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HILE examining the data acquired recently ..t A~Ni f i  j (3) W by the authors on the dispersion of the + KI 212 
stress-optic coefficient (S.O.C.) in a series of Since in equation (1) the sum of the transi- 
optical glasses, it was noticed that there existed tion probabilities must necessarily be equal to 
no satisfactory theory on this subject for ex- unity, i.e.. 2 f l  = $ it follows that in equa- 
p!aining the experimental results. This corn- tion (2)  2 l fl = 0 and therefore in equa- 
rnunication presents the phenomenological tion (3) .  
theory of stress-optic di~per~sion (s.0.d.) and xK,"f l  ; 0 (4 
develops a formha for the same. The data Hence if the dispersion formula (I)  is written 
for fused silica (Fi1on)l and those obtained as 
for a typical light glass have been used to * C I ~ 1 2 ~ S  

-: -- -- 
verify the essential features of the theory. , - A12 (5) 

GENERAL THEORY - then the formula for stress-optic dispersion 
would be 

The stress-optic  coefficient"^ given by the 
expression B - (n,, - n , ) / p ,  ' yhere nrl and n, are = 1 2 [ ~ l c l ~ ~ 2 ~ 1  QlC~A12~.2] 
the refractive indices of th\e stressed isotropic n (A' - ) , Y I P  + ),'--A1' (6)  

solid for fight polarised parallel and perpendi- where 
1 

cular to the direction of stress. The magnitude ~ ? I C I  = 0 (7 )  
of T,, - n, can be easily obtained from the T ~ C  first term (P term) represents the effect 
dispersion formula for the substance. In gene- of the frequency ,-hange and second term (Q 
ral, the effect of stress on a solid would be term) gives the effect due to change in the 
very similar to that of either a nlagnetic field3 strength of the oscillators. For testing out 
or temperat~re,~?".e., to affect the three para- these formulac it is, therefore, necessary not 
meters, N~ the number, f l  the oscillator strength only to have accurate data of the stress optic 
and wl the frequency' of the dispersion coefficierlt of a substance over a wide range of 
tron. If one, therefore, starts with a dispersion wavelengths but also to have its refractive in- 
formula of the Drude type dices analysed into an accurate dispersion for- 

" AINIPI 
nS - 1 = --- mula that malres use of experimentally observ- 

I w12-u2 ( ')'- 'sd absorption frequencies. 
then VERIFICATION OF THE THEORY 

The substances chosen for verification of this 
formula are fused silica and a typical crown 
glabs. For fused quartz an accurate dispersion 
formula using two experimentally observed 
frequencies at 1190 A and 1060A and a hypo- 
thetical one at 600 is available.6 A two-term 

(2) dispersion formula for the glass was constructed 
with the absorption wavelength at A600 and 

and one also has a similar expression for .I nL. S 1077 which fits the experimental data on re- 
If one substitutes fraction to five units in the fifth place of deci- 

1 3w mals. The dispersion formulae for the two sub- 
stances are as follows: 

and K," and KLr" for corresponding functions n' - 1 = - 
0.157DX2 0 .4151~'  

k2- j 0 3 1 9 0 ! ~  ' ~ ~ 0 . 1 0 6 0 ) ~  
for the oscillator strength and the number of 
oscillators then + -- 0.5320X2 +- 0.4538A2 

A2 - ( 0 . 0 6 0 0 ) U 2  - (8-84)' 
a 1.4460A2 

i - - (fused silica). 
A ~ -  (20-74)2 

n . 8 5 1 9 2 ~ ~  nZ - 1 = 0.3935A3 
+ K l ~  A ~ N ~ f l  2 -  (0 -  1077)l + ~P-(070600)~ 

y12- 1 2  (G!ass No. B.S.C. 510644). 



The values of the S.O.C. for fused silica were TABLE I1 
obtained from a smooth curve drawn through values of p Q, all in u,rits of 
the various values given by Flloill for differ- . .  -- -- -- - 
ent wavelengths. The s.o.c.'s for the glass were 

Su!,st,n2ct 1 '  QL Q2 
ol.tai~led by a magneto-optic method7ah deve- (-2 2 
loped in this laboratory. - - -- - - - - -. - -- - - - - -- -- . - - 

It was first noticed that by using Q terms 1 wed Silica 6.704 6-704 0 1.451 1.451 - -4782 
alone (Eqn. 6) with the condition (7) im- (;lass ?.SOD .. 0 2.353 .. -1-588 
posed, it was not possible to fit the experimen- _ - - -  ---- 
tal data, indicating most clearly that there does 
exist a frequency change when a solid is stres- One is, therefore, forced to conclude that the 
sed. Further it was found that if one assumed stress-optic dispersion arises due to both a fre- 

that is the same for the frequencies, a quency shift and a change in the oscillator 

formula with P terms only did not satisfy the strength caused by strain. For unidirectional 

experimental data. There is no doubt there- stress, which is the case under discussion, due 

fore that both frequency and transition prob- to opposite strains parallel and perpendicular 

ability changes have to be taken into account. to the stress, the absorption frequency (as in 

There are now 6 parameters to k- altered and the case of a magnetic field) would split into 

one could always by a judicious variation of two< one of the c o m ~ n e n t s  being responsible 
these, bring about a fit between the experi- for the dispersion of light polarised parallel to 
mental and calculated values. The following direction Of the Other for 'ght 
reasonable assumptions have been made so polarised in a direction perpendicular to it 
that the number of parameters to be altered is Such changes in the frequency due 
reduced considerably: ( a )  values P and Q for have been 'Onceived of by earlier workers 
A 1190 and A 1060 are the same, (b) the absorp- (G' *. Ramachandran9 and Bursteinlo) and 
tion wavelength at 6 0 0 ~  being due to inner has actually been experimentally observed in 
levels is not split by the pressure. Using these Raman effect studies by Marie and Mathieull 

two conditions and that given in Eqn. (7) the in the case of quartz. The extension of this 
values of the s.0.c. for different wavelengths theory to cubic and anisokopic is 
.for fused silica and the crown glass have been obvious. It is also evident that this theory is 

calculated. It must be noticed due to condi- not applicable to the cases where there is a 
tion (7) the sign.of (600) is negative, while realignment of molecules due to stress. Such 

for the other absorption wavelengths it is posi- " phellomenon is known Occur in high ~ 0 1 ~ -  
tive. The observed and calculated values have and substances containing long chain 
been entered in Tables 1 and 11. The agree- In such cases new fie- 

merit between them is quite satisfactory- T~~ quencies have to be invoked to explain the dis- 

P and Q values for different wavelengths have persion- 

also been given. RELATION TO CHANCES IN POLARISABILITY 
TABLE I , A change in the density of the substance 

causes a variation of the Lorentz polarisation 
s ~ ~ ~ ~ ~ - ~ ~ ~ ~ ~  coefirients field inside it, which in its turn alters both 

LVavelength (in 1)rewsters) the frequency and the transition probability 
Su1,stance i n  1 of the dispersion electron. Mueller2.12 has 

Calcnl.~ted I.:xperimental shown that the stress-optic effect cannot just 
be considered as due to changes in the Lorentz 
polarisation field caused by an increase in 

Fused Silixa 6500 3.S6 3-60  density in one direction and a simultaneous 
6000 3-59  3-59  decrease in the perpendicular direction. He 
5 500 3.63 
SOOO 8.68 3-68  3'G3 has also demonstrated that as the birefring- 
4500 3 - 52 3-72 ence obtained by such a hypothesis would be 

--- --- opposite to that observed in most substances. 
Glaks* R4G1 2.  C5 2 - 6 i  

4916 
it is essential to assume that the strain actually 

2 - 7 1  
43.58 2.75 2 . 7 7  2'74 alters the polarisability of the atoms. The 
4047 2-81 2-81 changes in the oscillator characteristics induced 

by density changes would, therefore, be oppo- 
* F;.S.C. Type-Si02-69. %7r; l:,C),,-C,. R; K,O- site to those due to these "strain polarisability" 

20.5% ; Ca0-2 .9%.  effects. 



Many of the phenomena observed in glasses 
can be explained if one assumes that whiie 
the atoms that actually take part in the "net- 
work'' like 0, Si, Al, etc., suffer changes in 
the polarisability due to strain and are also 
affected considerably by the changes in the 
Lorentz field, the ions like Na, K, Pb which 
occupy the holes in the "network"l3 are not 
particularly susceptible to the former polaris- 
ability changes but are affected to a larger 
extent by the alterations in the density of the 
surrounding atoms. Hence the introduction of 
such ions into the silica network would tend 
to decrease the s.0.c. of the glass. The absorp- 
tion wavelengths of many of these heavier 
ions are much greater than those for the net- 
work forming atoms. Hence the disp_ersion of 
the negative effect would tend to mask the 
dispersion arising from strain polarisability 
changes. One could, therefore, easily conceive 
of glasses with a fair percentage of heavy ions 
having stress-optic coefficients which practi- 
calIy do not show any dispersion or exhibiting 
even negative dispersion (i.e., the s.0.c. decreas- 
ing with decreasing wavelength). As the ratio 
of the heavier ions continues to increase, one 
should expect to And the s.0.c. actually be- 
coming zero for a particular wavelength and 
then changing sign. 

-L 
-\ 

Many of these phenomena have been ob- 
served in glasses. It  has also been noticed that 
most glasses show a small increase in the 
s.0.c. at h4916 and a tendency to decrease at 
A-3650. Investigations are in progress to find 
out if these anomalies are real and if so whe- 
ther they have any relationship to the fluores- 
cent bands that are usually found in these 
regions. 

The authors wish to thank Dr. S. Chandra- 
sekhar, Dr. K. Vedarn and Prof. R. S. Krishnan 
for the many discussions they had with them. 
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