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Application of laser technique for the study of shearing 
using a Wollaston prism  
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It is shown a technique of investigation of the shearing in materials using a Wollaston prism. The experiment uses a laser 
diode. 
 
(Received November 21, 2011; Accepted December 2, 2011) 
 
Keywords: Optical method, Prism, Wollaston prism, Shearing 
 
 
 

1 Experimental     
 
The experimental configuration  is presented in Fig. 1.  

 
 
 
 
 
 
 
 
 
 
 
Disc     prism polarizer  
 

Fig. 1.  Experimental device for the control of the 
deformation of a disk 

 
 

The beam of a laser diode crosses a blade half-wave. 
The beam of a diode is linearly polarized and the blade 
half-wave makes it possible to change the direction of 
polarization. This blade is assembled on a rotary system 
and is turned so that the components corresponding to the 
crystal axes are identical. Then, the beam passes in a lens 
(focal = 90 mm) to be increased. Finally, it is reflected by 
a mirror on the deformable disc (deformation in dome). 
This disc is covered with a diffusing painting.  

The diffused light passes then in the prism of 
Wollaston which duplicates the beams. The light is then 
collected by a lens (of focal distance 145 mm) 
diaphragmed by a pupil and sent on a camera CCD. At the 
entry of this one a polarizer turned is so as to be able to 
make interfere the two components of polarization. 
Indeed, we saw that the two beams on the outlet side of the 
prism have   a direction of polarization. Consequently, in 
order to be able to make them interfere, it is necessary to 
project these components on a common direction: it is the 
role played by the polarizer.  

The prism is placed on an arm of translation so that 
we can vary its position compared to the lens and thus to 
control the amplitude of the unfolding.  

Moreover, the prism is placed on a micrometric table 
of translation. This enables us to regulate his position 
compared to the beam transversely. This table is motorized 
and managed either by a remote control, or by a computer. 
The smallest possible translation is 10 -7  m.  

The camera is connected to a computer which takes 
the images of before and according to deformation, 
calculates the phase in each case and then the difference in 
phase.  

Handling proceeds this manner then: we take an 
image of the object, we relocate the prism of a quantity 
exposed further, we take a second image of the object and 
so on until obtaining 5 images of the object. Then, we 
deform the disc and start again this acquisition.  

All this part of acquisition was made thanks to macro 
carried out by HPH. This one asks for the number of 
images which one wishes to take and the step of 
translation between each one. The remainder is done then 
almost automatically.  

 
 
2. Measurements 
 
Before exposing the results, it is necessary for us to 

make a remark. If one looks at the diagram of the 
assembly carried out one sees that we laid out a lens 
between the prism and the camera (this so obviously 
carrying out an image of the object). This lens affects the 
unfolding of the image.   

We then measured this one in experiments. With this 
intention, we carried out the image of a graph paper. On 
this paper, was a quite visible reference mark (a black 
vertical line). Thus, with the screen, this line was 
duplicated and it was enough to count the squares between 
these lines to know the unfolding.  
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Doublement du wollaston
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Fig. 2. Variation of the distance between interference 
rings with distance lens- prism 

 
With new, we can express the variation according to the 
position: 
 

 y=0, 971- 0,00938 x                             (1) 
 

This result is significant because we saw in the 
theoretical introduction that the value of the shift (the 
"shear") of the images fixes the sensitivity of 
measurements.  

In the assembly carried out, the distance prism-lens is 
61 cm. The shear is worth thus 0,4 cm. A distance between 
interference rings thus corresponds to: 
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As we explained higher, the technique consists in 

taking several photographs while varying the phase 
between each one, the shift of phase being realized by the 
translation of the prism. The program used is the same one 
as that for the ESPI: it is thus necessary to take 5 images 

with a jump of phase of  
�
2

  between each one. We 

calculated theoretically that a jump of phase of  2�   is 
obtained by a shift of 7,13 hundredths of millimeters. A 

jump of phase of  
�
2

  will then be obtained for the quarter 

of this value:  
2 7178.10
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Rem.: is the unit of the table of motorized translation 
which we employed for this handling.  
 
 
 
 

3. Results 
 
We analyzed the deformation in dome explained in 

chapter 1. This deformation is carried out by a disc pressed 
in its center by a screw. It is the rotation of this one which 
creates the deformation.   

We analyzed this deformation for various steps of 
translation of the prism:   
78 10 -7  m, 128 10 -7  m, 178 10 -7  m (theoretical value), 
228 10 -7  m, 278 10 -7  m.  

Here results obtained. On right-hand side, we carried 
out a median filter (3x3) in order to better distinguish the 
fringes.  
 
 

   78   

     128   

    178      

     228  
  

       278    
  

Fig. 3: Representation of specklogramms relating   to the 
deformation for various steps of translation of the prism. 

 
In the naked eye, we can distinguish that the result is 

scrambled more for the steps of 78 and 278.10 -7 Mr. For 
the others, one needs an eye very sharpened to distinguish 
the best image.  

To select the maid, we have recourse to the 
calculation of the jump of phase. Indeed, the software used 
(IPP-phase) can calculate the jump of phase between each 
photography.   
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The result is posted in level of gray. The average 
value of the histogram of this result informs us about the 
jump of phase.  

For a jump of phase of
�
2

, the average value must be 

64.  
Below, we gathered the histograms corresponding to 

each step of translation.   
This represents the second checking of our calculation 

concerning the dephasing caused by a translation of the 
prism. The result obtained is obviously more precise than 
that obtained with the naked eye on the screen 
 

Saut de phase pour différentes translations
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Fig. 4. Representation of phase for different translations. 
 

As one can see it, the curve whose top approaches the 
most 64 is the red curve, means that which corresponds to 
a step of 178.10 -7 Mr. Our prediction thus is well checked.  

 
4. Subtraction of image - difference in phase 
 
To conclude this handling, we can still show the 

distinction between the subtraction of image and the 
difference in phase:  
 

       
 

Fig. 5. Representation of the subtraction of image. 
 
 

The first report is that the image obtained by 
subtraction of image is of good quality.  (The  image of left 
was already improved electronically in order to better 
emphasize the fringes)  

The significant quality is to be seen in the quasi-
circulars. Spots. In the case of the difference in phase, the 
spot of left yhand is clear whereas that of right-hand side 
is dark. In the subtraction of images, these two spots are 
clear.  

In the case of the difference in image, the values were 
rectified, means that we visualize a derivative of the form:   
 

 
 

Fig. 6. Representation of phase in 3 D. 
 
 

This technique enables us to qualify and quantify the 
deformation (by integrating the derivative). But it does not 
enable us to see the direction of this deformation, as 
opposed to what us the technique of difference in phase 
allows: indeed, if surface had become deformed towards 
the interior, this technique would post a spot sinks on the 
left and a clear spot on the right.  

 
5. Conclusions 
 
For recall, the shearing by prism of Wollaston had not 

been employed yet with the UCL. We then tackled to 
check the operation of this technique. We started with the 
subtraction of image, easier to implement, and we obtained 
fringes. The first point was thus filled out.  

Then, we carried out calculations in order to be able to 
use the technique of difference in phase. These 
calculations were checked in experiments with a good 
precision. The second point also was thus filled out.  

Finally, we carried out an assembly in order to use the 
difference in phase. We saw that we obtained fringes of 
very good quality and characteristic of the deformation in 
dome. The third goal was thus reached.  

We can thus conclude that this handling is complete. 
The technique of the determination of shearing by 
Wollaston prism  is now ready to use..  
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