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1. INTRODUCTION

IT is well known that the presence of birefringence in a solid, both accidesnis
and inherent, considerably decreases the magnitude of its magneto-cipdl
rotation (Schutz, 1936). In consequence, very great care has to be excriss
in selecting perfect crystals for the measurement of Faraday rotatios. |
was therefore considered that an investigation of the influence of bircflringens
on the Faraday effect in a solid would be of some interest. Although #
complete theory of magnetic and optical rotation in birefringent solids
been worked out (Chauvin, 1890; Wiener, 1888; Pockels, 1906) this peasrti
cular problem of the magnitude of the decrease in the rotation has not e
specifically treated before. In the present investigation the general theots
have been used to derive simple expressions correlating the decrease in 1
magnetic rotation with birefringence. The preliminary report of this B
already been published in Current Science (Ramaseshan and Chasnsfts
sekharan, 1951). These expressions have been verified by experiments <9
strained glass and strained plastics. It is found that birefringences cosres
ponding to path retardations of the order of A/30 for the total length of i
solid do not affect the magnetic rotation by more than 1%. The rotatss
actually becomes zero for a path retardation of about A/2 and has a negatsd
value when it is between A/2 and A. Further, it is found that the Verde
constant in birefringent solids can be measured accurately, provided s
specimens are taken such that the total birefringence is not very large. In fa
the decrease in the Faraday rotation in a strained solid can itself be used 1y
calculate the birefringence very accurately.

2. ROTATION FOR Low BIREFRINGENCE
When plane polarised light is incident on an isotropic solid placed
a magnetic field, it is split up into two circular vibrations of opposite semsey
which travel with different velocities inside the medium. Since these Ywa
vibrations are coherent, they combine at every point in the medium %o
produce a plane vibration which is rotated with respect to the plane of pulire
sation of the incident light, the rotation increasing directly as the thick
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traversed. By measuring the value of the rotation p for the whale thickness ¢
of the solid for a known field, the Verdet constant of the substance can he
calculated.  Let us now assume that the isotropic solid is made birefringent
by the application of a stress, n this case the incident plane polarised light
splits up into two elliptic vibrations o opposite senses lying crossed teo cach
other, which travel with diflerent velocities, These being colwrent, they
combine at every point to praduce an elliptic vibration whose major iaxis is
rotated with respect to the plane of polarisation of the incident light, The
magnitude of the rotation of the major axis () depends on the thickness
and the birefringence of the solid. R is possible to measure the angle 4
very aceurately with a hall shade i the ellipticity of the emergent hight is not
very large. ¢ can be considered o be the apparent rotation, and the so-
walled decrease in the rotation in a strained solid is due (o the fact that i is
less than p, il the incident Hpht is polarised parallel to o prinepal direction,
as would happen if the solid were originally set for minimum restoration
of light under crossed aicals, However, this 15 not always true amd the
apparent rotation would actually increase i the ncident Tight iy polarised
at 45° 1o the principal directions, We shall consider only the former cse
as measurements are best made in that setting. An expression connecting i
with the birefringerce and the rotation woukl enable one o caleulnte the
true Verdet constant ol a stressed or virelvingent sulid,

Let &, be the phase retardation per unit fength in the absence of rotation
and pe the rotation per unit fength when there is no birefringence,  Then
the phase retardation per unit length Ay between the twa elliptic vibrations
that are propagated unchunged inside the anisotropic medium is given hy

By VA () (1
and the ratio of the axes of the ellipse is given by tan y, where

tan 2y 2pa/oy (2)
and the total phase difference Tor the thickness ¢ is

A Anf [ \"’J‘%u;ﬁ ‘ (),,”)'«*' (3)

I the incident light is polarised with its plone parallel to one of the two
principal vibration directions, then o is given by the relation (Pockels)

sin dy sin A

tun i - .
un 2 cos® 2y | sin® 2y cos A “)

The total rotation for the solid when there is no birefringence is p - py and
the total phase retardation when there is no rotation is 8 18,



34 S. Ramaseshan
From (1) and (2) we have
sin 2y = 2p,/ Ay = 1/m (say)

or
A=2mp
Equation (4) could be written as
tan 2y = sin 2y sin A

1 —sin? 2y (cos A — 1)
Substituting (5) and (6) in (7) and expanding sin 2mp and cos 2mp we have

_ m?(2p)® | mt(20)*  mS(2 s
tan 24 =2 [1 AR T 5(! o 7!p) ]

x 14+ GF -2 fet o+ e =L
2y =tan L= L_, + Igs
substituting the valueg of L we have
2= [1 - + D O e ]
but (m? — 1) (2p)2 = 52 ?;
w=2(1- 3+ TV ) TR

This series is convergent when p is not very large and § is less than one.
When § is very small

2p=2p (1 — 5231), | S ®

This formula can be very easily verified by experiment using the usual
Faraday effect apparatus with the half-shade mounted at the analyser end.
The magnetic rotation p in an isotropic rectangular block of glass is measured

for a known value of the magnetic field. The glass is then strained by

applying pressure. The plane of polarisation of the incident light is made
parallel to the axis of strain. The birefringence introduced (8) is measured
with the aid of a Babinet compensator and finally the value of 4 for the
strained glass is measured for the same value of the magnetic field. In

practice p and i are taken as the mean of the rotations obtained for positive
and negative magnetic fields.

Fig. 1 gives the theoretical curve together with the expenmental points.
The agreement between theory and experiment is satisfactory. It is to be
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Fig. 1. Variation of rotation with birefringence (for small values of birefringence)

noticed that even when 8 is nearly A/6, the deviation from the approximate
formula i§ not more than 3%. If the second term in expression (8 a) is also
taken, a greater accuracy is obtained.

The formula (8) is approximately truc for both inherent and accidental
birefringence. Since the decrease in the rotation is proportional to 8%3 !,
small birefringences of the order of A/30 dlo not affect the results by more
than 19. This is quite obvious from Fig. 1. Further the deccrease is
dependent on the fotal phase retardation (8 = 3,) and not on &, alone, and the
Faraday rotation is not affected by the presence of birefringence if & = (8,20,
This can be achieved by two methods. The first is to have 8,=0, i.e., to
choose crystals that show no traces of birefringence. The second is to
make the thickness ¢ small, even though 8,7 0 so that 18, is very nearly zero.
Obviously if the birefringence 8, is large, the thickness ¢ must be very small,
This would necessitate the use of very accurate methods of measurements
since the magnitude of the rotation would also be correspondingly reduced.
But it is advantageous to reduce the thickness provided such accurate methods
are available, because the percentage error introduced by the birefringence is
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apprf:ciably .reduced tllchbY- Indeed by using larger thicknesses it may he
possible to increase the inherent accuracy of the measurement of 24, but §t
would differ from the true value 2p by a sensible amount due to the accidental

birefringence that is present (the magnitude of which cannot be readily
estimated).

These inferences from theory find direct confirmation in the measure-
ments made on diamond and aJumina (Ramaseshan, 1946). As is well
known, although birefringence is not an inherent property of diamond.
most diamonds cxhibit accidental birefringence. It was invariably found
that the values of Verdet constant obtained with.thin specimens were always
higher and more consistent than those obtained with thicker specimens.

3. BIREFRINGENCE I.ARGE COMPARED TO ROTATION

A second formula can be derived in the case when p, the rotation is

much smaller than 8, the birefringence. Equation (4) of the last section
may be written as

tan 2t n= sin 2y sin A
I =2 sin22y sin? A2

putting sin 2y =2p)/ Ay= € and expanding we get
tan 2 == € sin A (1 + 2esin® A2 + desint A2....)
and when 2p,/9, is small

tan 2 = € sin A:% sin A
0

or

tan 24 == Zg sin A. (9

While the formula in the previous section could only be used when the
total phase diflerence is small, the formula (9) can be used for all values of
birefringence provided the ratio 2p¢/8, is small. One notices that ¢ is an
oscillating function and is zero when A=0 and A== and has a positive

maximum at A ~#/2 and a negative one at A ~3n/2. The maximum value
that ¢ can take is when ‘ '

cos A= — tan? 2y
and
o= % aro sin P 10)

The equation (9) has been verified by experiments on strained plastic
plates. Most transparent colourless plastic sheets that are sold in the market
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exhibit permanent strains probably due to the calendering during nanufucture
and behave like uniaxial crystals with very small birefringence, The diree-
tion of the optic axis is perpendicular to the bipe evtensive sindice of the
plate.  From such @ plate, o Tirpe number of pieves were cut with lenpths
varying from ("5em, to Svm, The sides were polished and due care was
taken to see that no undue strins were introdueed dordng the cutting ol
polishing processes,  The rotiatory power gy e the wheenee of biselinpence
was obtitined by meisuring the rotation alonp the optiv anis, Facl pliste
picce was then placed with its optiv anis perpendiculir to the mienetic fickl
and its birefringence in the absence of the field win meisured with the il
of & Babinet compensator, 10 was found that the path retindition was
proportional 1o the thichiess of the piece, e ncident Tieht tahich is an
aceurately parallel beam) hud it plane of vibration psndiel eooune of the
principal vibration divections of the phistic piece. The value o dowas
determined by weans of i hadl=shade wt the anudyser end, i being tithen
the mean of values obtained when the mapnetic ficld was pot on and revetsad,
The same ficld was used for all the specimens,

Tables Tand 11 wive the results of the experiment Tor the two winves
lengths AS61 and AAIR and g Y orepresents the variation of 4o with
the thickness of the specimens for Y5461 and V8K, o the plisties s
2pof8y is constant and s g A e be tihen o be equal o a,
Therefore from (Fa) tan & i propartional ta sin A which i exactly whid
the curves in Fip, 2 depict,

Tanrt |}
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TABLE 11
Magneto-optic rotation in straiped plastic plates for A 4358
Magnetic field = 4050 Osrsteds po = 101-2 minutes
Phase Rotation 2y .
Thickness difference }"T'/:
X Calculated Observed
0: 54 015 53’ 41’ 070
1.21 0:36 94'~ 5 0-71
1:70 050 108. 102 0-61
2:26 0+66 100” 96’ 0-42
305 0-85 50 54 0-1
351 1:00 o 8’ 0-12
310 1-15 - 47 - 527 —0-13
4:78 1:35 - 95’ - 90’ —0:09
560 1:60 - 104’ ~100’ 0-18
G+ 50 1-85 - 55’ —~ 60" ~0-09
7-10 2.00 o 8’ —0.00
'20}
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FI. 2. The variation of y with thickness in Strained plastics
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From the curves one notices that for small values of thickness, the rota-
tion is proportional to ¢, i.e., the magnitude of the rotation is not affected
when the birefringence is small, Another point of interest is that for values
of thickness between 3-5 and 4:5cm., ¢ for A 5461 is positive while that
for A4358 is negative, The maximum value of the rotation is found to
obey formula (10) within about 3%.

The apparent Verdet constant V* can be defined as

_ ¥
Vi=m
where H is the magnetic field. If ¢ is small
vr_y _sinA
V R A

- The experimental value of V*/V are given in the last column of Tables I and
II. Fig. 3 represents the theoretical curve showing the variation of V*/V

ro

0-5f

NP

—— Phase difference

& X544
0 A 4358

Fic. 3. The variation of V*/V with birefringence

with birefringence together with the experimental points. The agreement
between theory and experiment is quite satisfactory. It may be mentioned
that the magnetic rotations observed in most solids are not very great and
the formule (8) and (9) together cover practically all the cases that are Iikely

to occur in experimental observations of magneto-optic rotation in strained
enlide
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4. MEASUREMENT OF BIREFRINGENCE BY THE M AGNETO-OPTIC METHOD

From Fig. 3 one notices that the value of the magnetic rotation decreases
as the birefringence increases. The decrease is first slow till the birefringence
has a value of A/8. From A/8 to A/2 the decrease in rotation is almost pro-
portional to the increase in the birefringence. The decrease in the magnetic
rotation can, therefore, be used as a fairly sensitive method for the measure-
ment of the birefringence in a solid and the sensitivity is greatest when the
value of the birefringence is between A/8 and /2. This method has been
used to measure the photoclastic constants in some glasses and crystals, the
results of which will be reported in a later paper.

The authors’ thanks are due to Prof. R. S. Krishnan for the kind interest
he took in this investigation and to Dr. G. N. Ramachandran and Mr, V.
Chandrasekharan for the discussions and helpful suggestions they gave
during the course of thesc researches.

SUMMARY

Approximate formule correlating the decrease in Faraday rotation
with birefringence have been derived and these hawve been verified by experi-
ments on strained glasses and plastics. It is found that for small values of
birefringence, the decrease in the Faraday rotation is proportional to the
square of the total birefringence. For values of the birefringence of A/30, the
decrease in the rotation is less than 1%. The Verdet constant in birefringent
solids can be accurately determined provided sufficiently thin specimens are
taken such that the total birefringence is small. Finally it is shown that the

decrease in the Faraday rotation can itself be used as an accurate measure
of the birefringence in strained solids.

REFERENCES

Chauvin .. Comptes Rendus, 1886, 102, 972.

Jour. de Physique, 1890 (2), 9, 5.
Pockels .. Lehrbuch der Krystalloptik, 1906.
Ramaseshan .. Proc. Ind. Acad. Sci., 1946, 24, 104,

and Chandrasekharan .. Current Science, 1951.

Schutz Magneto optik., Handbuch der Experimental Physik, 1936,
' 26, 48.

Wiener .. Wied. Ann., 1888, 35, 1.

i



