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ABSTRACT 

The clzaraclerislics of d microwave resonator consisting of circular cyiindrical 

zorrugated metal rod terminated at both clads by large cir-cular metaiiic plates and 

excited in E, -mode are srudied theoretically. Expressions f i r  the Q -factor and 
resonanr,e frequency of the resonator as functions of goove spacirzg, depth and 
other paramelers of the axial rod are derived. 

The open-type of microwne resonator utilises the surface wave 
 characteristic^'^^.^, of the corrugated m:tallic rod. has made 
significant conrributions to diffirent aspects of surface wave phenomena. 
The characteristics of d~fferent types of microwave resonators have been 
studled extensively by Chatterjee, et a17-". The object of the present 
report is to make a theoretical study of the resonance properties of a surface- 
wave resonator consisting of a circular cylmdricai coriugated metal rod 
excited in E,- surface wave mode and termmated at the two ends by two 
identical circular metallic plates of radius much larger than the radius of the 
structure. The large size of the end-plates and excihtion of the structure 
by surface wave mode ensures that The loss of electromagnetic energy by 
radiation, if there is any, through the open side of the resonator Is negligibly 
small. 

The corrugated structure consists o r  three media (Fis. 1). The first 
medium consists of the uniform portion of the rod (0 s P < a) ,  The second 
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r k .  1 (a) 

Cormgated Metal open type Resonator with end Plates. 
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FIG. l (6)  
Corrugated Metall!c Structure. 

medium consists of the grooved region (a S P s b )  ar;d the third medium 
(p z b) is a i r .  The grooved region is considered as a homogeneous 
dielectric medium of dielectric constant. 

S + t  
E2"- 

S 111 
which has been derived from the consideration of equality of optica! path. 

The field components in the three different media are ; 

Medium 1 :  0 c P ~ a  

EZi - A JG ( p, P) exp (-  "l) 

where, u,=a,;jb,, u, -a , - jb , ,  $=a,-jb, ,  and Y - & + j P  [51 



for the E,, w o e .  The subsiripts -+-and - indicate components of the wave 
travelling in the t-z and -z directions respec:ively. Due to reQectjons taking 
place at the two  ends ( z - 0  and z = E )  of the structures the following 
relations hold good. 

Using the above relations, the field components for the standing waves In 

media 2 and 3 respectively are 
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'The field components of the st:ind~ng wave satisfy the boundary condi- 
tions at the end plates i .e . ,  E,,,=O at 2-0 and I - L  (i e.) sin f3 L-0, which 
requires that p-nn /L ,  where rt is a positive integer and indicates the number 
of half  cycles variations of the field components in  the =-direction. 

The field components of the rasonan! waves a r t  

bkdium 2 :  

B J ,  j jur P) '~ C Yo ( iu, P) 

3. ENERGY STORED IN MAGNETIC FIELD 
- 

The total energy stored In magnetic fields of the  two media (2  and 3) is 

W,w =WY, f W I W ~  11 11 

where, 
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3 .  E N E R G Y  STORED IN ELECI-RIC F~er.o 

The eneryy stored in e l e i i r ~ c  field i n  riledium 3 is 



Similarly, 
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The power lost (P) in the resonator is 

B=P,+P,+P,+P,+P,  

where, 

PI- power lost along the rim of the disc at p = b  

P,=Power lost along the inner rod at p = a  

P,=.Power lost along the surface of disc at a s  p s b 

P,=Power lost at the end plates 

P,=Power lost by radiation from the structure and flowing radially out of 
the resonator. 

As the end plates diameter ( 2 4  is much larger compared to the diameter of 
the surface wave structure and the structure is excited by Eo-surface wave 
made, the radiation loss out of the resonator may be considered to be 
insignificantly small and therefore P, may be ignored in calculating P. 



Total power lost In the  resonator i c  

p= (P8, 5'.P3)Li p, 

Torai ' ' 
where, s-spacrng of discs i .e . ,  width of g roow 

t - thickness of discs 

and L -  Eength of t h e  structure. 

The quality factor @ oi ' th r  resonator is defined in ternis of the  ellerpy 
stored and power lost as  



which yields 

8 .  RESONANCE FREQUENCY 

At resonance WE - W,, 

where, W,===W,+W,, 

W, - W,, + WM,  

Using (2Q) and equations (12-15) the following expression is obtained 



If however, tile structure pardmeless are such t h a t  W,, < < W,, and 
WE? i < WE, , then thc resonance rrequency is derived from the equation 

w,, = W E )  

which leads to 

which yields 

[ii4),4 C'P " - -.I. 
TL5. ] .f -- 

Irronance 4rr -  Y 

The excitation constants B and C are evaluated i n  terms of the constant 
D by using propcr field components and appropriate boundary conditions. 

and 
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where,  

Tn  order lo  s m p l i f y  the reintions for  Q and resonance fiequcncy the 
following two sets of approximations may be madc. 

Case 1 : Assumiog oz;O in medium 2 ,  t h c  foliowins approximations 
are madc. 

~ h ~ c h  lendes to  the following approxirnatlons forms for the  funct~nns 

(j~hP) - 1 

H,'2) ( -  ju,*p) = - -5- 
7Tll3* P (25) 

Case  2 :  T h e  conduct~vity ir, # 0 i n  mediuvh 2 ,  but is given as a 

Function of spacing o,=s, ,  L. 
S f l  
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The power and energy relations under approximations made above 
reduce to, 

Case I : 



w h e r e ,  
I , ' =  0 

-8L ,uo D 2 ~ % ; i  (nr' -- m j  W,, - . -- -- 
(L? -w;)2 

where, 

st, BB* 
, I  - [a, (cos 2 b#-cos ?ah?) -b2 (sinh 2qb -sinh 2a,a)l 

2 n  (0: + bi)112 a@? 

- CC* 
12" - - [ a ,  ( C O S  2 b bp-cos 20 h2)-b, (sinh 2 a, b -sinti 2a1 o)l 

2w a, b2 (a; + b:)*I2 

13" = 
BC* [a, (sin 2 b b, -sin 20 6,) - jb, ( C O S ~  bi b-cash h2 a) ] 

2m b i  6, (a::)'J2 i b 

I," 5; 

B* C 
, Ja ,  (sin 2b6,-sin 2 abd + jb, (cooh 2 bb, -cosh 2au2)] 

2 r a 2 h , ( 4  + hi) 



The expression for Q (equation 19) reduces t o  the following expressions 
in the two cases o f  approximations. 

Case 1 : 

Case 2 : 

+ C sin i j1~,6 - - 3:1 I 



Equarion [I11 can be simplified by using appropriaie argument approxi- 
matioil. 

Case I I 

Equation [2ij  in this  rasc i s  reduced l o  

which gires the I-econancc frequency 

1 i f = -. 
i 

rcs 2~ I 
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where. 

When W M ,  < < WM, and WEZ < <WE?, equation (22) changes under argument 
approximation to 

since X and Y reduces to 

where, 

n'= arc t an  (b,/a,) 

m= f In (0.89 d ) 2  (a:+@ 

m' - + In (0- 89 B ) =  (a: +b:) 

C =  free space velocity 

L- length of the resonator 

n- no of half cycle variations in the z-direction. 



~ ~ p l y i r r g  argument appi.c?;kin>alion lo R:". R?', Rj3'. R y l ,  i?ieie  expression^ 

wi l l  reducc to : 

Case I :- 

R;" (I 

Case 2 : 

The @Factor, etc have been coiupnled as Functions of dise radius h and disc 

spacings witb the help of i B M  360 computer. The resulls are given in Figure 2. 

The authors are gratefu! t o  the Dirrcior of the institute for ploviding 
p d ~ l l r t ~ e s  : . . for work and to l i l t  U.G.C. New Delhi for according permission 
to work the projecr. Thc authors are also thankful to Dr. James R Wait, 
Monitor, Senior Scientist OJT-ITS, for encouragement and help to the U.S. 
Department of Commerce for providing PI- -480 funds. 



L IN METEES ---+z- 

L-Lenplh of the Resonator in Mclicr, S-i)'sc spacing, h-.Disc Radius, i- 9460 hlclu. 
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