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Serious difficulties a r i se  in examining thermoelas t ie  s t r e s s e s  by optical polar izat ion methods [1], 
which a r i se  par t ly  f rom the difficulty of reproducing this state of s t r e s s  in a model and also from the need 
to determine s imultaneously the t empera tu re  distribution and the components of the s t r e s s  tensor .  The 
reason  is that the optical polar izat ion method records  only the optical path difference,  which is proport ional  
to the difference of the principal  s t r e s s e s .  These difficulties may be overcome by schl ieren methods [2, 
3], which r eco rd  the deflection angles of beams at optical nonuniformities produced by heat in homogeneous 
t ransparen t  solids.  It has been suggested [2, 3] that thermoelas t ic  s t r e s se s  can be determined by f i rs t  
establishing the relat ionship between the t empera tu re  gradient  and the corresponding deflections of the 
beams by photographing shadow pictures  and simultaneously making thermocouple  measuremen t s .  How- 
ever ,  the need to inser t  thermocouples  disrupts the continuity of the solid, which resul ts  in additional 
e r r o r s  of measu remen t  of the o rder  of 4-5%: especia l ly  in determining the coordinates and the t empera -  
tures ,  while there  a re  various ra ther  uncertain e r r o r s  associa ted with dis tor t ion of the t empera tu re  d is -  
tr ibution and the s t r e s s  pat tern.  However, p re l iminary  measurements  can be avoided if one uses  a model 
of an appropr ia te  mate r ia l  and a minor  modification to the optical sys tem of a schl ieren  instrument.  

In fact, the deviation angle in the direct ion of the x axis is [4] 

L On % = - -  (1) 
n* OT 

If a glass model is used, the re f rac t ive  index is dependent on the t empera tu re  and on the the rmoe la s -  
tic s t r e s s e s :  

tz = n (o" i, T), (2) 

where 

~ : :  ~ IT(x, V, z, t)]. (3) 

The following is [5] the relat ion of re f rac t ive  index to the principal  s t r e s se s  to a f i rs t  approximation:  

n o - -  n* = ci~l + c~ (~ + %), 

n~ - -  n* = eio" 2 + cz (~i  -~ %). (4) 

In a planar  state of s t r e s s  

% = 0 (5) 

F rom (2)-(5), we put (1) for the ord inary  wave in the form 

L ( Ocq 0% Ono ) OT (6) 
n* OT OT Ox 

If one uses  K15 optical glass  as the model mater ia l ,  in which C 1 is less than C 2 by a factor  13.3 [6], 
the Ct(a~l/aT) of (6) can be neglected, which resul ts  in an e r r o r  of 1.67% when one uses  light of wavelength 
486.13 nm or 1.83% at 656.28 rim. The maximum e r r o r  of the method does not exceed 4%. Figure 1 shows 
the sys tem of the schl ie ren  instrument ,  which enables one to use two angles in one experiment:  
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Fig. 1. Optical sch l ie ren  sys tem:  
1) light source;  2) condenser ;  3) 
slit;  4) col l imator  lens; 5) optical 
inhomogeneity; 6) main lens; 7) 
beam spl i t ter ;  8 and 9) f i l te rs  pas -  
sing h 1 and k 2 respect ive ly ;  10) i so-  
lating stops.  

L {C a~ , anon, ~ aT ] 

L ( + an0 :] a7 l' (7) 

and these enable one to de te rmine  the distr ibution of the t em p e ra tu r e  gradient  and hence the t empera tu re  
distribution i tself  together  with the distribution of the second principal  s t r e s s .  

The state  of s t r e s s  set  up under i so thermal  conditions by a mechanical  load is a pa r t i cu la r  case  and 
can also be examined by the sch l ie ren  method. 
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N O T A T I O N  

are  the deviation angles of monochromat ic  beams;  
a re  the r e f rac t ive  indices for ordinary  and ex t raord inary  beams;  
is the re f rac t ive  index of undisturbed medium; 
a re  the photoelast ic constants of glass for  light vibrating para l le l  and normal  to the pr incipal  
direct ions;  
is the t empera tu re ;  
is the t empera tu re  coefficient  of re la t ive  monochromat ic  r e f rac t ive  index; 
is the length of model;  
a re  the principal  s t r e s se s ;  
is the t empera tu re  gradient .  
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