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 This study has outlined the Z resonator shaped with Brewster crystal in the 
presence of flat mirror for measuring the standing wave ratio. Stability 
parameter and beam radius are simulated versus thickness, refractive index of 
the crystal and first and second folding ranges. Beam radius variations are 
studied against phase angle and curvature radius of spherical mirror in T and 
S planes. Intermode beat frequency of the system is 216.276 MHz and total 

cavity length is 693.078 mm. It is important the standing wave ratio is 
dependent on stability parameter and beam radius variations.  Keywords: 
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1. INTRODUCTION  

The basic type of resonators are classified to V like three element resonator, Z like resonator,  

simple ring resonator, spherical resonator, singlet, telescope and z crystal resonator. In all types of these 

resonator are focusing in to the crystal Brewster plate in air medium [1-4]. They have outlined effective 

optical axis at elements of the basic crystal. Pump focusing lens and active crystal medium are taken into 

account. Effective misalignment, beam parameters at crystal elements are studied [5-8].  
They have shown round trip matrix, multiply selected forward elements and selected backward 

elements. Plot caustic against different element in the crystal resonator is simulated in their works. They have 

also measured the intermode beat frequency of the system is and total cavity length for the crystal resonator 

system at each element [9-12].  

In other research the resonators used as circuit which it is called resonance circuit. The essential 

elements for this circuit are the inductors and capacitors and the assistant element is the resistor [13, 14]. 

When the balance between capacitive part and inductive part is happened and the gain is optimized in this 

case [15-17]. In resonance case the gain is maximum and the impedance of the resonator circuit is equal to 

the resistance value. Noise figure of resonator circuit in this case is reduced and the gain become larger 

suitable for optical communication applications [18-20].  
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2. MODEL DESCRIPTION AND RESEARCH METHOD 

Figure 1 presents the basic schematic view of z like resonator with a crystal and flat mirror. M4 is 

the first element in the resonator system which is the flat mirror. L2 is the second folding range or represents 

the space length between the flat mirror and spherical mirror. M2 is the third element in the resonator system 

which is the spherical mirror with curvature radius of R and phase angle of alpha. Curvature radius is 

measured in mm units while the alpha phase angle is measured in degree. d2 is the fourth element in the 

resonator system which represents the space length between the spherical mirror and crystal. Cr is the five 

element in the resonator system which is represented by the crystal whose it thickness of t and refractive 
index of n. the thickness of the crystal is measured in mm units while the refractive index of a crystal is 

dimensionless.  

 

 

 
 

Figure 1. Schematic view of Z like resonator with crystal and flat mirror 

 

 

d1 is the six element in the resonator system which represents the space length between the crystal 

and spherical mirror. The space length is measured in mm units. M1 is the seven element which is 

represented by the spherical mirror radius of R and phase angle of alpha. L1 is the eight element in the 

resonator system which is represented by the space length or the second folding range between the spherical 
mirror and flat mirror. M3 is the nine element in the resonator system which represents the flat mirror.  

 

 

3. PERFORMANCE ANALYSIS WITH DISCUSSIONS 

This study has presented the z shaped like resonator with crystal in the presence of flat mirror for 

standing wave ratio based on the resonator simulation. Variations of refractive index and thickness of 

Brewster plate in air are deeply studied against variations of both first and second folding ranges. Stability 

parameter is also investigated versus first and second folding range. Thickness and refractive index of the 

crystal plate are simulated with phase angle and curvature radius of spherical mirror. Beam radius variations 

through the crystal is also simulated against variations of thickness and refractive index of Brewster plate  

in air.  
As shown in Figure 2, the variations of refractive index of Brewster plate in air against first folding 

range. Stability parameter is increased in T plane in compared to S plane. As first folding range increases, 

this leading to increase in refractive index of Brewster plate in air while the refractive index of Brewster plate 

in air decreases in S plane. Thickness of Brewster plate in air in relation to second folding range is shown in 

Figure 3. As second folding range increases, the thickness of Brewster plate in air decreases in both S plane 

and T plane. T plane has presented high stability parameter than S plane.  

Variations of thickness for Brewster plate in air in relation to phase angle of spherical mirror is 

shown in Figure 4. As phase angle of spherical mirror increases, stability parameter of thickness for Brewster 

plate in air decreases in T plane but it is increases in S plane. The thickness of Brewster plate is more stable 

in S plane than T plane.  

Variations of refractive index for Brewster plate in air in relation to phase angle of spherical mirror 
is shown in Figure 5. As phase angle of spherical mirror increases, stability parameter of refractive index for 

Brewster plate in air decreases in S plane but it is increases in T plane. The refractive index of Brewster plate 

is more stable in T plane than S plane. Beam radius at crystal in relation to refractive index of Brewster plate 

in air is shown in Figure 6. Beam radius increases with increasing refractive index of Brewster crystal plate 

in T plane only. There is no variations for beam radius in S plane.  

Figure 7 clarifies the relation between beam radius at crystal and thickness of Brewster plate in air. 

Beam radius increases with increasing the thickness of Brewster crystal plate in air in both T and S planes.  

T plane gas presented higher performance in beam radius stability up to 2.3 mm thickness. But after the 

thickness of Brewster crystal plate with a value of 2.4 mm the S plane has presented higher stability in beam 

radius than T plane. By choosing the optimum values of the operating simulation parameters. Therefore the 

total cavity length is estimated as 250(L2) + 14.7(d2) + 1.79·2(Cr) + 24.8(d1) + 400(L1) =693.078 mm. 
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Figure 2. Variations of refractive index of Brewster 

plate in air against first folding range 

 
 

Figure 3. Thickness of Brewster plate in air in 

relation to second folding range 

 

 

 
 

Figure 4. Thickness of Brewster plate in air in 

relation to phase angle of spherical mirror 

 
 

 
 

Figure 5. Refractive index of Brewster plate in air 

variations versus phase angle of spherical mirror 

 
 

 
 

Figure 6. Beam radius at crystal in variations to 

refractive index of Brewster plate in air 

 
 

Figure 7. Beam radius at crystal in variations to 

thickness of Brewster plate in air 

 

 
4. CONCLUSION 

In a summary, it is concluded that intermode beat frequency of the system is 216.276 MHz.  
Total cavity length is estimated by 693.078 mm. The optimized values for beam radius and stability 

parameter are calculated. The study has presented the negative effects of increasing thickness and refractive 

index of Brewster crystal on the beam radius stability and consequently the system stability and accuracy.  

In addition to the negative effects of phase angle and curvature radius of spherical mirror on the system 

resonator operation performance efficiency.  
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