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 This work has presented the interaction between tangential/sagittal 
cylindrical thin lens in the titled plane parallel crystal. Stability criterion 
parameters are measured under the control of curvature radius of a spherical 
mirror, the thickness of the tilted plane crystal, the refractive index of tilted 
plane crystal, the thickness for a plate of matter and phase angle of the 
sagittal cylindrical thin lens. Beam radius waist is plotted against the focal 
length of the tangential cylindrical thin lens. Focal length for both thin lens in 
resonator crystal is optimized to upgrade the resonator system operation 

efficiency.  
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1. INTRODUCTION 

There are many types of thin lens that are namely tangential cylindrical thin lens, sagittal cylindrical 

thin lens and V-shaped thin lens [1-4]. There are many elements in the titled plane crystal resonators that are 

namely flat mirror, spherical mirror with curvature radius and phase angle variations [5-6]. The resonator 
crystal titled lane includes the first and second focal thin lens with the thickness, refractive index, and focal 

lengths. The resonators systems are divided by the space lengths suitable to make the resonator system is 

more stability and strength beam waist [7-10]. Many resonators system have many elements such as 

inductors, capacitors, and resistors. These components varied in its values according to achieve the resonator 

system in high-speed operation [11-13]. Resistors are varied in its values from 10 Ω to 100 K Ω, capacitors 

also are varied from 1 mf to 100 pf and the inductors are varied from 1 mH to 100 pH. The choice of these 

components values is dependent on the resonator system itself to achieve low delay time such as rise time 

and fall time. Some of the resonator components elements are used in high-speed systems [14-17]. CMOS 

technology, bipolar technology, NMOS plus PMOS technologies are employed in resonator systems [9]. The 

delay time, fall time and rise time are still the main propagation problems in resonator circuits. The 

maximum gain achieved is the major interesting criterion in high-speed resonator system [18-22].  
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2. MODEL DESCRIPTION AND RESEARCH METHOD 

Figure 1 shows the basic simulation model for this study. M1 is the first element which represents 

the flat mirror. L1 is the second element which is represented by the space length and is taken a value of 100 

mm. M2 is the third item represents the spherical mirror with a curvature radius R and a phase angle alpha. 

The curvature radius of the mirror is positive for the concave mirror and is negative for a convex mirror. Cr1 

is the plate of matter with a thickness of 15 mm and the refractive index of unity. L2 is the space length in 

mm units. F1 is the six elements in the resonator system which is re[resented tangential cylindrical thin lens 

in the air with focal length in mm units. The focal length of the lens is positive for collecting lens and 
negative for a diverging lens.  

 

 

 
 

Figure 1. A basic simulation model for this work 

 

 

L3 is the seven elements in the resonator system which is called as the space length. F2 is the 

sagittal cylindrical thin lens in the air with focal length in mm units and phase angle of alpha in degree. L4 is 

the space length between the lens and the Brewster crystal. L1 is the space length between the flat mirror and 

the spherical mirror. L2 is the space length between tangential/ sagittal cylindrical thin lens. Cr2 is the titled 

plane parallel crystal in the air with the thickness length in mm units and phase angle in degree and the 

refractive index of unity.  

 
 

3. PERFORMANCE ANALYSIS WITH DISCUSSIONS 

The simulation model is analyzed to show the interaction between tangential/sagittal cylindrical thin 

lens in the titled plane parallel crystal. The thickness of the plate of the matter is plotted against the curvature 

radius of the spherical mirror to measure the stability criterion. The curvature radius of the spherical mirror is 

plotted against thickness of titled plane parallel crystal to measure the stability parameter criterion. Beam 

radius variations versus is plotted against the focal length of the tangential cylindrical thin lens to measure 

beam waist accuracy. The focal length of tangential cylindrical thin lens variations is plotted versus refractive 

index of the titled plane crystal. Figure 2 indicates the relation between the stability criterion based thickness 

of the plate of matter against the curvature radius of the spherical mirror. The stability criterion based 

thickness of the plate of matter increases with increasing the curvature radius of the spherical mirror in both S 

and T planes. T plane has presented more stability than S plane up to 145 mm curvature radius. After 145 
mm curvature radius, the S plane has outlined better stability than T plane. Figure 3 shows the basic relation 

between the basic stability criterion based curvature radius of spherical mirror variations versus thickness of 

the titled parallel crystal. Stability criterion concept based curvature radius of the spherical mirror is almost 

constant along the variations of the thickness of the titled parallel crystal. T plane has outlined better 

performance in resonator system stability. Figure 4 review the beam radius variations versus tangential 

cylindrical thin lens variations. Beam radius waist increase with increasing thin focal length in T plane only. 

There is no component in S plane for beam radius waist variations. Beam radius variations from 100 mm to 

250 mm with the variation values from the focal length of the lens from 40 mm to 60 mm.  

Figure 5 has outlined the stability factor based on focal length variations of refractive index 

variations of titled plane crystal in T plane. The stability factor is almost constant in the S plane. The stability 

factor decreases completely with increasing refractive index of titled plane crystal. Figure 6 indicates the 
stability criterion based focal length variations against the thickness of matter plate variations. Stability factor 

coefficient based tangential cylindrical thin lens increases with increasing thickness of plate matter. The 

stability is better through the values of 1 mm to 7.5 mm thickness of matter plate. But the stability criterion is 

dropped through the values of 7.5 mm up to 15 mm thickness of matter plate. The stability criterion 

variations against the phase angle of sagittal cylindrical thin lens variations are shown in Figure 7. the 

stability parameter coefficient criterion decreases in both S and T planes. The stability criterion is reduced 

through the phase angle from 1 degree to 10 degrees.  
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Figure 2. Stability criterion based thickness of the 

plate of matter against curvature radius of the 
spherical mirror 

 

 

 

Figure 3. Stability criterion based curvature radius of 

spherical mirror variations versus thickness of the 
titled parallel crystal 

 

 

  
 

Figure 4. Beam radius variations versus tangential 

cylindrical thin lens variations 

 

 

 

Figure 5. Focal length variations of refractive index 

variations of titled plane crystal 

 

 

  
 

Figure 6. Variations of stability criterion based focal 

length versus thickness of matter plate variations 

 
 

 

Figure 7. Stability criterion variations in relation to 

the phase angle of the sagittal cylindrical thin lens 

 
 

The Stability criterion map parameter coefficient against the focal lens of tangential cylindrical thin 

lens variations is shown in Figure 8. The stability criterion based focal length of the thin lens in both T plane 

and S plane. The stability coefficient factor is dropped through focal length ranges from 1 mm to 6 mm and 

the stability is dropped badly through the range of 6 mm up to 10 mm. Figure 9 outlines the relationship 

between the stability coefficient parameter against variations of the space length between system resonator 

elements. The more space length the larger the stability criterion coefficient in both S and T planes. The 

stability criterion is better performance in S plane than T plane. The intermode beat frequency of the 

resonator system is equal to 461.219 MHz and total cavity resonator length is estimated as 100(L1) + 15(Cr1) 

+ 100(L2) + 30(L3) + 50(L4) + 30(Cr2) = 325 mm.  
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Figure 8. Stability criterion map against the focal 
lens of tangential cylindrical thin lens variations 

 

Figure 9. Stability criterion versus the space length 
between resonator elements 

 

 

4. CONCLUSION 

Beam radius waist and the stability criterion coefficient parameters are deeply studied. The higher 

the space length between resonator elements the higher the stability criterion and the higher the beam radius 

waist. The lower the focal thin lens the larger the stability parameter and beam waist strength. The lower the 

phase angle of thin lens the higher stability criterion and consequently the beam strength waist. The beat 

resonance frequency is reached to 461.219 MHz. the estimated total cavity resonator length is reached to 325 

mm. Therefore, the phase angle and focal length of thin lens should be optimized in order to achieve high-

speed resonator system efficiency.  
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