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Abstract 
   The effect of pressure, applied to PMMA sample, on Mach -Zender interference 
pattern has been studied. 
The effects of length, depth and height of the PMMA samples on the resulting 
number of fringes are investigated. The results of the experiments show almost a 
linear behavior between the numbers of displaced fringes and the displacement of 
the PMMA molecules with the applied pressure in all cases. 
Finally, comparing the experimental with the theoretical results, it is found that, 
there is a good agreement, in most cases, between them provided introducing a 
correction factor which is found to be equal approximately 3.This effect can be used 
as a pressure sensor. 
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  الخلاصة 

   "PMMA"في هذا البحث دراسة تأثير الضغط المسلط على عينات من مادة البولي مثيل ميثا أكريليت    تم

مقطعة بشكل متوازي مستطيلات وبأبعاد مختلفة وذلك بأستخدام نمط التداخل لمقياس ماخ زيندر الموضوع 

لاهداب المزاحة مع تم بحث تأثير كل من طول وعمق وأرتفاع العينات على عدد ا عند طرف ليف بصري

المسلط في  والضغط  الاهداب المزاحة ولقد أوضحت النتائج العملية ان هناك سلوك خطي بين عدد .الضغط 

  .جميع الاحوال

نموذج النظري  وقد وجد ان هناك توافق  في معظـم الحـالات مـع    ثم قورنت النتائج العملية مع نتائج الا

.                                                                           تقريبا  ٣يح والذي كان مقداره النتائج العملية بشرط ادخال عامل التصح

 عـدد (ومن خلال نتائج البحث  من الممكن تصميم وبناء متحسسات الضغط اعتمادا على تغير الطـور     

  .ذات مديات وحساسيات مختلفة) الاهداب المزاحة 

  
  

Introduction 
     Over the past few years workers have been 
contributing techniques for modulating light 
signal in optical sensors. These techniques 
depend on varying some of properties of the 
incident light beam such as phase, polarization,  

 
frequency and intensity. These properties are 
used for detecting and sensing various physical 
quantities including electric fields, magnetic 
fields, acoustic signals, pressure etc. [1-9]. 
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The most sensitive type of optical sensors is 
phase modulation sensors.  The phase  φ  is   
given [1, 2] by: 
 
φ=K n L     
     Where K is the wave propagation constant, L 
is the optical path (the specimen depth along the 
geometrical path) and n is the refractive index. 
Any variation in either n or L results in a phase 
changes. Mach-Zender interferometer, shown in 
Figuer 1 has been used. This device is used for 
sensing acoustic signals, pressure, temperature 
and magnetic field [1,2,3 ]. 
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Figure 1: Mach-Zender interferometer         

configuration [1]. 
    
Theory 
     Phase of light (φ) propagating through a 
material is defined as below. 
When specimen is subjected to a modulating 
effect, an optical phase shift, ∆Ф, occurs in the 
light beam, which is given by [4,8]. 
 
Ф=Kо n ∆L +L Kо ∆n 
 
 ∆Ф= Kо n Lε z +L Kо ∆n ---------------- (1) 
 
The first term is the change in the length effect 
and can be given in terms of the axial strain εz 
.The second term is the change in the refractive 
index and is computed from the strain – optic 
effect which is given by the change in the 
optical indicatrix [4]; 
                                        

 
 

    Where the Pij, is the optical constant (Pockel's 
constant). 
When a material is under isotropic stress with no 
shear strain then: 

 
          
     Only i,j=1,2,3, elements of strain-optic tensor 
for homogeneous isotropic material are needed 
to be considered where P11=P22=P33 , 
P12=P21=P13=P31 =P23=P32 [4]; 
Therefore, the change in the optical indicatrix 
may be expressed as: 

 
 

The relative variation of the refractive index due 
to the photoelastic effect can be expressed as 
[4}: 

 
 

On substituting eq.(3) in eq. (4), takes the form, 

 
                                                
Thus on substituting eq. (5) into eq. (1), an 
expression for ∆Ф is obtained as[5,6,7]. 

 
 
Where µ is the Poisson's ratio, E is the Young's 
modulus and 
  P11+2P12 = ((e-1)(e+2) )/e2   
 
e is the dielectric constant of the material used in 
sensors which is related to the refractive index 
by e= n2. 
Equation 6 explains the relation between the 
optical phase shift and pressure. It is used in the 
present work to calculate the theoretical results. 
This type of modulation is the most sensitive 
type. Phase shifts as small as 10¯7 rad may 
be detected for a wavelength of 0.83 
µm[1,2]. 

Experimental Method 
     The experimental setup is presented in    
Figure 2. Before placing the specimen, the 
interference pattern must be observed.  
The overlapping of the two beams must be 
observed on the screen. Then the two 
overlapping beams interfere to form a series of 
circularly bright and dark fringes. 
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The specimen confined between the two plates 
of the loading system, is placed in one of   paths. 
The correcting sheets (which act as a reference 
specimen) is placed in the other path. 
The specimen is uniformly and gradually 
compressed .The change in the phase is 
observed visually and by a proper electronic 
detector, monitoring and counting the 
displacement of the fringes in the interference 
pattern. 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
In the case of the electronic detector, maximum 
intensity indicates bright fringes, while a 
minimum intensity is considered as dark fringe. 
The numbers of fringes displaced are given by 
the number of changes in intensity. 
One fringe displacement indicates a phase 
change of π (the displacement from bright to 
dark indication). The same procedure is repeated 
for all specimens. 
 
Results and Discussion 
Phase Response 
     Rectangular samples of PMMA are 
employed to see the effect of the sample 
dimensions on the phase response. Different 
geometrical dimensions length, depth and height 
are considered. 
Sample Length Effect 
     Samples of 6mm in depth and 35mm in 
height are employed in these experiments. 
Fig.3-a and 3-b both  show the behavior of the 
applied pressure to a 14mm, 19mm, 26mm, 
30mm, 34mm, 40mm, 43mm, 52mm and 86mm 
length  samples as a function of the number of 
fringes representing the variation in phase 

(phase response curve) in three cases 
exponential. From these curves it can be seen 
that the linear behavior is common to all of 
them. This linearity in the behavior is reversible 
i.e. the behavior is the same in case of the 
compression and relaxation. But the sensitivity 
follows almost an oscillating behavior with 
respect to the length of the samples as shown in  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 4. This may be explained as due to the 
rotation of the chain of the polymer material .As 
the chain is rotated, the light will be incident at 
different configuration of the molecules (i.e. 
different faces of the chain) .As the length 
increases the sample becomes more susceptible 
to the pressure to certain limit at which the chain 
is rerouted to its almost original orientation, 
where it starts the cycle once again. 
Nevertheless as apart of the oscillating behavior, 
the sensitivity decreases with increasing the 
length.  
 
Sample Depth Effect 
Three samples of 35mm in height and 14 mm, 
26 mm, 52 mm in length are employed in this 
test. The depths of the samples are 6 mm, 24 
mm and 41mm as shown in figures 3,5a, 5b. 
Figure 6 shows the behavior of the sensitivity as 
a function of the depth of the sample. The 
sensitivity seems to be first decreasing very 
rapidly and then level off. 
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Figure 2: The experime 
ntal setup configuration.  
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Sample Height Effect 
Two samples of 6 mm in depth and 26 mm, 
52mm ,86 mm in length are considered. The 
height of two samples are 15mm and 
35mm.Figs.(3)and (7)show the phase response 
curve for these samples. The sensitivity of the 
15mm height sample is higher than that for the 
35mm in height sample. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 

 
 

Conclusion 
The data obtained show that a pressure sensor 
may be designed based on the interference 
output of a laser light beam passing through a 
PMMA specimen. 
A flexible and safe transmission medium for the 
modified signal is possible using optical fibers. 
The results show that a variable dynamic range 
and resolution of the pressure may be achieved 
using different dimensions of the sensing 
specimen.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

(a) 

Figure 3-a: Theoretical, experimental and corrected theoretical phase response curve for 
the (6mm) in depth and 35mm in high samples with length (a) 14mm (b) 19mm (c) 26mm 
(d) 30mm. 
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Figure 3-b: Theoretical, experimental and corrected theoretical phase response curve for the (6mm) in depth and 
(35mm) in height samples with length (e) 34mm (f) 40mm (g)  43mm (h) 52mm (i) 86mm 
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Figure 4: Phase sensitivity of 6mm in depth 35mm height samples as a function of samples length. 

Figure 5-a: Theoretical, experimental and corrected theoretical phase response curve for the 24mm in 
depth and 35mm in height samples with length (a) 14mm (b) 52mm. 
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Figure 5-b: Theoretical, experimental and corrected theoretical phase response curve for the 41mm in depth and 
35mm in height samples with length (a) 14mm (b) 26mm (c) 52mm (d) 86mm.  
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Figure 6: Phase sensitivity for the samples with (35mm) in height and width 
length  (a) 14mm (b) 52mm as a function of samples depaths. 

Figure 7: Theoretical, experimental and corrected theoretical phase response curve for the (6mm) in depth and 
(15mm) in height samples with length (a) 26mm (b) 52mm (c)  86mm. 
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