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Theory of double crystal dispersion interferometer is given in the constant intensity approximation  taking into account 

the reverse reaction of excited harmonics on the phase of fundamental wave. It was shown that unlike the traditional 

interferometers  the dispersion interferometer  is not sensitive  to the mechanical vibrations and  intensity of second harmonics  

is a function of electron density  in a plasma medium. 
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1. INTRODUCTION 

 

 It  is known that  conducting controlled thermo 

nuclear fusion is one of the most important things that 

can be done by plasma . In order to   control the plasma 

and determine the electron density   the  thermo-nuclear 

devices    should have higher relability and  resolution. 

Currently  purposeful   research works    are being  

carried out  in the direction of  obtaining  plasma media  

with stable  parameters  at   higher temperatures  and 

electron  concentration as  well as  long  retention  time 

etc. At temperatures (about 108K) required for nucleus 

synthesis all atoms  are ionized, ordinary metals are 

vaporized and storage of plasma becomes  impossible. 

For this purpose the magnetic fields are employed. It 

was possible to increase the storage time of plasma with 

the toroidal camera having  magnetic coils. In order to 

have a  mutual interaction the plasma should possess 

significant higher density during  retention. According 

to S.D.Louson criterion  when condition 
314 |103 cmsn   (n –refers to electron density,  - 

is the retention  time ) is met  the amount of energy 

obtained  in the  nuclear reactor  becomes more than the 

expended energy. From this point of view  

determination of the electron density of plasma as its 

important characterics becomes  actual problem. There 

are polarimetric methods  based on  Faraday’s and  

Cotton -Mouton effects [1-5]. As it was described in 

those works  a  monochromatic light beam whose 

polarization plane makes angle  of  450 with respect   to  

the  magnetic field  passes  through plasma medium in 

between poles of electromagnet. The plasma possess 

optical anysotropy in the magnetic field (its optical axis  

is parallel to the magnetic  field vector-H).Then the 

light undergoes   the elliptical polarization i.e. 

propagates as the ordinary and extraordinary two waves 

with different  phase velocities in the plasma medium. 

Difference in the refractive indices of ordinary and 

extraordinary  waves is  then  given by  

2

| CHnn aaq  . Here  H- is the magnetic field 

intensity, C- Cotton-Mouton  coefficient, - refers to 

the wavelength of light. 

The electron density of plasma is determined  by 

the dispersion of refractive index. To determine the 

electron density in addition to polarimeters the 

interferometric methods  are   widely  used  too (for 

examp.heterodine [6,7]). In traditional  interferometers   

optical path  instability due to  mechanical vibrations  

produces an  additional phase shift  which causes   

errors in the measurement of plasma electron density. 

To compensate  effect of vibrations   in the 

determination of the phases   the massive vibration 

isolators- solid frames, the far  IR radiation, as well as 

the double colored  interferometer  with two different 

wavelengths can be used. Realization of interferometric 

system on the rigid frame with  large sizes in the plasma 

burning equipment may create some difficulties. Also 

the use of long waves is related to the influence  of 

refraction as well as the existence of density gradient  

in plasma equipment. Shortcomings related to  the 

small differences in optical paths and wave fronts  are  

eliminated  by use the dispersion interferometers  [8-

11]. The dispersion  interferometers  have been offered 

for diagnosis of  micro-relief  on the surface of optical 

elements [8, 9], for  determination  the  electron density  

in a laser spark [10], as well as  the arc discharge of 

argon laser [11]. Dispersion interferometers also can be 

successfully used for determination the refractive index 

and thickness of transparent micro-objects as well as 

for sanitary-hygienic purposes. Unlike the traditional 

interferometers the waves travel the same geometrical 

path in dispersion interferometers.  

The operational  principle of dispersion 

interferometer composed of two crystals and plasma 

placed between them is widely presented in [9, 10, 12]. 

A portion of fundamental wave with frequency  is 

converted  to the second harmonics  with frequency 2  

(its polarizatin plane is perependicular to that of 

fundamental wave)  in the  first crystal. As a result  

those two waves  travel  roughly  identical geometrical  

paths  in the plasma. In  the second crystal these waves 
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again  interact  with each other. An interference of first 

and secnd harmonic waves  is analyzed in the constant 

field approximation (CFA) in   which a varion in the 

amplitude and phase of fundamental wave is not taken 

into account [8, 9,10,11]. Reverse reaction of harmonic 

wave on the fundamental wave is considered in [12], 

for the  absence of linear losses  and  occurrence  of 

phase matching condition. 

 

2. THEORETICAL  APPROACH 

 

In this paper a theory of dispersion interferometer 

with two nonlinear optical crystals  is analyzed in the 

constant intensity approximation (CIA) [13]. Unlike 

the constant field approximation (CFA) no restrictions 

are imposed to the phases of interacting waves  in CIA. 

Note that this apporoximation  was successully 

employed in previously studies [14-21]. This 

circumstance has allowed to find  the intensity of 

harmonic wave at the output of second crystal  as a 

function generelized phase  shift between interacting 

waves. Since variation in phases causes change in 

output intensity, finding variations in intensity makes 

possible to determine dispersion of refractive index of 

plasma and hence its electron density.  Generation of 

second harmonics in both nonlinear crystals is 

considered by use the set of reduced equations given for 

complex amplitudes of interactiong waves   

 
𝑑𝐴1

𝑑𝑧
+ 𝛿1

′𝐴1 = −𝑖𝛾1
′𝐴2𝐴1

∗exp⁡(𝑖∆2𝑧)  

(1) 
𝑑𝐴2

𝑑𝑧
+ 𝛿2

′𝐴2 = −𝑖𝛾2
′𝐴1

2exp⁡(−𝑖∆2𝑧) 

 

where 𝛿1,2
′ - refer to the linear losses for the fundamental 

wave of frequency  𝜔1 and second harmonics of 

frequency  𝜔2 = 2𝜔1 .⁡⁡𝐴1,2– are the complex 

amplitudes of  interacting waves ,  𝛾1,2
′  −indicate  

nonlinear coefficients of coupling,  ∆2= 𝑘2 − 2𝑘1 -is 

the  difference in wave numbers for the second crystal. 

Note that the parameter  ∆   has an  important  role  in 

the spatial distribution of electromagnetic waves.   

Differentiaon of second equation of (1) with 

respect to the z- coordinate yields  

 
𝑑2𝐴2

𝑑𝑧2
+ (2𝛿1

′ + 𝛿2
′ + 𝑖∆1)

𝑑𝐴2

𝑑𝑧
+ [2𝛾1

′𝛾2
′𝐼1 + 𝛿2

′(2𝛿1
′ + 𝑖∆1)]𝐴2 = 0                           (2) 

 

As distict from the first crystal  the complex amplitudes of waves  at the input of second crystal  are determined  

by their values  at the  exit from the first crystal and properties of plasma  medium : 

 

                       
 ,)()(exp)()0( 2,12,112,12,1 LilixlAzA  

                                         (3)
 

 where, L- is the path travelled by the waves in plasma medium , 2,1  - are the phases  due to mechanical vibration 

as well as due to passage of waves along the plasma , z=0  corresponds to the entrance of second crystal.  Solution 

of (2) with boundary conditions (3) for complex amplitude of second harmonics at the output of second crystal is 
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Expression  for  the  amplitude  )( 12 lA   in (4)   is given [ 21] by  
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On the basis of (4) output intensity of second harmonics is determined by  

 

𝐼2,𝑜𝑢𝑡. = 𝐼2(𝑙1)exp⁡[−(𝛿2
′ + +2𝛿1

′)𝑙2] × |𝑠𝑖𝑛2𝑙2[𝑏 +
𝛾2
′

𝛾2
(⁡
1

2
𝑎 + 𝑐) ∙ exp(𝑖) + 𝑑]|

2

            (7) 

 

where 𝑎 = 𝑡𝑎𝑛−11𝑙1, 𝑏 = 𝑡𝑎𝑛−12𝑙2, 𝑐 =
𝛿2−2𝛿1−𝑖∆1

22
,   

𝑑 =
2𝛿1

′−𝛿2
′+𝑖∆2

22
           

 

According  to  equation  (7)  intensity of harmonic wave 

is a function common phase difference     which in 

turn depends on the phase  shift  in the plasma medium   
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  11l               (8)
 

here  1 - is the difference in wave number for the first 

crystal,  1l - is the length of the first crystal. Using the 

simple relationship l





2
 between phase of 

wave and optical path difference through the plasma  

can be seen that  if  a small optical path difference due 

to mechanical vibrations is for instant, l    then phases 

for the waves with the given frequencies   are given by  

l
c


 1

  and l
c




2
2 

. However the quantity of 

phase difference becomes zero and hence  the phase 

shift related to the mechanical vibrations  disappears. 

This property shows main advantage of dispersion 

interferometer  i.e. phase difference is determined with 

dispersion of plasma and is independent on the 

travelled geometrical path.  By use the expression for 

the dispersion of plasma [6] 

2

2 2
1)(






m

en
n e

 
 for the phase difference in plasma we get  

 Ln
mc

e
e

2

2

2

3
            (9) 

 

here  e -  is the charge of electron, m  is the mass of 

electron,  c- refers to the speed of propagation of 

radiation,  - indicates wavelength of laser radiation, 

en - is the electron density in plasma medium.  

 

3. CONCLUSIONS 

 

As the intensity of second harmonic is a function 

of electron density in plasma  this quantity can be found 

through  determination the maxima and minima of 

intensity. Comparison of interference patterns  in the 

existence as well absence of investigated  plasma 

medium a  dispersion of refractive index can be 

determined due to shifts of pattern. Sensitivity of 

interferometer can be increased through performance 

nonlinear conversion of frequencies in resonator. This 

interferometric system based on the second harmonic 

generation can be used in modern equipment of nuclear 

synthesis for diagnosis of plasma as   well as   in the 

plasma burning experiments.  

_________________________________ 

 

 [1] Y. Kawano, S. Chibi and A. Inoue. Rev. Sci., 

Instrum., 2001, 72, 1068. 

 [2] T. Akiyama, K. Kawata, Y. Ito,  S. Okajima et.al. 

Rev. Sci. Instrum, 2006, 77, 10F118. 

 [3] M.A. Van Zeeland, R.L. Boivin, T.N. Carlstom 

and T.M. Daterly. Rev.Sci.Instrum, 2008,79, 

10E719. 

 [4] Ch. Fuchs and H.J. Hartfuss. Phys. Rev.Lett. 

1998, 81, 1626. 

 [5] Boboc, L. Zabeo and A.Murari. Rev.Sci. 

Instrum 2006, 77, 10F324. 

 [6] P.A. Bagryansky, A.D. Khilchenko,  

A.N. Kvashin, A.A.Lizunov,  

R.V. Voskoboynikov, A.L. Solomakhin,  

H.R. Koslowski. Rev. of  Sci.Instrum. 2006, 77, 

053501. 

 [7] T. Akiyama, K.Kawahata, S. Okajima and K. 

Nakayama. Proceedings  of  ITC 18, 2008, P2-

34, pp.401-405.  

 [8] G.V Ostrovskaya et.al. А.С. 864842, B.I. 1981, 

№ 38. 

 [9] F.A. Hopf, A. Tomita and G.Al-Jumaily. 

Opt.Lett. 1980, 5, pp.386-388. 

 [10] Kh.P. Alum, Y.V. Kovalchuk, G.V. Ostrovskaya. 

Letters to JETP, 1981, v.7, №22, pp.1359-1364. 

 [11] А.N. Аzarenko, G.B.Altusher, N.R. Belashenkov, 

S.А. Kozlov. Kvantovaya elektronika., 1993, 

v.20, № 8, pp.733-756. 

 [12] V.N.  Drachev. Optics and  Spectroscopy , 1993, 

v.75, №2, pp.473-479. 

 [13] Z.H. Tagiev, A.S. Chirkin. JETP 1977, v.73, №4, 

pp.1271-1282. 

 [14] R.J. Kasumova, Sh.Sh. Amirov,   

Sh.A. Shamilova. Quantum Electro nics., 2017, 

vol.47,  № 7, pp.655-660. 

 [15] R.J. Kasumova, Sh.Sh. Amirov, Z.H.Tagiyev , 

Sh.A. Shamilova, G.A. Safarova. Journal of 

Russian Laser research.,  July 2017, vol.38, № 

4, pp.211-218. 

 [16] R.J. Kasumova, Sh.Sh. Amirov.  Superlattices 

and microstructures., 2018, 126, pp. 49-56. 

 [17] Sh.Sh.Amirov. AJP “Fizika”(EN) 2021, vol. 

XXVII №1, pp.8-12. 

 [18] R.J. Kasumova, Z.A.Tagiev, Sh.Sh. Amirov. 

“News of Baku University”, Series of physico-

mathe-matical sciences №1, 2021 pp.72-82. 

 [19] Sh.Sh. Amirov. AJP “Fizika”(EN) Vol.XXVII  

2022, №1, pp.13-17.         

 [20] R.J. Kasumova, Sh.Sh. Amirov. AJP “Fizika” 

(EN) Vol.XXVII, 2022, №2, pp.24-30.   

 [21] Z.H. Tagiev , R.J. Kasumova, R.A. Salmanova, 

N.V. Kerimova. Optics and  Spectroscopy, 2001, 

v.91, № 6, pp.968-971. 

 

 
 

  Received: 01.09.2022 

 


