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  The effect of optical feedback on hysteresis loop (HL) is investigated. Hysteresis loop 

occurs between two eigenstates of the He-Ne laser (x , y) and it changes by optical 

feedback at angles from 0° to 180°. Hysteresis loop size decreases and increases with the 

rotation angle (θ) of the polarization. Hysteresis loop effects on vertical (⊥) and horizontal 

(//) polarization and the intensity for two eigenstates. When HL size increases, then the 

intensity (I⊥ or I//) decreases vice versa clear. Best results at 70-110 angles from the 

external cavity (optical feedback cavity), whereas the intensity very high and HL 

disappear. 
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1. INTRODUCTIN  

Polarization of light: when the direction of the electric 

field of light oscillates in an ordinary unsurprising style, 

then the light is polarized. Polarization depicts the direction 

of the oscillating electric field, whereas if the direction of 

the electric field of light oscillates rapidly and randomly, 

then the light is unpolarized [1]. He-Ne laser oscillates in 

two orthogonally polarized modes in the resonant cavity, the 

first //-mode represents horizontal polarization and the 

second ⊥-mode represents vertical polarization [2]. The 

polarization flipping forms transform into an invader laser 

in case an inside factor, for example, the laser frequency is 

different [3]. 

There are two mechanisms involved in polarization 

flipping; the rotation mechanism and the inhibition 

mechanism [2]. Light hysteresis or hysteresis loop is 

generate by two mechanism.Via reflecting piece of the laser 

yield once more into the ringing cavity, the conduct of the 

laser, particularly the constant with effective characteristics, 

may be fundamentally influenced, after the total or partial 

electric field reflects from the external cavity mirror into the 

intra cavity will be occurs interference between the electric 

field from the intra cavity and the electric field from the 

external cavity leads to the gain and intensity modulated,  
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Also this interference effects on vertical and horizontal 

polarization (polarization modes), that is known as the 

optical feedback impact, or self-blending intervention, 

which was first announced by King and Steward [4-9].  

In this paper, we study the hysteresis loop effect on 

intensity modulation for horizontally and vertically 

polarization with angle from polarizer rotating in external 

cavity by optical feedback. 

1.1. Theoretical Part 

The two modes polarizations rely upon the dynamic 

middle, a linear stage contrast, a wastage contrast and 

feedback stage from external cavity. When ΔΦxy phase-

anisotropy values are small, then the polarization flipping 

occurs by the rotation mechanism [3]. The polarization 

overturn case of x to y, may be written as 

[−
1

2

𝜌+
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∆𝛷𝑥𝑦] + [
𝑐

𝐿

1

4𝛼+
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2 ] +
1
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𝑡𝑥
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> 0 … … (1) 

Where the proportion ρ+/β+ of the dispersive and 

absorptive nonlinear coefficients against the frequency,α+  is 

laser net gain, S= -3/20 for a J=1→J=2 transmission,  ΔΦxy 

is the stage contrast into inner bore, ty with tx constitute the 

transition factors of     horizontal with vertical polarization. 

The initial expression of equation (1) clarifies the impact of 

the energetic middle, the second expression clarifies the 

impact of the   linear stage contrast of inner bore while the 
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tertiary expression clarifies the impact of the wastage 

contrast. 

With the existence of optical feedback and according to 

the model of tantamount cavity of Fabry-Perot 

interferometer, then the equivalent mirror reflectivities 

along    x-axis and y-axis can be given by means of [10]. 

𝑅𝑥 = 𝑅2 + 2𝑀//(𝑅2𝑅3)
1

2⁄ (1 − 𝑅2)𝑐𝑜𝑠𝜑𝑓 … … (2) 

 𝑅𝑦 = 𝑅2 

𝑀‖ = 𝑐𝑜𝑠4𝜃 +  𝑠𝑖𝑛2 2𝜃/4 

 ( 
𝑅𝑦

𝑅𝑥

)
1
2 ≈ 1 − 2𝑀// (

𝑅3

𝑅2

)
1
2(1 − 𝑅2)𝑐𝑜𝑠𝜑𝑓 … … … … … . . (3) 

 

Where   φf=4πl/λ clarifies the stage of exterior bore, M// : 

is the factor prompted via jones matrix of   polarizer and l: 

represents the length of exterior bore.  

Via letting  
𝑡𝑦

𝑡𝑥
= (

𝑅𝑦

𝑅𝑥
)1/2 

 

Substituting Eq. (3) into Eq.(1), the case of polarization 

overturn of x to y may be written as 
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Where    𝑘 = (
𝑅3

𝑅2
)

1

2(1 − 𝑅2) 

 

                     [−
1

2
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𝑐
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Due to the fact that the frequency shift resulting from 

optical feedback with the inner bore contrast is very 

little[11], if we forget gratification consequences, 

Equations(2) with  (6) Display that the vertex of polarization 

might be along the bigger reflexivity axis, and the right 

expression in equation (6) may be supposed as zero. In this 

situation, the light can be polarized along x-pivot (M// cosφf  

> 0 ) or y-pivot ( M⊥ cosφf  < 0 ). While polarization course 

of laser is for a long way x- pivot, the intensity changes may 

be received via using [12] 

                ∆𝐼𝑥 = 𝜂𝑀//𝑐𝑜𝑠𝜑𝑓 … … . (12)                   

 

 In which η clarifies the optical feedback component. 
The y to x overturn case is just like equation (1), and 

only the marks of the initial and tertiary expressions are 
modified. The case of polarization overturn of y to x may be 

as follows; 

[
1

2
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1

2
[
𝑡𝑦

𝑡𝑥

− 1]

> 0 … … … (8) 

Similarly, while the polarization trend of laser is 

paralleled to y- pivot, the tantamount mirror reflexivities for 

a long way y- pivot and x- pivot are may be as follows; 

𝑅𝑦 = 𝑅2 + 2𝑀⊥(𝑅2𝑅3)
1

2⁄ (1 − 𝑅2)𝑐𝑜𝑠𝜑𝑓 … … … … … … (9) 

       𝑅𝑥 = 𝑅2 

𝑀⊥ = 𝑠𝑖𝑛4𝜃 +  𝑠𝑖𝑛2 2𝜃/4 
 

 
𝑅𝑦

𝑅𝑥
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𝑅3

𝑅2

)
1
2(1 − 𝑅2)𝑐𝑜𝑠𝜑𝑓 … … … … … . . (10) 

 

By letting      
𝑡𝑦

𝑡𝑥
=  

𝑅𝑦

𝑅𝑥
 

Replacing equation (10) in equation (8), we will be able 

to get the situation of polarization overturn from y to x 

[
1

2

𝜌+

𝛽+

∆𝛷𝑥𝑦] + [
𝑐

𝐿

1

4𝛼+

𝑆 + 1

2𝑆
∆𝛷𝑥𝑦

2 ]

−
1

2
[1 + 2𝑀⊥ (

𝑅3

𝑅2

)
1
2(1 − 𝑅2)𝑐𝑜𝑠𝜑𝑓 − 1]

> 0 … … … (11) 
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𝑐
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 The light can be polarized for a long way y- pivot ( 

M⊥cosφf  greater from zero) or x- pivot (M// cosφf less from 

zero). If Polarization trend of laser is for a long way y- 

pivot, the intensity alteration is  

∆𝐼𝑦 = 𝜂𝑀⊥𝑐𝑜𝑠𝜑𝑓 … … . (14) 
 

When ΔΦxy anisotropy values are greater, then the 

polarization flipping occurs by the inhibition mechanism 

[3]. The variations among the ringing hesitations are too 

massive with the oscillators Ex and Ey are not closed 

collectively. Thus, at some stage in the fIip, two oscillators 

vibrate concurrently at hesitations νx with νy respectively. 

The time conduct of the eigenstates capacities may be 

written down in a shape originated from Lamb's theorem 

[13-16], 

𝐸𝑥̇ = 𝐸𝑥(𝛼𝑥 − 𝛽𝑥𝐸𝑥
2 − 𝜃𝑥𝑦𝐸𝑦

2) … … . . (15) 
 

𝐸𝑦̇ = 𝐸𝑦(𝛼𝑦 − 𝛽𝑦𝐸𝑦
2 − 𝜃𝑦𝑥𝐸𝑥

2) … … (16) 
 

  Where αx with αy are the pure earn factors and βx , βy 

and θxy , θyx  the self- with pass- gratification factors. The 

constant-case solution for the capacity of the two 

contending eigenstates may be related, as is the case in a 

laser with two linear styles with a potential [17], 
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           𝑉(𝐸𝑥  , 𝐸𝑦) = −
1

2
𝛼𝑥𝐸𝑥

2 −
1

2
𝛼𝑦𝐸𝑦

2 +
1

4
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4 +
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4
𝛽𝑦𝐸𝑦

4 +
1

2
𝜃𝑥𝑦𝐸𝑥

2𝐸𝑦
2 … … … (17)   

 
This type of potential allows us to illustrate the full order 

with the spatial graph of figure1 (a) [18]. 

                                             
 

Fig:1: (a) Spatial illustration of the popularized potentials. 

(b) and (c) Position of x with y eigenstates. 

 

This potential on two pivots (x , y) decreases to 

 

                 𝑉(𝐸) = −
1

2
 𝛼𝐸2 +

1

4
𝛽𝐸4 … … (18) 

 

With regard to the traditional laser with a monosyllabic 

vibrating eigenstate. While the decay of the eigenstate 

hesitations is eliminated through an inner bore double 

refraction, the harmony of the laser hesitation through the 

earn curve, figure1-b and c, allows us to differentiate the 

proportional altitudes of the operating dots A with B. A 

realization of the eigenstate dynamics versus the hesitation 

reliance is then feasible. This easy spatial graph indicates 

twain of prospects for the eigenstate dynamics. The system 

might transit from A to B utilizing two trajectories: (i) The 

electric field rotates(rotation mechanism) in the transversal 

plane, the system moving along the AMB streak with a 

hesitation driftage, (ii) A mode inhibition(inhibition 

mechanism) takes place along the AOB path. The two 

points A and B both wells similar to the x and y eigenstates, 

respectively.  

 At state rotation mechanism, the laser oscillates first of 

all at the x eigenstate. The working dot is in the well A as 

figure 3(a) shows. We observe the presence of another well 

B conformable with the non-vibrating y eigenstate. The two 

wells A and B are detached through a potential bulkhead 

resulting from the rotation damages ∆p(θ) 

               

∆𝒑(𝜽) ≈ 8∆𝛷𝑥𝑦
2

[𝜃2𝑐𝑜𝑠2𝜃+(𝜋
2⁄ −𝜃)

2
𝑠𝑖𝑛2𝜃]

𝜋2 … . . . (19) 

 

∆p(θ relies on the rotation angle (θ) of the polarization 

from the x pivot. If the prorated altitudes of A and B are 

numerous via means of growing the laser hesitation for 

example, the polarization is able to rotate from x to y 

[Figure 3(b)], it is the y eigenstate which presently vibrates. 

The presence of those two potential wells A and B is linked 

to the two various command coefficients Ex and Ey, which 

denotes that the rotation of the polarization corresponds to a 

first-command stage transmission and so happens with 

hysteresis when the laser hesitation is examined [3].  

In case of inhibition mechanism, the barrier among the 

two wells A and B is produced in this situation to a robust 

conjugation value  

                     𝐶 =
𝜃𝑥𝑦𝜃𝑦𝑥

𝛽𝑥𝛽𝑦
> 1 … … … … … . . (20) 

 

The differences among the proportional altitudes of A 

and B acquired by way of wiping the laser hesitation give a 

mode inhibition. At some point of the x to y overturn as an 

example, the x eigenstate vibrating at frequency νx turns off 

even as concurrently the y eigenstate turns on at a various 

hesitation νy. The existence of this bulkhead concerning the 

two command coefficients denotes that the inhibition 

mechanism corresponds also to a first- command stage 

transmission and takes place with hysteresis. 

Subsequent to Lamb's construes utilized for a laser with 

two longitudinal styles with the same linear polarization, the 

situation for the overturn from x to y is recorded as in 

[13,14] 

                 𝛼𝑦 − 𝜃𝑦𝑥𝐼𝑥 > 0 … … … … … . (21)     
  

                   𝐼𝑥 =
𝛼𝑥

𝛽𝑥
… … … … … … … … . (22)   

 

 Where Ix is the intensity of the x vibrating eigenstate. 

This case leads to the y eigenstate structure if its pure earn 

αy is great enough in order to overcome the competition 

expression θyxIx. In a different verbalism, this last 

expression clarifies the self-constancy of the x lasing 

eigenstate to impede the beginning of the y eigenstate. In a 

comparable method, the y-to-x overturn situation is  

               𝛼𝑥 − 𝜃𝑥𝑦𝐼𝑦 > 0 … . . . (23)  
 

                             𝐼𝑦 =
𝛼𝑦

𝛽𝑦
… … … … … … … … . (24)   

Where Iy is the intensity of the y vibrating eigenstate. 

The various coefficients appearing within the sip conditions 

(21) and (23) have been calculated in [16]. The pure earn αi 

(i = x, y) is recorded as 

𝛼𝑖 = 𝛼0𝑒𝑥𝑝 [−( 
𝜈𝑖 − 𝜈0

Δ𝜈𝐷/2
  )2] − 𝑝𝑖 … … … … … . (25) 
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 In which pi clarifies the rate damages per second of the 

eigenstate i, α0 is the unsaturated earn coefficient for the 

field capacity at the ringing hesitation of the atomic 

transition ν0, and ∆νD is the full Doppler width at 1/e.  The 

self-saturation βi is 

𝛽𝑖 = 𝛽0[1 + 𝐿(𝜈0 − 𝜈𝑖)]𝑒𝑥𝑝 [−( 
𝜈𝑖 − 𝜈0

Δ𝜈𝐷/2
  )2] … . . (26) 

 

where β0 distinguishes the self-saturation at line middle 

and depends at the atomic coefficients and at the irritation. 

The Lorentzian L is determined by using  

                     𝐿(𝜈0 − 𝜈𝑖) =
𝛾2

[𝛾2+(𝜈0−𝜈𝑖)2]
… … … (27)  

 

Where γ is the homogeneous width of the transmission 

[half width at half maximum (HWHM)]. The cross-

saturation parameter θij may be written if we forget spatial 

puncture combustion influences [13,14], 

𝜃𝑖𝑗 = 𝜃0 [𝐿 (
Δν𝑥𝑦

2
) + 𝐿(𝜈0 −

𝜈𝑖

2

−
𝜈𝑗

2
)] 𝑒𝑥𝑝 [−( 

𝜈𝑖 − 𝜈0

Δ𝜈𝐷/2
  )2] … … … (28) 

 

For ∆νxy<< 2γ , i.e. for small double refraction values the 

expression of  θij decreases to 

𝜃𝑖𝑗 ≈ 𝜃0[1 + 𝐿(𝜈0 − 𝜈𝑖  )]𝑒𝑥𝑝 [−( 
𝜈𝑖 − 𝜈0

Δ𝜈𝐷/2
  )2] … … … (29) 

so that an inhibition term such as θxyIx emerges using 

(26) and (29) as follows; 

𝜃𝑦𝑥𝐼𝑥 = (𝜃0/𝛽0)𝛼𝑥 … … . (30) 

 

The coupling constant may be recorded as 

𝐶 =
𝜃𝑥𝑦𝜃𝑦𝑥

𝛽𝑥𝛽𝑦

≈ (
𝜃0

𝛽0

)2 … … … … … . . (31) 

 

 and the previous disparities (21) and (23) lead thereafter 

to the subsequent approached x-to-y and y-to-x overturn 

conditions: 

𝛼𝑦,𝑥 − √𝐶𝛼𝑥,𝑦 > 0 … … … (32) 

 

Because the coupling consistent C among the two 

eigenstates is robust, i.e., C >1, this denotes vectorial 

bistability [19]. Idiom (31) can nonetheless be utilized if we 

keep in mind that the speed-converting collides are enough 

to interpret the major features of the inhibition mechanism. 

2.EXPERIMENTAL PART 

The format of empirical settings is exhibited in Fig. 2. 

The settings include three portions: feedback portion, laser, 

and detection portion. 

 

 

 

Laser portion Feedback Portion Detection portion 

 

         Laser     Ch  BS        PBS          d1 

 

 

        M1        M2 

                    

                      P                                                 

                                                                             OS 

                    M3                     d2                       

 

Fig:2: The format of empirical settings and main 

coordinates.   M1, M2 cavity mirrors; Ch, chopper; BS, beam 

splitter; P, polarizer; M3, feedback mirror; PBS, polarizing 

ray splitter; d1, d2, detectors; OS, digital storage 

oscilloscope. 

 

The intra-cavity He-Ne laser produces linear polarization 

with a monocular longitudinal style vibrating in the ringing 

bore, the running wavelength is 632. 8 nm. The   gassy 

compression proportions inside the laser igniter are He: Ne 

= 9:1 and Ne20: Ne22 = 1:1. The reflexivities of bore 

mirrors M1 and M2 are 99.99% and 99%, respectively. The 

length of the ringing bore created by way of mirror M1 and 

M2 is 40 cm. The total intensity for He-Ne laser is 4mW 

without chopper and it is with chopper 2.5mW. The 

intensity reaches to M3 is 1.25Mw and it same value reaches 

to PBS.The Feedback portion is consist of chopper Ch., 

feedback mirror M3, and polarizer P. The Feedback bore 

length is nearly 60 cm. The reflectivity of M3 is 99.99%. 

The angle among x pivot and the optical pivot of P is 

indicated by way of θ. The light whose polarization is 

parallal to x pivot is indicated by using //-polarization, and 

the other one is indicated with the aid of ⊥-polarization. The 

detection portion includes the polarizing beam splitter PBS, 

photo detectors d1, d2, and OS, digital storage oscilloscope. 

The vertical polarization (⊥) and horizontal polarization (//) 

are detached through PBS, and their intensities vertical (I⊥) 

and horizontal (I// ) are revealed by d1 , d2 and OS 

respectively. 

3. RESULTS AND DISCUSSION 
From Fig. 3, we can see that the hysteresis loop (HL) 

and the polarization flipping between horizontal (//) and 

vertical (⊥) polarization are obtained without and with 

optical feedback. From fig. 3(a),  // and ⊥ polarization 

without optical feedback, we observe I// and I⊥ are stable 

and the hysteresis loop (HL) is constant because of absence 

of the optical feedback. In Fig. 3(b) at  θ=0
o
 only //- 

polarization oscillates and I// is modulated by optical 

feedback because of the overlap between E//ext. and E//int. 

into intra cavity and the hysteresis loop (HL) is low at the 



P- ISSN  1991-8941   E-ISSN 2706-6703              Journal of University of Anbar for Pure Science (JUAPS)                      Open Access                                                     
2020,14 ( 2 ): 55-63                                                                    

59 
 

polarization flipping from x-to-y. When ⊥-polarization does 

not oscillate, I⊥ is stabilized because of the existence of the 

polarizer. At θ=10
o
,20

o 
(figures 3c and 3d)  I// increase and 

the hysteresis loop is low because of the optical feedback. 

At θ=25
o
, 30

o
 (figures 3e and 3f) only ⊥- polarization 

oscillates and I⊥ increases because of the overlap between 

E⊥ext. and E⊥int. into intra cavity. At   θ=40
o
(figure 3g), the 

polarization flipping from y-to-x is obtained and I⊥ 

increases and the hysteresis loop is low. At θ=50
o
, 60

o
, 70

o
, 

80
o
, 90

o
 (figures 3h, 3i, 3j, 3k and 3l) I⊥ increases and the 

hysteresis loop is low. 

I⊥ is higher than I// with optical feedback and the 

hysteresis loop at //- polarization oscillates does not 

disappear while at ⊥-polarization oscillates it disappears. 

At θ=100
o
, 110

o
 ,120

o 
, 130

o
, 140

o
, 145

o
 (figures 3m, 3n, 

3o, 3p, 3q  and 3r)  only ⊥-polarization oscillates , I⊥  

decreases to reach pre-feedback and the hysteresis loop 

increases, while //- polarization does not oscillate. At 

θ=150
o
,160

o
,170

o 
(figures 3s, 3t, and 3u) I⊥ and I// together 

decrease to reach pre-feedback. At θ=175
o
,180

o
(figures 3v 

and 3w) only //- polarization oscillates and ⊥-polarization 

does not oscillate, the polarization overturns from x to y and 

hysteresis loop decreases.                   

The polarization overturn from y to x occurs at θ=100
o
-

130
o
, while from x  to  y it occurs at θ=135

o
-180

o
. 

With the existence of optical feedback, consistent with 

self-consistency of standing wave bore, the re-injection of 

light will give rise to an alteration within the sill earn of the 

laser [20], therefore I//  and I⊥  are increased with optical 

feedback. 

Vertical and horizontal intensities are increased and the 

hysteresis loop is decreased with optical feedback because 

of the inhibition mechanism, whereas I// and I ⊥ are 

decreased and the hysteresis loop is increased with optical 

feedback because of the rotation mechanism. 
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Fig:3.a: I⊥ and I//  intensity without optical feedback(OFB) 
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Fig:3.b: I⊥ and I//  intensity with OFB at θ=0
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          Fig:3.c:I⊥ and I//  intensity with OFB at θ=10
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Fig:3.d: I⊥ and I//  intensity with OFB at θ=20
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Fig:3.e: I⊥ and I//  intensity with OFB at θ=25
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Fig:3. f: I⊥ and I// intensity with OFB at θ=30
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Fig:3.g: I⊥ and I// intensity with OFB at θ=40
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Fig:3.h: I⊥ and I// intensity with OFB at θ=50
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Fig:3.i: I⊥ and I// intensity with OFB at θ=60
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Fig:3.j: I⊥ and I// intensity with OFB at θ=70
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Fig:3.k: I⊥ and I// intensity with OFB at θ=80
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Fig:3.l: I⊥ and I// intensity with OFB at θ=90
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Fig:3.m: I⊥ and I// intensity with OFB at θ=100
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Fig:3.n: I⊥ and I// intensity with OFB at θ=110
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Fig:3.o: I⊥ and I// intensity with OFB at θ=120
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Fig:3.p: I⊥ and I// intensity with OFB at θ=130
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Fig:3.q: I⊥ and I// intensity with OFB at θ=140
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Fig:3.r: I⊥ and I// intensity with OFB at θ=145
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Fig:3.s: I⊥ and I// intensity with OFB at θ=150
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Fig:3.t: I⊥ and I// intensity with OFB at θ=160
o
 

 

-0.006 -0.004 -0.002 0.000 0.002 0.004 0.006

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

 I
n

te
n

s
it
y
 s

ig
n

a
l(

 2
v
/d

iv
) 

Time(500s/div)

u =170
o
 with feedback

     HL- hysteresis loop

//











HL

 
Fig:3.u: I⊥ and I// intensity with OFB at θ=170
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Fig:3.v: I⊥ and I// intensity with OFB at θ=175
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Fig:3.w: I⊥ and I// intensity with OFB at θ=180
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4. CONCLUSION 

We have shown that hysteresis loop change is caused by 

using optical feedback. Small hysteresis loop size leads to 

high intensity for //- or ⊥  polarization and great hysteresis 

loop size leads to low intensity for //- or ⊥  polarization. The 

control on hysteresis loop between //- and ⊥  polarization is 

governed by optical feedback technique. Best results at 70-

110 angles, whereas the intensity very high and HL 

disappear. 
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.بواسطة التغذية العكسية البصرية والعمودي الافقي حلقة التاخير على شدة الاستقطاب تأثير  
 

3سؤدد سلمان احمد  و  1جاسم محمد نجم  و  1،2احسان علي عبد   
العراق /جامعة الانبار  كلية العلوم، الفيزياء،قسم    1  

جامعة الانبار / العراق قسم العلوم الاساسية، كلية طب الاسنان،  2 

العراق/ قسم الفيزياء، كلية العلوم، جامعة بغداد 3  
 :الخلاصة
سطة التغذية العكسية التغذية العكسية البصرية على حلقة التاخير قد تحقق. تحدث حلقة التاخير بين الحالتين الذاتيتين لليزر هليوم _ نيون وانها تتغير بوا تأثير 

( والافقي )//( ⊥. حجم حلقة التاخير يزداد وينقص مع زاوية تدوير الاستقطاب. حلقة التاخير تؤثر على الاستقطاب العمودي )  180oالى   0oالبصرية عند الزوايا من 
من  70O-110Oالنتائج عند الزوايا من  أفضلفان الشدة تتناقص )الشدة العمودية او الافقية( والعكس صحيح.  التأخيرحجم حلقة يزداد  والشدة للحالتين الذاتية. عندما

 . التجويف الخارجي )تجويف التغذية العكسية البصرية( حيث ان الشدة عالية جدا وحلقة التاخير اختفت
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       .نيون-ليزر هليوم  الاستقطاب، البصرية،التغذية العكسية  التاخير،حلقة  الكلمات المفتاحية:

  
  


