immerse the stone in Canada balsam, oil of sassa-
-fras, or any other fluid of nearly the same refrac-
- tive density, and turn it round with the hand, so
:{hat the rays of light may pass through it in eve-
gy direction.”. By this means, the slightest flaws,
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or cracks, will he instantly perceived, in conse-
quence of the changes which they produce upon
the transmitted light. If the stone had been
examined in water, the fiaws would have been
more perceptible than when it was. viewed in air;
and the distinctness with which they axe seen
will increase, as the refractive power of- the fluid
approaches to that of the solid: - Henee, in the
case of diamond, jargon, spinelle ruby; and other-
precious stones, whose refractive density exceeds
that of any fluid, their imperfectiona may he d&-
tected by immersing them in oi of eRasin, or my-
riate of antimony, though a cansidershle degree
of refraction will stil]l ressain at the conflnes of
the solid and the fluid. = : S
The same principle furnishes us with a very
simple method of distingnishing many of the pre-
ciops stones from srtificial pastes, which hawe
sometimes been -imposed upon the most skilful
mineralogists. As the refractive powers of dia-
mond, jargon, ruby, gamet, pyrope;  sapphire,
souyrmaline, rubellite, : pistanite, axinite, dinng-
mon stome, chrysoberyl, and chrysolite, excoed
that of oil of cassia, this fluid is particularly ap.
plicable to this kind of observation. If any ob-
Ject is viewed through two polished and inclined
surfaces, of any substance supposed to be one of
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these minerals, wben plunged in oil of cassia, the-
substance will be merely a paste if the refraction’
is from- the point to which the surfaces are incli-
ned, and will be a resl mineral if the refraction is
made towards that point. :

The same method may be advantageously em-
played by the practical optician, for ascertaining
the gonndness and .purity of the glass which be’
manufsctures indo lentes and prisms, There is,
perbaps, no kind of labour more frequently wast-
‘ed, than that which is employed in the formation
of lenses and prisms of flint-glass. No sooner are
the surfaces polithed, than innumerable flaws dnd
yeins make their appearance, which the artist was
before unable to discover, and which completely
distort the image that is formed. A flint-glass
prism, indeed, without veins and impeifections,
is scarcely to be met with; and the amateur,
who has-tried to amuse himself in grinding the
fonses far achroinatic  telescopes, must, for the
same reason, have faund it an impracticable at.
tempt.. .. s

In the fermation. of prisms for measuring the
sefractive and dispersive powers of bodies .that
are incapable of receiving s good polish, I have
found the same primeiple of very essential advan-
tage. By cememting upon the two refracting
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~ planes pieces of parallel glass, with a fluid of
rearly the same refractive density, substances
like hom, tortoise shell alum, rock salt, and se«
veral of the gums, may be rendered perfectly
tranaparent.

In obtaining the measures of dispersive power
which are given in the following Chapter, it be-
came necessary to have the index of refractiom
{or every substance which was submitted to exa~
mination. I was therefore obliged to institute &
new set of experiments for this purpose: and n
order to avoid, as much as possible, every source
of error that might affect the dispersive powers,
I measured the index- of refraction’ by means of
the very same prisms in which the dispefsion was
corrected. . In the course of these investigations,
I have been led to several results‘of a very unex.
- pécted kind, and, in partieular, to the discovery
of . substances which have a- higher “refractive
power than the diamond. This gem, equally re.
markable by its chemical composition and 1%
physical properties, has, ‘sinoe "the time of Sir
Isaic Newton, 'who .firseh measured its action
upon light, beén-placed at the head of every tas
ble of refractive powers; amdiit -has never.even
been conjectured, that there iexisted ‘any other




CHAP. . REFBACTIVE POWERS.’ 281

substance which possessed this optical property
in such.a bigh degree. It will appear, however,
from, the following Table, that Realgar, which ig
‘& compound of arsenic and sulphur, and Chromate
of lead, or the red lead ore of Siberia, exceed thé
dinvnond in their action upon light ; the.index: of
réfraction for the latter being B.44, ‘while that.of .
chromate of Ie.ad. is 2 50, a.nd that” of mha.r

. 21‘6’50 .

Althongh the dbuhl-e reframlnn of chmmata of
lend is ot taken: notice of by ‘Hauy, or any other
. minerslogist, yet I have: found it to possess;this
prioperty. i such a-remarksble degree, as io.be
miote than.triple that of lceland crystal ;| While
I&i\e refractive. power of the:leadt refraction is
'2.50, that of the greatest refraction amountaits
2.97; and. if 'we compute the dispersive pawer of
the Jatter, it will he fouind, that the refractive
power-of the.blue rays is nearly equal to 8.5 ;~a
aawylt 80 extasardinary, that I-felt it neeessary to
<onfirm it by various observations made mth dif.
ferent crystals of this mineral. -

- The three substances, therefpre, of- Chm:te

f- lead, Replgar, and Digmend, may- be rank-
ed .at -the bead of ‘those badies .which “exeroise
a particuler action upon lighs. The diamond .is
distinguished by its extreme brilliancy, by its
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property of imbibing light, and by its high re-
fractive power, :Realgar is remarkable for a still
greatec refractive power, and for a power of dis.
persion above sll’ other bodies but chromate of
lead ; while chromate of lead possesses the greas.
ist. refractive power, tho greatest. double refrac-
tion; and the highést dispersive power, of any sub-
stagoce that has hitherto been tried. -

Though many of the other substances con.
tainediin ‘the. following Table have never ‘be-
ford.been exsmined, yet there is nothing singu.
lai:or unewpetted jin the results. The precious
stopes- have, in general, a very high refractive
péwer ; and the:effects of the different metals in
altering the refractive power of glass, may be ob-
sainixt fram the vesults for the virious kinds of
mrtificial pastes, The influence of the fluoric acid
#n diminishing ¢he artion of bodies upon light,
may be -deduced frem the refractive - powers.of
fliror spar ‘and cryolite, which-.are. fower than
thosé of any other mineral, or solid body. The
last of these substances, which contains more. of
tbe. fuoric acid  than:'the former, has its refrac-
tive density as low as that of salt water; and both
these minerals stand at the bottom of the Table
of Dmperswe Powers
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| Table of qumctwe Poyers.

. lndex of Bcku:liou
Chromate of lead, greatest ) yefraction, - ~ 2974
Do. . do. do. . do. another kind, 2.926
B*alsar- et ie woomnte BOA
Chromats; of lsad, lensb refract:on, Tl 2.503
& Do. . _do. .do. ..flo. seoshex.kind, 2479
Dismend, brown colowed, | - - - 2487
Diamond, # different oge, " - - Sl 2470
Diamand, according to Sir Issac Newton, £.439
. Phosphorug, = '~ - .7 - 2224
JO. Gluss of aptimony, - -+ ® E 2.216
. Pulpbur, melted, ~ . =oom ', £.148
Sulphur, pative, {double re[rsct:on,) _ 2115
grestestu{m:t. 2.084
. Carbo'nsteof lead,}do'nbfe. 1 tewst refraction; 1813
- greatest refrection, - 2015
Jargo I.’.’} double, least refraction, = . 1.961
5. Sulphate of lead, - - - e 10%%
Garpet, + = T te e e o 1818
Blue sapphire, - o= . - 1.794
Pyrope, R L 1 2
Jargon (orange-coloured) . e et 1782
‘w. Rubellite, - - - - - 1.779
Spinelle ruby, - - -~ .- .7 1.761

Chrymberyl, - “ . - ""::-, -1.760D
Cinnamon.stone, -+ - = - = .7 . 1.759
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Index of Refraction,

Axinite, S 1.735
25. Deep red-coloured glass, - = -« 1L729
greatest refraction, 1.7083-

Ep;dote, };iouble, {Iesst refraction, - 1661

Boracite, - -~ .- - « - 1701
Carbonate of } double, { greatest refraction, 1.700

Strontites, lesst refraction, .. 1.543
Orange-volowred glass, - . 1.885

) . atest mfmcﬁab " 1.685
30..Chry§ohte‘,__} dm_:bl {f; refraction, - 1.668
‘Tourmallre, - - =" . . L. 1668

. Caleareous} do ui:l {greatest refra.ttiyn,_ | 1.665
Y least refraction, - -~ 1,519
- Bulphate of ba.rytes, 'double, greatest refmeﬁoh 1.664

C. 7 Spargel stome, - -~ - . . oot OLGST
'35 Reédtopez, ¢ ~. . . - .. , 165
" Glass, hyacinth red, - - . . 1647
- ‘Sulphate of strontites, -~ - . f 1644
' Oilofeassia, - - . - - 184

" Xellowtopsz, . . . .. .- 1638
0. Blue topaz-from Aberdeenshire, {donbie re-

fraction) e T e .~ 1638

* . Opalcoloured glass, - - - - - . .. 1.635
- Balsam of Tolu, . e e . 1.628
" Castor,” -+ = - e o~ w ... . 1.626

" . Muriate of ammonia, - -~ .- . . 1625

'45.-Blumh-toparfrcm Cs:ragorm, - = 1.624
©Guistum, - - - . - - et & . 1619




CHAY. 1L REFRACTIVR POWERS. 285

LT Iedex of Refraction.
. *Flintglass,. .. % ... . . " L6I6

“Green.coloured glass, .- . - < 1615
Purple-caloured glass, -~ - - 1,608

80, Flint glass, another kind,. . -~ - 1604
Bed glass, supposed to have been an onentnl :

ruby, - - - S - - - 1.60%
0il of anise seeds, - - '-_ - 1601
Beryl, . -. -~. - - =« 1,508

Balsama of Peru, - v - . 1.597

55. Flint glass, & third kind, - - - k596
" Gum smmoniac, . - - - - 1.592
‘Torioise shell,. - - - e - 1.581
Emerald, - -, = - . - - - L585

+ "Balsam of styrax,, .. . - . . L584
60. Bottleglass, - - . - - . L1582
: e . reatest refraction, 1.575
Tsrtar.lc ac:_d, }double, {lseast refraction, 1518
Glass, pink-coloured, . - . - - 1.570
Horn, . - . -~ . - - - 1.565
Rock crystal, (double) - - - L562
85. Amethyst, - - - - . - . - - 1.562
Gum mastic, - - - - ~ 1560
Burgundy pitch, . - - - 1.560

Rosin, - oa - - - - 1559

' The refractive powers of the different kinds of Bint-glass
tried by Boscovich, were 1.500, 1.598, 1.594, 1604, and
1.625.
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Index of Refraction,
Chio turpentine, - - - . 1.557
Rock salt, . - - L.557
Sugar, after being me!ted . 1.555
Gum Th!ﬂ, - - - - - 1,554
Chalcedony, - - L5583
15. Sulphste of grestest refracuon, 1.552
double,
} { least rafmct:ou, 1.531
Copnl - - 1.549,
€anada btlsm, - - . L5%9
Eiemi, -~ - - - . L5A7
Olibanum, - - - - - L5#4
80. 'Phoaphoric acid, solid, - - - 1544
Crown glass, . - . « 1544
Gum jumiper, - . - - 1538
Selenite, doable, greatest refraction, « 1538
Feldspar, . - - - - 1.536
88, Crowa glass, a different l'.uld, - 153t
Caoutchoue, -~ -~ = -~ . - ‘1.534
Oil of sassafras, . - - 1.532
Qlass, coloured, supposed to have heea RNk~
mon stone, - e - - 153
Balsam of capivi, - - - 1528
90. Leucite, - e -~ 1527
Plate glass, - e . - - 1.527
Citric acid, - - - - L527
Shell lae, . - - . - 1.525
Gum myrrh, - - . S ¥
95 Gum Dragon, - - - - Lis20
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: Index of Refraction.
Gum Arabic, - - . - . 1512
Sulpbate of potash, - . . . . 13008
Qil of cummin, - - - - 1.508
Stilbite, .- . - - - A 1.308

100, Nutoil, - - .- - - . 1.507
.. Qil of Pimento, - - - - - 1.BOT
Gil of aweet fennel aeeds, - - - 1508
Qil of Rhodium, - - - - 1505
‘Balsam of sulphur, - - - - 1.497

165. Sulphate of iron, double, greatest refraction, 1.494
- Ol of angelica, -~ - . . . 1.493
Oil of marjoram, - “« e 1.491
Oil of caraway seeds, . = . - 1.481
Castor oil, - - - - " 1.490

110. Obsidian, - - - . - 1.488
Oil ofhyssap, .- .- .- . . 1487
Qil of feugreck, - - - - 1.487
Cajeput oil, - - - - - 1.458
Oil of almonds, - - - - 1.483

118. Oil of savine, - - - - - 1.462
. Oilof penny royal, . . . . 1482

Oil of lemon, .. - - - - 1.48%

Oil of spearmint, - - - - 1.48]1
Oilofthyme, - . . . . 1417
B0, Oil of dill seed, - - . - 1.477
Oil of turpentine, - - .. 1.475

. Bapeseed oi), - - . . . 5475

quu, e A - - - - 1475



. 288 " raBLE, &c. 0 200K IV,

Index of Refraction.

Oii of juniper, - - - - 1473

125. Oilof brick, - .- -~ - - 1471
Oil of Bergamot, - - - - 1.471

Oil of oives, - - - -- - 1470
Spermaceti oil, - - - . 1410

Oil of rosemary, - - = - 1469
 1990. Oil of poppy, - - - - 1.463
Oil of lavender, - - - - - - 7 1457

Oil of chamomyle, - . -. . 1457

Oil of wormwood, - - e a 1.453
Hydrophosphoric acid, - - .  Lé2

185. Sulphuric acid, - - - e e LMO
~ Fluorspsr, - - - <« - 1436
Qil of rhue, - - - - - 1.433
Nitric acid, “ - - - - 1406
Nitrous scid, - - - - - 1.396

140, Muriatic acid, - - . a - 1376
Aleobol, - . . a - 1.374

Oil of ambergvease, - - - - . - ~ . '1368
- Whiteof emegg, - - <« - . 1861
Jelly fish, { Medysa wquaria) - - 1.945
145. Cryolite, - - - - - 1.34

Sslt water, - - ~ =« 1343
‘Water, - e e .- - 1.336-

.Ice, - - - - - 7. - N 1.307 .

-* During the melting of the ice,- the image which was for-
merly seen through it with great distinctness, became quite in-
visible till the ice was completely converted into water.
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CHAP. 1.

: Dumptm of an Inmwriezt Jor Mmag !he
* Dispersive and Refractive Powers of Selid. and
| Pluid Subatanies; with Remarks on the frrafions
-ality of the coloured Spares in different medi 1
mdaﬂ”abteofﬂeﬂupame!’wmofm

. B‘odm.

A vam1anLE prism, or a prism in which the re.
fiucting angle can be varied at the pleasure of the
observer, has been long regarded a3 one of the
greatest desiderata in the science of opties.®

« Both Clairsut and Boscovich, two of the most

distimguished writers on ¢the subject of achruma. -
. the talestopes, have constructed and emploved a

prismntie instrument of this kind, for mensuring
refractive ‘wid dispersive powers; but none of
these contrivances possessed those requisites of
shnpliclty and ncmracy which could alone recom-

'ddhﬂcm(uysBomndx)duuphmdﬂuut
prisma habene angubem voriabilem ez vitro, Videiwr, sone prie
mapmmpm‘bdegwwd!prw saliee satis idonsem.
%m:.p.t -

T
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mend them to subsequent observers; and we ac-
. cordingly find, that onme of the latest writers
upon this branch of optics, hds varied the refract-
ing angle of his prisms by the mere addition of
prisms of a smaller size.
- 'The instrument employed by Clan'aut, W8S N0~
thing more than a plano-cyiindrical lens, in which
"different parts of the cylindrical surface formed
different angles with the plane side of the lens..
In transmitting a beam of light, however, through -
a round aperture on the curved superficies of this
plano-circular prism, different portjons of the
beam fall upon it at different angles-of -incl-
dence ; and hence arises a dispersion of the re-
fracted rays, which conﬁises the prismatic: spe¢.
trum. . In order to remedy this evil, P, Abat, an
optician at Marseilles, suggested a very elegant
construction, which, with some improvemeénts, was
adopted by Boscovich, He joined together two
of these plapo-cylindrical lenses, one of which
‘was plano-convex, and the other plano.coneave;
“The concave being placed upon the cemvex surs
face, and the one being moved upon the other,
the angle of the two planc surfaces was obnously
vaned The dlsadwa.ntages of 'this comstruction,
grise from the dlfﬁcuity of polishing two surfaces
so as to fit each other with accuracy; from the
refiections which take ‘place at these surfaces;

e .
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from the injury done to the surfaces by their mu®
+tual friction ; and from the trouble of measuring’
the varying angle of the refracting planes. * ' -

: The instrument whick we propose to substitute
in the place of these contrivances, is completely
free from all the objections which we have in'en-"
tioned. The principle of its construction ls of
the most. general nature, and is equally apphca-}
ble to solid prisms, and to prisms consisting of o'
fiuid included between two plates of glass.

" When we view the sun through a prism, ‘the
mage of that luminary is an elongated coléured
spectrum, pointing in the direction of its length
to the sun itself. If the,prism is turned round,
in = plane parallel to the plane which bisects.the
refracting angle, the coloured spectrum will like~
Wise tufn round the réal sun, keeping always at’
the same distance from it, and preserving its cog-"-
Jour and its elongated form. By this motion of
toi&ti'on; therefore, the refracting imgle of the-
prisnd is not varied with respect to- the sun, as’

~ the reéfraction and dispersion are precxsely the

game in-every-part of is circular motion. From'

- viewing the subject in this manner, the particular

contrivance which we are to describe has escaped,
the notice of all eptical writers ; and it never once:
oecumed to them, that the refracting angle of g
pn&m may be- actnally vaned merely by giving it
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a rotatory motion in the plane wluch hiseets tba!
reflracting angle. * =
" In order to explain this seeming pnrndox, ot
AO, BO, CO, DO, EO, &c. Plate X, Fig.9.be &
number of black lines forming equal angies, AOB,
BOC, &c. and let them be viewed by & prism,
baving the common section of its refracting planes
parallel to'CG, or perpendicular to AE. Then,
since the refraction is made in the direction EA,
‘the lire CG, will be more tinged with colour sk
_ ity edges than any of the other lines, the red
and yellow colowr being on the right, and the
blue and viale¢ on the left of the line, The
lines BF and DH will ,be. tinged with leas co.
lour, while the line AE will appear perfectly
distinct, without the least degree of volour st
its. edged, If the prism is now turned rownd
in the plane which bisects the refracting angle,
%ll the common section of the refracting planos
ig parallel to DH, and perpendicular to BF, the
refraction will be made in the direction BF; the
line DH will be coloured in the same menner o
CG was coloured befare ; CGr and AE will have

. # The dispersion of any prism may also. be correctesd with
another which produces less dispersion, by giviog the latter én
. «egular metion in @ plane perpendicular to the plane which b=
secty the refracting angle ; byt this method is attendpd with disw-

advmmges, w}uch will prevent, it trvm b:mg putin pwuce
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the same eolour that BF had formorly, white BF -
~ will be completely unaffected with colour. In like
' manner, by contibuing to turn the ‘prism in the
- same plane, till the common section of its refract-

ing surfaces s successively perpendicular to CG _

ard DH, the lines CG and DH will be altogether
_ free of any prismatic tinge. Hence it follows,
" that in giving  rotatory motion to a prism in the
~plane which bisects its refracting angle, there is al-
ways one line in reference to which there is neither
refraction nor colour, and that this line is perpen-
dicular to another line in which the refraction and
colour are a maximum. While the ptism, there-
fore, performs one-fourth of a revolution, its re-
fracting angle may be considered as having varfed
from 0° to the real angle of its refracting sur-
faces. Thus, in Plate X. Fig. 10. let ABCDE
be a prism, ABCD one of its refracting surfaces,
ADE its refracting angle, and CD the common
section of its refracting planes. From &ny poins
O, draw O b parallel to CD, and Od perpendicu-
lax to OB. Then, it is obvious, that in the direc-
. Ob, the refracting angle of the pitism may be
" considered as 0, while, in the direction Od, the
refracting angle is equal t6 ADE; and in any
intermediate direction Oo, the refracting angle
wil be equal to Sin. bchADE or Cos.cOd
xABE - :
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v In, applymg this prmclpla to the. m.easwemm
of re_fx_‘ac}me and d.lsperaxve powers, it is necessp,
Iy to-have a stendard prism of flint-glass, ox
crown-glass, the refracting angle, and the refrac-
tive and diépersive__ powers of which have beers
gccurately determined. Another prism, eompo-
"sed of two parallel planes of glass, but with »
much smaller refracting angle, must glse be cony
structed for holding the: different fluids that are-
to be subjected to examination. The'second_ptf '
these prisms must. be fixed upon the ring 0O, at,
the end of the arm G of the goniometer, Plate IV,
Fxg 2. or any other circular instrument with an,
open centre, 80 as to remain stedfast in that po-
§itiom ) The standard prism must be fixed to the
ring at the centre of the circle AB, nearer the .
ejre of the observer, and in such a maniner that
the two prisms- may refract in opposition, and
;hat the index E may point to zero, (the scale be-
gmnmg at 90%} when the commeon seetion of the
refracting planes of the one is parallel to the com, .
mon section of the refractmg planes of the other:
In this situation, the greatest refracting angle, of
the one jis-exactly opposed to the greatest re.-
fractmg angle of the other. Let the COmMMON SeCy
;xon of the refractmg planes be in a vemca.l dize,
and let, the. observer view: through the combmeql'
prisms, awell defined and straight vertical llne AR
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Plate XL Fig. 1. upon a light ‘ground, like the:bar
of a window scen dgainst the sky.- Sincethe re-
fraction of the stendard prism is supposed to be
greater than that of the fixed prism, the ref‘rzict "
* bd image A’B’ of the object AB will appear se-
parated from-the object AB. Let the standard
. prism, therefore, be turned round by means of the
inger- screw "Q, till the refracted image A'Bi
comes into the posltion ab, and coincides exacily
with the object AB, and let the degrees und mi-
‘putes pointed out by the index be carefully mark- -
‘ed. Then, if A be the greatest' angle of the
standard prism, and M the arch pointed out by
the index, we 'shall have Sin. MXA- for the re~
fracting angle of the prism, when the direct and:
refracted images were c¢oincident. Since thé're~
fracting angle, therefore, of Both pristns, and: the:
refractive power of the standatd prism, are known,
the refractive power of the sitbstance included ini
the fixed prism may easily be“found, from the for-
mule to be given in this Chapter. A
- If the sides of the rectilineal object AB are,
- &mpletely free from colour when the coincidence-
takes plice, then the standard prism has the sameé!
diegersive- poﬁrér' as the subatance in the fixed: .
rism, provided - their refractive power be the.
same; for, at the samie dngle of refraction, the
dispersion of the fixed prism is exactly corrected
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by thai of the standard prism. If the sides.of the
object, however, nre tinged wigh colou, tum yound
the standard prism in the same direction as before,
" and if the coloaur increases, the dispervive power
of the fixed prism exceeds that of the standard
one; if, on the contrary, the colour diminishes,
the dispersive power of the standard prism ex-
ceeds that of the fixed ovie. In arder to find the
- renl dispervive power of the fixed prism, turn the
standard prism till the vertical line is completely
free from colour, and let m be the angle pointed
out by the index. The refracting angle of the
standard prism, which corrects the colour of tha
fixed prism, will then be Sin. mX A, from which
the dispersive power of the substance contained
in the ficed prismn may be readily deduced. Inm
these experiments, the fixed prism must be placed
in such a position with respect to the object AB,
that a line joining the object and the prism may:
" be perpendicular to the first refracting surface,
which may be easily effected by the most simple
contrivances. By this means, the incident rays
wilt suffer no refraction at the first surface, and
the formule for finding the refractive and disper-'
sive powers of the fixed prism, will be much less:
complicated thgn if the refraction at the first sur-
face had been introduced. The folldwing fermulm;:
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which are very simpl_a,‘ are nearly the same with
those which were given by Boscovich.

Formule for finding the Refractive and Duperm‘
- Pouvers of the Fixed Prism. o

Angleof thefiwed prism . . : . . . . A
+ Angle of the variable prism, {or Sin. Mx A', A’
. being- the refracting angle of the varable -
prism,) by which the refraction of the fixed
. prism is corrected . . N |
Angle of the veriable prism (or Sm mX A%
which corrects the dispersion of the fixed
prism . e e e e e e e e ..
Index of refraction of the fixed prismg . . . R
Index of refraction of the variable prism . . r
The portion of the mean refragtion to which
the dispersion isequal . . . . . dR,dr

The dispersive power of the fixed prism D= 10

Then for the refractive power we shall have

Sin. g—A

Sin. ez 3 A

Tha sine of g~z being found from this formula, -
the sine of x may be easily found. We shall then
have : ’
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R="mx.
When the prisms do not differ much from each
other in refractave power, such as prisms made of

different kinds of glass, the following more sxmple
formulee may be used. ‘Thus make

s . g=q—A; apd 3=p-~—f—, then.
" R=r+7Sin. g Cot: A. _
In order to find the dispersive power of the ﬁxed
' pnsm, we have. _
e - p
Sin.z’:—;XSin.A;
and when ' is thus found, we have x
. 4&_R _
ar .-“,.'XTang. «—z' X Cot. 2"+ 1, _
_dI_i:drx % X Tang. a—ax' X Cot. 2 +1, and
| R L —
+dr X X Tang. a~—x' % Cot. &’ 4 1
= =

R being the index of refraction for the mean re-.
frangible rays, d R-is a part of the whole refrac-
tion, and is always equal to the difference be-
twéen the index of refraction for the first red:
ray,‘anﬁ the_;i_n’dex:of refractioni for the last vio-:
let ray. -
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.7 In measuring the dispersive powers of differéns
kinds of flint or crown glass, by méans of & stan. -
dard prism of the same glags, or in every case
where R is nearly equal to 7, we have z=A; and
therefore the formula may be greatly snmphﬁed;
and will then become . . : . - Lo

D= drx Tang. a——-A ».Cot. A+l
’ CReI.

* If it should ,bapp'en, that the fixed prism cons
tained 2 substance of such a high refractive or
dispersive power, that the greatest angle of the
‘standerd prism was incapable of correcting its re.
fraction and dispersion, the standard prism may
then be fixed in the-place of the other, while the
gther prism has its refracting angle reduced by &
Tetatory motion, till it corrects the refraction and
dispersion of the standard prism,

" As the maximum angle of both the prismy may
be determined with the utmost accuracy, and as
she scale ¥ for measuring the vs,riation' of the re-
fracting angle of the standard prism is sufficients
l}r_-largejio ascertain the most minute chahges,
the accuracy of the resuits must depend princi-
¢ '#* The magnitude of the scald evidently increases a5 the
soxximam angle of the: prism . diminishes. . .If the mnma'f

P T
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pally upon the precision with which the coinci-
dence of the images, and the complete correction
. of colour, are observed. In order to incrense the
hecuracy of these observations, the goniometer
containing the two prisms might be placed before
the object-glass of a small telescope, through
which the observer must examine the object AB,
and its fringes of colour. By this means the
fringes will be greatly magnified, and the posi-
tion of the standard prism when the refracted
immage of AB is perfectly ackromatic, will afford
& measure of the angle to which it has been re-
duced If there should be any incorrected colour
in the telescope itsclf, it may be casily distin-
guished from the colour prodnoced by the prisms
but as the aperture of the cohject-glase must be
" necessarily very small, and as the magnifying
power does not require to be great, this incorrect-
ed colour can never be of any conseguence.

.. Dr Blsir, in his ingenious paper on the Une-
gual Refrangibitity of Light, has maintained, af.
ter Clairaut and Boscovich, that the proportion
of the coloured spaces varies with the diffe-

angle is-20°, we have an arch of 90° as a scale to mensure the
“warintion of the refmeting angle from 0° to 20° ; wheres, 3 the
maximem augle is anly 5%, we bave s mch of $0° %o sessmre
the variation from 0° to 59,
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vent substances ¢hat a1t employed, saud thavefore
s complete correction of golour casnot bie effacs-
od by two media of different dispersive powem.
This singular fact has been covtroverted by
Dr Wollagton, whe found, in all the substinces
which he tried, that the coloured speces had
" the same proportion to each other is sitmilar po-
- gitions df-the prigm. * Dr Rlair, we.hsnre'a-

. Wmevmhobuweﬂ.aﬁerﬂﬂmut, themmnahty
of the coloured spaces in the prismatic spectrum formed by diffe-
rent substanaes, he wes very unwilling to acquiesce in such a gine
that there was some source of error in his expeniments, be re- '
peated them with the greatest caution, and calculated the magni-
tude of the errors which might arise from the particular circam.
sivenees of thée experiaemt, He ot Inet adpiittad the irrations.
lity of the coloured spaces as s fact demonstrated by incantro.
vertible ewperiments, and has shewn how three of the coloury
in the spectrum may be corrected in achromatic telescopes. Thié
seve opdiion was admitted, upon the evidents of experiment,
by ouir celebrated countryman, the late Dr Jobn Robison. To
those; however, who may think that Dr Wollaston's opinion

- is founded oh mbre direst evidehee, we propose the following
axperinent os detisive of the question. Take s prism of oil
of cassin, and another of crown gilass, and vary the angle of the
one which produces the greatest degree of colour, till the trans-
mitted light js ab achromatic an possible. In this position, - the
geantity of uricarrected rolour is so very grest, thatit exmnot be
ascribed to any other cause than to an inequality in the corre-
Sponding spaces of the spectra formed by the crown glass and
Ove ofl of ussin. See Book V. Chap. ¥, where this subject wil
‘be treated st considerablo fempth. - .
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- son’ to know, ascribes the reshlts-obtained “by
Dr Wollaston to his not having used ienses, in '
which the uncorreited colour, by being: greats
Jy magnified, is rendered more upparent thah
swhen priams alone are used ; but ix the course of
‘my experiments upon dispersive powers, I have
otperved the. ancorrected coloar in the form of
gme!ranii wine-coloured fringes, evem with prisms;
and I have percelved them in many substances
which were not examined either by Boscovxch or
Dr Blair, When the dmpersure power, t.herefore,
of substances in which this irrationality. existy, is
measured by the preceding method, the appear-
ance of the gteen and wine-coloured fringes will
inark.the position of the standard prism,. which
vorrects the dlspersmn of the Substance under ex-
amination, ‘

The subject of dmperswe powers has, tlll with-
in these few years, been investigated merely for
the purpose of discovering achromatic combinas
tions for the improvement of the telescope. - The
disperswns of two or three different kinds of glass,

and of a few. fluids, were numerically ascertain.
ed ; but no attempt was made to consider the subs
Ject in a general manner, or to mvestzgate it as a
separate branch of science, exhibiting the maost
curious results, and unfolding new properties of
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trinsparent bodies. . Dr Wollaston had the hos
“qour of beginning- this important mquwiry: add
he determined she order. of dispersive powers.for
28 suhstaneesy without, however, giving any nu-
anerical estimmte of their magnitude. By means
»f :the instrument which has been briefly dascribe
ed, '] have ascertained, in numbers, the dispersive
jpowers of maore than o hundred transparéns sab-
-stances,’ the grester part of which were never
before examined ; and I have obtained many re:
sults of a mast unexpected and singalar kind
' But hefore I proceed to éxplain these results, 'it
awill be necessary to give a more particular-acoount
of the method by which they were obtained. -4
The instrument -which was employed in-these
experiments; ‘is’ represented in sectien in Fig. 2.
of Plate XI. . The circalar head AB, similar t¥
that which sppears in Fig, 1. Plate V1. is'divids
ed into. 860 degrees; and has e tubular shouldet,
25 ¢, which moves ppon the tube dd'dd. - Uposd
the tube d d, dd is fixed another small tube, thit
earries the arm d o, on the circumfexence of which
is the.vetnier scale for subdividing the: degreés
on the circulaz head. The extrentity dd of the
tube dd, dd is fixed into the stand CD, and
upon its other extremity d'd, which terminates
in & ying, isfixed the. prisin wm, whose dispersiva
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power is réqwired. The standatd ptism =, bas
¥ing such a refracting angle a3 to produde & greats
er disperwion than that of m, is fastened to & tubd
S8 shewn sepacately in Fig. 8. which scrows npon
the outer surface of the shoulder ee. It i» obyvie
ous, from the preceding description, that whea
she circular head AB is turned round, the tiybe
Fg, with- the standard prism 5, will be carvied
slong with it, whilé: the vernier ¢ and the other
prism o remain stationary ; and if the imner dun-
faces of the two prisms were paraliel to esch
sither, and perpendicular to the axis of motion,
in any given position of the circular bend, thia
parallelism will be preserved in avery other po-
Md : . . | .

.. A Rarizental bay, AB® Fig. 4. about three ox
four innhes brpid, and having its sides perfecily
straight and parallel, is strefched acrods the wib-
dow, sa &s to be exactly perpendicular to a plumb
hire CD suspended from the sop: of the window.
The instrumsent ik then placed at & comvenient
distance from the bar, and in such a pesition,
that d Hoe joining the eye of the observer at
O, Big. 4. aod the centre of the bar at E, Fig. ».

. ® AP were & sectanguiar luminots space, placed ona
dark ground, it would answer the purpose agnally well. -
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may be perpendicular to the anterior surface of
the prism m, and to the bar- AB.. -When this ad-
justment is-made,” the whole of* the instrument is
turned round in the tube which forms the top of
the stand, till the common section of the refrac.
ting surfares of the prism m is perpendicular to .
€D *; and it is fixed in this position by the screw
at's. “If the bar AB be now viewed through the
prism ., the lower side of it will be bordered
* with red and yellow, and the upper, side with

blue and violet ; but after the-tube fg, with the .

standard prism 5, is screwed upon the shoulder
e¢, 80 as to refract in oppb'sition to m, with the
common section of its planes turned upwards,
and perpendicular to CD, the red and yellow
fringes will appear on the upper side of AB, while
the blue and violet: fringes occupy its lower side,
on account of the superior dispersion produced by
the standard prism. ¥n order to diminish the re-
. fracting angle of the prism n, turn round the cir-
cular head AB towards the right hand, the eye
continuing to observe the image of the bar AB
‘Fig. 4. and the coloured fringes will gradually di-
“minish. * As soon as the fringes vanish, and the
* ‘T'his adjustment may be easily made, by observing when
the image of CD, seen hrough the prism, is coincident with

CD, when seen directly by the other half of the pupil.
o
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bars sppear completely free from colowr, mak
the degree and minute of the, circular head whidh
is indicated by the vernier. Turn the tircular
head towards the left hand, till the fringes aguin
disappear, and mark the degree and minute pobwt-
ed out by the index. Then if ¢ be the axch com-
prehended between these two pesitions, and B
the apgle of the standard prism n, the refracting
angle <, to which this prism “has been reduced in
_order to correct the dispersion of the prism m,
will be vbtained from the foHowing formula, viz.

w = Cos, :xB.‘

Thusif the prism m has an angle of 24° 89/, and
cohtaing water, and if = is a prism of flint glass,
‘we ghall have ¢ = 156° when B is equal to 41° 1.1,
and comsequently « = Cos. 78° X 41° 11’ = 8° 84,
‘¢hat is, a prism of flint glass of 8° 84 corrects
the dispersion of a prism of water of 24° 30"
Hende, if the refractive power of water is known,
-and ‘also ‘the refractive and dispersive powers of
‘flint glass, the dispersive power of water may he
easily determined from the formuls in .page 289.
-As an-example of 'this caloulation, we shail take

® In order to save the trouble of dividing the arch by 2,
the divisions on the limb might be numbered only to 180 in-
stead of 360°. - '
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the case of water and flint glass, whish has been
already mentiopad,

Angle of the prigm of water - 24°89'=A .
" Angle of the prism of flint glass 41°11'= B
Reduced angle of the prism of
flint glass, which corrects the _
dispersion of the prism of water 8°84'=s
Refractive power of the prism of
flint glass - - -7 1616=r
Refractive poﬁel" of water - 1.8 =R
The portion of the mean refrac-
tion of flint glass to which the '
dispersion is equal - - O0.0820=dr
= 1.886 . ng..0.125806 :
" r = 1616 . Log. 0.208441

L e e o )

R . . gs118s

T

Bin. Ax=94° 89 0.620213
Bin, 7=20° 30/ 9.5375%8
’ - ra 8° o
T = 20° 10

[P

—— TP
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Cétangent of & 10.485017
Tangent of « =2’ 9:312327

—0.5589 ‘9747944 T
. . S
4411 9644587
X— . 9917365
xdr _ 8.505150
d R =0.0117 . 8.067052
R—1=.836 - 9526839
%: 0.0847 = .8.540713

Hence it appears, that the dispersive power of
water is 0.0847.% o |

When a flbid is’ included in the prism m, it
must necessarily be confined between two plates
of glass, and therefore there are no fewer than six -
refractions before the. incident rays reach the eye
of the observer. The indistinctness and loss of
light which is, to a certain extent, occasioned by
the refractions and reflections that {ake place at

* Another cbservation upon water, with a different prism of

flint glass, makes d R = 0.0119, and. 5 f_’_R] = 0.0852.
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these different surfaces, may in a great measure be -
removed by the contrivance represented in Fig. 5.
Plate XL where AB is the circulat head, m the
fixed prism; and n0 a piece of parallel glass, of &
rectangular form, which is-moveable round 7 it a-
ftame at the extremity of the bent arm rst. The:
léngths 7n, ro are unequal; so that when the-
piece- of glass is turned round to make the.end o
falf upon'the prism m, it may form a different angle
with the surface. The fluid is in some cases pre:
served between the prism m, and the plate of glass
n 0, by capillary attraction, and it keeps its position-
even when the arm 7s4 and the piece of glass
n 0, are moved round along with the circular head .
AB. By this means we get rid of two refrac-
tions, and of any small’ error that might arise
from a want of parallelism between the interior :
surfaces of the prism. - There are some inconve.
piences, however, in this contrivance, which have -
prevented me from making frequent use of it.

By these methods, the dispersive powers ofall the
substances contained in the following Table, have

.been carefully measured and computed. The.

first column containg the values of Rj s whlch is

the natural measure of the digpersive power and
"the second column containg the values of 4R, or
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the part of the whele refractior to which the dis- -

persidn s equal.

Fhe different’ dispersive powers. mpnhende«l _
in the Table;, vary from 0.022, the dispersive power -

of eryolite, to 0.400,the estimated dispersive powes
of the greatest refraction of chramate of lead ;—an
interval of surprising magnitude, and partioularly
interesting, when we recollecs that both Newtos

and Euler eonsidered all transpatent hodies aa

possessing the same powers of dispersion.
The subgtances at the head of the Table, be-
tween the dispersive powers of 0.01£8 and 0.400,

havé pever béfore bebn the subjeet. of experiment, -

~ and present us with results of unexpected magni-
tude. Chromate of Jend, realgar, and phospho-
rus, which are included withim these- limits, might,
from their chemical properties, be suppesed te

possess a greas degree of dispersion - but the eil
 of cassla, which exceeds even phosphorus in dis--

~ persive power, sad stands far above every amimal
or vegetable produet, exerts & moest swrprising
- power in separsbing the extreme- rays, sad in

dicates the existence of same ingredient which

chemical am]ys:s has not been able to detect.
In comparing the refractive and dlsperswe

powets of transparent budies; it 1 difficatt to dies
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. egvar any-ganersh principle, upon whick thess pro-
perties depend.

- I the two.simple inflammable: swhstances, !ul-
phur-and phiciphores, and in the metailic silts, o
high refeactive density is accompenied with &
high pewer of disparsion.

- I the precions stongs, on the contragy, a,great
sefiactive power, axeseding that of flint glass; is

sthended with a dispewsive power generslly much
lower than water.

The dispersive powers. of the resins, gums, oils,

ahd balewme, greasly eviceed that of water, and

eomespond in some medgnre with their powess
of yefyaction.
.. The differeat kinds of glaan cotonred with mtals
bave a higher dispersive ag well as & higher rev
fiactive power than flint glass.
. "Fhe nwiriatic, the nitric, and the nitrows acida,

have dispensive powers cansiderably above water;

while the sulphuric, the phesphoric, the eitric,
and the tartaric acids, whick surpass the former in
sefinetive density, possess very infexior powers of
Fluor spar and cryelite, the only minerals in
which fluoric acid is a. principal ingredient, have
the lowest dispersive powers of all bodies, and
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the lowest refractive powers ‘of all" solid - sab- -
stances.* : C e
- The most singular result, howev’er, which' is
contaiped in the following Table, relates.to-the
dispersive powers of doubly refracting substances,
The first experiment which I made upon these'
érystals, was to determine the dispersive poirer
of Iceland sper, and from a cause merely-acciden-
tal, I corrected the colour. of the least refraction.
The result thus obtained was 0.026, ¢considerably’
below water, which stands.at 0.085 of the scale;
and upon comparing it with the place assigned to
Iceland crystal by Dr Wollaston, I was surprised
to find that he placed its dispersive power very
_considerably above water, and even above dia-
mond. This unexpected -difference -between the
.two measures, induced me io .repeat the experi-
ménts, not only with ather prisms. of the Iceland
spar, but alsc with other standard prisms of flint
and crown glass.  These new results servéd only
to confirm the accuracy of the first éxperient,
and to strengthen my suspicion that. Dr .Wellas-
ton had committed some mistake. As:this rea~
soning, however, was founded dn the assumption
* The tbpaz, which contains from 17 to 20 parts of fluoric

acid, has a dispersive power nearly as Jow as fluor spar; but,
Like the other precious stones, it has a great power of refragtion.

-s:“ -
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which both Dr Wollaston and I had: made,’ that
the spar had only one:dispersive power, I resolved
to meastre:the dispersive i)owe;r of the- extraor-
dinary refraction. This new value’ having tumn-
ed-out to'bé greater than that of water, I imme.
diately saw that Dr Wollaston had measured the
colour of .the greatest:refraction, while I had
tneasured the colour. of::the least ; -and that- this
remarkable mineéral, which bad so long perplexed
philosophers by its double. refraction, possessed
the no'less ‘extraordinary and inexplicable pro.
perty. of two dispersive powers.” In subjecting to
" examination other ¢rystals_that afforded: double
‘images, sich as carbonate of strontites, carbonate
of lead, gnd chromate: of léad, I found that every
separate refraction possessed a‘separate dispersive
power. - This general law, though: not repugnant
to any. optical phenomena, is. still of such 2 na-
ture, that it could not have been inferred ¢ priori
from ‘any relation which is known to subsist be-
tween the refractive and dispersive powers. No
person, indeed, has even conjectured, tbat a
double dispersive should acccmpany'a_i' double re-
fractive power;* and if we' were to reason in this
* * In a Table of refracting powers, published by Mr Cavalls
in his Elements of Natural Philosophy, he has added, from
different authors, a numerical’ éstimete of the dispersion, ‘or dige
‘sipation, as be calls it, of & very few mibstances, and for each
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case froon an analogy founded on experimemt, an
anmalogy, too, whick is by no meams remote, wa
should cerfainly conclude, contrary to the-fast;
that the greatest refractive power would be ac-
eompanied with the least power of dispessian
In all the minerals:in which a metal is the prin.
cipal ingredient, those which buve the great,
est refractive demsity, have also the greatest
faculty of producimg colour; while in alf the pye.
cioas stones.a. high -refinctive power is sttemded
with a law pawer of dispersion. This reinarkaire
“property of a double dispersion, therefore, is com.
trary to the general resulty indicated by experis
-ment; snd though it eppears to exclude same of
the theories by which & double refractiom has
been explained, it cert.ninly adds snother to
those numerous difficulties with which: philosoghy
has yet to struggle, before she can redoce to- 2
satisfactory gemeralisation the anomalous and ca.
pricious phenomens which light exhibits im -its
passage throngh transparent bodies. -

refraction of the Iceland spar, he has glven 3 separate, mmsum
of its dispersion. ‘These, however, are not measuves of its two
dispersive powats, as will be. perfectly obvioms by inspecting
the Table, but merely of the quantity of colour produced by
each refraction, which is of course proportioned to the refmc.
tious thedselves j—in the same manner a3 two prisms of flipt
gans, with different angles, bave two disperrions, though shw
flisperaive parver of both is the: same. ) .
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Q’able of the Dispersive Powers of various -
Substances.®

Disperniva Part of thawhole
power or  reiraction to
' eajues of  which the dis.
Names of the substupced, dB peralon is equal,
BR—1 ervausaofd®,

._ $Chremate of lead (greatest refi;action)

- sstimated 8% . . . . . 0.400 0.7710
Chromate of lead (greatﬁt refract;on)
muet exoeed . . . 0296 0570

Realgar, a different kind, melted .  0.267 039
! Chromate of lead (least refraction)  0.262  0.358

Realger, melted . . . . 0255 0374
Qitofcassis . . .. . . 0139 0089
»Sulphur after fusion . . . 0130  0.149
Phosphorus .. . . 0188 0158

\‘Bals,am of Tolu . . T 0.108 0.065

. mmbmminme’l‘gblemarkedﬁdi an asterigk, are
theee whicly Dr Wollaston has examined in deterrmining the

-

~* grder of their dispersive pawers,

+ % This estimated valye of the dispersive power of the second
refraction of chromate of lead, is founded on the following ob-
servation. A prism of oil of cassia, whose refracting angle is
50° 8¢/, does not nearly correct the dispersills of the greatest
refraction of a prism of chromate of lead, whose refracting angle
is 9° 16%. The uncorrected colour is got much inferior to the
whole colour produced by the least refiaction.

3 Thia valne is obtained from the following observation:
A prism of oil of cassis, with a refracting angle of $9° 1¥,
potracts the dispersion of the least refraction of & primm of
chrageaty of lead, having a refracting angle of §° 16
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0.049

. BOOK.LY:
‘Balsam of Peru 0.093 0.058
Carbonate of lead {greatest refraction) +0.091 4-0.091
Barbadoes aloes . . 0085 0058
Qil of anise seeds . 0.077 0.044
. Balsam of styrax 0.067 0.03%
*Guiscum . .. . 0066 004
'Catbonate of lead, (least refraction}. 0.066  0.056
Oil of cummin -~ -0.065 0.033
Gum Atnmonisc - 0.063 0.037
Oil-of Barbadoes tar 0.062  0.032
Oil of cloves - 0.062 0093
Green coloured glass” © 0061 0037
Sulpbate of lead " . 0.060 - 0.056
Deep red glass . | 0.060 - 0.044
*0il of sassafras " 0060 ' 0032
Opal coloured glass * . . 0060 0038
Rasin ' . 0057 0032
Oil of sweet fennel seeds " 0.055 0028
Oil of spearmint . 0.054 0.026
Orange coloured glass - : . 0053 0042
Rockealt . . .- 0053 0029
- Caoutchoue . e 0.052 0028
0Oil of Pimento ' 0052 002
*Flint.glass 0052 0032
Deep purple ghss 0051 . 0.081
Oil of angelica - 0.051 - 0025
Oil of thyme 0050  0.02
Qil of feugreck 0.050  0.024
Oil. of wormwood . 0.049 - .. 0093
Oil of pennyroyal .o o 0.049 . 0.024
(3] of caraway seeds ' - 0.02%

-
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Qil of dill seeds
-Qil of bergamot
* +Flint glass
Chio turpentine
Gum thus

Oil of lemon

Flint glass ™
JOil of juniper -
Ot of chamomile
.Gum juniper

Carbonate-of strontites

tion}
Oil of brick "
Nitric acid - -
" Qil of lavender-

' Balsam of sulphur

Tortoise shell
Homm ;.- -,
-*Capada balsam
1 Gil of marjoram
" . Gum olibanum

. Nitrous seid + .
Cajeput 0l -+ .

. Oil of hyssop

Oi} of rhodium )
. Pink coloured glasa

(greatest refrac- | .
.- 0048
. 0.046 -

* .

DISFERSIVE POWERS.

0.049

0.049
0.048
0.048

0.048 -

0.048
0.048

. 0.047

0.046
0.046

0.045
0.045

0.045
0.045 -

0.045
0.045

0045
0.045
. 0.044

0.044
0044
0.044
0.044.

817

0.028
0,088

0.029

. 0.028

0008
0.023

0.028
T Qo022
- 0.021 ..

(0025,

0.032
0.021
0.019

. 0021
L0023

8.027
0.025

- 0.024 .

0.022
0.024
0.018
0.021

0022

0.022
0.025

+ The dispersive power of the “different kinds of flint glass
“tried by Boscovich, varies from 00457 to0 0.0585. Dr Robi-
- son informs-us, .that he examined, with great care, a parcel of

fint glass, whoge dispersive power was 0.038. We suspact
“that he bas committed some mistake in the reduction of his

experiments,
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il of savine . - . . 0044 0081

0il of poppy . . 008 - 6.080
®Jargon, (greatest refrscuon) . 004 0085
Muraticeeid . . . . 008 0016
*Gumcopdd . . . . 0043 002
Notold . . . .. . 004 0022
Burgundy pitch - . . 0083 0024
*Qil.of tuspentine . .- . 0042 0020
Dilofrosemary . .. . . 00 0000
Feldspar . . . . . 0082 00
Glue . . . e 0.041 0020
'.BuhamofCa.pm S . .. 004 6021
* Ardber . . . .- 0.04 0.028
Oilofnutmeg . . .- .- 0041 €021
Stilbite . .« . 004t 0022
. Oil of peppemmt . .- . D00 00w
Spinelle ruby . .- 0040 0081

*Calcareous spar, (greatest reﬁtctxo:) 0.040 0.0
Oilefrapeseed . . . . 0040 0019
Bottle glass .+ . 0040 0088

Gum Elemi .. T 0 0080 0031
Sulphate of iron .. .- 0039 008
*Dismond . S . . 0.098 0086
Oilofolives - .. .. . |, 0038 0OOW
Gummastich ~. . . : 0038 0022

White of an egg .. . 0081 0018
Ol of rhue < . . 0087 0016
. Gaum myreh . . . 0.037 - 6.080

Beryl . . . . . . 0087 002
Obsidisn . . . . . 0037 0018
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Ethet . . . .- . 0087 0012
" ®feldmite . . . . . 0037 0020
*Alum . . . . . 003 0017
Castor oil ... 0038 0018
Suiphate of copper - . . . OU3% 0.019
§*Crown-glass, verygreen - - 0036 0020
Gum Arabic . 0036 0018

Sugar after being melted and cooled 0.086 . 0.020
Jelly fish, body of, (Medm Aguores) 0635  0.018

Water 0, . . . 0ess 0012
. Aqueous bumour of & haddock’s eye 0035  0.012
4Vitreous humourofdo. . . 0035 0.012
Citricacid ~ . . . . 0035 0019
Rubéllite . .- . . .. 0085 0027
Leudite . . 0035 0018
Epidote .. . . . . 0035 0024
Garnet - e .. . 00338 0027

Py'mpe,- .+ . - < 0033 00%

§ The dispersive power of the different kinds of common
glass (strass), tried by Boscovich, varies from 0.0830 to 0.0346.
Dr Robison found the dispersive power of some crown gless
wmude at Leith, oo low as 0027,

+ I was yary anxious to ascertain the dispersive power of the
axterior and interior part of the crystalline; but I found this
quite impracticable, fromy the impossibility of finding any por.
tion of it of an uniform refractive power. -Owing to the gradosl
increase of ite refractive density towards the centre, & distinct
imgge could not be perceived through any part of it ; and upon
attempting to convert into a prism the whole of the lens, which
was shout .92 of =n ineh in diameter, I found that, though

confined between two parellel planes of glass, it hadja focal . -

length of .85 of an inch, and therefore oould not be employed
far this purpose, :
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Chrysolite . -« . 0083
Crown glass e e 0.033

_ Oil of ambergrease . ., . 0032
0Oil of wine . . 0082

* Phosphoric acid, solid prism . 0032
*Plate glass .. . . 0032
sSulphuric acid, . - . . . 0.031
Tartaric acid IR . 0.080

" Borax . . - .. 003
Axinite - . . . . 0030
*Aleghol , . . . - . - . 0029
*Sulphate of barytes . - 0.029
T'ourmaline . . 0.028
Carbonateof strontites, (Iea.st refmct:on) 0.027
*Rock erystal . - . . . 0.026"
Emerald . . . . 0026
Calesreous spar, (least refract:on) 0.026
Blue sapphire , . - . . 002
Bluish topaz from Csu-ngorrn . 0025
Cbrysoberyl . .. 0025
Blue topaz, from Aberdeensh;re, . 0024
Sulphate of strontites .. . . 0.024
*Fluvrspar - . . . 0022
Cryolite . .. . . 0022

BOOK 1V,

-0.022-

0.018
0.012

0.012

0.017
0017
0.014
0016
0.014

0022
0.0t

0019
0.019
0.015
0.014
0.015
0016
0.021
0.016
0.019
0.025

-0.015
- 0.010

0.007

In the course of my experiments on refractive
and dispersive powers, I have been under great
obligations to Sir Gronsce Macke~zig, Bart. Pro-
fessor JA—IMBSON, and Tromas ArLax, Esq.. who
furnished me with many minerals which I could

not otherwise have obtained.
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The dispersive powers of transparent bodies
might be deduced from another method of obser-
vation, which, though not equal in accuracy to
that which bas been described, may, under parti
cular circumstances, be deserving of attention.

Wher we look through a prism at a horizontal -

bar, it is tinged on one side with red and yellow,
and on the other side with indigo and vielet. If
the angle subtended by the bar is considerable, a
dark space will intervene between the violet and
the red; but if the angle subtended by the bar is
diminished by viewing it at o greater distance,
this dark interval ikewise diminishes, and as som

as it vanishes, the visible extremity of the red -

eomes in contact with the visible extremity of the
violet. The contact of these colours is indicws
ted by the commencement of a pink fringe, The
distance therefore between the bar and the eye'
- of the observer, will afford 2 measure of the dise
persive power, when the angle of the prism and
s refractive power are detarmined, If it should
be thought convenient to make the observations
" at a constant distance from the bar, the. angle

of the prism may be varied by the method alrendy -

deseribed, till it produces.the pink fringe at the
union of the red amd violet.
' ' o
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CHAP IV.

On the New Properties impressed upon Light by its
" transmission through Diaphanous Media, and by

its reflection from the polished Surfaces of opague
 and transparent Bodies. ' |

Avrsouen the subject of this Chapter does not.
tnvolve the description of any instrument, and'is
sherefore:not strictly-conneéted with the present.
work, yet, as it forms a branch of the same en-
qwity-with the sebject of refractive and dispersive
powers, and particularly with that of double te-
fraction, I hope,' it will not be considered either
as an unimportant or uninteresting digression.. ', -

' "There is, perheps, no subject within the whole
range of physical science, which presents such

: Ising‘ular and capricious results as that of doirble:
sefraction ; and there is ceftainly none upon which:

- the genfus and-indpstry of philosophers have beer.
so fruitlessly expended. From the time of ‘Bar-~
tholinus and Huygens, who first- chaerved the dc-;
tion of Iceland spar upon light, to the beginning
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of the 19th century;, i has exercised the abilities
of the most eminent mathematicians, and yet du.
ring.t.hié vast interval it has scarcely been en-
riched with a single fact; no explanation, that
conld. be listened fo for & moment, has ever been
proposed, nor has it received the smallest aid
from collateral enquiries. Even Newton and La-
place have retired without lauréls from the ardu
ous research; and- had not a discovery of a most
unexpected nature given a new form and charac-
ter. to the investigation, it might have long re-
mained among ‘the impenetrable secrets of Na-
ture.
- That the experiments and reasonings whick are
to gccupy this Chapter, may be readily under-
stood by those who are not familiar‘véith the sub-
" ject, I shall endeavour ta give a short and perspi-~
cuous view qf the phenomena of double refrac-
tion, and of the new modification of light which
has been recently discovered by Malus.
If & ray of light fall upon one of the surfaces of
~ a rhomboid of Iceland crystal, or calcareous spaf,
and is transmitted through the opposite surface,
it is separated into two pencils, one of which pro-
ceeds in the direction of the incident ray, while
the other forms with it an angle of 6° 16. The
first of these pencils is said to experience the wsual ’
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 or ordinary fefraction, and the other the unssual

or ertraordinary refraction. Hence, if the humis
nous -object from which the ray of light procesds
is looked at through the crystal, two images of it
will be distinctly visible, and will coantinue %0
even when the rhomboid is turned round the axis
of vigion. If another rhomboid of Iceland spar is

- placed behind the first, in a similar position, the

pencil which suffered the ordinary refraction from
the first rhomboid will suffer the same refraction
by the second, and the pencil that experienced the

- extraordinary refraction from the first will expe-

rience only the extraordinéry refraction from the
second,~—none of the pencils being separated into
two as before, But if the second rhombeid is
turned slowly round, while the first remains sia-
tionary, each of the pemcils begins to‘_separate
into two; and when the eighth part of a revolu-
tion is completed, the whole of each of the pencils
is divided into two portions. When the fourth part
of a revolution is finished, the. pencil refracted in
the ordinary way by the first crystal will be re-
fracted in the extraordinary way only by the se-.
cond, and the pencil refracted in the extraordi-
nary way by the first, will be¢ refracted in the or-

- dinary way only by the second, so that the four

pencils will be again reduced teo two. At the end
of §, § and § of a revelution, the same pheno-
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mens will be exhibitéd as at the end of ; part of
a revolution. At the ead of } of a revolution, the
same phenomens will be seen as at the first posi-
tion of the crystals; and at the end of 3 of ‘a re.
‘volution, the same phenomensa will be exhihited
as at the end of § of & revolution. '

If we now look at a luminous object through
the two rhomboids, we shall, at the commence~
ment of the revolution, see only two images,'viz.
one of the least and one of the greatest refracted
images. - At the end of ! of a revolution, fout
. images will be seen, At the end of }, ;, and § of.
a revolution, the images will be again reduced t4
two; and at the end of {, §, and ] of a revolution,
four images will be visible, every image having
vanished and reappeared in its turn.

- It is obvious, therefore, that the light wlnch'
forms these images, has guffered some new modi.
fication, or acquired sqme new property, which
prevented’it, in particular parts of & revolution;
from penetrating the second rhombuoid. = This
property has been called polarisation; and light
iz said to be polarised by passing through a rboms
boid of calcareous spar, or any other doubly re-

fracting crystal. :
" Almost all cryutnllmed substances possess the
property of double refraction, pnd consequently
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the power of polarising light. ' The most impor-
tant of these, arranged in the order. of their re-
“fractive powers, are the following :

Chromate of lead. -Topsaz.

Carbonate of lead. ‘Tartaric acid.
Jargon. Rock crystal.
Epidote., + Sulphate of copper
Carbonate of Strontlm Selenite.
Chrysolite. Sulphate of iron.
Caleareous spar. :

- .These different crystals, and many others, exhibit

all the phenomena which we have already descri- -

hed as produced by Iceland spar.

A few . years ago, M. Malus, a colonel.of engi-
neers in the French army, announced the discovery

of a new property of reflected light. - He found,
that when light is reflected at a particular angle
from all transparent bodies, whether solid or fiuid,
it had acquired, by reflection, that remarkable

_property of polarisation, which had hitherto been

regarded ds the effect only of double refraction. -
If.the light of a taper, reflected from the surface
of water at an angle of 5¢° 45, is viewed through

~ a rhomboid of Iceland ecrystal, which can be tirn..

ed about the axis of vision, two images of the
taper will be distinctly visible in. one. position. of
the crystal, » At the end of § of a revolution, ong
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of the itmgﬁi:will:van;hh vand it wilkm;._app!:at:{ag
the-end of } of a revolution. . The other image

will'vanish at.jth_e end of § of a xevolution, and - will -

re-appear at the end of § 3 revohition; and the
spme phgnomena will be repeated in the other twe
quadrants of its circular motion. The light re-
flectet] from the water, -therefore, has. evidently

been polaried, or has reepived the spme character

as if it had be¢n transmitied- thrcugb a doubly
refragting crystal. . - - -
The angle of incidence at whick thm modxﬁ.car

t:on is superinduced upon reflected light, increases |

in:general with the refractive power of the teans-
parent body ; and when the angle of incidence is

_ greater,or less than this particnlar angle, the light
sufférs only ‘a. pertial medification, .in (the sdme -

méanmer 85 -when the two rhomboids of “Jeeland
spar are -not placed either in & similar-or ima
transverse position. .

In examining the light reﬂected from 0paque
bodies,  such 88 black .marble, ebony, @zc -Malus
giiscovered . that they also possessed the power of
polarisution ; and he found that polished metals

had not-the:property of imipressing this character
mpon light, though they did not alter it when it

had been acquired from another substance. =
When a tay of light was divided into twe

g
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peneil by a rhombokd of Ieeland spar, Malus
- made these pencils full oh the surfuce oF water st
et angle of 52° 45, When the principal section
of the rhomboid (or the plahe which bisécts the
obtuse angles,) was parailel to the plase of reflec.
tion, the ordinaty pentil was partly reflected and
partly refracted like any other light ; but the ex-
traordinary ruy pencteated the water entire, and
not orme of it8 partitles escaped refraction. Om
the contrary, when the principal spition of the
orystal was perpendicuiarto the plane of reflection,
the extreordinary ray was purtly rofracted snd ro-
fectxd, while the ovdinary ray was refracted on-
tire. . These brillinat discoverits, which throw &
new light upon the phenomena of yefraction and
reflacticn, were honoured with the Rumford we-
fdal by the Royal Society of Lomden; ‘but aufor
tunately for sciemce, Malus seavvely sarvived the
adjudication of this high rewamd.

Having thus given a very brief und gemnl
‘view of the phenomens of light when polarised by
'doubly sefracting crystals, and by reflection feom
transparcat bodies, 1 shall aow protecd to give &b
rccount of the results which 1 huve obtiined i
the same field of emuiry,
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. 1. Daa New Prapu-tyafd?eﬁucwd Lsgbt

Aﬂer npeaﬁng the experiments of Malus, and
mesuring several of the angles of incidence at

which light was polarised by reflection from dif:
* ferent wubstantes, I made = variety of expéris
ments, with she view of discovering if & similer
charatter could be impressed upon light by its
transmission throuph bodies either whelly or im-
parfeetly transpavent. All these trials, however,
afforded no new result; and every hope of disco-
vering such s property was extinguished, when
my attention was directed to a singuldr appear-
_ance of colour in @ thin plate of agate. This
plate, bounded by paraliel faces, is about the 15th
of an inch thick, and is cut in a plane perpendi-
cular to the laminz of which it is composed. The
agate i3 very trapsparent, and gives a distinct
image of any huminous object; but on each side
of this Image is one highly coloured, forming with
it an ahgie of about 10°, and so deeply affected.
with the prismati¢ colours, that ne prism of agate,
with the largest réfracting angle, could produce
ah equivaient dispersion. Upon examining this
coloured image with & prism of Iceland -spar, ¥ -
e astenished to find that it had dcquired the
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same property as if it had been. transmitted
throngh a doubly refracting crystal,- and ypon
surning the Iceland spar about its axis, the ima-
ges alternately vanished at every quarter of a're-
volytion. My attention was now directed to the
common colourleas image, formed by pencils trans-
mitted perpendicularly throygh the agate; and
- by viewing it with a prism of Iceland spar, it
exhibited all the characters of ohe of the pencils
prdoduced by double refraction, the images alter-
nately vanishing in ‘every quadrant of their cir-
cular motion.” :

When the image of a taper, reﬂected from wa-
ter at an angle of..52° 45, so a8 to acquire the:
prop_efty discovered by Malus, is viewed_thrmagh.
the plate of agate, having. its lamine parsilel to
* the plane of reflection, it appears perfectly dis-
tinct; but when the agate is turned round, ‘so.
that its lamina are perpendicular to the plane of
reflection, the light which forms the image of the
taper suffers total reflection, and not one- ray of &
penetraltes the agate. |

If aray of light,. xncxdent upon -one. plat.e of
agate, is received after transmission upon another.
plate of the same substance, . having .its laminz
paraliel to those of the former, the light wi.ll" find
| #n easy pessage through the second plate; but if,
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' the sécond plate has ifs lamine perpendicular to
those ‘of . the first, ‘the light will be wholly reflect- .
-ed; and the luminous object will cease to be visible: .
Owing to a cause which willafterwards be no-
"ticed, there is a faint nebulous light, unconnect-
ed with the image, thou’g'h' always accompanying
it, lying in a direction parallel to the laminse.
This unformed light never vanishes along with -
- 'the images ; and in one of the specimens of agate
it is distinctly incurvatéd, having.the sanie ra-
dius of curvature with the adjacent lamine.- This
“unformed light is represented in Plate XI. Fig. 6.
wbere AB, CD are’the directions of the laminae,
E the visible image. of - the vandle, and F the un-
forméd and incurvated light, in the middle of
which the other iniage vanishes.” The nebulous
light surrounding the image E has now disap-
peared; but, by turning round the spar, it reaps
pears by degrees, while the reviving image at ¥
grndually dispels” the haze-in which it was en-
veloped. -
. This remarkable property of the agate, I have
found in the kindred sulistances of cornelian- and
chalcedony; and it is exhibited in its full efféct,
even when these bodies are formed into prisms,
and when the incident rays fall with any angle
of obliquity. . In"one apecimen of> agate, which -
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has no veins to indicate the direction ia which it
was cut, the images did not vanish as before; and
in another specimen, of a similar character, the
imagés suffered only ah alternate diminution of
brighiness, in the same mumner as a pencil of
light suffers only a partial modification when re-
flected from water, at a greater or less angle than
52° 45, . |
Although the preceding results are by no means
ripe for generalisation, yet'I cannot omit the pre-
sent opportunity of hazarding a few conjecturés
respecting the cause of this singular property of
the agate. : T '

' May not_the structare of - this mineral be ina
state of approach tb that particulag Kind of erys-
tallisation which affords double images ? and; may
not the unformed nebulous light be an imperfect
fmage, arising from. that imperfection.‘of strue.
ture? We have already seen, that when the image
vanishes at F, the nebulous light in the same
place is a maximum, while this light gradually
diminishes during the reappearance of the image.
When the image, which had disappeared at F, re-
gains its full lustre, the nebulosity with which it
is encircled is very small ; and this remaining light
"is, in all probability, ne portion of the unform-
ed image, but only a few sratfered rays arlsing
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from the imperfect transparency 6f thé mimeral.

If this explanation should be rendered improba-
ble, by observing that the small portion of unex-

tinguished light at E is not dimiaished when &

thinner or a purer piece of agate is employed, may
we not suppose, what is most likely to happen,
that the plate of agate has not been cut exactly
in a plane perpendicular to the laminz, and that a
small portion of the unformed image remainsg, in
the same manner as one of the images is not
completely extinguished, when we view with a
prism of Iceland crystal the light reflected from

water, at an angle a little above ‘or a little be. .

low 52° 45

By forming the agate into a prism, the nebu.
lous light should . be separated from the adjacent
image, in proportion to the aungle formed by the
refracting planes; but owing, perhaps, to the
smallvess of its double refraction, if it has such a
property, I have not observed any separation of
this kind in the prisms which I have tried.

The incurvated form of the nebulous light,
~corresponding with the curvature of the lamine,
- seems to connect it with the laminated structure
of the agate, and to indicate, that the pbenoména
of double refraction ave produced by an alternation
of laminz of two separate refractive and dispersive

—_———— e o
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powers. In calcareous spar, sne set of the laminee-

may be formed by a combination of oxygen and cal-
cium, while the otherset is formed by a combination
of oxygen and carbon. In 'chramate of lead, the
chremium and  oxygen - may' give one image,
while the oxygen and lead give another. Inlike
manner the casbonate of lead, the carbonate of
strontites, . jargon, and other doubly . refracting
crystals, may- afford double imuages, in virtue of

similar bmary combinations. . Of the simple in-
flammable substances, sulphur is the onoly one- -
which has the faculty of ‘double refraction; .but -

. 1t will probably be found, that it helds a metal.in
its composition, or some other ingredient which
chemical enalysis has. hot heen able to discover.
If the explanation.which has now been given
of the polarising - power. of. the agate should:be.
confirmed by future experiments, it will be con-
sidered as a case, though a very curious onme, of
double refractxon but if these conjectures should
be overturned by subsequent observations, the

phenomena which we_ haye ‘described must .be-

ranked _among. the most singular appearancés
which light -exhibits in.its. passage through dia-.
phanous media.

o m o m__ e
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2. On the Power qf Tramparent Bodies to deprwe '
nght of this new Properify ‘

" ‘Having thus determined that light received a
new property by refraction through the agate, I
» was anxious to ascertain if light thus polarised suf-
feted any change by passing through other tran-
sparent bodies; and, in the course of these re-
searcﬁes, I have been led to results of the most .
unexpected and surprising nature.
.~ When polarised light was transmitted through
rock crystal, it was depolarised, or converted into
comman light, in.one position; while, in another
_ positien of the crystal, the polarity of the light
was undisturbed.” The other substances which
possensed the faculty of depolarisation, in one po.
sition enly, were Topaz, Ckrysolite, Borar, Sul.,
phate of Lead, Feldspar, Selenite, Citric Acid, Sul-
phate of Potash, Carbonate of Lead, Leucite, Tour-
maline, Epidote, Mica, Iceland Spar, Agate vith-
out - the. polarising property, and some piece7 of
Plate: Glass. _

" When poerwed light was ‘transmitted through
gum Arabic, it was depolarised in every position
of the gum; and ] found the same remarkable-
property in Horn, Glue, and Torloise Shell.

The substances.which had not the property. af"
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depolarisation, ‘and which produced no change
upon polarised light, were Muriate of Ammonig,
Alum, Amber, Gum Juniper, Rock Salt, Gum Mas-
fich, Obsidian, and Diamond; but it is probable that
these bedies were not eut in the proper.directiom.

8. On New Optical Properties exkibited by Mica
and Topax.

In making the experiments with Mica and Tp.
paz, of which T was kindly furnished with excel-
ient specimens by Thomas Allam, Esq. 1 obser-
ved some singular phetomena, which seem to be
peculiar to these minerals, and which I have en-

deavonred to represent ia Ilig. . of Plate XJ.
" The rectangular space ABCD, represents a
plate of mica standing in a vertical position.
" When a prism of Iceland spar is placed in a ver-
tical or a horizontal line upon this plate, polarised
light, viewed through them -both, suffers no
change. The horizontal and vertical lines EF,
GH, therefore, drawn upon the plate of miica,
may be called the meutral axes of the mica.
When the Iceland spar is placed in the diagonals
AD, BC of the rectangular plate, so ag to bisect
the right angles formed by the neutral axes, the
polarised light is depolarised, and hence these dla-

5
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* gonals may be called the depolarising axes. These'

two axes are common to all suhstanm that have
the faculty of depolaxisation.

If we now examine a polarised image by the

pristn of Iceland spar, placed upon the verfical
neulral axis of the mica, the polurity of the light
will of course continue, and only one imnage will
be seen ; but if. we incline the plate of mica for-
wards, 50 as to-make the polarised light fall upon
" it at an angle of about 45°, the image that was

formerly invisible starts into existense, and there.

fore the light from which it was furmed bas been
depolarised. If the saine experiment is made
upon the korixonial neuiral axis, mo such effect is

_produced: and hende it follows, thas the vertical

seulral axis i accompanied with an obfigue dopo-
larising dviz. By making the sarbe trials with the
. depolarising axes, it will be found, that each de.

polarising axis is accompanied with an obligue rew- -

tral avis ; and thercfore, euch plate of mica pos:
‘sesses tuo oblique neutral axes, and only one obligue
depolgrising sxis,  The oblique depolarising axis
of the mica is regeresentod in Plate XI. Fig. 7. by
the line O=, and the two oblique neutral axes by
the lines Om and Op; the angles GOn, AOm,
ROp being ghous .45°, and the planes of these
angles being pependiculas to the plate of mica.
Y

-
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In repeating these experiments.with a great

" . variety of transparent bodies, I have not been able

to detect in any of them, except lopas, the oblique

axis of depolatisation and neutrality. This miner-
al, which is known to have the -laminated struc-

ture of mica, possesses only the ‘obligiie depolari-
sing aris, which seems to indicate a iess comphca—
- ted structure than that of mica. ‘

If we attend carefully to the two images of a
luminous object, when they are depolarised by a
plate of mica, they will exhibit, by a gentle- incli-
nation of the plate, the most capricious alterna-

~ tjon of the- prismatic colours.” The red rays of
the spectrum go to the formation of one .image,
while the. biue rays go. to the formation of the
other. By aslight change in'the obliquity of the
. plate, the red image becomes blue, and the blue
image red, and these altérnations are produced in
such sudden fits, as to resemble more the tricks
of a-juggler, than the opetations ‘of a hatiral
cause,
- When one plate of mica is laxd upon an.ot.her.
s0 that the newfral axis of the one may coincide
with the depolarising "axis of the other, all the
neulral axes are converted into depolarising axes.;
and the play of prismatic colours appears in every -
positien” of the Iceland spar. Hence it follows, -
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that this singular decomposition of light is some
how or other connected with the property of de-
polarisation, - for- the colour never appears in any
~ of the neutral axes.

1 have also ‘observed this altematmn of colour
"“in the topaz, but only at the particular instant
when the evanescent image started into view by
the sudden restoration of the depolarising virtue;
and it is also worthy of particular notice, that the
colours never appear in very thin plates of mica.

4, On'sahé new Ophde'thomm'ob:en}ediu a
Rhombozd qucekmd Spar. ‘

In thetourse of my experiments upon*doublo
refraction, 1 obtained from Sir George Mackensie,
Bart. some excellerit crystals of Iceland spar, whick
exhibitéd a number of very curious phedomena,
that were-quite new to me, and which appear t0
be connected with the phemomens in the prece-
ding Section, and with the colours of thin plates
first ‘observed by Newton. -Ag I cannct preténd
 to'explain these appesirances, 1 shall satisfy myself

at present, with giving an account of ‘the expm-
reents which I matlé." -

The thomboid of Teeland spar is repr&sented in
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Riate XL Fig. 8. It isabout 2-10%hs of an ingh
thick, aod the face AR forms an angle of abous
}8&°.42 with thesuxface CD.  When we lgok at
a candle through the parallel plgues of the rhom.

boid in. amy part of the rectangulgr space wn,
throe. images axe digtinctly visible, es in Fig. 9,
where A ia the enmmon- image of the candle, ap-
perently single, aod d: £ the -other iﬂ?&gﬂl placed

st equal distences from: A.

5 1bie side AB is brosght, towards, vhe €16 the
whole Thomboid moving about CD as an axis, the

images d, ¢ separate from A, and ¢ becomes yel-
012, 7ed, purple, apd bne, in sucesssion, by increas-
ing the angle of incidenne. The image d becomes
yelldw and red,‘k and it vani:sh_es “before it assumes
shy.othar colows. When (he side EX is brought
netanthe efe by 8 wotion reypd - CRY, the images
d. 2. spprgech 40 A, bus sufien: o, change of cs-
lonz. WM the side, FR i9- ranght mean the
oye,by @« motion, of: the gharpkeid ronnd MY, the

images & ¢ appresah 1.4, and med.

'pm;ilc, atd Blua, v suceesrion. '

" 'When the. pide BA. is hepyght nearer the ey
bnmot_«_lm of the thombaiground MN, the images
.0 sepamts from A, but de not:exhibit apy af:
ternation of colour: they are oply more sffacted
with she usysl primngtic cojours. -
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-7 JF ehe tmage of -a- tabér polatfaed by refdcbion
fom Walér is examined by lobking thrueph-the
 tuctatigulat apate #1% of the tiomboid, e imdpe d
vAnishes When the line bisectitg the wbgle mnF
38 ift the ‘plane of reflection, and bhe iape e'va:
pisles whieh the fine bmctmg the &ﬂgle ‘nFE 2’
in the plane of refiechioh. e
When the images d; A, % ai-e enﬁ:lubd ﬂmmgh
anothet prismt of Icelend spar, edch-of theth it
dbubléd’; and, consequently, six iﬂréged dre Vi
gble. ¥ the principal séttivh of the spar is per-
pendicular to the line d, A, 4, dhd if al} the imupes
are in a line, the image ¢, and the second ilnage
of d, vanish together; but if ¢he principal section
© 8f the ctystal'is pataliél to dA ¢, the ithage d,
aitd the sécond lmage of e, ¥anish- it tne m im
stant.

If we now 1ok #t it candk thﬂ%gh the in-

clined face AB; we deé, s i Fig. 10. the iHiages
B, C, which da¥e the dotiblé tinage A, Nepardted
. by b ghdater rd?écﬂtin, dnd also tBe i!mgéh d; b
tis Before.
: By etamining the pdlﬁhsed light of & tdpet a8
béfore, the images d aitd C vanish when the Finé
Bisecting # 2 F 4s iR the plane of refiéctivh, and
the itidges B and e vanish when the Tine bisect-
ing a FE is in the plahe of reflection.
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When the images d, B, C, ¢, are viewed through
-a prismm of Iceland spar, the images ¢, C, the se-
cond image of B, and the image d, all vanigh in
. the aame position as when e vanished in Fig. 9;
and the second imgges of ¢ and C, the image B,

and the second image of d.\va;:ish together in

the same position as when d vanished in Fig. 9. -

When the side AB is brought towards the eye
by a motion round CD, the image d becomes yel-
Jow, red, purple, and blue, in sucéession : The
image ¢ is also affected with these colours, and the
imigwe'C in & less degree, but'theimageB'is never
affected.

All the phenomena which have now been de-
scribed, mre visible in small crystals, about the
60th part of an inch in thickness, when detached
from the farthest side of the rhomboid about M,

In the specimen of calcareous spar with which
the preceding experiments were made, the pris.
matic face AB is cut in the same divection with
the line d ¢ which joins the images; but I abtain.
ed another specimen, in:which the prismatic facg
was at right angles to that line.. This specimen
is represented in Fig, 11. of Plate XI. and exhi-
bits some phenomena which are worthy of notice;
The angle DCG is sbout 413°, and the inclina-
tion of the lines CD, FG is nearly 638}°.
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. 'Whan:we lovk.at the candle.through the pa-
rallel planes B be E, ACGH, thace, images are
‘seen:as in Fig, 9. the line d A e being paraliel to.B &,
and when the candle is.viewed tlirough the paral-
Iel faces BAHE, CDFG, the three.images are
seen as before; but d and e-mge at a_greeser dis-
tance from A, and the line d ¢ is paraliel to a line
F f, perpendicular to CG. \

_ If the candle is examined through the inclined
planes N.b DC, NPGC,; only two images are seen,
as in every other specimen of calcareons spar; but
‘when it is viewed through the planes ABb N,
AHPN, so as to appesr through .the -section
NMOQOP, four images of the candle will be visihle
as in Fig. 12, where B, C are the compoon double
images, and d, e the other images, of which e apr
pears to be.a second image of B, and d a;secend
image:of. C. . By turning’ the prism round so as
to briug. BD towards the eye, the images d. e re- -
cede fram, B, C, and by bringing AC towards the
eye, theseimages approach.to BC. . .

The imdges d,¢, exhibit the same altermation of
colaurs, and the same, phenoména by polaripation
which bave already been descrihed as seenthrongh
the'prismatic face. AB of the first specimen ; and

" they aze distinctly visible through an aperture of
the 130th of an inch, when plqced on apy of - the.
- prismatic faces,
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‘Whien the direction of u window bar is KL, the
image of it, corsespondiug to e, has. no boldur af
its edges ; and when the direction of the window
bar is RS, the image of it, corresponding to d; is
ot coloured. When thie two comnton mages of
the bar are colouriess, NP is the diéction in

* which #t lies.

5. On the Hodzjeaﬁou of Light reflecied from D
-Oﬁmmw.qudﬁmsm&"

As it appeared from the experiments of Malus,
that light was not poldrised by reflectibn -from

- . polished metatlic substabites, I wished fo ascertain

the effects of bpdies approaching to the mesailic
state, and with this view I began a series of ex-
periments uypon the oxidsted surfaces of  polishod
steel, The colouts prodused upon polished steel
at different temperatures, were ascribed by Bir
Isaac Newton {o the same cause as the-csliuys of
thin plates, and he supposed, that the difiéfent
oolours wete occasioned by different thiskneasrs of
8 thin glassy film, ariving from the séorim:or vifris
Sied purt of the metal being protrided and sent oid

to the surface. 'This explanation, thongh markeéd
by, that wonderﬁl_ sagracity which characterised
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eveii the conjectures of this illastrious philosopher,
"had still no direct évidence to support it3 bood it -
was manifest, that the experiments whiek I pro-
posed, would either confirm or dvertiird the hypo-
thegis.' If the tight-reflected from the oxidated
surfiice experienced no modification, the existdnbe
of a tramsparent filh. inight have been fhirly
questioned ; while the comhunication of polariy
to the refiected rays, which was impréssed by every
other transparent body, would give new strength
to the vonjetture of Newton. :

- Havitig procured veverdl pheces of ‘stéel highly
polithed, I'obtainied, at diffekent témperitures, alf
the shades of colour-fram a pale.straw to the
deepest indigo. 'When the kight of a taper-was res
flectad from the indigs coldured oxideé,*® at » gheat
angle of inwidence, (about 75° or 80°) and examin-
‘od by &'prisni of calcaieoiss spar, it did 1ot seem
to lisve itcelved oy new modification ; but. when
the angle of incidence was-diminished .to-about
55° and 80°, the lesst refracted inage was of
brilliant red colour, ‘while the other image did not
appear to havé siffered any chiange, . By turding
the prism abuut the axis of vision; the greatdst
* Phe oxide most pwpér for making this experiment is form.

- ed 'at' the temperatute of 570°, according fo Mr Stoddart’s ex-

periments. :
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refmcted image was a bright red at the end of ene
fourth of. a revolution, and at every guarter of a
revolution the images were aﬂ'ected altemabeiy
withthis brilliant colour.. -

When the reflected light was viewed through &
plate of agate, having its lamine perpendicular to
the plane of reflection, the image of the taper was
of a bright:red, and the unformed aebulous light
with. which it ‘was surrounded was a pale blue;
but when the lsminm_ were pargilel to-the plane
of reflection, the image assumed -its usaal celour.
- By interposing ‘a:plate of mica between the
blue oxide and the Iceland spar, or-the plate of
agate, the:red image: was restored to the same
eolour as the other image. .

When polarised -light produced by re&ect:on
from water, or by transmission throrigh the agate,
. was reflected(at.a particalar angle from the blue
oxide, and in & plane perpendicular.to the plene
of reflection, the image- appeared of ‘s .red colour,
similar :to that whlch WAS praduced in. the othn:
experiments. -

By using the other pieces nf steel, in wlnch the
colours were produced at lower temperatures than
the indigo coloured oxide, the image, which in the
latter case bgcame red, now varied from orange to
yellow,
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These. curious resnlts, while they -appear to

- egtablish Sir Ysaec Newton’s iden ‘qf the trans. .

parency of the superficial film, 'seem, upon that
supposition, to admit of an easy explanation. The
light which is reflected from the transparent oxide
becomes completely polarised at a particular angle
of incidence, like the light reflected. from every.
other diaphanous- body; but the light which is
transmitted through this film, and reflected to
the eye from the polished stéel having suffered al-
most no polgrisation, the polarised portion will of
course vanish in every qu‘afdi-snt, while the unpo-
larised portion will reach the eye of the observer.
‘The truth of this explanation is strengthened by
the resuit which was obtained by the interposition
of mica; for when the polarised portion is depo-
larised, or restored by the mica, the imuge which
was formerly red resumes its ysual appearance.

6. On the Modification of Light reflectsd from po-
' lished Metallic Surfaces,

In the course of the preceding experiments,
when the light reflected from the oxide was de-
polarised by the mica, I observed the same alter-
nations of colour which have already been de-
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scribed;, and the colburs ¢elli exhibited them.

selves, though with difiikished &ffect, evén whi
the poliuhied dteel had #o oxidation upoh its &ifvs .

fuce. - Thewe colous generally apphedretl Between
45° and T0° of- incidénce, and I observed’ thém
when shie rellection was made, from the fonwmg
stibstarices, which wbre the dnly metalﬁé bodids
that 1 triea

LI

Goid, . Meta! for specula, .
Silver, Silvered back of a. looklng glass,
Bl'&&?. : Me;;cury. . v

‘Steel, . Pyrites,

© From thidse obserrations, it follows, contrary to
fhie assertion of Muliss, that light does suffér sorte
nodification by reflectioh frori metallic sutfaces.

Sitite riohe of the two images vanishes when the

light 1s viewed through the Iceland spar; it is ob-
vious, that the whole of the incident light cannot
have been polarised ; but a portion of it may have
saffered this modification, and this polarised por-
tion, when déepolarised by the mica, may have
" been the cause of those alternations of the red and
_ blué fiys which, as We have alréady séeh, umform
1y accompany depolaﬂsed l!ght

T

-y
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1. On the Light reflected from the Clouds ; the Blye
" Jaght of the Sky,; and the ng(:.t which fmu e
Rainbou.

We have alregdy seen, that the singular de-
gomppopitiop of light produced Ly the intervention’
of & plate of miga, is exhibited only when the
transmitted rays hgve been previously polatised.
This alterustion of the prismstic colours, there,
fore, way be assumed a3 g decisive test, that the
light by which they are farmed has received ei-
ther whally or partly the chargcter of polarisas
tion; snd:-by thys distinguishing reflected from
direct light, it enables us to account for several .
intereping phegomenn whigh baye bitherto btien
only hypethetically explained.

When we esamine the light of the cjouds _by,‘a.
prissq of Ieeland spax, and interpose a plate of
tnica, the alternation of the prismatic colours is
distinetly visible, slthopgh nong of the two images
formed by the spar vanimhes in every quadrant. .
It follows, therefore, that the light of the clouds
is partly palsrised. -

When, the Wus light of the sky is exapined in =
asimiler meaner, the play of the prismatic co-

4
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lours is still mere brilliant than in the preceding
experiment ; and one of the images suffers a visi-
~ ble diminution of brightness at every quarter of
a revolution. Hence we may conclude, that the
* blue light of the sky has experienced a partial
polarisation; aud that it is reflected from the at-
mosphére with which the earth is surrounded.

This result confirms Bouguer's hypothetical
explanation of the blue colour of the firmament,
and ‘completely refutes the opinion of Fromondus,
Otto Guencke, Wolfius, and Muschenbroek, who
mmntmned, that the blue colour arose from a
mixture of light and shade. The nétion 6f Dr
Eberhard -that the air has a proper colour of its
own, is also overhumed by t.he precedil;ng experi--
ment.

Upon examining with a prism of Treland ery-
stal the light of a very brilliant rainbow, I was
surprised to find, that one of the images of the
coloured arch alternately vanished and re-appesr-
ed in every quadiant of the circular motion of
the prism. The light, therefore, which: forms
the bow has been almost wholly polarised; and
when we recollect, that this.light has: been re-
flected from the interior surfaces of the.drops of
rain, nearly at the angle at which_ light. acquires
this property, the phenomenon admits of ‘an easy
explanation.
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/
I bave not yet found leisure to extemd these
experiments to the light of all -the planetarybo- |
dies. The light of Sirius exhibits no marks of
polarisation ; and I have not been able to perceive
any peculiarity in the rays of the full moon. - As
the light of the 'star is not borrowed from any
other huminary, this result is precisely what might
have been expected; and as the light of the full -
moon is reflected perpendicularly from her dise;
the polarisation is- in this case evanescent, and
could not, therefore, be rendéred visible. '
- I expect, however, to find, that.the light of the
moon, when she is about three, or twenty-seven
days old, has received a partial polarisation, and
thus to ascertain that she is-directly and exelu-
sively illuminated by the solar rays. - Ricciolus
maintained, about the middle of the 17th century,
that the lunar surface is phosphorescent, and that
her native.light.-is disengaged'by the excitation
of the solar beams; and the 'seme hypothesis has
been recently published by :Professor Leslie, to
explain the ltucid bow of light which bounds the’
obscure portmn of the lunar disc. * -

- ™ The true explanation of this phenomenon, as deduced from
direct obeervation, will be found in the article AsTaoNemY, i
the Edinburgh Emcyclopedia, vol. il p. 624. e



i

85¢ MODIFICATION OF LIGHT, &C. BOOX 1V.

. The experiment which I have proposed, will
degide the fate of these vague hypotheses, whick
derive no suppart either from ditect or nnlogiml-
ressoping.

The. principle employeti in the precedmg ox
peritaents, furnishes us with a méthad of disco-
vering ‘whether there dre any seas ib the mdon
sod planets. If the dark portion of the lwnar
disc is covered with water, as many astronowmers
have imegined, the light which they reflect must
be wholly polarised,” when the angle formed by
lings Jrawn from the mopn to the eqrth and the
sun is 104° #9'; and this polarity will be indiea-
tad, either by the yapishing of one of the images .
8t every guadrant of the motjon of the Iceland
spax; or by the alternation of the prismatic colours
whan a plate of wdea I interposed. *

- Theseexperiments, which | am amxious to per-
farm ywhen the stete of the weather is fgvourable,

may be extended teo the examination of the ay~

rara boreplis, and to ahy other luminous ohject

with whase origin snd nature we are unacquaint-

ed. an ,

* A thin plate of transparent egate is peculiarly fitted for these
observations when the light to be examined has & considerable
initensity, as it polarises the transmitted ray without refracting
it fram its original direction, a.nd, consequenisly, without produ-,

. cing the prismatic colours,
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NEW TELESCOPES
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MICROSCOPES.
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CHAP. I

Account of an Improvement on Achromatic Tele-
scopes, founded on a diminution of the secondary
Spectrum which rematns after equal and opposite

! Dispersions, and deduced from Experiments on
the Action of Refracting Media upon the diffe-

“rently coloured Rays.

Ir appears from the experiments contained in the
Chapter on Dispersive Powers, that when the dis-
persion of a prism of crown glass is corrected by
another of flint glass, the colour produced by the
one prism is not wholly corrected, and that this
uncorrected colour is indicdted by a green and a
wine coloured fringe surrounding the object from
which the rays proceed. This important fact, -

-z
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which was first observed by Clairaut, is complete-
Iy hostile to the perfection of the achromatic te-
lescope, and renders it impossible to correct more
than two of the prismatic colours, by means of
the opposite dispersions of two kinds of glass.

The celebrated Boscovich, whose fine and com-
. prehensive genius has never been duly appreciated,
confirmed the observation of Clairaut, by a series
of well-conducted experiments. He shewed, that
the uncorrected fringes arose from an 'inequa.llty i
the coloured spaces of the prismatic spectra form-
ed by different substances ; and he has pointed out
s method of uniting three of the colours by three
media, differing in refractive and dispersive power.

Dr Blgir observed the uncorrectsd colour, which
he calls 8 secondary spectrum, in several fluids:
He found, that the muriatic and nitrous acids pos- ]
sessed the property of producing a spectrum in
which the coloured spaces have a proportion dif-
ferent from that of all other substances; and he
has shewn how to remove the uncarrected colour
by b double combination of fluid lenses. Thiy
method, however, though the principle of it is per-
factly correct, has never been used by subsequent
opticians, and probably will never be found of
any practical utility. :

In order to explain the phenomena of uncor-

L1
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. rected colour, let RRO, Plate XIL Fig. 1, bea
ray transmitted through s hole in the window-
shutter S§, and incident upon a prism P, which
refracts the light in the direction PM, and forms
on the wall OA the prismatic spectrum AB; PM
teing the mean ray, PB the extreme red, and PA
the extreme violet ray. The spectrum AB, which
it forms, will be compesed of four colours, red,
green, blue, and violet, and if the prism is made
of crown glass, the mean ray PMN, which di-
vides the spectrum, will be the boundary of the
blue and green spaces. -If a prism of flint glass,
with & less refracting angle, is placed so es to
form a spectrum CD of the same size with AB,
the boundary ma of the green and blue spaces will -
0o longer be the mean ray of the spectrum, but
will be considergbly. nearer the red extremity D.
Hence the least refrangible rays will be more con~
fracted, and the most refrangible rays more ex-
panded than in the spectrum AB. If a third
spectrum EF of the same length with the other
two is formed by a prism of reck crystal, the
‘mean ray wr will be nearer the violet extremity. of
the spectrum, and the least refrmigible rays will
be more expanded, and the most refrangible ones
more contracted than in the spectrum formed by
the crown glass. .. - '
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These conclusions respecting the different mag-
nitudes of the corresponding colours, are not ob-.
tained by examining with the eye the length
that each colour occupies in the spectrum. The

indistinctness with which all the coloured spaces
are bounded renders this quite impracticable, and
compels us to adopt a more circuitous, though, at
the same time, a more accurate method of obser-
vation,

If a spectrum formed by flint glass had its co=
1oured spaces exactly of the same dimensions with
those of an equal spectrum formed by crown glass,
any object, such as the sun, or a window bar Ty-
ing parallel to the common section of the refract-
ing planes, should appear perfectly colourless
‘when seen through the combined prisms. But if
the coloured spaces in the two spectra are not
proportional, as is represented at AB, and CD,
Fig. 1. Plate XTI. then the sun, or the window
bar, cannot be altogether free from colour; for
though the extreme red and violet rays of both
the spectra are united, yet the intermediate co-
lours are not rendered coincident. In the spec-
trum AB, formed by the crown glass, the first
green ray MN, which is here the mean ray,is

obviously more refracted than the first green ray

mn, in the spectrum CD formed by the flint glass,
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and therefore the flint -glass will not be able to
refract the green ray, so as to unite it with the
red and violet. Hence the green ray will, as it
were, be left behind, while the red and viclet rays
are rendered coincident. Thus, in Fig. 1. if a
prism p of flint glass is placed behind a crown
glass prism P, so. as exactly to correct ita disper-
sion, the spectrum AB will be reduced to a se-
condary spectrum a b, the uppe‘r half of which is
green, which is left behind, and the lower half is of
a wine colour formed by the union of the red and
violet rays. If the bar of a window had been ex-
amined through the combined prisms P, p, the up-
per side of it would have been tinged with green,
and the lower side of it with a wine-coloured
fringe. '

. By comparing, in a similar manner; the spec-
trum EF formed by rock crystal, with 'phe spec-
trum. AB formed by crown glass, it will be found,
that the yock crystal having a greater action than
the crown. glass upon the green ray, will carry it
beyond the place of the united red and violet,
and will form a secondary spectrum e f;-the lower
half of which is green, and the upper half of a wine
colour, arising from the union of the red and vio-
let light. - If the. bar of a window were viewed
through the cambined prisms of crown glass and
rock crystal, it would be tinged with green on its
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lowernide, and with a wine-coloured ﬁ'mge on ils
upper side. SN

" When a horizontal window bar, theréﬁne, i
seen through any two prisms which correét. emch
other’s dispersion, without uniting all the colours,
the green fringe will always be on the same side
of the bar with the vertex of the prism which has

"the least action upon the green light, or which
coniracts the red and green rays, and expumds
the blue and violet ones; that is, if the vertex
of the flint glass. prism is peinting downwaerds,
the uncorrected green fringe will be on the lower
wide of the bar. By observing, therefore, the po-
sition of the green fringe, we can immediately as-
certain which of the two prisms has the greatest
action upon the green light.

These theoretical deductions from the assuithed
inequality of the colonred spaces, are completely
established by observation. Prisms of crown and_
flint glass, having large refracting angles, and
¢orrecting each others dispersion, uniformly give
& secbndary spectrum like a b, Fig. 1; and for
the samne reason, if we loock at the moon, or
any luminous body, through the most perfect
achromatic telescope that can at present be com-
structed, and draw out the eye-piece beyond the
point of distinct vision, the moon will be encircled



EHAP.I. ON AQOHROMATIC TELESCOPES. 859

with a hrillient margin of greep light, and if the

aye tube is pushed as far inwards beswean the
point of -distiset visien and the ohjeet-glass, the

" moon will be surrnunded by alessbnllmatfnnge
‘of wine-colonred light,

- The existence and the origin of the uncorrected
oolonr being thus clearly established, it becomes

 highly interesting ta enquire into the cause of this
- irestiomality of the coloured spaces. The im-
provement of the achromatic telescope; indeed, is

imvolved in the inquiry, and it depends upon the
oonchisions ta which we arrive, whether we shall

abtain an sppraximate corvection for all the re- -

maining errors of the inatrument, or abandon eve-
¥y hope of ita future improvement.

" Boacovich, Dr Blair, and Dr Robison, the only
philgsephers who have written upon this subject,
maintain, that the inequality of the coloured

. spaces in different specizs, atises from a particular

quality inkerent in the bodies by which they are
formed ; and they suppose, that these bodies pos-

sess this:quality in different degrees, in the same .
. manper as they differ from eack other in refrac-

tive and- dispersive power. “ If the case of un-

proportional dispersion,” says Dr Blair, « should

be found to hold true in fact,. we shall arrive at

this new truth in optics, that though in the re
' 1

— e
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fraction of a pencil of solar light, made in the con-.
fine of any medium, and a vacuum, the deep red
rays are always the least refrangible, and the
violet rays are always the most refrangible; yet
. it depends entirely on the specific qualities of the
‘medium, whick shall be the mean refrangible
ray; the very sume ray which in the refraction
through one medium is the mean refrangible
ray, being found in others among the less refran.
gible rays.” “
“ There 'is no doubt among naturalists,” says
Dr Robison, « abo:;t the mechanical connection
of the phenomena of nature; and all are agreed,
that the chemical actions of the particles of mat-
ter are perfectly like in kind to the action of gra-
vitating bodies; that all these phenomena are the
effects of forces like those which wé call attric-
tions and repulsions, and which we obaserve in
magnets and electrified bodies; that light is re-
fracted by forces of the same kird, but differing
chiefly in the small extent of their sphere of ac-
tivity. One who views things in this way will
expect, that as the actions of the same acid for the
different alkalies are different in degree, and as
the _diﬁ'erent‘ acids have also different actions om
the same alkali, in like manner different sub-
stances differ in their general refractive powers,
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~ and aléo in'the proportion of théir action on the
differentrcolours. Nothing is 'more unlikely, there-
fore, than the proportional dispersion of the diffe-
rent colours by different substances; and it is sur-
prising that this inquiry has been so long delay-
od” T e

' When this subject first excited my attention, 1
imagined that the inequality of the coloured spaces -
was produced solely by a difference in the refract-
ing angles of the prisms by which the equal spec-
tra were formed ;—an opinion which, to a certain
extent, was founded on unquestionable principles.
But though I have been driven from:this hypo-
thesis by the result of every expeﬁﬁlent,'yet it
will be seen, in the sequel of this Chapter, that
while an inequality in the coloured spaces, and
consequently a sécondary spectrum, is produced by
a difference of action upon the different colours,
there is also another inequality in the colorific in-
tervals of an opposite nature, and consequently
another secondary spectrum arising from the dif-
ferent circumstances under which the primary
spectra are formed. '

As the existence of this new secondary spec-
trum, or ferfiary spéctrum, as it may be called,
may be deduced from optical principles, we shall
first consider, theoretically, the changes produced

1 :
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upan the coloured spaces by the different circam-
stances under which the spectram is formad, and
then compare these doductlom with the resalts of
experiment.

Now, there are four different ways in which »
spectrum of a given length may be produced by
different bodies.

1. The given spectrum may be formved by g
prism of a substance, whick bas a very high diss
persive, and a comparatively low refractive power.
Such a prism, therefore, will produce the given
spectrumt by a small refracting angle. A spec- -
trum is formed, in this manner, by oil of cassia,

2. A spectrum of the same length may be
formed by a prism of a substance that bas a very
low refractive power. It must therefore be pros -
. duced by a very great refracting angle. This
will be the case with fluor spar.

-~ 8. A spectrum of the same length may be form..
ed by a body which has a low dispersive power,
and a very high refractive power. A small angle;
therefore, will only be necessary in this case, This
will happen when the spectrum is formed by dia~
mond. -

4. A spectrum, of a given length, may be fors-

ed, by diminishing the angle of incidence at the first
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warface of the prism, so that the greatest refrac-
tion may be produced at the second surface, -

Thete axe various intermediate circumstences,

. approaching whore or less to one of these four
eases, under Which a similar epectrum msy be
produved, -as in the case of topaz, which has a
great refractive power, but where the dispersive
power is vo very low aa-stidl to reguire a large re.
fracting angle for the formation of the spectrum,
These cases, howerer, do not requme to be par-
ticularly noticed.

In order to understand the variations which the
spectrum undergoes when producedunder different
circemstances, let AQ, Plate X1, Fig. 2, be a ray
of light incidemt almost petpendicuiarly upon the
refracting surface EF, and let it be deflected from
its originai patk AOP, and separated into its com.
poment parts, so that OR may be the extreme red
or least refrangible ray, and OV the extreme violet
or most .refrangible ray. Bisect the angle ROV
by the line OM, and from the points R, M, V draw
the lines Ra, M b, Ve perpendicular to OS, and
AB perpendicular to OT. Then if EF is the sur-
face of & glass medium, of which the index of re-
fraction is 1.548, we shall bave, when AB is equal
to 12, Ra="7.80, Mb=7.74, and Ve=7.70. Asthe
sines do not increase uniformly, but suffer s gra.
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dual diminution, while the.corresponding arches
are regularly augmented, the difSeremces.of the.
sines of equidifferent arcs are not equal, and there.
fore the value of MJ must be a little greater than
7.75 3 but as the arches RV .and MS decrease, this
inequality in the-differences of the sines gradially
diminishes. We may therefore safely. assume; that
in small angles of incidence, Rg-~Mb=Mb—Ve,
and consequently that a ray OM, whose sine
of refraction is 7.75, .bigects the angle ROV
formed by the extreme rays, and iz therefore the
mean refrangible ray. of the spectrum RV.
" If another ray of light CO, moving in the diree-
* tion COp, falls upox: the same surface at O, with
a very great angle of incidenee, it will form the
spectrum rv considerably larger than RV. . Then
if we draw from the points C, r, and », the lines
€D, rd, and vf perpendicular to TOS, and sup-
pose CD to be 48, or yuadruple of AB, we shall
have, from the constant ratio of the sines of inci-
dence and refraction, rd=%.80X4=8}.12, and
vf=7.70 x 4=80.80. ' The ray MO,. which in the
former refraction was the mean refrangible ray, will
have its new sine of refraction me="7.75 x 4=81.00,
_ and therefore, from the retardation in the increase
of the sines, the point m will not be equidistant
from r and v, that is, the ray Om, which was foz-
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merly the mean refrangible ray: of the spectrum,
will now be nearer the extreme violet Ov, .while
one of the least refrangible rays ‘will bisect the
spectrumm, or 'hive become the mean’ refrangible
ray. Hence it follows, thﬁt‘in all refractions from
a rare info a dense medium, the #RD and GREEN, or
the least refrangible rays, are expanded by increas-
ing the angle of incidence, while the Lok and vio-
LET, or the most refrangible rays, are contracted.
The contraction and dilatation which are thus
experienced by the most and the least refrangible
rays, may be easily found by determining the de-
viation of the mean ray Om, from the line OL,
which bisects the spectrum rv. For this pur-
pose, let
a = Angle of incidence COT.
r = Index of refraction for the extreme red ray.
o= Index of refraction for the extreme violet ray.
- x = Angle of refraction for the extreme red ray.

y == Angle of refraction for the extreme violet ray.
z = Angle.of deviation of the mean ray =m OL.

‘Then, in refractions from-a rare to a dense me-
dium, we have

.- r:i:‘:SﬁJ..a:Sin.:,anil

Sin. a

Sin. r =

. r
v: 1=Sin.-'a:3in.y,and

Sing_—__s‘:“' o -
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. But from the constant rath of the sines, the
my OM, which was the meian refrangible ray it
a_vexy small angle of refraction, will have its
sipg an arithmetical mean between. Sin. . and
Sin. y. Hence, : ‘

8’:‘:-;— s—%—;f, which we may call sin. o,

will be the sine of the ray that was formerly the
mean ray. Since, therefore, _ : '
¢ = thsangle m Qv and
' i—'-;-gznOL:rOL,we.hn
24y ‘

22— = =mOL

If we suppose - -
a = 90° s0 83 tg bave the greatest mfm:t_.im
r= 155842
v == 1.53846, we shall have
= 89° 55 0".8
y=40 32 20.8
y——x= 0 37 200
f—-’?—’: 40 13 45.3
¢ 40 18 4%.7, and
_ z:= 26 ‘
The red and green rays, therefore, will Row ’
-subtend an angle of 18’ 47".1, while the blue and ~
violet subtend only an angle of 18" 41°.9. X
-If BF, Fig. 9. is the boundary of a rare medium -
such as air,and if the refraction is made from glass,
it will be found by constructing the figure for this
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new case, that the mean refrangible ray spproaches
to. the red extremity of the spectrum, s the angie
of refraction is increased; and hence. it follows,
that in all refractions, from a dense inlo @ reare me.
dium, the red and green, or the least refrangible

‘rays, are contracled. by increasing the refréetion,

while the blwe and viclet, or the most reﬁ'dﬁgﬁk
rays, arc etpanded. .

By employing the same aymbols that were used
in p. 865, we sball bave, in the case of a refrac,
tion from a dense into a rare medium,

1:rp=Sina:Sinsend
Snesr=Snaxr
1: oz~ Sin. o : Sin, y, and
Siny=Sm.axw
. Hence,
Sm.a;(r S“”"":sm.p,md ,
- 2=L.§ti-Q
Assuming

a == 40° 82’ 20,8, 0 a3 to have the greatest possible
_refraction for the blue reyn.

v = 1.58846 ._

r— 1.55842, we uhall bave

y=90° ¥ o

xoz 80° 4T 3*6
f—'-:-i:.-.- ¢ =t 85° 2%’ 2178

¢ =837 29' 185, and
2:= 1% 64’ 187.8, or the maximum deviation of the-
fean refrangible ray.
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Theredandgmenidfofthespectmmwﬂlmn»
sequently subtend an angle of 2° 42’ 9%.9, while
the blue and. violet half subtends an angle of
6° 80’ 46".5.

Since the angles of refraction of the extreme red.
and violet rays are always greater than the angle
of incidence when the tefraction is made from a
dense into a rare medium, and less than that
angle when the refraction is fr_om' @ rare into a
dense medium, it follows, that when a pencil of
light is refracted at a given angle of incidence
from a rare into & dense medium, the erpansion
of the red rays will be less than the expansion of
the blue rays, or the corresponding condraction of
the red rays, when the refraction is made at the
same angle of incidence from the denser info the
rarer medium.

The contraction of the least refrangible rays,
and the corresponding dilatation .of the most re-
" frangible rays, when the light passes into a rarer
medium, will be more easily understood from Fig.
- 8. Plate XII. where CDE is a prism of glass, and
AB a ray of light incident at B, with such gn an-
gle that the mean ray Bm, which biseets the angle
v B, formed by the extreme red and violet rays,
~ in consequence of the refraction at B, shall fall
perpendicularly upon the second surface ED. In
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this ‘cade, the ettreme viclet ray By will fall
upon the second surfice, at the sanie ddple of in--
cidetice with the extreine red tay B : The mesn
reay B, will pass on it thediréction mM, withotit
stiffering any reffaction; and as the violét ry Bo
is tore refangible than the red ray B, it %ill
be more deflected from its original path Ba, that

. the red ray will be from its peth B&; and eon-
sequently -the anple V oa beidg gréatér than
Rr b, and ¢ BM = b BM, the tiy BM, which was
the mesu ray -after the first refraction, will bé
nearer to the red -extrensity R of the speetritn,
and the Mast refrangible rays will hisve experi-
endmd 4 contraction, dnd the most refrangitie’ rays
& corresponding Hegree of dilafation.

Wher ¢he' light, therefore, is transmitted
thdough « prism, the red rays will be expatded
at the fimt refractiom, dhd comtracted &f the se.
oind; but as the kngle of feffaction is ainiost al-
ways greated at the second swrface, and as the
spetiromr is prodweed chiefly by fhe secosd re.
fractidm, the cenfraction of the réd riys with:
always greatly exceedt their ditatation. Hence it
follows, that, by refraction thromgh a prish, the
red Hys ave contencted. and thé violel rays expand-
ed, and sheir contraction and dilatation incredser as’
the refracting awgle of the prisin is aupinented.

2a
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From similar reasoning we may conclude, that
the contraction of the red and the expansion of
the violet rays by any prism, will be increased by.
making the incident rays fall more perpendicu-
larly upon the first surface, so that the greatest.
* refraction may be produced at the secend sur-
face. . \

Let us now consider the nature of the spec- . -
trum produced by a high refractive power, as in
the case of diamond and some of the: pregious
stones; and let us compare it with an equal spec-
trum produced by a large refracting angle, the
dispersion in both cases being supposed.the same. .
Upon the surface. EF, Plate, XI1. Fig. 4. of a
dense medium, with a low refractive power, lot a
ray of light COp be incident at O, with & very
great angle, so as te form, in consequgnce of the
magnitude of this angle, the spectrum r.mv. The
red and green rays in this spectrum will be obvi-
ously expanded, and the blue and violet ones con-
densed. If EF is now supposed a medium of a
very high refractive power, such as dinmond, .but
having the same dispersive power as before, then,
iu order to produce a spectrum-equal to rmv, the
ray must be incident at & very small angle AOT.
Since the dispersive powers are assumeéd equal in
both cases, the angles of deviation rop, ROP,




CHAP.I. ON ACHROMATIC TELRESCOPES. 871

.and vo ;}; VOP, will be equal ; and therefore RV
will be the spectrum formed by the high refrac- -
tire power. 'But in the spectrum RV, owing to
 the unequal increase of the sines, the mean re-
frangible ray, whatever it is, will be nearer R
than in the -spectrum rv; that is, the ray OM,
which bisects ROV, will have the position Om
pearer to v thantor. It follows, therefore, when
the refraction is from a rare into a demse me.
dium, that in a spectrum formed by a high refrac- -
tive power, the ReD .and GREEN rays will be less
expanded, and the mLuE and vioLeT less contract-
ed than in an equal spectrum produced by a great
refracting angle of a substance with a low refrac.
Hive power. )

If we construct the figure for the case whére
the refraction is made from a dense into a rare
medium, it will be found, that iz e spectrum form-
ed by a high refractive power, the RED and GRREN
rays well be less contracted, and the BLUE and VIo-
LeT less expanded, than in an equal spectrum, form-
‘ed by agreat refracting angle of a substance with a
low refractive power. ‘

Although the preceding deductions are suffi-
ciently clear and simple, yet, from the importance
.and difficulty of the subject, I was anxiousto con-
firm them by the evidence of direct experiment.
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Theextremedelicacy of suchexperiments, however,
arising from the sfmost evanescent magnitude of
-the uncorrected fringes, reriders it dificult to.ob-
tain results that inspire confidence; and had I'not
fortunately detected the singular dispersing power
possessed by oil of cassia, I.should have ebandon-
ed the enquiry as beyond sur means of investiga-
stion.  To attempt to determine by the unassisted
eye, the relative proportions of the coloured spaces
in different spectra, is to use an instrument where
the error of observation exceeds the -actual re-
sult, To ascertain the relative magnitude of
the uncorrected fringes produced by combinations
of prisms of crown and flint glass, or other syb-
~ stances that do not differ very widely in disper-
sive power, is a measurement beyond the grasp of
the most accurate observer; and to magnify ‘the
effect by forming the substances into achromatic
object glasses, was to adopt a plan attended with
~ great expence and labour, and applxcsble only to
transparent fluids.
" Thehigh dispergive power of oil,of cessia, whlch
is nearly seven times greater than that of cryolite
and fluor spar, and is accompanied with & com-
‘paratively low refractive pawer, relieves us from
-all these embarrassmenits, and gives' us the com-
mand of & scale of very unusual magoitude, 4



————

CHAP.1: ON ACHEOMATIC TRELRSCOPRS. a7s

therefore considered-the proportion of the colour-
ed spaces. in a spectrum produced by this oil as a
standaxd to which their proportions in other spec-
fra might be referved; and, with a few exceptions,.
which will afterwards-be stated, I have uniformly-
found, from the magnitude and position of the un-
corrected fringes, that in the spectrum produced
by bodies with a high dispersive power, the least
refrangible or red rays ace most contracted, and
the violet rays most expanded ; that with prisms
of the same substance, the red rays are most con«
tracted by a large refracting angle; and that this,
contraction is still farther increased, by dimihish-
ing-the angle of incidence at the first surface,

Fiast Seniks. _

Exe. 1. When the dispersion of a prism of wa-
ter, with a refracting angle of about 68°, is cor-
rected by a prism of oil of cassia, with a refrac-
ting angle of about 8° 16, the bar of the win-
dow; when viewed through tbe combined prisms,
is tinged on ane side with- a very broad fringe of
wine-coloured light, and .-;{'m‘ the  other with-a si-,
milar fringe.of a brilliant green, | the green fringe-
being on the same side of the bar with the 7ertex
of the ¢il of cassia prism.

Exr.-2. When the. digpersion. of a prlsm of
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crown glass having a refracting angle of about
41° 11’ i8 corrected by a prism of oil of cassia,
with a refracting angle of 8° 16, the uncorrected
fringes are a little narrower than in Exp. 1. and
the green fringe is on the same side of the bar as
the vertex of the oil of cassia prism.

Exr. 8. When the dispersion of a prism of flint
glass, with a refracting angle of about 23° 26/, is
corrected by the prism of oil of cassia of 8° 16/,
the uncorrected fringes are narrower than in Exp.
1. and 2. and the green fringe is on the same s:de
of the bar as formerly. ' '

Exp. 4. When the dispersion of a prism of rock
crystal is corrected by a prism of oil of cassia, the
uncorrected colour is greater than in Exp. 1, 2,
and 8, and the posmon of the green fringe is the
same as before. :

Exr. 5. When a prism of rock crystal is cor-
rected by a prism of flint glass, the uncorrected
green is towards the vertex of the ﬂmt glass.’

Exp. 6. When the dispersion of & prism of blue
topaz is corrected by a prism of oil of cassia, the
uncorrected colour is nearly the same as in the
preceding expenment the green fringe hamg
still the same position. .

Exp. 7. When the ‘dispersion of a prism of
fluor spar is corrected with a prism of oil of cassia,
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the uncorrected colour i very great, the position
of the green fringe being the same as formerly.

Exr.8. When the dispersion of a prism of dia-
mond is corrected by oil of cassia, the uncorrect~
ed colour is nearly as great as in Exp. 8. with
flint glass, the position of the green fringe bemg
the same. .

Exe. 9. When a prism of opal coloured-glass is
corrected by oil of cassia, the uncorrected colour
is less than in any of the preceding experiments,
the green fringe being on the same side of the
bar as before. : : |

Exe. 10. When a prism of balsam of Tolu is
corrected with oil of cassia, the uncorrected frihges
are much less than in any of the preceding expe-
'~ riments, the green fringe baving still the same
position.

If all the preceding expenments are repested,
by substituting balsam of Tolu instead of oil of
cassia, the results will be nearly the same, with
this difference only, that the uncorrected fringes
will be narrower and less distinct.

* Exr. 11. When a prism of crown glass has its
 refraction corrected by a prism of flint glass, the
uncorrected green is towards the vertex of the
flint glags prism. |

The red and green spaces are, therefore, more-
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contracted in the spectrum formed by the fliss
glass, thp ip the Spmtrum formed hy the crowa
glam.

Exr 12. When a puisw of rogk oqyslsal is enrr
_ rected with a prism of crown glass, the, ameorrect-
-ed green fringe is tmfarcls the vartex of thg crawn
- glass prism.

As the uncorzected green is slways, towarda the
-veriex of the prism that gives the greatest cop-
tractign to the red and green rayy, the spectum
formed by rock erystal hasits.red and green spages
more expanded than those of the crown g.lgsa BREC-
tram-

n‘atl_p acxd is cnrrected ‘by 2 prlsm of crawn glasg,
the uncorrected green is towqrds the veytex of the
crown glass.

- Hence, the ved and green spaces are mg;e eXe
panged. ia the spectrum formed by. the mariatic
acig, thap in the spectrym fopppd by tl;e grpvm
© glass,

Exr. 14. When myjiatic aqndha,s ids Wmﬂa
corrected by a prism of rock crystal, the yncor-
rected green is tgwagis the vertex of t!he prigm, of
muriatic acid. .

- Hence it follows, that the red qnd green SpRes
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fopmed. by, therork crystal, are more expanded
thay in the spectrum formed by the muratie acid

Exr. 154, When a prism of oil of lavender is.cor-
rected by 2 prism of flint glegs, the uncorrected
green is towards the vertex of the oil of lavender.

The red and green spaces. are therefore more
qoptracted in the spectrum foxmed by the ofl of
lavender, than in the spectrum formed by the
flint glaay.

Exp. 16. When a. prism of 0} of lavender is op-
posed by a priam of crown glass, the uncorrected
green is towards the vertex of the oil of lavender,
and the fringes are broader then in Exp. 15.. -

Exp. 17. When oi} of lavender opposes balsam
of Tolw, the upcarrected green is t.owards the
vertex of the balsamy of Tolu.

Exn 18. When oil of lavender is corrected by
oil of casyia, the upcarrected green is towards the
vertex of the oil of casasia.

-BxPp, 19. When oil of sassafras opposes oil of
cassia, the uncorrected green is, towardn the ver-
tex of the- ol of cassia.

Exr. 20. When oil of sassafras opposes balsam
of Tolu, the uncorrected green is towards the ver-
tex of the balsam of Tolu. '

-Kifr. 21. When oil of sassafras oppeses flint
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glass, the uncorrected colour is towards the ver-
tex of the oil of sassafras. '

Exp. 22. When oil of sassafras opposes crown
glass, the uncorrected green is towards the vertex
of the oil of sassafras. o

Exrp. 28. When flint glass, with’ a'ref‘racting
angle of 41°, is corrected by crown ghss, with a
refracting. angle of about 69°, the uncorrected
colours are remarkably distinct, and the green
fringe is towards the vertex of the flint glass.

Exr. 24. When crown glass corrects a red co-
. loured glass, the uncorrected green is towards the
vertex of the red glass.

Exr. 25. When flint glass corrects red coloured
glass, the uncorrected green is towards the ver-
tex of the paste, though it is not easily seen.

Exr.26. If balsam of Tolu is corrected by gum
mbxc, thé uncorrected green is towards the ver-
tex of the balsam of Tolu. - -

Exr. 27. When gum arabic opposes flint glass,
the uncorrected green is towards the flint glass.

Exe. 28. When gum arabic is corrdcted by to-
paz, or by rock crystal, the uncorrected green is
towards the gum arabic, the fringes being broad-
er with rock crystal.

Exr. 29. When gum arabic is ccrmcted by
crown glass, the uncorrected colour is extremely
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small, and the green appears to be towards the
crown glass

Exe. 80. When oil of cummin is corrected by

. flint glass, the uncorrected green is towards the
oil of cummin. ' .

Exr. 8t. When oil of cummin opposes balsam
of Tolu, the uncorrected green is towards the
balsam of Tolu.

Exr. 32. When oil of cummin is corrected by
oil of Iavender, the uncorrected green: is towards:
the oil of cummin. .

Exr. 83. ‘When calcareous spar (lst refraction)
with a refracting angle of 68° 80’ is corrected by
flint glass, with an angle of about 65°, the un-
corrected green is towards the vertex of the flint
glass.

Exr. 84. When calcareous spar (2d refraction),
with an angle of about 65° opposes crown glass
with an angle of 41° 11, or 69°, inclined so as
to increase the dispersion, the uncorrected green
is distinctly towards the vertex of the crown glass
prism. '

Exp. 85. When calcareous spar (2d refractioi:),
with an angle of about 42°, opposes crown glass
with an angle of 69°, the spar being inclosed so as
to increase the dispersion, the uncorrected green
is towards the calcareous spar.
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. Exr. 36 Whep calcareoys spar (1gt refraction),
with an angle of .about 42°, is inclined 50 as tg
equal the dispersion of crown glass with an angle
of 69°, the uncorrected green is towards the cala
careous spar. ‘

. Exp, 87. When calcareous spar (1st and.2d re-
fraction), ave cprrected hy rock crystal and byte~
paz, the uncorrected green is in both cases to
wards the: caloareous spar. . -

Bxr. 88. If leucite is corrected by. flint and
crown glass, the uncorrected green is towards the
~ glass, and when corrected by topaz, the uncor-
rected green is towards the leugite.

Exp. 389. When beryl is opposed to flint amd
crawn glass, the uncorrected green is towards the.
glass.

Exe. 40. When tourmaline opposes- flint and
crown glass, the uncorrected green is towards the
glass. - ,

Exp. 4]. If borax is corrected by flint and
crown -glags, the uncorrected green is towards the
glass.

Exr. 42, When selenite is opposed to fiint and
crown glass, the uncorrected green is towards the
glass; and when opposed to tapas, the uncorrect-
ed green is towards the selenite, o

Y
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" .Exr. 48. I ditric acid is corrected by flint glass,
the uncorrected green is towards the fint glass, -
.Exr. 44. When gum juniper js opposed ¢a
-orown glass, the uncorrected green is towards the
- Exp. 45. When Canada balsam # comrected by
flint glass, the umcted gmen is townrds the
balsam.’ .
Exe. 46. Whencsrbma}se of lead is opposed to
oil of cassia, the uncorrected green is towards the
ail of cassia. '

Exr. 47. When earhonate of lead is corrbcted '
by balsam sf Tolu, the uncorrected fringes are
vety small, and the green one is towards the bal-
aam.

Exr. 48. When sulphur is corrected by crown
glass, the uncorrected colours are nearly as grest
ag in Exp. 2. the green being tewards the oil.

Exr. 49. When sufpbur is corrected with oil of
cassia, no uncorrected colour is visible, The angles
of the prisms were in this experiment very small.

Exr. 50. When oil of cloves is corrected by
flint glass, Canada balsam, and oil of lavender,
the u.ncormcted colour is, in all these caseu, to-
‘wards the ail of clores. o

- Exr. 51. When oil of cloves is corrected with
oil of sassafres, and oil of cummin, the uncorrect-
ed green is towards these oils.
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Exr. 62. When oil of turpentine is corrected
. by flint glass, the uncarrected green is towards
the oil ; bat when it 3= corrected by oil of sassa-
fras, oil of cloves, and Canada balsam, the un-
corrected green is towards these three fluids.

Exr. 58. When sulphuric acid is cortected’ by
crown glass, the uncorreeted fringes are very great,
the green being towards the crown glass. .

Exr. 54. If the sulphuric acid: is oppesed by

rock crystal, the umcorrected green is still very

great, the green being towards the rock crystal.

Exr. 55. When water corrects the sulphuric
acid, thé uncorrected green is towards the wa-
ter. ' ' C e )
Exre. 56. When fluor spar opposes the sulphu-
_ric acid, the uncorrected greén is towards the fluor

Bpar. a . . )
‘Exe. 67. When muriatic acid corrécts the sul-
phuric acid, the uncorrected green is towards the
muriatic acid.

Exr. 58.. When rock crystal is corrected by wa-
ter, the uncorrected green, which is very small, is
towardas the rock crystal. '

Exp. 59. When' alcohol ig corrected by water,
and by muriatic acid, the uncorrected green is in

both cases towards the alcohol; and when it is’

corrected with crown glass,  the uncorrected co-
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Jotirs are scarcely perceptible, the .gTeen bemg ra-
ther. towards the crown glass.

. -Exp. 60. When ether is corrected by alenhnl
no uncorrecfed colour is-visible. - :
. ) .

Sxconp Ssn!xs . .

Exr 61..If .a flint glass prism, w:th an sngle
of 41° 11, is corrected with another prism of flint
glags, with an angle of 60° 2, the first being in-
clined to increase the refraction, uncorrected co-
lours are distinctly visible, the uncorrected green
being towards the vertex of the smaller prism.

Exp. 62. When a flint glass prism, with an
angle of 88° 54/, is opposed to another prism’ of
flint glass, of 66° 2/, the first being inclined to in-
crease the dispersion, the uncorrected green is to-
~ wards the vertex of the smaller prism. Both
these prisms were made of the same plece of
glass. : ‘ L
The two preceding experiments being repeated
. with various prisms of flint glass, 1 always found

that the prism with the smallest angle, which Wwas
“inclined in order to Increase the dispersion, had the
uncorrected green towards its vertex: and what
was still more singular, the colourless pencil wasstill
considerably refracted from its opiginal direction, by
the prism with the largest refracting angle.
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Exr. 63. When a prism of rock crystad, with
a refracting angle of 25° 28/, was corrected by &
prism of rock crystal, with an angle of about 70",
the first being inchned in order to focrease the
dispersion, the uncorrected green is towards the
vertex of the prism with tlie least angle, the co-
Iourless pencil being eonaxderably refracted by the
bergest prism. -

- When the two prisms of rock crystal have their
angles 25° 88, and 43° 20, there is still & very
eonsiderable balance of refraction in favour of the
larger prism, after the dupcmoﬁ is complgt:ely
corrected.

- Exp. 64. If a prism of plate glasa, ‘with 8 small
angle, is corrected by rock crystal with d farge
angle, the first being considerably iiiclined, the
uncorrected green is towiards the vertex of the
plate glass prism. :

Exr. 65. When halsam of Tola 8°, is inclined
g0 as'to be corretted by flint gliss @6° 2’. thée iin-
corrected colour is enormau! :

Tuu’w SER1zs.
Exr. 86. When ciown glass, with an aagle of
- 41° 11, is inclined 30 a8 to be coirected by flnt
glass 46°, the uncorrected grm is . towards the.
vertex of the crown glass. '

Exp. 67. If a prism of crown glass, with an
' 1
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sagle of 43° 11, is imclingd, Bo a9 to be ¢arrdotéd
by flitit: ginen 50° 28, the wacorrboted green i 10-
wards the vertex of the flit glass.
. Exp, 08. If the same prism of crawn ghiss s
oolined, 50 ag to be cotrectéd by fint ghss with
as mgle of about 62°, wo uncorrected eolour i
Exr.69. When s priem of rock orystal, with an
angtle of 25° 28, is inclined, so as 0 be correoted
by a prism of flint gluse with an anghe of 66°,
the uncorrected green is totards the vertex of
the rock crystsl.

It Appevirs, from the firat series of thése expe-
riments, from No. 1. t¢ Nbo. 60. Iholusive, that
the coloured sphces have a differest proportion
in equal speetra, formed by almost all trmisperent
bodies. 'T¥M$ varistion in the magninde of the
coloured spaces, s ¢bviously produced by u differ-
ence in the action of the refractiny sulistahces
upon the differently coloured rays; for the effect
. of an augmentation of the refracting angle of the
prism, in contracting the red and green, and ex-
panding the blue apaces, is of an epposite mature
from that which is sctually produced.

From a compmilion of the differemt experi-
. ments, | ve &ywwn up the following Tible,

- 2»
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which will shew with tolerable correctness, the
effect of different bodies upon the differently co-
loured rays. The substances are arranged in-
versely, according to their action .on green light';
that is, those at the top of the Table form spec-
tra, in which the red and grveen rays are most
contracted, and the blue and violet ones most ex.
panded. In these spectra, therefore, the green
rays are nearest to the red extremity, and are,
consequently, less refracted in proportmn to the
refraction of the other colourp.

| TasLz, shewing the Order of the Substances that
Jorm Spectra, in which- the Red and Green

Oil of cloves.
Oil of lavender.

Canada balsam.
Qil of tarpentine.

Flint ginss,
{/slcareous spar,

Spaces are most contracted. \
Qil of cassia. il of almonds,
Sulphur. Crown glass,
Balsanr of Tolu - {Zum-grabic;
Carbonste of lead, Alcahol,
©il of guise seeds. Etber,
0il of sassafras. - Leucite,
Opsl«.éoloured glass. Blue topaz.

Oil of cummin. Fluor spar.

Nitrous acid,
Muriatic secid.
Rock crystal,
Water.
Sulphuric aoid,
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Erom the. prwed;ng Table; the- fallowmg conclus
siops ‘may, be deawn ; _

1. ' The:action of trangparent suhstances on t.he

- gFeen rays, diminishes as their dispersive power
increases. -
- :2. The exceptions to this.law.are, ml_ of clms,
oll"of lavendey, Canada balsam, and oil of turpen,
tine, whicl haxe a less action. upon, the green rays
than. flint- glass, though they are inferior to that
substance -in dispersive power.. The muriatic:
snd the nitrous acids.form another: exceptiop, as
their action upon-the green rays exceeds that of
crown glass, though they suppass it in dispersive
power.  Flaor spex, rock crystal, water, and sul-
phuric acid, -must also be considered as excep-
tions. ‘

8. The sulphurxc; acid exceeds. all- transparent
subsatances that bave hitherio been examined in its.
- action upon the preen rays, while-the.oil of cassia
exerts the Jeast action ypon.them of any known
substance. .These two substapces, therefore, might
be empioyed to-great advantsge in the construc- .
tion ef fluid object glasses, in qrder to correct the
secondary spectrum, .

In performing these expenments, itis necesaary
that the prisms should bave large refracting angles,
in order to jncrease.the.uncorrected fringes ; and,
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for the purpose of magpifying shets as mueh us
possible, the window bar, a8 seen throtgh the
combined prisms, should be examined with a small
telescope, having a magnifying power of ten o
twelve times.

When the substances which &re employed .to
torrect each other's dispersion, differ eonsiderably
in dispersive power, d large angle of the.dne will
sometimes be opposed to a wmall angle of thé
other, as in Exp. 56, where fitior spar % cotnbi.
ned with sulphuric acid, In this cuse, the lange
angle of the fluor spar proditcés & smisll tertiary
spectrum, which ‘may sither Mvease or diminish

the vecordary spectruin, and thus ufford an ereo.
heous result. This sgurce of error, however, i
too trifling to be noticed in general ceses.

In repeating or extending the preceding expe-
riments, & great vartety of primns with various
refracting  angles will obviotisly be nevewsary,
This necessity, however, muy it somé medsure be
obviated, by finding the ang!e of oneé prissa whivh ]
will correct the spectram formed by a given angle -
of atother. ' Suppose, for examphe, that we wast:
ed to observe the uncorrected fringey forthed by
prisms of crown and fiint glass, and that we had
8 prisin of crown glass with & given refracting
aogle; In order to form these fringes, the prism
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of flint glass must have precisely that angle whigh
will correct the dispersion of the crown glass: For
this purpose we may empldy an instrument similay
'to that which has been described in Book IV. Chap.
HI. and thus obtain the required angle by direct

experiment. This instrument will also show us,

whether or not there is a balanee of refraction in
favour of any of the two substances, and, conse-
‘quently, if' such a comkinstion is fit for an schro-
matic object giase. : _

The atime result may be obtained by ealcula~
tion, in the follewing manner, ~ If A is the given

angle of one of the prisms, and « the requived :

angle of the other substance meceseary to.correcs
the dispersion of the first, B the vefraction of the
first prism, snd r shat of the seeond; then we
shall have -

sm.xﬁ%x 8in. A, and

Tung.ndﬂfigr-lxéﬁ
rx—

r
from which , may be easily found..

When R is memtly equal 40 7, s mdxﬁ‘m'aﬁ
kinds of crown and flint glass, we have
#=A, aod
dR 1
TongarAngr—1%g3

Ay
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The angle a, which corrects the refraction of ans
other angle A, may be obtained from the follow-

mg formule :

Sin. 2w RXSNA g

. Sin, a—-—rA
Sin. dem =

In the measurement of mean refractive powers,
the preceding results will be of great importance;
a8 they enable us to astertain, very near the
truth, the colour and position of the.ray which

tdivides- the spectrum : férmed by any particular.

substance. In determining the mean refractive
powers of chromidte of lead, realgar, and oil of
cassia, which exert such a powerful infiuence in
separating the extreme rays, this information .is
absolutely necessary to: obtain a. correct result.
The refractive power of the bisecting ray cannot,
" by any method, be - deduced from .that of the ex-
_treme red and violet pencils; and therefore, in
determining the mean. index ‘of refraction; every
~ thing. must depend :upon the accuracy with which

we judge of the mean ray. In a spectrum form- -

ed by flint glass, the exgreme, violet rays are suf-
ficiently well defined, to enable the observer to
determine with his unassisted eéye the ray by which

[T S —
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it is bisected ; but, in chromate of lead, realgar,
and oil of cassia, which are not very transparent
substances, and which produce very large, and
therefore very faint spectra by small refracting
angles, the extreme violet rays cease to be vi.
sible, and the eye is no longer able to determine
the colour and position of the mesn ray.’

The following general results will be found of
considerable use in the measurement of trefrac-
tive powers, and particularly to those who may
repeat the experiments op chromsate of lead and
realgar, which bave been given in another part of
this volume. ' They are founded on the supposi
tion; that, in a spectrum-formed by crown glass,
the first green ray, or the: ray which divides the
green and :blue spaces, is equidistant from the
extreme -red - and- violet,  But, according to Dt
Wollaston’s ingenious observations on the pris.
matie spectrum, one of ‘the blue rays will proba-
bly be the mean ray in a- spectmm formed by
crown glass.

1. In a spectrum: fo:med by sulphuric acid, the
mean ray that bisects the spectrum will be nearly
about the middle of the green space.

2. In the spectrum formed by the muriatic acid,
. the mean ray will be about balf way between the
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midile of the, green apace and the junction of the
green and blve speces. :

8. In the spectrum farmod by crown glass, tbcv
mess ray wﬂlheaﬁ:eoonﬁmoftbngmﬂud
hiue spaces.

*&.Iaaspectzuu formed by flint glees, the
mean ray will he ndvaaced a little ngow the hixe
space.

&, Inamm ﬁmned hymi of cawin, dn
wmean ray will be cansiderahly agvanced upon the
blue space.

§. And, ressobing fram.anhgy. (sa | lawe
maede Bo expariments oo repigar and chromste of
lead, on ascount of their imperfegt tuangpeenny.)
the wman say in & spectrum formed hy theve be.
dies, but particularly the latter, mudt be very
' cunsiderably advanced upon the hiwe space, |

1t sppeaws, from the Expevisments 61, 68, 65,
that there is & third, or & lerfigry. speoirem, a3
it may be called, produced by varying the .in~
slinatiop of the first prism to 4he incident rays.
As this new spectrum is formed whep the twe
prisms are magde ou of the sune mdwtance, and
eonsequently exercise the same sotion ox the dif-
ferently coloured rays. it is obrigusly owimg te
the deviation of the mean’ refrangible ray, which
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we had before deduced from the cosstent ratio of
the sipes of incidence and refraction. This spec-
trum is not composed of such vivid colours as the
secandary spectrum, but the fringes are sufficient-
Iy distinet, and the uncorrected greem colour is
always towards the vertex of the amaller prism,
which is inclined so a5 to produce a dispersion
_equal to that of the large one. Hence it follows,
in conformity with our former theoretical deduc-
tions, that, by increasing the refraction either by
means of & large angle of ihe prism, or by & -
change in its inclination, the red and green spaces
. are comtracted, and the biue and violet ones ex-
panded.

‘Fhis result, however, is completely the reverse
of one which Dr Wollsston obtained with a prism
of flint glass. In the ordinary position of his
Pprism, the green and red spaces were to the blue
and viclet spaces a9 89 to 61; hut by dltering its
inclination so @8 to increwse the dispersion of the
colayrs, the red and green speces were expanded
to 49, while the blue and violet ones were con-
tracted to 58, the length of the whole apectrum
being suppesed to be 100. We have no doubt
that Dr Wollaston has messured sccurately the re-
lative magnjtudes of the two balves of thespectrum -
~ under thesa different circumstauces; but we sus-




894 ACCOUNT OF AN IMPROVEMENT Book V.

pect that, owing to the diminution of light by in:
creasing the dispersion, the extreme violet rays
were not visible, and therefore that the blue and
violet’ half of the spectrum appeared to be con-
tracted, when it was in reality expanded.

The same experiments, which prove the exist-
ence of a tertiary spectrum, exhibit the no less
singular phenomenon of a refraction without co-
lour, by means of two prisms of the same sub-
stance.  This effect,; which has hitherto been con-
sidered” as an impossible. one, appears to arise

from the dispersion increasing at a greater rate -

than the mean refraction, in conseqixence of alter~
ing the inclination of the incident ray; and seems
to hold out the possibility of constructing an achro-
matic object lens, by combining two lenses of the
~same kind of glass. .

The third series of expériments, from 'E!':p.' 68
to Exp. 69, exhibit results in which the tertiary
spectrum is made to oppose and correct the secon-
dary spectrum. In Exp. 67; the tertiary spectrum
- only produces a partial correction of the secondary
spectrum. In Exp. 68, the secondary spectrum

is completely corrected; while in Exp. 66, the

secondary spectrum is more than corrected by the

tertiary spectrum, the uncorrected'greem being to-
. 4
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. wards the vertex of the crown glass. These re-
sults, while they completely establish the existence
of the new spectrum, seem to hold ‘out the pos-
sibility of removing, or at’ least diminishing, the
uncorrected colour, which is the principal obstacle
to the perfection of the achromatic teleacope.

The extreme minuteness of the uncorrected
fringes, which form the secondary specttum, ren-
ders it quite impracticable to ascertain either their
relative or absolute magnitude, by any of the usual
methods of measuring space. ‘The most delicate
micrometer would completely fail in such an at-
tempt, and no confidence could be placed in ruder
measurements,

The existence of the tertiary spectrum, how.
ever, retieves us from this embarrassment, and fur.
nishes us'with an accurate method of aseertaining,
in every case, the magnitude of -the secondary
spectrum. ‘As the tertiary spectrum is not pro-
duced ‘in virtue of any specific quality of the re.
fracting media, but depends altogether upon the
angles by which the light is refracted at the two
surfaces ofthe prism, its magditude is capable of
being determined’ by direct calculation. When
the tertiary ‘spectrum, therefore, corrects the se-
condary. spectrum, as'in Exp.-68, we have'only to
compute the magnitude of the former, or the de-
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viation of the mean refrangible ray, as produced
by the crown glass ; and by calculating the mag-
nitade of the small tertisry spectrmn, or the mi-
nute deviation of the mean ray which is pceasions

"ed by the flist glass prism, we sball obtain
mengure of the sevondary spectrum of the fint
glass arising from ita specific attraction for the
differently coloured reys.

Having thus given a full view of the experi
ments which I have made on the secondary and
the tertiary spectrum, I shall concjude this Chap+
ter by pointing out the application of the resuits
to the improvement of the achromatic telescope.

The imperfections of this instrument arise from
two causes,—from the partial correction of colour,
which is the consequence of an inequality it the
coloured spaces of the spectra produced by crown
end flint glass: and from the dificulty of pro.
curing flint ginss free of veins and specks. Neo |
attempt, so far as 1 know, bas ever been made te
remove or even to diminish the €rst of these evils ;
and the high rewards which bave been offered for .
goed flint glass, by the Board of Loagitude im
Eagland, and the Acadesny of Sciences in France,
have nat yet produced amy bemeficial effeets.
The following maximsi, foumded upom direct ex- -
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periment, gy probably comribute to the improve:
mient of this valuable instrunient.

.3, It dppears, from the preceding esperiments,
that the uncorrected colour dimiwishes in general
with the difference of the dispensive powers
of the two prisms or lensés by which it is pro.
iueed, and in & combination of crown and flint
glass, whose dispersive powers are 0,056 0,058,
the outstanding colowrs are very considersble,
‘The sncorrected eolour may therefore be greatly die
minisked, by using flint glass with o dispersive power
& low o¢ possible. 'The dispersive powers of difs
ferent kinds of flint glass very from 0,045 to
0059, and if Dr Robison's experiftents have
been rightly reduced, he found some so low ay
©0.088,* The pratical opticiae therefore, should
adways select b fling glass which has the least .
dispersive power, and though this will render it
necessary to diminish the radii of the surface_s','
the secondary spectrum will be very much re-
duced, :

2. As the crown glass likewise varles consider-

* Mr Tulley of lalingtons, employs flint gla¥s between the
spacific gravities of 3.466 and 8.192, and as he finds that the
reftactive and dispersive powers increaxe very nearly with the
density of the glass, the frst of these kinde of glasy must exs
ceed the other very much it separating the extreme mys. In
the gloss whose density is 3.466, the ratio of refraction in the
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ably in its dispersive .power, accordipg.té,tahe pro-
portion of the ingredients of which it is composed,
jt-would be of great-importance to use-that kind
of crown giass which has the least power of sepa.
rating the extreme rays. . This will enable the
~ optician to-employ a kind of flint glass still. lower
in dispersive power, and thus to.diminish still
more the uncorrected fringes.

- 8. While the use of two kinds of glass. that do
not differ widely in dispersive pawer, enables us to
diminish the secondary spectrum, and thus to.im.
prove comsidershly the achromatic. teleseope; it
-allows us at the same time. to remove, in some
sneasure, the other. obstacle to ‘the. pexfection of |
that instrument. . Since a flint glass with a law
dispersive power is required, it will be necessary
to put only a small portion. of lead .imto its.cam-

crown to that in the ﬁ.mtg!a.ss, ises ] to 174, and the radii of
curvature are .

a=14.8 a'=18.0
5=19.4 ¥'=72.0 F=44 inches.

_ In the glass whose density is 3.192, the ratio of re&acnon is

- a8 1 to 1.52, and the radii of curvature are .

a=11.5 o'=215.25 )
b=16.8 Ir=382.50 ° _
See the article AcuroxaTic TELEsCOPK, in the Edinburgh
Engyclopedia, 2d Edit. where I have published several forms
for achromatic object glasses, which were commuynicated to me
by that celebrated optician,

=44 inches.
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,po'sition. . We may therefore expect, that the in-

gredients ‘will form a more hemogeneous mass

when the quantity of lead is diminished, and that

the glass will be legs affected with those veins and
specks, which. render .if so unfit for optical. pur-
poses,*

In order to follow out these views, I bave. pro-.
jected a set of experiments on.the composition

of a proper glass for achromatic telescdpes; and-
Sir George Mackenzie, Bart. who is moze familiar.

than I am with such operations, bas had the
goodzness to assist me in this important enquiry,

The experiments in pages 888 and 384, which

form the second series, -appear to hold out. some:

prospect of producing achromatic. refraction by

two lenses of the same substance.. Doliond, and

every subsequent optician, would have pronoun.
ced this to be altagether impossible ; but the result
of the 68d Experiment shews, that it.can be ef-
fected with prisms by means of an arrangement
* which. we have represented in Fig. 4, of Plate

* As it is almost impossible to procure a piece of good fling
gless more than 4 or 5 inches in diameter, might not'a lens
of any magnitude be composed of separate piseen. of good glass
from the same pot, firmly cemented together, and afterwards
ground and polished? In the article BURNING INSTRUMENTS,
in the Edinburgh Encyclopeedia, vol. v. p, 148, 1 have groposed
this construction for large burhing lenses.
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XIL The prism B, which bas a smaller refiucs.
jng angie than the prism A; has the ling which
bisects that nagle inclined to the incident ray
RR, in comsequance of which, its dispersion i
increased in a greater ratio than its refraction, so
&s to correct the dispersion of A without correct-
fng its redraction. ' Hence the ray RD will emerge
solourless, and wilk meet the axis CD.

This arrangemment of the prisms may be imita-
ted with lendes, as in Fig. 6. whére the convex
lens A corresponds with the prism A, a8 in Fig. 5.
‘and the convex meeniscus B with the prisa B.
We have made the lens A plano-convex, as the
combined ohiject.ginss will thus prodace a more
perfect cotrection of the spherical sberratiom.
H is probuble that tho best fetm would be that i
which B is as a concave nweniscos, and A a con.
vex memuiscus, hiviog its convex sde turned te-
wards the gye-picce. I kave made sotme experi--
niems with glesses of this kind, but theugh 3
have obsarved aa tvidest dimdnution of the chro.

mintie aberration, yet owing, peobubly t0 a want

- of proper lenses, I bave not succeeded in remov-
ing it, - .
In order to sssist the lems B in producimg a
spectram equal to that produced by A, it might be
formed of another kind of crown glass, having a
greater dispersive power thws A.
4
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CHAP: il

' De.rcr:ptzon of a New 'Car{xpound Microscope for-
examining objects of Natural History, and ca-
pable of being rendered Achromatic.

T na.construction .both of- gingle and eompound
microscopes_has, witltin.the lastfifty years, bedn
brought t0 a great degree of perfection; and for
all the purposes of amusement and general obser.
vation, these instrumsenss may be coosidered as
sufficiestly perfect. .But when we employ the
microscope. as an- instrument of discovery, to ex.-
amine those phenomena of the natural world
which are beyond the réach of unassisted vision,
and when we use it in sscertaining the anatomical
and physiological structure of plants, insects, and
 animalcule, we soon-find, that a limit, apparently
. insuperable, is set to the progress of discovery,.
and that it is only ‘some of the ruder and more
_ paipable ‘functions of these- evanescent animals
that we are sble to bring under observation. ' Na.
2¢ :
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turalists, indeed, are less acquainted with the or- -
ganization of themicroscopic world, and the beings
by which it is peopled, than astronomers are with
those .remote systems of the universe which ap-
" pear in the form of nebule and double stars. It
_ was the improvement of the telescope alone which
enabled Dr Herschel to fix the views of astrono.
mers upon' those regions of space, to which, at

a former period, their imaginations could scarcely
extend; and when the microscope shall have re-
ceived a similar improvement, we may look for
-discaverios equally interesting, though less stu.
pehdous, even in those pertions of space which
pre daily trampled under the foot of man.

. It is both fmportant and interesting to inquire
into she cause of this limitatipn of micromeopi.
cal discovery. The construction of gingle lenies
-far the simplest form of the instrument, has heen
braught to great perfecsion. I have in iny pos.
sension glasses executéd by Mr Ghuttiewarth, of
the focal length of 34, s, and #5 of an inch, which
are ground with great acouracy ; and the perform.
ance of gingle lenses has been recently improved
by Dr Wollasten, who separates two hemispheri.
cal segments hy means of a small plats of brass
perforated in the centre, We cannot, therefare,
expect any essential improvemens in the single .
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mieroscope, u_nles's from the disgovery of some
{ranspgarent substance, which, like the diamond,
combines s high refractive power, with a low
- power of digpersion.

_ In the combination of single lenses to form the
compound microscope, opticians have likewise ar-
- rived at & great degree of perfection. The aber-
rasion of refrangibility can now be completely
removed by & suitablp arrangement of the indivi.
dysl lensea ; and every artifice bas been exhaust-
ed in pulting the apparatus to the various tastes
of the purchasers, and to every purpose of popu-
lar observatian.

No attempt, however, sppears to have been
made by opticians to fit up the microscope as an
instrement of discovery, to second the labours of
the naturalist in prepsring the subjects of his re-
saatch, and to aecommedale the instrument to that

particular kind of preparation which is indispen- -

sibly nepessary fob tha pregervation and inapectior of
misule olyjects. : '

In perusing the writings of those naturalists
who have appiled the microscope to the examina-
Gon, of minute abjects, we find, thet the most dif.
ficult and petplexing part of their labour consist-
ed in preserving and prepaving the different in-
sects aod ‘mmbetances which they wished to in-
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spect. Small insects instantly shrivel up and
lose their natural form as soon as they are killed,
and the minute parts of plants suffer a similar
change from exposure to the air. Hence Swam-
merdam and Lyonet killed the jnsects which they
meant to examine, by suffocating them either in
water, spirit' of turpentine, or diluted spirits of
wine. The softress and transparency of their
parts were thus preserved during the process of
dissection, and when they were completely de-
‘veloped, the insect was allowed to dry before it
was presented to the microscope. Its parts were
consequently contracted, and lost not only their
proper shape, but that plumpness, and that fresh-
ness of colour which they possessed when alive,
In the preparstion, indeed, of almost every ob-
ject of natural history that is composed of minute
and delicate parts, it must be preserved by im-
mersion in'a finid; the dissection must often be
performed in the same medium ; it must be freed
from all adhesive and extraneous substances, by
maceration and ablution in water; and when it
kas undergone these operations, it is in a state of
perfection for the microscope. Every subsequent .
change which it undergoes is highly injurious:.
it shrivels and collapses by being dried; its na-
tural pohnh ‘and bﬂl.hancy are nnpsu'ed the mi.-
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nute.parts, such as the hairs and down, adhere to
one another, and the general form of the object,
as well as the disposition of its individual parts,
can no longer be distinctly seen.

It is therefore a matter of considerable lmportc
~ ance to be able to examine the object when wet,
and befote it hes suffered any of these changes;
and by fitting up the microscope in the following
manner, this may be effected without even ex-
posing the ohject to the air. )

The object glase of the compound microscope.
should have the radius of. the immersed surface
about nine times the focal distance of the lens, and.
the side next the eye, about three fifths of the same.
distance. This lens should be fixed into its tube
with & cement which will resist the action of wa-

ter or spirits of wine; and ‘the tube, or the part =

of it which holds the lens, should have an univer..
sal motion, so that the axis of the lens may coin-
cide to the utmost exactness with the axis of the.
tubes which contain the other glasses.

Several small glass vessels must then be provid.
ed, having different depths, from one inch to three
inches, and having their bottom composed of a
piece. of flat glass,” for the purpose of admitting
freely the reflected light which is intended to il-
luminate the object. The fluid in which the ob~
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ject ks baen preserved, or prepared, is next put
iato the vessel; and the object itself, placed upon
a glass stage, or if necessary fixed to ft, is im-
mersed in the fluid. The glass vessel is now
laid upon the srin of the microscape, which usual-
ly bolds the object, and the lens is brought into
contact with the fluld in the vessel. The rays
which diverge from the ohject emerge diréctly
from the fluid into the object glass, and therefore
, suffer a less refraction. than if it had been made
from air; but the focal length of the lems is
very little increased, on account of the great ra-
dius of its anterior surface. The object may
now be observed with perfect distinctness, unaf-
fected by any agitation of the fluid ;—its pdris
will he seen in their finest state of preservation ;=
. delicate muscular fibtes, and the bairs ard down
upon insects, will be kept separate by the buoyaiicy
of the fluid ; and if the ohject wher alive, ot in
its most perfect state, had & smooth surface, its
natural polish will not omly be preserved bt
" heightered by contact with the flaid: Adquatic
" plants and animals will thus be seen with tinasual
distinctness, and shells and unpolished minerals
will bave a brilliancy communieated to their sur-
faces which they could never have received from
the hands of the lapidary. If the specific gravity -
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of the substanice under exautination shiuld hip- -
pen to be less than that of the fluid, and if it can- -
not easily be fixed to the glass stage, it may be
kept from rising to the top by a’ plece of thin
parallel glass, or by a small grating af silver wire
atretched across the vessel.

In arder to find the mugnifying power of such
a microscope, lot '
J s Bocal lungth of object-glads
FxFocal length of amplifying glass, -

d =Distance of objert from object-glass. ’

DzDistance btween the object-glass and the lmpllfymg-glass

| Magtiifying power of the eyé.giasd.
M= = Magnifying power of the microscope.

‘Then, ftom the reasoning in p. 64, 65, we shall
find

f
22 7D, dnd
b F :
mz;.,.—;*"ﬁéf"‘”‘

When the obgject-glass is equally convex; and .
when its anterior surface is immersed in water, we
shall have _ '

a pe 18TS4

LT and

: xs'rf

When the object-g!ass is unequally convex, and
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g, b are its radii, a being immersed in water, we

shall have f= ) o and by using the value

265::-]-

" of f in the first. equatwns, the magmfymg power
will be found.

The method of ﬁttmg up and using thccom
pound microscope, which has now been described,
- enables us, in a very simple manner, to render the
cbject-glass perfectly achromatic, without the as-
sistance of any additional lens. The rays which
" proceed from the object immersed in ‘the. fluid,

will form an image of it nearly at the same dis-
tance behind the lens, as if the object had been
placed in air, and the rays transmitted through a
_plain concave lens of the fluid combined with the
object-glass. If we, therefore, employ a fluid
whose dispersive p-oﬁrér exceeds that of the ob-
Jject-glass, and accommodate the radius of the an-
terior surface of that lens to the difference of
their dispersive powers, the image will be formed
pperfectly free.from any of the primary colours of
the spectrum. The fluids most proper for  this
purpose are, .
Oil of cassia. - Oit of sassafras.

Oil of anise seeds. Oil of sweet fennel seeds.
Oil of cummin, Oil of spearmint, '

Oil of cloves. - Oil of p_ilnento._
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These oils are arranged in the order of their
dispersive powers; and when those at the top of
the list are used, the anterior surface of the ob-
- ject-glass will require 8 greater radius of curva-
ture than when those at the bottom of the list are
émp]oyed. Thus, in order to render the object-
glass achromatic, when it is made of crown glass,
and when the fluid is oil of cassia, the radius of the
.anterior or immersed surface, should be to that of
the surface next the eye a3 2.5 to 1. Lest these
proportions should not exactly correct the chro-
matic aberration, it would be preferable to make
the radii as 2.2 to 1, and then reduce the disper-
sive power of the oil of cassia by oil of olives, or
any other less dispersive oil, till the correction of
colour is complete. If the oil of sweet fennel
seeds is used, the radius of the anterior should be
to that of the posterior surface, as'0.8 to I.
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CHAP. 111.

Descriptz’oﬁ of a New Solar M. icroscope, whick can
be trendered Achromatic.

T e principles upon which the instrument de.
soribed . in the preceding Chapter is constructed,
may be zpplied with peculiar advantage to the
solar microscope, whether it is employed for the
-examination of opaque or transparent objects.
The method of fitting up the solar microscope,
to render it susceptible of this improvement, is
represented in Plate X1 Fig. 7. where AB s the
illuminating lens which receives the patallel rays
of the sun, and throws them upon the ohject.
The object lens CD is firmly cemented into one
end of a tube m CD n, which has a tobular open-
ing at E; and at the other end of the tube is ce-
mented & circular piece of parallel glass ma.
The tube mCDn is then filled with water, or
any other fluid; and the object, when fixed upon
a slider, or held with a pair of forceps, is introdu-




CHAP-1I. . MENDERED ACHROMATIU.. - 411 .

céd ito the fidid at the opening E. The Mider,
or thie forceps, may be easily pendered tnoveable,
%0 that the dbject may be placed at & proper dis.
tarice from B; 0f the adjustment may be effected
by a motion of the screen on which the image i
projected. The plate of glass mzn might be re-
rioved, and the whole of the space between AB
and CD filled with fluid; but if the fluid had any
tinge of colour, the transmitted light would, in
this case, parteke of it, and injure the distinct-
ness of the image. '
If the microscope is fitted up for the examina-
tion of transparent bodies, it is obvious, that the
" image will be much more perfect than if it had
‘been formed in the common way. The opacity
which arises from a contraction of parts is thus
completely removed, and an additional transpa-
rency is communicated by the fluid, which could
not have been obtained in any other way. Sub-
stances, indeed, which with the common solar mi-
croscope appear opaque, will, in the present form
of the instrument, exhibit & very great degree of
transparency. The advantages arising from im-
~ mersion in a fluid, which have been very fully
stated in the preceding Chapter, apply with pe-
culiar force when the objects are used in the solar
microscope.



%12 NEW SOLAR MICROSCOPE, &c. BoOX v,

- This microscope may be ‘vendered pe;fectly ,
achromatic, by using the same fluids, and by
giving the lens neaxly the same radii of curva-

ture, which have been mentioned in the preceding
Chapter. "
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CHAP. IV. ~
Description of New Fluid Microscopes.

T ue first idea of fluid microscopes was suggest-
ed by Mr Stephen Gray, who published sn ac-
eount of them in the Transdctions of the Royal
Society.® They consisted merely of a drop of
water, which was.taken up on the point of .a pin,
and placed ir a small hole one-thirtieth of an inch
. in diameter; in the middie of & spherical cavity
about one-eighth of an inch broad, and a little -
deeper than half the thickness of the plate.”. On

the opposite.side of the plete was another spherical
cavity, half as broad ag the former, and so deep,
as to reduce the circumference of the. small hole:
to a sharp -edge. When the water is placed in
these cavities, it will form a double convex lens
with unequal convexities, which- may be  employ
ed like any. other.single microscope in the exami-
nation of minute objects. | ‘

® Sce the 'Philosophical Transactions, No, 221, 228, and
Smith's Optics, vol. ii. p. 394. o
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As water, however, has a considerable disper-
sive power, and a& low power of refraction, fluid
microscopes of a more perfect kind may be form-
ed, by using sulphuric aéid, castor ail, oil of am-
bergrease, or alcohol. The sulpburic acid has a
very low dispersive power, and a greater refrac-
tive power than water, and will, therefore, make
& more perfect lens than any other fimid body.
Castor oil may be employed with almost egupl
advantage ; and oil of ambergrease and wicobol.
would answer the same purpese. from. their opti-
cal properties, thaugh their volatility mny render
them less easily managed, L

The best methad, however, of constmmng ﬂmd
microscopes, is to take Canada balsam, balsam -of
capivi, or pure turpentine varnish, and let & drep of
any of them fall upon a thip piece of parallel glass,
The drop will form s plano-éonvex lens, and its
focal length may be regulated by the quantity of
fluid which is used. These fluid lenses are repre~
sented in Fig. 8. of Plate XII. a8 suspended upon
the parallel glass; but the proper position ig when
the plate of glass ¥ horizoptal,. If the lens is
uppermaost, the gravity of the fluid will make it
‘more flat, and diminish its focal length: This,
however, may be avoided, and the contrary effect
produced, by inverting the piece of glass, If
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these lenses are preserved from dust, they will
be as durable as those which are made of glass ;.
and when thick Canada balsam is used, the lenses
will soon be indurated into a hard gummy sub-
stance, and resist any change of figure from the
gravitation of their parta,

I have sometimes employed these fluid lenses
a8 the object glasses of camprund micrgscapess.
and Y even constructed a geod compougd micro-
gcope, in which both the object glass and the eye.
glass were made of a fluid.

In the present 1mpmved state of ‘opticdl Thstru-
ments, these microscopes can’aat I:e of aﬁy essen-
nncroscoplcal observatmns ‘wien lenses ‘aie not to
be had, and when the materidls of a fluid micro-
scope aré the only submtute whlch the obscrvgr B

- can command E e
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CHAP. V.

Description of adjusting Mtcroscopes Jor seeing at
two dgﬂ‘erent Distances at the same time.

T'urx are numerous observations, both of a me-
chanical and & physical nature, in which it is of

the greatest consequence: to adjust the eye to
objects situated at different distances.  In mea-.
suring the diameters of minute chjects, by obser-

- ving the space which they occupy upon a distant

plane sarface, it is requisite, to the accuracy of.

the result, that both the object and the plane be
geen distinctly at the same time. In the supe-
rior and inferior adfustments of the barometer,
and in every case where it is required to place the
axis of the eye either paralle]l to, or cotncident
with, a given line, the same kind of a.d_;ustment
is of essential importance.

When the more remote of the two points which
' mtobesgenatthesametime:is at a greater dis-
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tince than sevem or eight inches, the shortest imit
of distirct vision, the adjusting microscbpe may be

* . formed by drilling a small hole ‘through the cen-

tre of the lens, as in Pig. 9. Plate X11.; or, what
may sometimes be ‘more convenient, by cement.
ing upon the centre of each surface of the lens two
smad! circalar pleces of glass m, n, Fig. 10, by a
fluid such as Canzdabaleam, which has nearly the
swme refractive power with the glass. The central
part of the lexs will thus be reduced to a plane
surface, and will have the same effect-as the form
exhibited in ¥ig. 9. When the rays; therefore,
from the wore . distant point, pass through the
perforation o, or through the plenes of glass m, »,
and fall upen the central part of the pupily they
will form a distinct image of it upon the retina,
while the rays from the mearer .point pussing
through the lens, will be imcident upon the outer
portion of the pupil, and form an equally distinct
Bnage of it upon the retina. The ceincidence of
the ope point with the other, or the space which
one of them occupies upon any plane, msy thus be
distinctly observed.,

If the distance of both the points is less than
scven or eight inches, the adjusting microscope
should be constructed as in Fig. 11, where a
plane of giass is cemented to the lens by a small

2D
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circular portion of Canada balsam, or any other
viscid fluid, which has such a refractive power.
that the increased focal length of the central part
of the lens may be to its real focal length, as
the distance of the remoter point is to the dis-
tance of the nearer point. The remoter point wiil
then be seen distinctly through the central por.
tion of the lens, while the nearer point wiH be
seen with equal distinctvess through the outer
portion. The same effect will be produced by the
construction in Fig. 12, where the cement forms
. & ring at the ecircumference of - the lens.

In order to see three points at the same instant
with perfect distinctness, which may sametimes
be n'écessary, we must adopt the construction in
Fig. 18, where a very small circular plane of glass
is cemented by Canada balsam to the anterior sur-
face of the lens, and a small circular ring of glass
cemented, on the opposite side, to_the portion of
the lens immediately surrounding the first circular
plane. The lens will thus be divided into three
zones, having three different focal lengths, which
may be varied in any required proportion, by al-
tering the radii of the two surfaces, or changing
the refractive power of the cement. In-order to
avoid any loss of light arising from the circumfe-
rences of the glass planes not being transparent,

. 5
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each of them may be pxtended to the yery cir-
cumference of the lens. In all the constructions
which have been mentioned, the different aper-
tures must be accormmmodated with great care to
the size of the pupil, which will, of course, vary '
with the intensity of the light in which the ob-
servations are made.



420 @PREA AND NIGHT GLASIES:. BOQKY,

L]

- .CHAP. VL

Description of Opera Glasses and Night Glasses,
upon a New Conatruction.

Arrer Dollond had constructed the achromatic
telescope, the theory of that instrument was view-
ed, in almost every possible aspect, by Euler, Clai-
raut, D’Alembert, and Boscovich. IY’Alembert,
in particular, has shewn, that an achromatic te-
lescope may be constructed with a single object
glass, and with a single eye glass of a différent
refractive and dispersive power. In this form
of the instrument, the eye glass must be con-
cave; and the glass, of ‘which it is composed,
must exceed in dispersive power the glass from
which the ohject lens is made. This construc-

tion of the telescope, however, was abandoned-

as soon as it was suggested. The substances
wbich were then known to differ most in disper-
~ sive power, were crown and flint glass; and in
order tc have a perfect correction of colour with

o —
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these subistances, the telascope cowld mot -magnify
thore thar one and a third times. An instroment
of this kind, which can scarcely be suid to have
any magnifying power at all, is of no use what-
ever ; and I believe that no artist has attempted to
constrict it. '
.The. discovery, however, of ‘the enormous dis-
persivé power of oil of cassia, and some other es-
sential oils, which I have already noticed in an-
other part of this volume, renders such a form of
the instrument no longer impracticabie ;-_and
though we can never obtain a magnifying power
safficient ‘for .astronomical parposes; yet opera
glasses and: small telescopes may thus be' made
with wonderful precision. L

If an opera glass were constructed with an ob-
ject lens perfectly achromiatic, and made of crown
and 'fliftt glass, the aberration of colour produced
by the eye glass would’ still remain, as there is
not sufficienit space for that combination of sitigle
lenses, which would at the same time erect the
object and remove the uncorrected colour.

The construction, théerefore, which haa been
mentioned, is péculiarly fitted for opera glasses,
as the dispersion of the object glass is completely
removed by the opposite dispersion.of the eye
glass.
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If we suppose the object glass to be equally
convex on both sides, and the eye glass equally
concave, and make

R =index of refraction for the object glass.
r = index of refraction for the eye glass.
dR = Part of the whole refraction to which the dispersion
ia equsl, in the objeat-glass,
dr = Part of the whole refraction to which the dispersion
is equal, in the eye-glasa,
F = Focal length of the object glass.
J = Focal length of the eye giass.
A = Badius of the object glass,
- o'= Ruadius of the eye glass.

Then it may easily be shewn, that the concave
eye glass, will exactly correct the dispersion of
the convex object-glass, when
| dr . dR
(r—1}% * (R—1)*

The application of this formula to various com-
binations, will point out the substances which are

A:a=

most fit to be employed in instruments of this .

kind,

I. Orsrcr Grass, CrownGlass; EYe Grass, Flint-
glass.

In this case we have the following values:*

. ® See the Tables of Refractive and D:f.;.pemve Powers,
" 279, and 315.
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‘R= 1.544
r == 1.616
dR = 0.020 N
dr = 0.032 and
0.082 0.020 \
A,u:m.mzlds.l _.
Hence it follows, that-in this combination the
magnifying powerof the instrument cannot much |

exeeed 1} times. {

I1. Opsrcr Grass, Crown Glass; Eve Grass, Od ‘I :
of Cassia.
In this case we have the following values:

R=1544
r=1641
dR = 0.020
dr = 0.08¢ and
o 0.089 . 0.020 .
A.ﬂ_m.w~3.24.1

Hence it follows, that in this combination the
magrifying power of the instrument may be fully
8 times. '

III. Opaxcr Guass, Waler; Evye Giass, O of

Casnia.
In this case we have the following values:

+ The emact magnifying power may be deduced from the
formule :
E - I

A o
F‘E‘P;:z'"‘dfz.eu-g
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Rz 1536
r= L6AT
s '+ dR=o0012
dy = 0.080 snd
0,089 00i% -
Are= it oqms TP
Hence it follows, that itt a combitation of wa-
" . ter and oil of cassia, the magnifyimg power of the
_instrument will only be about Z times.

IV, Onigcr GLass; Roek Crygsial; _E'-rl!:' Grass, |
Oil of Cassia.
In this formt we have the following values:

E = 1.562
r= 1.641
dR = 0.014
dr= 0.080 and

) 0.0i4 -
0.089 , —illgzio:l.

Are= 5o’ 631

Hence it follows, that with this combination
the magriifying power of the instrument may be -
nearly 6 times.

As. this: combination gives-a-greater magnifyt
ing power than any other, I have computed the
following. Table, whicrh shews: the lemgth: of the
opera glass, the radius of each sarface of the ob-
Jject glass, and the radius of each surface of the

eye glass. . ®
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TasLE for Opera Glasses and Small Telescopes.

Length of the | Radius of each; Radius of each | Meagnify-
Opera Glass, or | Surface of the | Surface of the ing
Small Telescope| Object Glass. | Eye Glass, Power,
1o Dee. Iaches. In. Dec. 3
3.98 5 1.02
4.78 6 1.22
5.58 v 1.42
6.38 8 1.62
7.17 2 - 1.83 - &6
7.97 10 2.08 times.
8.77 11 2.28
9.57 19 2.43
10.86 13 2.64
11.1¢ 14  2.84 )

V. Ossxcr Grass, Rock Crystal; Eve Grass,
Phint Glass. o

In this case we bave the following values:

R = 1.562
r= 1616

A:a

dR= 0.014

dr = 0.082, and

0.082 0.01%
PEEDBIT9 0316

= 1.9l: 1.

In this combination, therefore, the ins;mhlen-t '
may have a magnifying power of nearly 2 times,
which is perhaps enough in a common opera glass.
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V1. Ossect GLrass, Rock Crystal Evx Guss.
Oxl of Anise Seeds. _
In this case we have the following vaiues -

=1.562
r = 1.601
dR = 0.014
: dr= 0.044 and
0 044 0014 _
With this combination, the magnifying power

of the instrument may be nearly 8 times.

By employing the following substances, achro-
matic combinations may be formed by means of
single lenses, which will give a sufficient magnify-

ing power for opera glasses.

Subetances §t for - Subetances fit for

- Eye Glames, Object Glames.

. Gluss of Jead : Crown glass,
"Oil of cassia. Plate glass.

~ Oil of anise seeds. Water.
Oil of cummin. Alechol.
Qil of cloves. ‘ Sulphuric ecid.
Oil of sassafras. Oil of ambergrease.
Oil of sweet fennel seeds. - Rock crystal.
Qil of spearmint. - Topae.
Oif of pimento. -

In the construction of night glasses; where much
light and only & small magnifying power are
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necessary, and in combinations of lenses for mi-
croscopes, the preceding principles may be success-
fully adopted. .

When a higher magnifying power is required,
than is compatible with 'a complete correction of
the aberration of refrangibility, the greater por-
tion of the colour may still be removed by the
combinations which we have pointed out ; and in
cases where the fluid lenses may not be reckoned
convenient, the eye glass should always be formed
of a higher dispersive substance than that which
is employed for the object glasa.

FINIS,

Epixavaon:
Printed by A. Barrovn,
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