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Abstract: 
This research aimed to study the thermal induced depolarization in system consist of two optical 

elements separated by quartz. The Mathcad 14 program used to calculate the results. The 

theoretical suggestion model has solved and shown the effect of different parameters on value of 

induced depolarization .The depending of induced depolarization on type of the used elements 

was studied with calculating the optical anisotropy property (ζ) of the two optical elements. The 

effect of rotator of quartz element (θr) that separate between two optical elements has been 

investigated. The effect  of circular birefringence on the induced thermal depolarization with 

using different values of ratio of normalized powers in the first and second elements was studied. 

In this research the results showed which parameter strongly effect on thermal depolarization 

.The reduction of  thermal induced depolarization is important for laser system for best operating 

to avoid loss in power. 

Keywords : Thermal induced depolarization, Faraday isolator,  Photoelastic effect, High  power 

lasers. 
  

 :الخلاصة
فً َظاو ٌركىٌ يٍ عُصشٌٍ تصشٌٍٍ يفصىنٍٍ تانكىاسذض.  حرثالاسرقطاب انحشاسي انً اَعذاو ٌهذف هزا انثحث إنى دساسح

الاسرقطاب اَعذاو وأظهش ذأثٍش يعايلاخ يخرهفح عهى قًٍح  انًقرشذ ًُىرج انُظشيانذى حم  (mathcad14)  تاسرخذاو تشَايح

يٍ خلال حساب  ذى دساسره انًسرخذيح انثصشٌح الاسرقطاب انًسرحث عهى َىع انعُاصش اعرًاد اَعذاو.حشاسٌا  انًسرحث

شٌٍ عهى انزي ٌفصم انعُصشٌٍ انثص (θr( نعُصشٌٍ تصشٌٍٍ . ذأثٍش دوساٌ عُصش انكىاسذض )ζ)انرثاٌٍ انثصشي  خاصٍح 

عهى الاسرقطاب انحشاسي انًسرحث تاسرخذاو قٍى  δс . ذأثٍش الاَكساس انذائشياَعذاو الاسرقطاب انًحرث حشاسٌا ذًد دساسره 

اي يٍ . فً هزا انثحث أظهشَا ذًد دساسره الأول وانثاًَ انثصشٌٍ فً انعُصشٌٍ  انقذساخ انحشاسٌح انًرىنذج  يخرهفح نُسثح

نُظاو  خذا يهى انًحرث حشاسٌا الاسرقطاب اَعذاو . إٌ ذقهٍمحشاسٌا انًحرث  الاسرقطاب اَعذاو  عهى قىيانًرغٍشاخ نها ذاثٍش 

 نردُة فقذاٌ انطاقح. نكً ٌعًم تشكم يُاسةانهٍضس 

 . نٍضس عانً انقذسج: اَعذاو الاسرقطاب انًحرث حشاسٌا, عاصل فاساداي ,انرأثٍش انضىئً انًشٌ, انكهًاخ انًفراحٍح
 

 

 

 

1.Introduction                                                                                                                         

     The rate of solid state laser power has increased significantly over the past 17 years. The main 

problem is the manufacture of lasers operating at a power equal to 100 kW so the study of the 

thermal effect on the absorption of laser radiation in the existence of optical elements of optical 

devices is very important. The Faraday's isolator is highly dependent on these phenomena because 

its visual elements are comparatively  long [1-3].  

       At present time, there is growing interest in high-power solid state laser systems . This interest 

is due to the wide applications of this type of laser, there are applications in the field of industry and 

in the scientific field[4-5], and in the study of the behavior of materials when applied an external 
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optical field[6]. By the progressing in the production and manufacture of laser devices, there are 

currently lasers operating at a power of one or ten kilowatts[7]. In 2010 this type of laser operated 

with a power equal to 100 kW continuously for six hours. The optical equipment in its work 

depends on the non-inverse rotation of the polarization plane, for example the Faraday rotation, 

which works on radiation isolation, which regulates the paths of the laser amplifiers. This rotation is 

used in the dual refractive evaluation of the beam in the laser elements. The most important in the 

work of these devices is the ocular element placed in a stable magnetic field.  Faraday instruments 

which are used in high-power laser devices[8-9], the magnetic optical material must be contain 

special specifications[10-12].      

      One of the most important optical elements is terbium gallium garnet because it has a high 

Verdet constant , high thermal conductivity and has low absorption losses in wavelength between 

500 to 1100 nm. The work in which rotation of Faraday was identified and the temperature reliance 

of the Verdet constant in terbium gallium garnet  ceramics was showed in 2007[9]. In any case of 

the kind of the sources of heat , their occurrence in the optical elements of the laser device caused  

unfavorable thermal influence. The temperature of the elements will increase, leading to a change in 

the spectrum rate. The optical and mechanical properties of the element in the laser system will 

change as a result. The spectrum lines diverge and expand and the cross sections of the transition 

levels will decrease, the refractive index and the temperature gradient change, In addition, the 

synchronization angles are lower, the frequency of the Faraday devices will decrease and the 

thermal conductivity will decrease. The gradient in the temperature shown in the visual elements 

shows that all the variables of the elements depend on the temperature and become dependent on 

the coordinates. Therefore, the lack of homogeneity in the element appears and leads to mechanical 

exertion. Mechanical exertion leads to a change in the optical properties of the elements, so the 

refractive index of the material changes due to the effect of photoelastic [8]. The main cause of 

thermal phase deformation that occurs involves the adoption of the refractive index on the 

temperature, the dependence of length on temperature which is known as linear expansion, and the 

adoption of refractive index on mechanical stress. The deformation of the phase obtained depends 

on the mutual co-ordination of the radiation polarization, crystal coordinates, and the direction of 

exertion [9, 10].            
        The thermal phenomena in the active medium of the high-power laser can cause a significant 

loss of power through the lack of polarization, if the active medium without the self-double light 

refraction has been used and the optical resonator has an element with high losses for one of the 

polarization directions. The  gradient heat in the active medium causes the mechanical stress and 

thus a double refraction of light occurs towards the local axis through the cross section of the beam. 

As a result, the original linear polarization state distorted and the losses appear in the power[13]. 

There are negative consequences resulting from the lack of thermal polarization, the most important 

of which is the loss of the ability of polarized radiation, which is equal to the degree of non-

polarization, and the change in the transverse pattern of the radiation because of the formation of 

amplitude and phase associated with the lack of homogeneity of the lack of polarization, which 

leads to increased loss due to dispersion and makes it difficult to work with elements it radiation 

polarized. depolarization is the process by which polarized radiation converts to non-polarized 

radiation. The degree of non-polarization is the ratio of non-polarized radiation power to total 

radiation power. The medium used to reduce the lack of thermal depolarization is glass[14-16], 

ceramic[17] and single crystals[18]. It is possible to reduce the lack of thermal induced 

depolarization , which causes loss of power  using YAG crystallization[19-20]. 
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2. Theory of thermal induced depolarization 
        To calculate the resulting thermally induced depolarization of linearly polarized 

radiation after passing through a system of two thermally loaded optical elements 1 and 2 

in the presence of circular birefringence in them separated by a quartz rotator 3(figure 1) 

let a linearly polarized field along the x axis  
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   We assumed that the thermally induced linear and circular. Birefringence in the first 

element is determined by δ1, Ψ1 and δc1, in the second - δ2, Ψ2 and δc2. The quartz rotator 

turns the plane of polarization of the transmitted radiation is given by the angle θr. The 

field at the output of the system will be determined by the expression[21].  
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The Jones matrix M for an optical element with simultaneous circular and linear 

birefringence in the absence of dissipation and amplification is determined by the 

expression [21, 22]. 
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Figure1. A system of two optical elements separated by a quartz 

rotator. 1 and 2 - first and second optical elements, 3 - quartz rotator 
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       Here δe1,2 - incursions of the phases of the eigen polarizations with linear 

birefringence in the absence of a circular one; δl is the phase difference of the eigen 

polarizations for linear birefringence; Ψ is the angle of inclination of the intrinsic 

polarization with respect to the Cartesian laboratory axis x;   is the average phase 

between two proper polarizations; k = 2π / λ is the wave number; L - length of the 

element, in general, can depend on the transverse coordinates; δc is the phase difference of 

two circular polarizations in the absence of linear birefringence, with the rotation angle of 

the polarization plane for Faraday rotation being φF = δc / 2, nΣ and nΔ are the mean and 

difference refractive index coefficients. Thus, knowing the values of δe1, δe2, δc and Ein 

using expressions (1) - (6), we can uniquely determine the Jones vector at the exit of the 

medium Eout. The Jones matrix of the medium in the absence of Faraday rotation is 

obtained from expression (2) with the substitution δc = 0. 
 

      The local degree of depolarization γ in the absence of rotation of the plane of 

polarization of the transmitted radiation is the fraction of the intensity of the transmitted 

radiation with polarization orthogonal to the initial one in Ein, and is determined from the 

Jones vectors at the input and at the output in accordance with expression 
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The equation of thermal induced depolarization is given by fowling expression: 
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   In   the  above equation  the parameter ζ1,2 represented optical anisotropy of the materials, D- ratio 

of normalized powers in the first and second elements, δс1,2 are  values of circular birefringence, θ1,2 
the angle between the crystallographic axis and the x axis of the laboratory coordinate system and θr 

is angle of quartz rotator. 
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3. results and discussion 
         Figure 2 illustrates the depending of thermal-induced depolarization on the optical anisotropy 

of the materials of the first and second optical elements with different values of ratio of normalized 

powers in the first and second elements D . 
 

 

 Figure 2a shows that thermal-induced depolarization γ  decreases as the value of the second optical 

anisotropy ζ2  increases .We noticed that when value of      ζ2 equal 1  the value of γ  was 3.25 and 

this value decreased  to 1.25 when anisotropy of second optical element equal to 14(D changed 

from 0 to10),while the opposite occurs in figure2b such that at the first optical element the thermal 

induced depolarization increased with increasing anisotropy property ζ1 and the highest value for  γ 

was 4.25 and decreased to 2.51 when value of anisotropy ζ1 was1 . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

       The effect of rotate angle of quartz by using different values of the ratio normalized power of 

heat was shown by figure 3.Figure 3a showed that when we rotate quartz crystal in first, the thermal 

induced depolarization begin decreased to minimum value 0.2 and then when we rotated the quartz 

again by large angle the value of depolarization γ started increase again to certain value (γ=1.58) 

and then also decreased. In this case the value of   the ratio normalized power of heat was 1,the 

biggest reading of γ was 1.78. 
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 Figure2.  Dependence of thermally induced depolarization on the ratio normalized power of heat 

in the second and first elements with different value of optical anisotropy ζ2(a), ζ1 (b)                 
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 We noticed from figure 3a that if we continued rotate quartz up and down the largest and smallest 

account of thermal depolarization will be 1.78 and 0.2 respectively. These values of thermal 

induced depolarization was changed by using different value of D and that can be seen from figure 

3b,3c,3d.  From figure 3b it was easily  seen that the largest and smallest reading of thermal induced 

depolarization were 7.5,1.3 while in figure 3c were 10.7,1.9. Figure 3d showed that these values 

becomes 12.5,2.7 so for the same values of  the angle of quartz rotator the changed of the ratio 

normalized power of heat D will be very effected on the thermal induced depolarization γ.  

       The effect of  circular birefringence in the first and second optical element on the thermal 

induced depolarization was shown by figures 4 and figure 5.Figure 4 showed how changed thermal 

depolarization γ with  circular birefringence in the first optical element δс1 such that for D=1 

(figure4a )the peak was 3 and goes under zero and then rise to 0.5 and goes up and down until it has 

constant value(0.05) when the circular birefringence δс1 increased above 70. When the ratio  

normalized power of heat (D) equal to 10(figure4b) the maximum value of γ was increased to 27.5  
 

 
 

and then was be constant(zero) at δс1 above 70.In figure 4c the best values for minimum reading of 

thermal depolarization were  δс1=10,D=4. For second optical element figure 5 showed effect of 

circular birefringence δс2  on thermal induced depolarization such that the largest value of γ was 
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Figure3. Thermal induced depolarization against angle of 

quartz rotator by using different values of  the ratio 

normalized power of heat D=1(a),D=4(b),D=6(c),D=10(d) 



Journal University of Kerbala , Vol. 16 No.2 Scientific . 2018 
 

38 
 

27.5 and this reading similar to that was in the first element and also minimum value was the same 

for both element for the same ratio normalized power of heat(D) but in the second optical element 

the reading of maximum and minimum value for thermal depolarization was repeated and don’t 

goes to constant value as we showed in first optical element .   
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4. conclusion 
The results have shown that thermal induced depolarization increased by increasing 

optical anisotropy for the first optical element and decreased by increasing the same 

property for second element in the system , thermal depolarization can be reduced even if 

ratio normalized power of heat was high by increasing  anisotropy for the second optical 

element so we could avoid loss in power of radiation. The normalized power of heat 

affect strongly on the thermal induced depolarization when we have the same value of 

angle of quartz rotator such that when it was high thermal induced depolarization was 

high and then big loss in power. Circular birefringence property has a different effect for 

the first and second element, for the first element we were able to get a fixed and stable 

value  of thermal induced depolarization and then reduced it to minimum value .  
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