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PREFACE

Historieal

Ix the early part of this centnry possible relationships
between the varionse *“forces of mature” began' to attract the
attention of physicista. In 1800 William Herschel discoversd
that a ‘“heat spectrum™ is superimposed on and extends be-
youd the visible solar spectrum, indicating some relationship
between heat and light. Thie geems to have suggested to
Domenico Morichini, of Rome, the search for a relationship
betweon light and magnetiem. In 1812 he claimed that he
had been sble to magnetize steel needles by exposing them to
the violet radiation in the solar specirom. Others, including
Mra. Somerville, in England, believed that they had verified
his results, bnt MAnY Wers nnable to reproduce them, and it
wad fnally demonstrated that all these effects had been due to
other causes. The dispute over this question extended over
many years, and ie an instructive illustration of the difficalty
which even skilled experimenters may have in solving & com- -
peratively simple experimental problem.

About 1823 Sir John Herschel sent a polarized beam of light
along the axie of a helix carrying an eloctric current. Exami-
nation with wn analyzer showed ne effect. He also intended to
test the effect of o polarized beam passing tangentially by a con-
dnctor carrying & current, but never executed the axperiment.

No other suttempt to show a relationship between light and
magnetism seems to have been made nntil Faraday undertook
the investigation described in the following pages.

Theoretical

In the Proceedings of the Royal Society for Jumne, 1856, Sir
William Thomson wrote: * The magnetic influence on light
v
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PREFACE

discoverad hy Faraday depends on the direction of motion of
moving particles. For instance, in a medinm possessing it,
particles in a straight line parallel to the lines of magnetis
fores, displaced to a helix round this line as axis, and then
projected tangentially with such velocities as to describe
circles, will have different velocities according as their mo-
tionz are round in one direction (the same us the nominal
direction of the gulvanic current in the magnetizing coil) or
in the contrary divection. But the elustic reaction of the
mediam must be the same for the sume displacements, what-
ever be the velocities and directions of the particles; that is
to say, the forces which are balanced by centrifugul force of
the cirenlar motions are equal, while the [uminiferous motions
are nneqosl.  The aubsolute eirenlar motions baing, therefore,
either cqual, or snch as to transmit eqnal centrifugal forces to

the particles initially considered, it follows that ihe Inminife-

rous motions are only components of Lthe whole motion ; and
that a lesz luminiferons component in owe direction, eom-
pounded with a motion exiating in the medinm when trans-
witting no dight, gives an equal resulfant to that of a greater
laminiferous motion in ths contrary direction, compounded
with the same nen-luminous motion.”

Maxwell, in his Hlectricity and Magnetizn, vol. il., chap. xxi,
offers the following purtial physical explanation sz an exten-
sion of the above remarks:* ““ It is 8 well-known theorem in
kinematics that two nniform cirgular vibrations, of the same
amplitude, having the same poriodic time, and in the sama
plane, but revolving in opposite directions, are equivalent,
when compounded Logeiber, to a rectilinear vibrution. The
periodio time of this vibration is equal to that of the circular
yibrations, its smplitude is double, and ita direction is in the
line joining the points at which two particles, describing the
cironlar vibrations in opposite directions around the same
eircie, would meet. . . . We may therefore express the phe-
nomenon of the rotation of the plane of polarization in the
following manner :—A plane-polarized ray falls on the medium.
This is equivalent to two eireularly polarized rays, one right-
handed, the other left-handed {as regards the observer). After

*In 1855 Venlet suggested n slmilar explanation.  (Ane. Chim Phys.
43, (. 87, 1856.)
vi




PREFACE

passing throngh the medinm the ray ia still plune-polarized,
but the plane of polarization is turned, sy, to the right (ns
regarde the observer). Hence, of the two cirenlarly polarized
rays, that which is right- handed must have had its phase ac-
celerated with respect to the other during ite passage throngh
the mediom.

“In other words, the right-linnded ray has performed a
greater nnmber of vibrations, and therefore has a smaller wave-
length, within the medinm, than the left-handed ray which has
the same periadic time. . . . From this we conclude, from the
repsening of art. 21, that in the mediom, when nnder the ac-
tign of magnetic foree, some rotatory motion is geing on, the
axia of rotation being in the direction of the magnetic forees ;
and that the rate of propagation of circularly pelurized light,
when the direction of its vibratory rotation and the direction
of the magnetic rotution of the mediam are the same, is differ-
ent from the rate of propagation when these directions are op-

ite.

“I'hia sngular velocity cannot be that of any pertion of the
medinm of sensible dimensions rotating as o whole. We maust,
therefore, conceive tha rotation to be that of very small por-
tiong of the medium, each rotatiug on its own axis. This 1=
the Lhypothesis of molscnlar vortices,

“I'he motion of these vortices, though, us we have shown, it
doos not sonsibly affect the vibratory motious of large bodies,
may be such as to affect that vibreatory motion on which thy
propagation of light, according to the undulatery theory, de-
pends, The displacements of the mediom during the propa-
gation of light will prodiace o distnrbance of the vortices, sud
the vortices, when so disturbad, may react on the medium so
a8 to ulfect the mode of propagation of the ray.

“Tt iz impossible, in our present state of ignorance as to the
nature of the vortices, to azsizn the form of the law which
connects the digplucement of the medium with the varistion of
the vortices.”

Righi proveil experimentally that o right-handed cireularly
polarized beam travels more rapidly than a left-handed one in
snbatances which cause a right-handed rotation in a magnetic
field.

The physical explanation of the problem iz complicated hy
the fact that the magnetic foreo does nob affect the ethereal
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PREFACE

vibrations direetiy, but only through the intervention of mat-
ter.

Referonce to some of the theories will be made in discussing
the Kerr effect. Several of the theories Tead to an expression
for the rotation of the form

2 |
sﬂ[ﬂ:ilz(,u_;ﬁ),
where M is & constant depending on the medium, IT the inten-
gity of the deld, I the thickness of the medium, u its index of
refraction, and X the wave-length of the light. This expreasion
is in fair aveord with the results of experimeuts.

The decomposition of a linear vibration into two eirealar
components travelling with different veloeities in a magnetized
mediuin will aceount for the Faraday effect, bat the Kerr effect
ie much too complicated to be explained by such a simple

lation.

E. II. Hsil* in 1880 discovered that the stream lines of an
electric current flowing throagh s thin conducting sheet trans-
vorse to a magnetic field are deflected, indicating the existence
of asmall * magnetic component”™ st right angles to the orig-
inal current and the ficld. Rowland, assuming that a similar
offect exists in & dielectric medinm, showed that such an offect
wonld account for rotation. Bassett, H. A, Lorentz, snd oth-
ers§ have likewise explained the Kerr offcet in an anulogons
manner, butl in each case the explanation was incompleto in
gome point; moreover, the Hall effect itsell waa left unex-
plained.

Lorentz assumed that all electrical disturbances in dielec-
trice sre dne to the motions of charged ° dieleciric iona™
(entirely different from elsctrolytic ions), which are snbject to
ponderomotive forces when moving in a magnetic fleld. If the
anions and cationg, the motion of which in oppesite directions
constitutes an electric enrrent, move with equal veloeities, they
will be equally displaced by the field, and there can be no elec-
trical separation.

Wind asssumed that there are *conductive™ as well as
““ dielectric ” ions, snd that the oppositely charged ions move

® [ Phil. Mag. (5), 10. 186, 1880, Am. JL Science (3], 20, p. 59, 1880.]
t [See Biblingraphy.] i
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