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1. INTRODUC~ON , ' , . .  , : i -  

IT is well known that the magnit& of the ~ a r a d a ~ .  roktion, in solids or 
liquids is generally less than that given by the celebrated Becqucrei for&&' 
which connects it with the optical dispersive power.. The +centage ra& 
of the observed magnetic rotation to that theoretidy predictedis called& ' 

magneto-optic anomaly. An examigation of the available&, especially 
those obtained in some recent studies @ the author (1946) $dicak that the 
magneto-optic anomaly is related to the nature of the,e&tron& . bindin'g 
between the atoms 'in the solid. In particular, a comparison;of the Faraday 
rotations in diamond and in zinc-blende (Ramaseshan, 1946) disciosed &e, 
remarkable rksult that in spite of the sppapnt similarity in_ the struc&&, 

' 

the magneto-optic anomaly for diamond is only 28% while-that & && 
blende is 91%. This &iggested: tlrdt the' detehination of the magneto- 
optic anomaly of a series of crystafs of sirppIe constitution and. : s t m i i r e  
might succeed in giving an &sight into. the state of the electron atmosphere 
in crystals. With this object in' vi&, tht +sent hestigation was under- 
taken. It describes measurements made with five cubic crystals, viz., L@, 
N a p , .  KBr, NH,Br and MgO for 'which no record of Faraday effect 
measurements could be traced in the lik.rature. As a check on the accuracy 
of the work, measurements have also been made with three crystals, NaCI, 
KCI and CaF,, for which data q e  already ivailable. 

.\..,. . . 
2. M A m . s m 5  .. . -. .,. .. -. . . 

In the determination bf the Verdit co&t&t', i t  is ibi01uk.l~ e@n& 
that the crystal to be: '' used shodd h v e  no %&dual birefringence. 
Birefringence induaid bi'stiain'is krioi& to' affect Faraday' effect m&e- 
ments in two ways. ' Firstly, the res'tok+tion of Eght dne to birefringeii4 
when thk crystal is observed betviee'nciossed nicols makes it difficult to 
ob-e the restoration produced' ,& tlie m e t i c  field; Consequently, 
the accurate determination of the' atinction position' becomes difficUIt. 
Secondly, the Faraday effect in '$otropic substances is known to diminish 
in the presence of small amounts of birefringence. However, all the crystals 
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excepting those of MgO and NH,Br used in the present tnvestigabon werd 
free from'this defect. 

A large crystal of l~thium fluoride of size approximately 3 x 2x 2 cm., 
purchased from Harshaw Chemical Co., Ltd., U.S.A., was employed. All 
its faces were well polished and it proved ideal for Faraday effect measure- 
ments. Five cry;tals of synthetic periclase presented to Sir C. V. Raman 
by Messrs. Norton & Co., Worcester, U.S.A.. were found suitable for the 
measurement of the Verdet constant in MgO. All the crystals had a small 
amount of residual birefringence but in four of them thts was so small that 
it did not affect the measurements. Two fine crystals of fluorspar with 
polished faces, one colourless and the other showing a violet fluoresoence, 
which were originally m possession of Fizeau and now form part of 
Sir C. V. Raman's crystallographic collection, were available for these 
studies. Large clear cleavage plates of rocksalt from Baluchistan were 
nsed. The ammonium chloride and bromide crystals were grown by 
MI. K. G. Ramanathan in this laboratory for some spectroscopic studies. 
The crystals were 1 x 1 x 0.5 cm. in slze. The potassium bromide and 

. chloride crystals were grown by the author by the method of slow evapo- 
ration of a saturated solution. 

3. - EWEXIMENIAL PROCEDURE 

The Verdet constant V of a substance can be expressed by the modified 
Becquerel formula 

V= y (e/2mca) AdzIdA, 

where e and m ate the electronic charge and mass respectively, A and c the 
wavelength and velocity of light and n is the refracttve index of the substance. 
The factor y in many substances remains constant over the visible and the 
near ultraviolet provided the dispersion due to the infra-red terms is elimi- 
nated from the formula (Darwin and Watson, 1927). To calculate the 
value of Adn/dA of a substance, fairly accurate measurements of the refrac- 
tive indices for a few wavelengths in the visible region are necessary. 

The refractive indices of these crystab were determined with the aid 
of a Pulfrich refractometer made by Carl Zeiss & Co. As most crystals 
had the form of rectangular parallelepipeds with pohshed faces, there was 
not much dicul ty in the measurements. Monobroinonaphthalene, 
methylene iodide and a solution of sulphur in methylene iodide were the 
liquids used to cement the solids to the Pulfrich prism The refractive 
indices were determined for the wabelengths X 5893, h 5161 and A435X. 
The refractive index measurements were accurate to one unlt in the fourth 
place of decimals for MgO, NH,CI, NH,Br and KBr and to two units in 



FurniCay Efccf in Some Ca&c CrysfaLs 461 

the 6fth place for LiF. The dispersion is accuraie to 1% or 2%. The 
dispersion of fluorspar has been determined from. the values of refractive 
lndices given in Landolt and Bornstem tables. 

An electromagnet of the Rutherford type with its polepieces 28 mm. 
apart =as used. In the earlier determipation with LiF the polepieees were 
kept 32 mm. apart, but later this was reduced to 28 mm. A sodium lamp 
and a mercury pointolite Iamp with suitable filters were used as the sources 
of light. A wide-angle nicol was used to polarise the light. The magnetic 
rotation of the light was determined by means of a Laurents polarimeter 
consisting of a sugar half-shade and a small analysing nicol. The sugar 
half-shade (Rayleigh, 1884) consists of a cell containing sugar solution 
arranged such that the two halves of the cell in the field of view are subjected 
to smaU rotations, differing by about 2". The difference in the thickness in 
the path is obtained by introducing a piece of unstrained glass inside the 
cell such that the upper edge of the glass divides the field of view into two 
parts. With this half-shade it is possible to determine the position of equal 
intensity within 1' or 2' of arc. In each measurement the position of 
equal intensity was determined k t  without the magnetic field and then 
with the field on and reversed. A mean of twenty readings was usually 
taken. The accuracy of measurement was between &?A and 1%. It must 
be mentioned here that the half-shade could only be used in the case of 
crystals without any trace of birefringence. It was used for the measure- 
ment of the magnetic rotation in LiF, KBr, NH4Cl, CaF,, NaCl and KCI. 
For NH,Br and MgO which had small amounts of birefringence, the half- 
shade was dispensed with and the approximate einct ion position was 
determined with the aid of the analyser. 

The effective field used was determined -by measuring the rotation 
produced in conductivity water. The Verdet constant for water for X 5893 
at  25" was taken to be 0.01307 min. per cm. per gauss. The temperature at  
which the measurements were taken was always between 23.5" C. and 26" C. 

Table I gives the rotation observed for X 5893, h 5461 and X 4358 with 
water columns of different thicknesses. Table II to M give the optical 
and magneto-optic constants of NaCl, KC1, CaF,, LiF, KBr, NH4C1, 
NH,Br and MgO. In these tables, n is the refractive index, p the actual 
rotation due to the magnetic field, Y the Verdet constant and y the magneto- 
optic anomaly. 

The values obtained for KC1 and NaCl agree closely with those obtained 
by Becquerel (1885) and Landau (1908). These valuks are about 5% 
higher than those obtained by Muyer (1909). The Verdet constitat of 
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CaF, agrees closely with the values obtained by different w+rs (1908, 
1909, 1885). The magnetic rotation for A 4358 could not be de@& 

TABLE I 
V ..,, for wtm = 0.1307' par cm. por ~ ~ 6 s  

Distance betseen 
polepiece i n  mm. Angstroms minlltes , meld in pa 

Vsral = 1.184 (I.C.T.1 
GB 1 .I80 (Observed) 
V- = 1.916 (LC.T.1 
Vv8.. 1.92 (Observed) 

TAB= I1 
Rock Snlt (NaCI) 

0.m 
I -m 

91 % 

T ~ L E  III 
SyIvine (KC1) 

F i d  8080 gauss 



Fluorspar (CaFa 
Field 8080 galus 

Thickness Crystal No. in mm. j 43S8 

10.32 

' (violet) 

v 0.008~8 0.01049 0.01no 
n 1.43383 1.43496 1.43949 

0.0140 0 .D260 

63.6% 

TABLE V 

Lithium Fluoride (LiF) 

Field in T!2zT 1, j I ' I b 489, 1 A ( _  I A 4858 

5.27 
2l.s 
.. . . 

, . TABLB VI 

Potassium Bromide (KBr) 
Field 8080 g a w  

Crystat Xo. I yzy 1 , 1 158S3 

896' 
6.27 3x8' 

3 4.58 295' - 601' - 
1 V 9.0398 0.0489 

1.5555 

1 I. 8 -- 
V 
2, 

I 

1.5631 

0.0633 

m 5 %  

,343, 1 g; 384' 1 % 

0.WlS 
1.6813 

0.1104 

73.2% 

0-00876 
1--3aZM, 

I 76.1% 

P.01341 0.02110 

0.01023 . 1.58341 

76.3% 

0.0162l 
1.387% 

77.0% 



TABLE MI 
Amntoniunz Chloride (NH,CI) 

Field 8080 muss 

TABLE VIII 
Ammonium Bromide (NH,Br) 

Field 8080 gausp 

Thickness 
C ~ s t a l  No. I in  mm. I I h 6398 1 X 6481 I I A4S68 

TABLE M 
Periclase (MgO) 

Field 8080 gauss 

Thickness Cvstal No. 1 in mm. 
I 
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with sufficient accuracy in the fluorspar crystal having a violet fluorescence. 
This was due to the feeble transmission by the crystal towards the violet end 
of the spectrum. 

The Verdet constant, refractive index an& the magneto-optic anomaly 
of the eight crystals studied in this paper, together with the values far dia- 
mond and zincblende previously obtained by the author, are given in 
Table X. 

TABLE X 

- -... 
1 .n75 

LiF 1.3928 
KBr 1.5580 

1.6397 
1.7167 

CaF. 

I I I - 
Van Vleck (1932) has shown that atoms having the inert gas configura- 

tion must obey the unmod&ed Becquerel formula, i.e., they should have 
a y value of 100%. The lower value of y for the well-known ionic sub- 
stances NaCl and KC1 may be attributed to the deviation of the electron 
atmospheres of the ions in the crystal from inert gas configuration. It 
is natural to expect, on this basis, that in diamond which is conpletely a 
covalent crystal, the y value should be very low._ The low values of y for 
NH,CI and NH,Br may also be attributed to the covalent N-H bond. 
f i t  a careful study of Table X shows that this elementary hypothesis cannot 
explain many of the facts observed. For instance, CaF, which is usually 
considered to be an ionic crystal has a value of y considerably lower than 
the values for other ionic crystals. At the present stage it has not been 
possible to correlate any other physical property with the magneto-optic 
anomaly. Indeed to effect such a correlation, more data on the magneto- 
optic anomaly in crystals are necessary. Investigations on the detennina- 
tion of the values of y in other ionic cubic crystals and their solutions are in 
progress, and it is expected that the results of these studies will throw some 
light on the meaning of the magneto-optic anomaly. 

The author wishes to recard his grateful thanks to Professor Sir C,  V. 
Raman for the kind encouragement he gave during c.1.: ;~ . l i sz  of this investi- 
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gation and for the loan of the crystals. Thanks are also due to Dr. R. S' 
IGishnan and Mr. K. G. Ramanathan for the loan of the crystals of ammo- 
nium chloride and bromide. . 

5. SUMMARY 

The paper records the Verdet constant, refractive index, dispersion and 
the magneto-optic anomaly of eight cubic crystals, viz., NaCI, KC1, CaF,, 
LiF, KBr, NH,Cl, NH,Br and MgO for the wavelengths, h 5893, h 5461 
and h 4358. The magneto-optic constants for the last five crystals mentioned 
above have been determined for the first time. The vaiues of the Verdet 
constant for A 5893 and the magneto-optic anomaly f ~ i  these crystals are 
as follows:-LiF 0.06876, 76%; KBr 0.0398, 74%; NH,CI 0.0367, 73%; 
NH,Br 0,0499, 69%; MgO 0.0344, 81%. 
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