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1. Theoretical substance of the two-exposure 

holographic interferometry method and its 
using for the Young's elasticity modulus 
measurement 
 
The light waves generated by the stimulated radiation of 

atoms conserve not only the frequency but also the phase 
during the coherence time that determines the spatial coher-
ence. Let the v is the velocity of the light wave with the wave-
length  from laser and this wave is divided into two waves 
u1,  u2  with the different passed optical paths x1,  x2 .  

 

 
We can observe the interference of these two waves in 

the place of meeting 

 

where  is the wave number. The amplitude of the 
wave u is 

 
For  we obtain . If a = b, 
then the wave disappears in the place of meeting. 

We can obtain the information about the object if we 
divide the wave from laser into two waves. The first falls on 
the object. This wave is reflected and dispersed by the object 
and falls on the holographic plate with high resolution. The 
second wave falls on the same plate after the reflection by the 
mirror. Both of the waves write the information about the 
object on the plate during the first exposure, see Fig. 1. 

If we do the second exposure with the same plate, when 
the object is deformed, we obtain the picture of the object 
with the interference fringes, that carry the information about 
the object deformation1. This fact we use for the Young's 
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elasticity modulus determination. The down end of the mate-
rial is fixed and the up end is deviated by the force F action 
during the second exposure. We can calculate the bend y of 
the loose girder end by formula. 

Where l is a distance between the fixed end and the point 
of the force activity, E is the Young´s elasticity modulus, J is 
the area momentum of inertia for the perpendicular cross-
section of the girder, see Fig. 2. 

The bend determination needs a high accuracy, therefore 
the holography method is suitable. This method can determine 
the bend with accuracy equal to one half of the wavelength. 
The bend y is determined from the number n+1 of the interfer-
ence dark fringes, that rise after two exposures and develop-
ing of the holographic plate on the picture (hologram) of the 
object, by the formula 

DETERMINATION OF THE OPTICAL FIBRE DEFORMATION  
BY THE INTERFEROGRAM ANALYSIS 
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Fig. 1. An optical composition. M – mirror, a, b – parallel beams of 
coherent waves, HP – holographic plate, O – object 
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Fig. 2. Deformation of the object. l – the length of the object, y – the 
bend in  the point of the deforming force F action, y1 - the band in 
distance  x1  from the fixed end 
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If we substitute it into equation (1), we obtain the 
Young´s elasticity modulus 

             
 

2. Conditions of the experiment realization  
 
We used described process of the two-exposure holo-

graphic interferometry. The round cross-section optical fibre 
was our researched object. 

The choice of the deforming force value must be so that 
the dark fringes are well sumable, see Fig. 3. 

If we substitute the area momentum J of inertia for the 
round cross-section with the optical fibre diameter d  

into equation (3), we obtain 

where  = 632.8 nm for used laser. 
The values of the quantities we need for using formula 

(5) we obtain as follows. We read the force F straight from 
the forcemeter scale. The accuracy depends upon the kind of 
the forcemeter. We measure the length l of the optical fibre 
after it is fixed. We use the slide rule with error 0.05 mm, but 
because of uncertainties that rise by fixing of the object and 
by determination of the force action point, we choose the 
accuracy 1 mm. We measure the optical fibre diameter d by 
means of micrometer. 

We read the number of the dark fringes from hologram, 
see Fig. 3. It is problem to read the position of the dark fringe 
middle, therefore we choose accuracy of the dark fringes 
number 1, 0.5 or 0.25. It is depends upon specific situation. 

3.   The regression analysis using 
 
One of the sources of errors is determining the position 

of the dark fringes middle near the point of force action. 
There are cases we don´t observe the fringes near the point of 
force action, see Fig. 4. 

Both of the disadvantages we may eliminate by the re-
gression analysis using. From the theory for the girder with 
deforming force in one point2 yelds, that we can use equation 

 
for computing the band y1 in distance x1 from the fixed end. 
We may write simply equation 

                          

where we substitute  

Because we don´t know the value of the Young´s elastic-
ity modulus, we cannot determine constants a, b directly. 

We determined constants a, b by means of the least 
squares method for the seven pairs with regression function 
(6). Each pair contains the measured value of the dark fringe 
middle position x and the measured value of the bend y for 
this middle. The dependence the bend of fibre upon the posi-
tion  x , see Fig. 5, we saved into PC memory. 

 
 

4. The measured and calculated values 
 
We measured the values xi by means of suitable software 

in the digital picture, see Fig. 4. We determined the values yi 
by means of formula (2). There are the values in the Tab. I. 

 
Table I 
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Fig. 3. Digital picture of the hologram with the well sumable in-
terference fringes 
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Fig. 4. Digital picture of the hologram with the bad sumable inter-
ference fringes near the point of force action 

   (6) 23 bxaxy 

I 1 2 3 4 5 6 7 

xi, m 0 3580.4 7221.1 9869.0 12005.3 13299.0 15706.0 

yi, m 0 0.158 0.475 0.791 1.110 1.420 1.700 
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We determined the values of constants 
a =  3.44290481013 m2, b = 1.2226397108 m1. 

The dependence the bend y of the optical fibre upon the posi-
tion x is on Fig. 5. 

For the known value for the distance between the fixed 
end and the force action point x = 20 400 m we obtain 
y = 2.1562269 m. This value we can substitute into equation 

 
that we obtained by substituting formula (4) into (1). We used 
values F = 19.13 N, l = 20.4 mm and d = 0.507 mm. The 
calculated value of the Young´s elasticity modulus for the 
optical fibre is E = 7.7086629109  Pa. 

 
 

5.   Conclusion 
 
The described method enables the complex view on the 

deformation field distribution in the researched object without 
the damage of the object. 
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We expect the increase of the accuracy by the regression 
analysis using. 

It is positive we can obtain the result from the holo-
grams, that don´t contain the interference fringes along the 
whole length of the picture. 

Generally we can say the method  is rather sensitive and 
it is suitable for researching of the larger cross-section objects 
from the metal and ceramic materials. 

The Young´s elasticity modulus of the measured optical 
fibre is at about 25-times lesser than the Young´s elasticity 
modulus of steel (E = 201010 Pa). 
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J. Krajčovič and I. Jančuška (Faculty of Materials 

Science and Technology STU, Institute of Materials, Depart-
ment of Physics, Trnava, Slovakia): Determination of the 
Optical Fibre Deformation by the Interferogram Analysis 

 
There used the optical methods for the determination of 

the several solid states materials mechanical parameters. For 
example, we may to determine the Young's elasticity modulus 
by means of laser, by the two-exposure holographic interfer-
ometry method. We obtained the interferogram by means this 
method that contained a system of the light and dark interfer-
ence fringes. Then we determined the deformation of the re-
searched material by means of the regression analysis. We 
used the regression analysis for the determination of the bend 
in the point of the force action. Our researched material was 
an optical fibre of the cylinder shape. 

This paper contains the describing of the used method, 
the measured values and the calculated values of the optical 
fibre Young's elasticity modulus. 
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Fig. 5. Dependence the  bend of the fibre upon the position – re-
gression curve  


