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X S I I .  The Deterirtinatioiz of Potsson's Ratio and of the  Absolute Stress-variatiott of 
Refractive I d e x .  By F .  TWYXAN, F.I iz<t  I ] . ,  and J. W. PERRY. 

RECEIVED FEBR~AKY 18. 1922 

;1 B STK.lCT. 
The Paper describes a ready method of determining the stress-optical coefficients, 

the Hilger iiiterferoiiieter being employed. Young's modulus of elasticity and Poisson's 
ratio are determinable simultaneously. 

AFTER the discovery by Brclvstcr * of the phenomenon of double refraction 
in strained media, thc first to make quantitative determinations of the effect was 
Seumann,? who also developed a theory of the phenomenoli. Further experiments 
w r e  carried out by I k r ,  3 establishing the laws of the propagation of light in 
strained media. Absolute mcasurements were made later by Pockcls,b whose inves- 
tigations resulted in the production of a glass which, when subjected to any strain 
within the elastic limits, remained optically almost isotropic. Filonll ' later investigated 
by various methods the birefringence and its dispersion in a bent beam, and advan- 
tageously proposed thc use of two constants in specifying the stress-optical effect 
in such a beam when bent, called by him the stress optical coefficients, and defined as 
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the I ' additional retardation per unit thickness per unit tension " for ordinary and 
extraordinary rays respectively. Filon specifies these coiistants in terms of " brew- 
sters," a unit proposed' also by him (1 brcwster=l.lO-'" cm.2/gm.). 

In the course of an investigation concerning the optical properties of a certain 
melting of glass, i t  became necessary to determine approximately the stress-optical 
coefficients. I t  is the purpose of the following to  indicate the method employed, 
which differed from any known to have been published, and is applicable in  con- 
nection with determinations of other small refractive index variations. ** No great 
accuracy is claimed for the measurements hcre recorded, but the method is susceptible 
of refinement. 

A strip of the glass was prepared, of dimensions 60 x 15-1 x 2-48 nim., of which 
the two 8 0 ~ 2 . 4 6  mm. faces were accurately plane parallel, and one 6 0 ~ 1 5 . 1  mm. 

* Phil. Trans. (1SlG). 
t Bbh. d. Berliner Akad. (1541). 
$ Phil. Mag., 5, XXVI. (1858). 
$ 9 n n .  d. Phys., 4, 1, 745. 
I /  Phil, Trans,, A. CCVII. (190 i )  : seenlso Proc. Camb. Phil. Soc., SI., 475, SII., 55, 314. 
7 Proc. Roy. Soc., A., LXXXIII.. 572. 
** As, for instance, the variations of thickness and of mean refrnctiye index from point to 

11. 

point of nearly plane parallel glass plates. 



152 Messrs. Twymaiz and Perry on 

face polished accurately plane. I t  was supported on two pieces of soft wire (electric 
fuse wire) 75 mm. apart, so that a load (of 1948 gms.) could be applied by resting a 
weight symmetrically on two similar pieces of wire 45 mm. apart, as is shown in 
Fig. 1. 

Compressive stress at A : 94.66 kg.,h". 

i i  

FIG. 2 ,  

ARRANGEMENT (a), 

The whole was placed in a Hilger prism interferometer* (Fig. 2) ,  in the beam 
usually occupied by the prism, and the interferometer illuminated by the grecn He 
radiation 1,5461A'. C. The interferometer was so adjusted that uiiiforni coloratioi) 
was produced, with the strip unloaded, over the whole area preseiitcd by the strip. 

On loading the strip interference bands as shown in Fig. 3 were produced 
These are due to the composite effect of alteration in the length of glass path occasioned 
by the stress and variation of refractive index also occasioned by the s t i e s .  Since, 
nioreover, the stress in general occasions double refraction, the appcarance is a 
complex one, but it is readily simplified by admitting to  the observcr's eye light 
polarised either in a horizontal or in a vertical plane. 

ARRANGEMENT (b) .  
Interference bands can also be obtained by covering the interferometer mirror? 

F and G and obselving by means of the light reflected from the surfaces s and s' 
of the strip. 

Phil M a g ,  V I ,  35 I .  
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If now n be the normal refractive iiides of the glass, 2t the ,length of glass path 
in the direction traversed by the light, An and At the variations in 1z and t due t o  
loading the strip in the manlier indicated, and 911. the number of complete bands 
observed from A to  B (Fig. 3), to  the approximation aimed at in the present deter- 
mination we can write for the case of arrangement (a) : 

411~, i .=A( l t - l ) t=(n- I )Af t f~~~ . . . . . . . .  ( a )  

while for the case of arrangement (b )  : 

@~bi=Afit=%At+tAfi . . . . . . . . . . . .  ( b )  

from which two equations Alt and At are easily determinable. 

.1 A -- 
a 

Particulars of the glass : Melt 683." Derby Crown Glass Co. 

?~,,=1.5789 ~ = 4 1 . 3  

The following results were obtained :- 
__ _ _ ~ ~  - .._________..___ 

Arrangement. Ordinary r ay ,  Estrnordinary ray. ~ 

! - , - ~ -  

____.___.__  __-I-- 

Comiircssive stress a t  A . . . . . . . . . . . . . . . . . .  Y 4 . N  ig . /cm2.  1 
Thus, ior any known load, An for both ordinarq and extraordinary rays is deter- 

minable immediately from the observations. I t  will also be noticed that At is twice 
determined. The two values found should, of course, be identical ; that they are 
not so is due to the fact that i i z  was measured by counting the bands simply as seen 
by the unaided eye at P, the accuracy so obtained sufficing for the immediate purpose 
of the esperimciit. More accurate nicaiis of counting the bands mill readily suggest 
themselves to  one desiring to adapt the method to  more precise determinations. 

I t  would, of course, be necessary then to correct for several sources of error, 
which in the more refined application of thc mcthod would 110 longer be negligible, 
arising from the prismatic form of the strip when bent. I t  may be shown that to 

* \ V r  have to thank the courtesy of the Derby Crown Glass Co., Ltd. ,  for letting us havc, 
ancl perinittin: us to piiblisli, t lw tlieoretical composition of their melt 083 as determined fro111 
the  batch used. 
Tiieoveticnl Fwinliln : 

Theoretic171 Peweritage Conzpr;sitio:i : 

No aylya is  of the actual glass was made. 

l (10 SO,. l i  PbO. 11 Na,O. 3 Ii,O. 

SiO, . . . . . . . . . . . . . . .  54,S3  

I<,O . . . . . . . . . . . . . . .  4,:JO 

PbO . . . . . . . . . . . . . . .  :34,(;4 
Ka20 . . . . . . . . . . . . . . .  i i .23 
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the order of apprqsirnatioii aimed a t  in the present measurement such sources of 
error may be ignorcd (the greatest corrcction--i.c., that  t o  the value of ijiob;., necessi- 
tated is approsimately OG31,, and is thus smaller than the probable observational 
error). 

The stress-optical coefficients as thus determined for the glass as above specified 
are as follows :- 

c,, =. - .5.8 1 c, = - 2.32 

The above measurements enable us, since 4f is determined, 'LO calculate Poisson's 
ratio if Young's modulus E is known for the glass. Failing a more precise knowledge 
of E it is possible to determine it on the same apparatus by applying tlie nietliod 
originated by Cornu,* elaborated by Straube1,f and quite recently eniployed by Jessop 1 
in the determination of Poisson's ratio for specimens of plate glass. The procedure is as 
follolvs :- 

h right-angled prism is so mounted under the loadedstrip that light proceeding from 
the half-silvered mirror K (Fig. 2) is reflected normally from the under-surface of the 
strip, and passes back to themirror I i to  be reflected to theobser\-er's eye at P. The beam 
which is reflected from the curved under-surface of the strip interferes with the beam 
reflected from the upper surfaceof the prism ; the curvature of tlie strip can, therefore, be 
determined by counting the interference fringes so formed and observed by the eye at P. 
Because of the large number of fringes with the original load, the total load was reduced 
to 1,006 kg., thereby renderin? possible a more accurate counting. The accuracyiii E thus 
secured is estimated at about 53 per cent. 

The following observations were made, y being measured from the centre of the strip. 
along its major axis :- 

c -  Y ( ' 3  10~0111111. 

lllh 6.75 11.75 A 

The radius of elastic curvature R is then given by 

Yr"-Pl2  
( m 2  - m1)  A 

and Young's modulus E is calculated from 

where M is the bending moment, tlie suffix being to distinguish this from the earlier value. 
E was thus found to be 6,320 kg./mm.*. 

Returning now to tlie observations firstly made, Poisson's ratio U is to  be derived, 

from 

thus is obtained the value U = o ~ l O F .  

DISCUSSION. 

111. J .  GUILD inquired what fraction of a band could be counted in the determination oi E. 
The AUTIIOR replied that the bands mere counted to the nearest one-tenth. 

* C.K., LSIS., 3 3 3  (1869). 
Ivied. Ann., I,SVIII., 3F0 (1899) 
Phil. Mag., YI,, 42 (1921). 


