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ABSTRACT:- In this research a mathematical model is proposed to show the 

environmental effects on the visibility of the optical interferometer by using matlab program 

version (7), too, it can be  use the variables values for the temperatures within Iraqi weather 

under the condition to the value of visibility can be improved. The visibility of optical 

interferometer has variables values due to the pressure and strain under effect the 

temperature.  

Keywords: Laser source, Mach-Zehnder interferometer modulator (MZIM), Fiber optic 

sensor for pressure, temperature, and strain. 

 

1- INTRODUCTION : 

           Interferometers, such as the Mach-Zehnder interferometer modulator (MZIM), )1, 2( 

play a decisive role in the foundation of physics. They allow to assess and quantify the wave 

nature of light and matter by probing the complex amplitude of the field.)3(, the most simple 

interferometers are so-called two-path interferometers, of which the MZIM figure (1) is a 

particular symmetric one. Two-path interferometers employ a well collimated incident beam 

of light or matter wave generated by source (1), which is then split by a partially transmitting 

mirror A (beam splitter)with transmission probability TA and reflection probability RA=1−TA 

into two partial beams. After following two different paths in space, the partial beams are 

recollected together by a second half mirror B forming two output beams that are measured at 

detectors 2 and 3. Due to the particle conservation, the two detectors measure complementary 

intensities. It therefore suffices to consider one detector signal. In case of a fully coherent 

classical wave with frequency , the measured intensity of the output beam is a periodic 

function of the difference  in propagation time along the two paths. In the ideal case, the 

intensity oscillates between zero and a maximum value, in which case one refers to a 

visibility of 100%. In recent years, interferometers (the use of interference phenomena) 
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provides wide opportunities for measurements in various areas of physics )1(, particularly in 

optics and in modulation techniques for the optical fiber communication systems (2, 4, 5, 6). 

           Figure (1.a) Illustration of a MZIM with mirrors A and B, which are characterized by 

their transmission probabilities TA and TB. In the electronic version, a potential Vmg at the 

modulation gate changes the area enclosed by the two partial beams, leading to a phase 

modulation through the Aharonov-Bohm effect (7). 

           Figure (1.b) Due to the consequent constructive and destructive interference, the 

current intensities I2, 3 at the detector contacts 2 and 3 oscillate as a function of Vmg. Thus, is 

measure the differential transmission probability dIi2/dIi1 of the current in the outer edge state 

(i) and define the visibility (υ) as its peak-to-peak modulation as indicated by the solid lines 

in (b) (8).  

 

2- MATHEMATICAL MODULE: 

If an electric field is applied during a certain length to one arm, a phase difference  

between the light propagation through the two waveguides will be introduced see figure (2). 

This result an intensity modulation at the optical interferometer modulator output, which can 

be written as equation (1) (9): 

𝐼 =
𝐼𝑜

2
[𝐸1

2 + 𝐸2
2 + 2𝐸1𝐸2 cos Δ𝜙]                                                                          (1) 

 

If a laser diode source is used, the fringe visibility (𝑣) is: 

 

 

 

 

 

 

∴ 𝑣 =
𝐸1𝐸2

2𝐸1
2 + 2𝐸1 + 1

 

 

 

 

 

Where: 

 
% 

𝐸1 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑓𝑖𝑒𝑙𝑑 𝑜𝑓  𝑓𝑖𝑟𝑠𝑡 𝑎𝑟𝑚 𝑓𝑜𝑟 𝑀𝑍𝐼  (𝑉) 

𝐸2 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐 𝑓𝑖𝑒𝑙𝑑 𝑜𝑓  𝑠𝑒𝑐𝑜𝑛𝑑 𝑎𝑟𝑚  𝑓𝑜𝑟 𝑀𝑍𝐼 (𝑉) 

∵ 𝐸2 = (1 − 𝐸1) 
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Substituting Eq. (3), into Eq. (4) is resulted: 

 

 

 
 

 

 
 

 

 
 

 

 
 

 

 

The mathematical expression of visibility (𝑣) for Mach-Zhender interferometer modulator 

(MZIM) is shown in Eq. (5).  

𝑣 =
2𝐸1𝐼𝑜 − 2𝐸1

2𝐼𝑜 − 𝐼𝑜 + 2𝐼

(4𝐸1
2𝐼𝑜 + 4𝐸1𝐼𝑜 + 2𝐼𝑜) cos ∆∅

                                                                                 (5) 

 

Equation (5) explains the relationship between the visibility (𝑣) and the phase difference ∆∅. 

Also, the equation (6) which shows the environmental effects is (9): 

 

 
 

 

Where: 
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∅ =
2𝜋𝑛𝐿

𝜆
     𝑟𝑎𝑑   ,            

K = wave number 

𝜆 =free space wavelength  of the laser in  ( nm) 

L= length of the fiber in the sensor in (μm) 

n= Refractive index (unit less) 

Δ𝑇 = Temperature difference in (k) 

S11= axial strain (unit less), S12= radial strain (unit less), 𝜌11𝑎𝑛𝑑 𝜌12 = pocket coefficient 

 

∆∅

∅∆𝑇
=

(
1

𝑛
) (

𝜕𝑛

𝜕𝑇
) Δ𝑇 + 𝑆11 − (

𝑛2

2
) [(𝜌11 + 𝜌12)𝑆12 + 𝜌12𝑆11]

Δ𝑇
 

The strain S11 and S12 are related by: 

 

 

 

Substituting Eq. (7), into Eq. (8) yields: 

  

 

 
 

 

 

 

The final mathematical expression of phase difference with respect (temperature, 

pressure, and strain) for Mach-Zhender interferometer modulator (MZIM) is shown in Eq. 

(9).  

 
 
 
 
 
 
 

 

Where: 

P = Pressure (Paskal) 

G=Young's module (70 MPa) 

Substituting Eq. (9), into Eq. (5) is resulted:  
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The equation (11) is the fundamental design equation for many interferometers fiber 

optic sensor and optical communication systems .Also, this equation show the relationship 

between visibility (𝑣), and environmental effects. 

 

3- SIMULATION VARIABLES: 

The following is a list of the parameters that will be varied in the simulations to 

determine visibility efficiency of MZIM. These variables and the motives for including them 

as such, as well as the specific values chosen for the simulations are discussed in previous 

sections. The denotation of each parameter given in parentheses below will be used in the 

next section in which the simulation results are presented 

 Free space wavelength of the laser () = 1550 nm.  

 Fiber arm length (L) = 80 μm. 

 Electric field (E) = 1V. 

 Young's modules (G) = 70 Mpa. 

  Refractive index (n) = 1.468. 

 Pocket coefficient (𝜌11 , 𝜌12 ) = 0.12, and 0.72 respectively. 

 Thermo optic coefficient of the optical fiber(
𝜕𝑛

𝜕𝑇
) = 8.6 *10^-6 K-1. 

 Poisson’s Ratio(𝜇) = 0.17. 

 

4-  RESULTS & DISCUSSION 

The objective of the simulation is presents to evaluate MZIM performance by analysis 

the environmental effects which it effects on the visibility of the optical modulator so the 

simulation established by using the equation (11). 

 

4.1: The effect of the temperature: 

From the equation (11), and the figure (3), the visibility (𝑣) is decreased in to (75%), 

when the temperature is increases into (323K). Large temperature corresponds to very poor 

Mach-Zhender interferometer modulator (MZIM) performance. Thus, enhancement of the 

MZIM performance is achieved by using the cooling techniques. This technique is considered 

in this research when is used the temperature within (233 K), which results in higher visibility 

is arrived into (𝑣>98%). Addition to the figure (3) is show the cooling operation when the 

temperature of cooling is decreased into (253K) the visibility is arrived into (𝑣 <98%). 
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4.2: The effect of the Strain: 

From the equation (11), and the figure (4),When the range of strain lies in the 

range((10-55 μ) which has been applied within temperature is arrived into (333 K), it has 

been noticed from that work when the strain is increased over(10 μ), the visibility of MZIM 

it decreases to arrive into (92%).From the figure(5),with the decreasing the temperature to 

arrive into (293K), the visibility is increased into (100%). Figure (6), is shown the cooling 

techniques is effect on the visibility efficiency, when the temperature is decreased into 

(258K) the visibility is arrived into (98%).Thus, this techniques is consider disadvantage  for 

the visibility of MZIM . 

4.3: The effect of the pressure: 

From the equation (11), when applying the pressure range (0-40 Kpa), within 

temperature is arrived into (323 K). An increase could be noticed the visibility to arrive 

approximately about (98%) when the pressure is decreasing into (0 Kpa) this is considered is 

ideal case see figure(7). Figures [(8), (9), and (10)], are explain the visibility efficiency of 

MZIM is increased into (𝑣 >98%) with the decreased the temperature to (T<293 K). From 

this result is can be noticed the low temperature with applied pressure can be considered this 

work to prevent the effecting the applied pressure and to enhancement the visibility of 

MZIM. 

 

5. CONCLUSION: 

1. In this research, it enhances efficiency and the stability of MZIM, so, this technique 

depends on the controlling on the visibility for MZIM. When the temperature is arrived 

into (T  330 K), that efficiency of visibility it reaches (75%). Also, the visibility can 

reach to the better efficiency (  >98%) when use the cooling technique which leads to 

that temperature is arrived to (T  233 K). 

2. It concludes when strain is increased over (10 μ) with temperature reaches into (323 K), 

the visibility decreases gradually until it reaches to (91%). Thus, in order to improve the 

efficiency of visibility it must be the temperature degree less than (323 K), to reach (T

293 K), but the visibility of the efficiency rang arrived into (88%) because off the strain 

.Otherwise, if the temperature degree is down to (T 258 K), with strain rang the visibility 

is decreased gradually until reach to a lower efficiency and this is considered a 

disadvantage of visibility for MZIM performance.  
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3. So, it has been applied pressure (0-40 Kpa), within temperature degree reaches into (T

298 K), the visibility operates efficiently better and arrives to (100%). So, it concludes the 

visibility of MZIM can be work with a better performance when the temperature degrees 

reach to a lower it  levels  in order to  the effecting of  pressure is  approximately 

negligible . 
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                                      (b)                                 (a)                             

Fig. (1): (a) Illustration of a MZIM with mirrors A and B 

(b) Illustration visibility of a MZIM. 

 

 

 

 

 

 

 

 

Fig. (2): Illustration visibility of a MZIM with fiber optic sensor to monitoring 

environmental  

 

 

 

 

 

 

 

 

 

Fig. (3): The effect temperature on the visibility of MZIM (233 – 333) K 
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Fig. (4): The effect strain on the visibility of MZIM (333 K) (10 - 55 μ) 

 

 

 

 

 

 

 

 

 

 

 

Fig. (5): The effect strain on the visibility of MZIM (293) K (10 - 55 μ) 

 

 

 

 

 

 

 

 

Fig. (6): The effect strain on the visibility of MZIM (258 K) (10 - 55 μ) 
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Fig. (7): The effect pressure on the visibility of MZIM (323 K) (0 - 40 Kpa) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (8): The effect pressure on the visibility of MZIM (293 K) (0 - 40 Kpa) 
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Fig. (9): The effect pressure on the visibility of MZIM (248 K) (0 - 40 Kpa) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. (10): The effect pressure on the visibility of MZIM (223 K) (0 - 40 Kpa) 
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 تصميم موديل رياضي يقيم التأثيرات البيئية على مضمن التداخل البصري
 

 صادق عدنان حبيب
 جامعة ديالى، كلية الهندسة

 

 الخلاصة:
بصري باستخدام لمقياس التداخل ال تراح موديل رياضي يبين التأثيرات البيئية على الرؤيةاق هذا البحث تم في

. بالأضافة إلى ذلك استعملت قيم مختلفة لدرجات الحرارة وضمن الأجواء العراقية لمعرفة مدى تأثر (7برنامج ماتلاب )
ة. كذلك يتم الحصول على قيم مختلفة للرؤية لمقياس التداخل الرؤية تحت هذه الحالة وبالتالي يتم تحسين قيم الرؤي

 . والضغط تحت تأثير درجات الحرارة البصري ناتجة من تأثير الضغط والإجهاد وذلك لمعرفة مدى تأثرها بالإجهاد
 

 

 

 


