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¢. In a similar manuer, the variations in lene th of one of
the circuits act upon the infensity of the curreﬂ.gwhiﬂh ema-
nates from a constant source. Now it 1s possible that t!ﬁ:ﬂ
currents of uncqual intensity may be incapable of interferine
in conditions in which they would be mutually destroved if
therr intensities had been equal. >

73. It must be remarked, that the two firgt objections do
not apply to the method of induced carrents.  But, in order
to deprive them of all value, I have imagined a third, which
consists of employing only a single thermo-clectric pair, the
current of which passes at the same time in part into the wire
of the rheometer, and in part into a wire of derivation, This
wire was the copper one No. 4, and the pair that of the pla-
tinum wire No. 2 and the copper onc No. 8. - B

C. Method of Dertvations. | |

74. When the circuit of a pair is closed with the rheome-
ter, three derivations may be effected :—from the platinam
wire to the copper one, by thus compelling a part of the cur-
rfmt not to traverse the measuring apparatus 5 [rom the pla-
tinum wire to itself, by establishing at certain points of its
length junctions with the extremities of the wire of deviation,
and cansing a variation both in the distance of these pOints
and in the length of this wire ; lastly, from the copper wire to
itselfy, by proceeding in an analogous manner.,

75. The wire of dertvation was 00003 in diameter, and
cousequently conld not be wound round the rheostat. To en-
surc a constant contact on its surface {(an exiremcly important
condition), and to cause its length to vary so slowly that this
was necessary, I employed a tube of pure copper, 0%+05 long,
with a bore of 00084, and fixed in one of the holes of a
Poggendorfl’s clamp; its two extremities were split like a
porte-crayon, and the lips might be partially closed at will by
compressing rings, |

76. None of the three dertvations occasioned phaenomena of
interference. f

7%7. The second derivation proved the remarkable action
of the conductibility on the intensity of the current, for the
copper wire No. ¢ being a much better conductor than the
platinam wire of the pair, increased the deviation of the nec-
dle sensibly. In one of the experiments, by making the junc-
tions on the one hand on the platinum wire immediately after
its exit from the test-tubes, and on the other with the rheo-
meter, the index was propelled 15° from its first position.
This inerease 1n the deviation became weaker, but without
any intermittence, when the first point of contact was brought
near the second.
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78, The third derivation produced no sensible action on
the needle, as was easy to foresee, since the wire of derivation
and that of copper of the pair were of the same diameter, and
as each one, taken separately, had a conductibility of its own
and- dimensions sufficient to transmit the whole thermo-elec-
tric current,

79. The method of derivations appears to me to be free
from the third objection (72, ¢), that of the intensities. In fact,
the difference in the intensity of the eurrents which re-united
after issuing from one and the same source, and having fol-
lowed two entirely similar ways, was capable of being rendered
as feeble as possible without any result of interferences, Now
analogy being here our sole guide, it is necessary to remember
that in wholly similar circunstances, the vibrations of the
sether which constitute light, and those of the clastic fluids
which engender sound, have presented very evident pheaeno-
mena of mutnal destruction*. -

— e —— e e e mmm e s an s —_— f———-
— ——

LXXVIIL On Fresnel’s Theory of Double Lefraction. By R.
- Moon, M. A., Fellow of Queen’s College, Cambridge, and of
the Cambridge Philosophical Society .

I- AVING on several previous occasions treated of the

- theory of unpolarized light, and having, as I trust, ef-
tectually exposcd the futility of the celebrated hypothesis de-
vised by Fresnel for the elucidation of many of the principal
pheenomena in that department of optics, 1 now come to the
consideration of the subject of polarized light; upen his treat-
ment of which I'resnel’s great fame now principally rests, aid
to whose views in regard to which many of his adherents, who
have [elt themselves compelled to give up his theory of diffrac-
tion, still cling with unshaken fidelity., What my own faith
on this subject may be, it is unnecessary at present to disclose
further than this, that whether the original idea of transversal

* In the fundamental experiment of Fresnel, the bundles of light do not
necessarily reach the two mirrors under the same incidence, and have not
the same intensity when they interfere after reflexion.  After M, W, Weber
had shown that the surfuces according to which sound disappears around a
vibrating diapuson are hyperbotically curved, Dr, Kane succeeded, following
ont an idea of Sir John Herschel, 1n constructing united tubes, the lengths
of which are in the relation of 2 to 3, or of Gto 7, and which destroy by
interference one, in a determined number, of the sounds which is made to
pass through them, (Philosophical Magazine, vol. vil. p, 301; Poggendorfl's
dnnalen der Physik, vol, xxxvir. p, 4835.)

4 Communicated by the Author, _
Phil, Mag. S, 8, No, 188, Suppl. Vol, 27. 2 O
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vibrations is due to Young only or not, 1 pledge mysell to
prove that the researches of I'resnel have not advanced us
one step beyond it. .

Fresnel’s first step in the mathematical part of his theory, is
to prove the existence of the axes of elasticity: ¢“a proposi-
tion,” says Mr. Smith(Cambridge Mathematical Journal, vol.i.
p. 1), ““on which the whole theory of double refraction de-
pends, and which Iresnel has proved by a method which has
the advantage of geometrical distinctness, but which is long
and rather difficult to follow out on that account.” On the
same account I shall prefer to give Mr. Smith’s elegant ana-
lysis in preference to the cumbrous processes of Fresnel, trust-
ing my readers will take my word fm*_lt, t!‘mt }ﬂ*h-ﬂt&‘\fer it may
want 1n ¢ geometrical distinctness,” It gains 1n logical clear-
ness.

« The proposition is thus stated :—In any system of parti-
cles acting on cach other with forces which are functions of
their mutual distances, there are three directions at right an-
gles to each other, along which if a particle be displaced, the

] [

' rees of restitution will act in the same direction.

s Let x y = be the co-ordinates of the attracted point @, ¥, %; 3
Xg Yy % »+e DC the co-ordinates of the attracting points; 7, 17y
. the distances between the attracted and atiracting points;
&, (1)) ¢u(7) G5 (7g) +ue the attractions; X Y Z the total resolved

forces along the axes, then we shall have

Xy
- ¢, (1) 4 E,r ¢q (1) + &3

7y 2
and similarly for Y and Z. Now let

- ”2/‘¢(r)dr,

A
K__' 1

then '
(=28 0,
Y=t =o
7 = %% — U’_,

« Let the particle receive & small displacement, the projec-
rions of which on the co-ordinate axes are 3, 3y, O 2. Then
supposing the displacement to be very small, the force ai'}f re-
stitution may be taken as proportional to it, so that we have
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@R PR . @R -
X == 53— 082+ . - Rl
dar " dm'dya'y_;"dﬁrdﬁaﬁs
d* R PR. 4R
Y = .
ody T Y qeaste oo 0 (A
_d*R -~ d?R 2R
Zﬁdmdﬁam | dydmay+ "&EEBE-

¢ Now the force of restitution will be in the direction of the
d}:lsplauement, if XY Z be proportional toéz, 8y, éz. Let
then

X Y Z

TR T Ey T 8
then putting
4R d* R 2R
I = dy* B 2==0
@ER ,  d*R . d*R
== — il Y
dzdy A5 dzdux b dowdy ™~ C,

and substituting in the former equations, they become
(A—s)dax+C8y+ B'3z=0,
Clx+ (B—s)iy+ Adz=0,
Bléx 4+ Aldy 4 (U —s)dz=0,”

from which it is easy to prove, supposing the above process
correct, ¢ that there are three directions at right angles to each
other, along which, if a particle be displaced, the force of
restitution acts in the same direction.” ‘ -

But the fact is, the above process is entirely fallacious if it
is meant to apply to the case ot the motion of a particle of
the smethereal medium by which light is produced. What is
meant by the mysterious principle, that ¢ supposing the dis-
placement to be very small, the force of resuitution may be
taken as proportional to it,” 1 profess myself unable to com-
prehend ; but this [ do understand, that when the co-ordinates
of the particle, whose motion is being considered, vary from
@, Yy % to x + 8uy ¥ + 3y, 2 + 32, the co-ordinates of the other
particles of the medium will vary from o, y, 2y, 2, ¥, 24, &c. to
-+ 8xp Yy F Oy B ROy Ty 8%y Yo+ 0¥y Tyt 0%y &G
and that therefore the above values (A.) for the resolved parts
of the force on the particle whose motion is being considered,
are entirely fallacivus.

The true value of X In this case ts,

d* & R d? R
e 5 Py, 8y 4 J =

2 dady dadz

| 22
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° R G a, - dER'ﬁi *'.-rFHIB n
drdz, 'O T dady, ' T duwdz, #
i LA d> R d* R

+ dmdmﬂamg | d.ﬁ:d‘yg_ayg + fﬁwd%aﬁﬂ

+ &cC., |
and similarly for Y and Z; from which it 1s evident, that to
talk of the existence of axes of elasticily in every system of
particles acting on each other i1s mere absnrdity.  And hence
it appears, that the “proposilion en which the whole theory
of double refraction depends” is altogcther untrue,

Will it be urged, however, that although,the general pro-
position does not hold, there still may be particular systems
of particles for which it does hold? I do not hesitate to state
my belief, that the existence of such a system 1s impossible ;
and at any rate would challenge any analyst whatever to sug-
gest any such. | - B N

The case then stands thus:—A writer states. a proposition
as the basis of a theory ; be offers a proof of the proposition,
which turns out to be fallacious; and not only is the proot
itself erroncous, but during the investigation there appears a
degree of evidence approaching to certainty, that the propo-
sition itself, after modifying 1t in every concecivable way con-
sistent with the case to which it is meant to apply, 1s untrue;
and there is moreover a perfect certainly that it is incapable
of proof, Thus we have a fundamental proposition of which
a false proof is given, a certainty that if true, it must always
remain o mere assumption incapable of independent proof;
and this in the face of the fact that there 1s every reason to
sappose it untrue. Such a combination of circumstances
would have decided the fate of any other theory; why is this
to be madc an exception to the rule? Bnt to return.

Assuming the cxistence of the axes of elasticity, we arc next
introduced to the surface of elasticity. Referring the co-or-
dinates to the axes of elasticity, we huve

X —=adr=arcosu«
Y =b8y=0brcosB }»where a, b, ¢ are constants
Li==cO0x = €V CosYy

The rest I shall give in the words of Sir John Herschel (vide
Encyclopzdia Metropol,, art. Light, 1004): ¢ M. Fresnel
next conceives a surface, which he terms the ¢ surface of elas-
ticity,” constructed according to the following law ;—On each
of the axes ol elasticity, and on every radius » drawn in all
directions, take a length proportional to the square root of the
elasticity exerted on the displaced molecule by the medium m
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the direction of the radius, or to .4/“1-.*“‘; then if we call R this
length, or the radius vector of the surface of clasticity, we
shall have |

R? = {ar.cosal® 4 br.cos B2 + cr.cosy|?} X const.;

t!m values of R parallel to the axes are then had by the equa-
t1on |

R? = const. x ar R?* = const. x &» R?® = const. x ¢z,

‘which we shall express simply as a2 3%, ¢2, so that the equa-

tion of the surface of clasticily will be of the form
R? = a?cos? X flﬁcusg Y + 2cos®* 2y

where X Y Z now stand for « § y, the angles made by R with
the axes of co-ordinates. -

¢« Let us now imagine a molccule displaced and allowed to
vibrate in the direction of the radius R, and retained in that
line, or at least let us neglect all that portion of its motion
which takes place at right angles to the vadius vector, -Then
the force. of elasticity by which its vibrations are governed will
be proportional to R% and the velocity of the luminous wave
propagated by means of them, in a direction transverse to
them (or at right angles to R), will be proportional to R.”

Of this extraovdinary proposition the accomplished author
does not offer oue syllable of proof or explanation. Whether
Fresnel’s writings are equally deficient, I am not aware; but
another eminent mathematical writer, the present Astronomer
Royal, after bestowing, as we may reasonably suppose, some
degree of diligence on the study of Fresnel’s papers, appears
to have found nothing better in the way of a demonstration
than the following {vide Airy’s Tracts, 2nd edition, p. 8341} :—

““ To explain on mechanical principles the transmission of
a wave in which the vibrations are transverse to the direction
of its motion, |

“ In figure adjoined let the faint

dotsrepresent theoriginal situations . * .

of the particles of a medium, arran- .

ged regularly in square order, each G
line being at the distance Z from the ) - : :

next. Suppose all the particles in
each vertical line disturbed verti- fl F
cally by the same quantity, the dis- G ' |
turbances of different vertical lines ﬂ
being different.  Let 2 be the ho- L KB
rizontal abscissa of the second row, D s '
x — & that of the first, and » + £

that of the third; let # z,'and «/ be the correspounding disturb-



558 Mr. Moon on Fresnel's Theory of Double Refraction.

ances. The motions will depend upon the extent to which we
suppose the forces are sensible. Suppose the only particles
whose forces on A are sensible, to be B, C, D, E, F, G (omit-
ting those in the same line, as their attractions are equal and
in opposite directions); and suppose them to be attractive. and
as the inverse square of the distance ; and the absolute }'ﬂrﬂe
of each = m. The whole force to pull A downwards is

omktu—w) . m(z—u)

(51 (h+u— )3l Tt (i
mh—u+w) | mh+u—u
{7+ (h —u + w))?}z | {&%-1-(& + U ~— u’_)é-;

| m (u—u') m (b —u + )
TR+ (=2 {4 (h—u )2
« Expanding these fractions and neglecting powers of u —u,
and z—u' above the .ﬁrst, the force tending to diminish # is

1 /7] |
Putting for u,,

y afuk 1 Eﬁu?ﬁ
dx’  da* 2’
and for 2/,
du d*u k?
BT ﬁk T daz? 2’
we find

dﬂu_(l l)mdﬂu
d 2 o8/ k da®

an equation of exactly the same form as that for the transmis-
sion of sound. "I'he solution therefore has the same form;
and therefore the transversal motion of particles supposed here
follows the same law, that is, it follows the law of undula-
tion.” And moreover, if the above were correct, the velocity
of the luminous wave would be proportional to the square
root of the force of elasticity in a direction transverse to the
direction of the course of the wave.

Whether the above illustration—for at best it would be no-
thing more—is due to I'resnel or Mr. Airy himself, 1 am not
aware : but the whole is erroneous from beginning to end.
The mathematics not only fail to meet the case under con-
sideration, but there is a palpable mathematical error in the
process, which, even admitting the data, completely vitiates
ihe result. I need but advert to the circumstance, that in the
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approximate values substituted for u, and ¢/, it is assumed that
% 1s small with respect to u, or that the distances between the
particles are small compared with their actual motions, a sup-
position entircly at variance with the assumed data of the pro-
blem. Hence it is plain that this supposed illustration is for
every purpose entirely worthless. -

Thus as we were compelled to assume the existence of the
axes of elasticity, not only in the default, but in the face of evi-
dence, so we are compelled to assume this rule as to the mode of
calculating the velocity on a bare analogy to a case presenting
the most striking diflerence from that under consideration,
namely that of the direct transmission of an undulation when
the vibrations are in the direction of transmission. We are
not only compelled to assume the existence ol undulations con~
sisting of vibrations executed in directions perpendicular to
the course of the wave,—respecting which it is not too much
to say, that it is impossible for the mind to conceive the possi-
bility of their existence,—but we are to suppose ourselves ac-
quainted with an exact law to which they are subject®. Of
the worth of such a theory 1 leave my readers to judge. The
discussion of the remaining portion of it I must defer to an-
other opportunity. -

Liverpool, November 8, 1845.

* [t is easy to conccive of transversal as the consequence of direct vibra-

_tion, but T confess myself unable to conceive the possibility of there being

a surface of transversal vibrations in the same phase—that of a sphere for
example. The case of a stretched cord affords no analogy to guide us, for’
there the wave is in the direction of the motion, At all events, if the hypo-
thesis of transversal vibration i3 to hold its ground, it must have much more

- thought bestowed upon it than it has yet received. The most painful cir-

cumstance connected with the later history of the undulatory theory, 1s the
manner in which ideas, in themselves perhaps valuable as hints, have been
dressed up into a settled theory. A truly philosophical mind, to which the
idea of transversal vibrations had once suggested itself, would have set itself
to work to discover, if possible, some method by which such motion could be
conceived, and would not have rested satisfied so long as a doubt existed as
to the perfect feasibility of the scheme. Thus 1t 1s that we may account for
Young not having attempted to carry his first notion any further, He saw,
no doubt, the difficultics by which the idea of transversal vibrations was be-
set, and was well-aware that till these were got over, it was hopcless to at-
tempt to enter with any chance of success into the discussion of their na-
ture and consequences. Kresnel, on the contrary, was satisflied with a series
of possibilities, upon which he has built a theory, not only of no value 1n
itself, as having nothing solid to rest upon, but from its crudity and mantfold
errors discreditable to himself and to the age by which it has been received.



