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Abstract: The tuning of microwave cavity resonator is very important technique to improvise selective 

component in the field of microwave technology. Tuning is done by various ways. Among those one of the most 

convenient ways of tuning is done by variation of the dimension of the cavity. During the process of tuning the 

resonant frequency of different modes moves differently. As a result overlapping of resonant frequencies of 

different modes may occur. This causes noise or other problem. Here we describe a technique to sort out that 

problem. Here we also describe the method how to increase the frequency gap between successive resonant 

frequencies of different modes of cylindrical cavity resonator. 
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I. INTRODUCTION 

 In general, the cavity resonators that confine the electromagnetic energy are simply waveguides of specific 

dimension short circuited at both ends. Nowadays electromagnetic cavity has been one of the most important tools 

and their applications are vast and range from the use as frequency meters and filters, to tools for material 

characteristics measurements [1-12]. Tuning of this cavity at various frequencies is necessary for those purposes. 

We may vary the height of a cylindrical cavity resonator by moving one plane side wall of the cavity for our tuning 

purpose, because of the dependency of resonant frequency on the height of the resonator. But this variation is not 

same for all the modes exist in the cavity. Particularly the resonant frequency of TMmn0 mode has no variation with 

the height„d‟. This causes overlapping of resonant frequencies of different modes at some particular point during the 

variation of height which may cause noise problem. To overcome this problem we use a wall with curvature, as our 
moving wall, to vary the height of the cavity. As a result of this curvature the resonant frequencies of different 

modes move differently from the point of overlapping and we can tune a particular mode at that point. If we can 

increase the frequency gaps between two successive modes then we can vary our desired resonant frequency to a 

greater extent without overlapping with the other modes. The increments of the frequency gap between the 

successive modes can be done by the coating of dielectric material like silicon di oxide on inner curved wall of the 

cylindrical cavity.  

Theoretical Analysis  

The oretical analysis of cylindrical cavity is quite complex [13]. To analyze the field a simple field model is 

required. The electromagnetic field of a circular cylindrical resonator can be written as [14] 
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Where d is the cavity height, a is the radius, k , 
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The unloaded quality factor of the cavity can be expressed as  

 7
CD

EM

PP

WW
Q




  

Where WM and WE are the time average of stored magnetic and electric energies, PD and PC are the dissipated power 

in the dielectric and conducting wall, respectively. At the resonance WM = WE , hence 
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Where Ploss=PD+PC is the total power dissipated. 

At resonance total energy is 
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The power loss due to the conducting wall is 
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The quality factor with imperfectly conducting walls is  
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The power dissipated in the dielectric can be calculated as 

)12(.
2

1 *


V

D EJP  

Hence the quality factor is 

 13
D

D
P

W
Q


  

So total quality factor Q 

)14(
11

1













DC QQ
Q  



American Research Journal of Physics, Volume 1, Issue 1, 2015 

ISSN 2380-5714                                                                                         

www.arjonline.org                                                                                                                                         3 

Hence the resonant frequency is 
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Experimental Details 

It is obvious from equation (15) that the resonant frequency is related to the dimension of the cavity. Variation of 

resonant frequency, fr with the height ‟d‟ of the cavity for TM110 mode and TM011 mode is shown in figure 1.        

 

Fig1. Variation of resonant frequency with height  ’d’(from eqn. 15) 

From figure 1, the resonant frequency of TM110 mode and TM011mode coincide at the frequency 11.51 GHz and at 

height 16.9mm. Our aim is to isolate that resonant frequency of TM011 mode from TM110 mode.  

 

Fig2. Cavity with  moving wall to the direction of Z-axis.(Designed in HFSS) 

At first, the cylindrical cavity resonator simulated in the HFSS for a=15.9mm and d=30mm. Figure 3 gives the 

measured reflection coefficient from the cavity with plane moving wall at different frequencies from which we can 

calculate resonant frequencies of different mode.  
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Fig3.  S11 characteristics obtained from the simulation of the cavity with  plane moving wall 

Table1.  The table given below shows a well agreement of simulated values with the theoretical values 

MODE Theoretical value of resonant frequency in  GHz Simulated value of resonant frequency in  GHz 

TM011           8.79                             8.82   

TM012         11.51                          11.56    

Now we observe effect of curvature on the plane moving wall. We use the curvature with 4mm deep from the plane 

moving wall. The design of that cavity which will be simulated for its different height in HFSS is shown in fig.4.       

                 

Fig4.  Cavity  with moving wall with curvature to the direction of Z-axis. (Designed in HFSS) 

Figure 5 gives the measured reflection coefficient from the cavity with moving wall with 4mm curvature at different 
frequencies for a=15.9mm and d=30mm from which we can calculate resonant frequencies of different mode.  
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             Fig5.  S11 characteristics obtained from the simulation of the cavity with curved moving wall  

From figure 5 it is seen that the resonant frequency of TM011 shifts from 8.82GHz to 8.71 GHz and TM110 shifts 
from 11.56 GHz to 11.32. For both of the modes resonant frequencies decrease due to curvature. But those shifts are 

different. TM011 mode shifts 0.11 GHz, whereas TM110 mode shifts 0.24 GHz for 4 mm curvature. Now we simulate 

the cavity with curved moving wall for different height and note the corresponding resonant frequency for each 

mode. The variation of resonant frequency with the height„d‟ for both of the mode is shown in figure 6. 

 

Fig6.  Variation of resonant frequency of TM011 and TM110 mode with cavity height of a cylindrical resonator with 

curved moving wall obtained from HFSS simulation. 

Figure 6 shows no intersection between the two curves in contrast with the figure 1. The constancy of resonant 

frequency of TM110 mode breaks up for the lower height of the cavity. Resonant frequency of TM011 mode without 

curvature was 11.51 GHz (at the point of intersection with TM110 mode) for the height 16.9 mm, whereas that 
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resonant frequency occurs at the height 17.34 mm with the curvature at the moving wall and at this point the 

resonant frequency of TM110 is 11.82 GHZ. So the resonant frequency of TM110 mode shifts by an amount 0.31 GHz 

from the point of intersection. 

Now to understand the effect of coating in the inner curved wall we simulated the empty cavity with height d=4 c.m. 

and radius a=1.25 c.m and plotted the S11 curve. These results are then compared with the theoretical data.  

 

Fig.7 

MODE Theoretical value of resonant frequency in GHz Simulated value of resonant frequency in GHz 

TM010             9.191                           9.202   

TM011             9.927                          9.887  

TM012           11.860                       11.820  

Now if we change the height of the cavity with the help of a moving plunger, then resonant frequencies of different 
mode except TMmn0 mode will change. But these changes would not be same for all modes. So overlapping of 

different modes may occur or they get closer to each other which may create problem of tuning. 

This problem can be resolved to some extent if we increase the frequency gap between the resonant frequencies of 

successive modes. That can be done using a coating of dielectric material like SiO2 on the inner curved wall of the 

cavity. The S11 curve is given below. 

 

Fig. 8 
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In figure 7 resonant frequencies for TM010, TM011 and TM012 are 9.202GHz, 9.887GHz and 11.820 GHz   

respectively for the cavity with radius 12.5 mm and height 40 mm without coating. With 3 mm SiO2 (dielectric 

constant=4) all the resonant frequencies of the respective mode decrease (Fig.8). To retain the resonant frequency of 

TM011 mode unchanged height of the cavity is reduced to 1.98 cm (Fig.9).  

 

Fig. 9 

As a result, the separation  between TM010 and TM011 mode increased  by an amount  0.963 GHz   and   separation 

between TM011  and TM012 mode increased by an amount  1.312 GHz.  

II. CONCLUSION 

Separation of resonant frequency of different mode from their point of intersection can be done by using moving 

curved wall. But more work to be done to optimize the curvature for better separation. However Q-value of the 

cavity may decrease due to increment of surface area of curved moving wall. A study on this matter is necessary in 

future work. The frequency gaps between the resonant frequencies of successive modes for a particular range of 

frequency of a cavity resonator can be increased with the help of dielectric coating on the inner curved wall of the 

cylindrical cavity. As a result of that the tunable range of frequency for a particular mode may be increased without 
overlapping of resonant frequencies of different modes. However, further works are necessary to examine the 

variation of increments of tunable range with the amount of coating. 
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