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1. ABSTRACT

The Q factor of a microwave resonator consisting of an uniform circular
dielectric rod excited by HE,, and E4 modes and terminated at both ends hy
circular metal plates has been derived. The constant percentage power contour
for both the modes show that most of the energy is located within the resonator

and very little is lost by radiation outside the resonator.

2. INTRODUCTION

Theoretical and experimental studies of microwave resonator, closed
and open types and resonator consisting of an axial uniform and corrugated
metal rod have been made and reported elsewhere, by Chatterjee, er.al'~!l.
The object of the present paper is to derive an expression for the Q-factor
of a resonator consisting of an uniform circular dielectric rod and excited in
HE,, and E, modes and terminated at both ends by circular metal plates of
diameter much larger than the diameter of the dielectric rod. All the other
sides of the resonator are open. [t 1s also the object to determin: the
constant percentage power contours round the rod and show that the loss of
the energy by radiation is insignificantly small when the diameter of the
end-plates are much larger compared to the wavelength of excitation.

3. Fi1ELp COMPONENTS

The field components inside and outside the dielectric rod when it is
excited by H E,, mode are as follows (See Fig. 1).

* The project is supported by PL-480, Contract No. E-262-69(N), dated August 30, 1969,

64



Theory of Open Resonator with an Axial Dieleciric Rod

Fic. |

For P =a Medium 1 (Inside the rod):

E,=-B [UP J(k P)+ bBBk' Iy (k P)] sin¢g e “JBz

CIJGI

E¢,-=-B[k,.l,' (k,0) + 2 .. J,(k,p)] ccs ¢ e~ 16
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H, =B [(kf/jw»uo) .r,(k,p)] cos ¢ e~ F: n

For P=a Medium 2 (outside the rod) :

E

p

2,...r--C['FIJ-- HM (kyP)+ é Bk, Hlm'(kzp)J sin ¢ e~ /B*

meo

’ 01, c 1 B L ~jB
E&z*’“-C[hH:{” U\zp)‘*‘? P we, H, (kzp)] cos ¢ e /P!

- ¢ k§ {1 : -igz
E,=C _ HiV (kyP)| sin¢ e
C jweg
H,,=C E_‘_‘_z_ HY (kyP) + 2 HM (k,P)| cos ¢ ™ 1B*

Hyy=-C . H\" (ky P) + —c-sz“r(kzP)] sin ¢ e~ JP?
P W fMa C

H,=-C [(k%ljm,uo) H,("(k,P)] cos ¢ e~ 18+ i [2]

4. BOUNDARY CONDITIONS

In order to derive the characteristic equation and determine the
propagation constant, the following boundary conditions are applied at the
interface (P=a) between the dielectric and air.

E

72 5 H:I=H:2
Eg1=E4ys  Hy=H,, 3]

5., CHARACTERISTIC EQUATION

By using the proper field components and appropriate boundary
conditions, the following characteristic equation is obtained.

Il ) (x,) _ | Hl(lr(xz)][erl Ji (%)) _ HI{])'(xI)]
)

xy Jy(xy) X2 Him(xz) xy Jy(x) _.x: Hlm (X,

- (xf-.x%) (xf—e,, x§) [4]

4
x‘,‘xz
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Where, x,=ka, x,=k,a
€1=¢€,/¢€

: 2 2
xf'*‘(xz/j)::'( :;a) (ErIEI) IS]

6. EXCITATION CONSTANTS
The excitation contants B, C, & and ¢ are related as follows.

L axp J(E)
B x3 H (X,)

< xi 1 _Jilxy)
b ).’§ € Hl(”(xz)

B e, xf-—x%[c, B ix) & Hf"'(xg]-'

w My axy | X Lilx)  x; HV(x)

[6}

- Beg xi—3[ € Ji (x)) _ € HV(x)
C W My x%x%

B '*"l Jy(xy) ;; }.;1{15'("_;;)"

The above relations are obtained from the field components and using
boundary conditions.

Kh 7. STANDING WAVES

The standing waves formed along the rod due to reflections taking
place at both ends of the rod are represented on a vector bisis as follows.

E,.wE . +E,. H{,=H_,_+ +H,_

Egm By ¥y, H,,=H,.+H,.

E,,=Ey.+E,. Hy = Hyp+Hy. (7]
where,

E..=+E,. H”.=:-H,_

Ep+='_EP- Hp = +H,

Ego=—E4- Hy,=+Hg. t)



rd
68 N. NarasiMuan, V. C. ANANTHAN AND S. K. CHATTERJEE

The field components of the standing waves are therefore, for P =a.

Eppg=—2 Bl.%. Jy(k, P) + z Bk, J| (k, P)] sin ¢ sin f:z

w €,
' b B :
B weg,
bR |
E,.=2B : J(k,P)} sin ¢ cos Bz
B jwe,

HP,,=2B[;{‘B J{ (ky P)+ ; ; J,(k,P)] coS ¢ cos:f:

. b .. .
Hes= —2B Jyk, Py + — ki J, (5, P) | sin ¢ cos Bz
P w‘UO B
kz
H,,=~2 B[_ 1 J,(k,P)] cos ¢ sin Bz 191
Jw Mg

The components in the region outside the rod P£=a can be wrilten
similarly.

-

8. RESONANT WAVE

The field componets E, and E; at z=0 and z=1 satisfy the conditions
E, =0 and E,=0 which lead to sin B2=0 which requires Bl=m~ where, m is
a positive integer (1,2,3 .. .) indicating the number of half cycle variation
of the field components in the z-—direction. The components of the

resonant waves are obtained substituting B=(mm/l) in the equations for
slanding waves.

For P =g

1 b Bk
Eo,=—2B1— J)(k, P)+. ﬁﬂl.}f’(}‘-lp)‘ Sin ¢ sin(ﬁ;) o

I B w €|
' b
Eﬁlr“ —28 kl Jl U\] P) 1+ — l B J‘(kl P]] COS l;') Sil](ﬂ) kg
B wEe, |

Enr""ZBlb ki Jyk ®)| sin¢ cos mn)—_
B jwe, Y [ f"
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[k B b1
H"'—ZB[;}L} Jy (k,P) + T J,y (ky P)] Cos ¢ cos (E?E) 2
1 B h
Hy,,=-2B [ 5 oo Jik,P)+ = ki J| (k‘P)] SiN ¢ COS (T—IE) z
H.,=-2B _Aj- ((kyP) | cos ¢ sin 77 ; 10
Fere , (10]
P=a |
g2 [“1‘ HO (k) + S B2 o g, 0yl sin g sin () 2
E§2r="'2c Ikl Hlfl)f(k‘ P)+ ¢ B ! H,“’(kzP)]COszi sin(m)z
C WEo P 1

c ki : :
EIZr=2C[-5 };?é; A (k,P)] Sin ¢ cos('_n_"’f.) z

,Lr,f,z,,=2c[f.k_z HOY (kyP) + —
‘-'J.“-g ' Y L

‘:T H,“’(kzP)] cos ¢ cos(’_”_;‘_)z

Hys, = =20 . HO (ky )+ — ky HEY (k)| sing cos{ 1)z
| P oy C l
r k% (1) ; m

H, =-2C| —"— HV(kyP)} cos¢ sinf—— | z [11]
i_]‘lﬂﬂ-n [

If the field inside the resonator is completely described by equations
[10] and [11}, the mode of oscillation is pure HE,,. If the frequency of
excitation or the distance between the end plates is so adjusted that the
above conditions are satisfizd, the cavity formsd by the structure with
the two end plates is said to be in resonance

9. MAGNETIC ENERGY STORED

The energy stored in the magnetic field consists of two parts W, , In
“the field inside the rod and W,,, in the ficld outside the rod (W,,). The
"total enery W,, stored in the magnetic field is thercfore.
Wy=Wa + Wa

a 2 !

w0 J j | I IHIP PdP d¢pd:z
)
} p=0 =0 z=0
d 2n 1
+ﬁ29 j J' J |Hy? pdp d¢d: [12]

pea én‘} 1=
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[y o | Hp [ [y, P 1 0,
'H2 z=,HPIr,2+ HéIr!2+ H;Zrl “3]

The energy stored in the two media are :

a

WMl-f.‘.’.-rr_-4B’ I( ) P(J (k, 2 dP
w Ue

= U

-4+

b 2 ﬂ |
(_B_) - Uitk PP dp + f 1,(k,P) I (k, P) dp

+

]
[

=0
t /b
Itk OV d LAWY 2
(w“) U, (k, 0] P+J(B K2p (! (k, P dp

[+

-+

26 Bk, , :
J- ﬁL'J, (kyP) Jy(k,P) dp ~ L.} P[J,(k,PJF dp
Bw Mo w'uﬂ

p=0 2=0

which results in

T d BI’H(-%—): " (..g.)2 - (—-’f;.) } {"‘ 1 14k, @)
w M, W Mo

ik aF) } - {( L - '9‘)2** [y (k, @)

2 ,
+( ) ) {k a Jo (k, a) J, (k, a)*] [14]
W Mg
Similarly,

2 2 k 2 2
e () (6 - ()

+[HM (k, rm’} “‘* DD (hy @) ~[H (k, a)l’})

[ B ¢} (1) 2 (1) )
gl o —C-‘ {[HI (k: d)] —[Hl (k:ﬂ)}z;

W Mg

ko,
+( = ) {(A d)H“’(k d)H“’(kzd)—(k,a)H“’(k,a)H“’(L,a)}]
W&o

[15]
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10. Power Loss

The total power lost £ is composed of the power lost P, in the

dielectric rod, power lost in the end plates P; and power lost by radiation P,
outside the resonatar, i.e.,

PP+ P, 3P, [16]
d’ of the ¢nd plates is much larger than the diameter (2a)

of the rod. the loss by radiation P, oulside the resonator can be ignored
compared to the other two terms.

If the diameters *

The power lost in the dielectric rod i1s given by

2n o

P=L [ [ o,|E[*PdP d¢ [17)
¢ =0 p=0

where o, =w €, tand and

IIEF’:IEHP ’ lEMF""E:l ]2

Substituting the values of the field components, equation [17]) becomes
;

Paﬂal%ﬂﬂ’[ j -’;:—[J,(R,P)]’dP-t- j (bﬁ"‘) 0 (k, PP P dp

W€
2~0 p=0

+ J 2bﬁk‘]f(k,P)J, (kp)de + J k3p [ (kPP dp

B(IJE'
p -0 p =0

+ [ (= )ZPL[J.U(.P)F:'!P+ J e S FHUN SN OUEL

. \BWE‘ e wEl
3 2 \2
j' (_‘.’E) pJ, (k, P )]
mel

'!

2
_mlo B/ (katl, ( bF | ”_L(bk%ﬂ) {Jo (ky @)}
3 2 B we, 2\ Buwe,
2 b8 (ky aV? " {’f_‘}‘t‘ 1 (bk'fa)zl
* Pk} {"(‘“"m-“) S peal )72 e,

LY

| [bkia -
+ §Jg (ky @) Iy (Ky a)} {L‘ 4 (B:I'Et)}>
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-~

The power lost in the two end plates is

12 d 27
| w M 8
P 53 ( a') J J I t l ¢ [19]
p=c $=0

where,

o . =conductivity of the end plates

|Hoa P = |Hp2 P+ H !

Substituting the value of the field components, equation [19] after integration

yields.
((BKa\, (cks 2}{ HY (k, d)}? “2 HW (k. 2]
1 wo) "\ He"tha O ~ =5 (R (ks

12
P=o 2| 2L
(2 ﬂ'c) [

Bha\', (kN (B € V1[92 (q (udy 2= ZopHOD (k)
(G + (2) + (5 - &) HE v @wnr-Sop oo

(20]
1. “Q’ FACTOR
The quality factor Q of the resonator is defined as
Q=m_WMI+WM2 Wiy + Waa (21]
Piowas P,+P,

Substituting appropriate expressions for the maximum energy stored in the
magnetic field and the total power lost, the expression for @ becomes

27 f(Mg/€p) [X+(C2/BZ)Y]
(- we, tan ) (U+V)+ (C?/B?) (l/eol) (wro/2a )} W [22]

) 1 o s

... {(_f" . z)’} (L3, (k, @} + {(—"-’-)2} {(k, @) Jo(k, @) Jy(k, )}

L
wMe W g
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/(( B )’ ¢V _ [k \} 2
Y = ~_ el (ky d
N N wag +(c) (;i)}l{ 5 ) [Ho“’(k;d)]’—*-[H,“’(kzd)]’}

= (kzﬂ)z {[Ht:}(k a)]z_,_ H{l](k 3 - B ¢ 2
- ° 2 "t 2a)) }l— {-———- —(-—.)} {[Hfll ’(kzd]’

W Mg C

—fH{1) L 2} "k ?
[HY (k, )]} m——;—“:-l;) {(sz!)H‘n”(kzd)H*’l”(kzd)

— (k,a) H'}J' }(kza) H‘l”(kza)} \

/
5 -U(IH)Z B bB : | /bk?: g\?
U { 2 [l ' (BHEI) I N 2(3(::(,")}[J0(kla)]2
(e |-(- 2] - 4 (2]
(o) g me!
1 [bk2 a\? 1
] (B“:E-:) } + o (ky 0) J; (ky a)} {k: a (;k;:)z}>

ky\? k., \? 2
W = {(E__?) +(%)}{%[Hgl}(k2d)]2_ __‘;_[H(ll)(kz a)]z

({Bk,\* [c¢ ., \* [ B ¢\ (d?
~ i — <y 4+ —k £f L = — _[H) i
l(wo) (C 2) (wo C) } { - [H{ (ky )]

12. EVALUATION OF k; AND &,

The values of radial propagation constants k, and &, are found from the
values of x, and x, which are determined by solving the characteristic
cquation (4) with the aid of equation (5). The variation of radial propa-
gation constants with (2a/),) is shown in Fig. 2. Fig. 3 shows the variation
of axial phase constant with (2a/),) which is determined from the relation

between k¥ and B

13. EVALUATION OF ‘O’

The values of Q of the resonator as a function of (2a/A ) , L,
~tang, ¢_and A calculated from equation (22) with proper values of

k. k; and B are ploted in figures 4 -8 respectively.
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14. FieLp COMPONENTS E,; —MODE

The field components inside (P =<a) and outside the rod (P=a) are
respectively

Medium 1: P =g

"""B'A;!E-'t (kyP) exp (-fB2)

we,

&

£

2
=Bk gk, p) exp (—-iB2)

]mel b

L

Hyy = Bk, J, (kiP) exp (—B2) [24]
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Medi.ﬁin 2: P=a

Epzﬂcklﬁ Hé” (kzp) exp (__j ﬁZ)
[lJGo

E,, = Ckz- H, (M (kP) exp (—j B2)
Jwe€y

IS5, STANDING WAVES
In this case, the standing waves are represented by
Eg=E . + By Eps=E,. + E,_, Hy,=Hg. + Hy o [26)

where,

16. RESONANT WAVES

Due to the vanishing of the tangential components of the electric
field at the two end plates (z=0 and Z=1), B=n /1, where n is a positive
integer. The field components of the resonant waves are

Medium 1: P=a

E,, —’?;Bkﬁ J, tk, P) sin (’L_}‘_")

i x
Eﬂr == B _kz Jﬂ ”"l P) cos (ILEZ)

H¢1r=23k] J' (A] £} Cos (?L‘;_Z)

[28]
Medium 2: P=g
E,,,=2C — kB HY (k,P) sin (""‘ 2')
uJE ]
2
E:Zr-zc l:"— H{I “‘ P) SN ”ﬁz
J we€, f
H‘2r=2 C k: H{;, (kz P) SR {i..ﬂ 3
] [29]
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17. MAXIMUM ENERGY STORED IN MAGNETIC FIELD

The total maximum energy stored in the magnetic field is

where, the magnetic energy stored in medivm 1 (W,,,) and in medium 2
(W,,,) are respectively l

w,, = Mo j’ (H,. |2dv

2
%
a 2n 1
M
WM!""‘;I j .[ 4szlz[-lt(ktp)lzcosl(n?z)Pde‘f’dz
p=0 $=0 2=-0
=7 uqg B2k2 1 a?) J, (k, a)*+] ka’—-_z_-J k J
0 1 [0 g y (kg a) klau(ta)la) (30}

{
Wyp= 7 Mg C2k2 z[dli[ﬂf;’ (ky )P +[HY (kyd)?

-t H{Y (ky,d) HP (k,d)}
kyd
- @ {[H&;’ (kya) PHLHD (k; a) P ——HY (yHY (K, a)}]
kzﬂ [3||

Therefore, the total maximum energy stored in the magnetic field 1s

2
HWo,=mn uﬁla’ B? [k? {{Jo(k' a)}2+ {J[(k‘ ﬂ)}z— ‘—{-—ajo (kl a)Jl (kl a)}

M=
1
2 2
- gT k2 (‘_{.f{[ngl (ky VP +[H (ky )T - -;;H‘a”(kzd)ﬂ‘l” (kzd)}
4 l
_ {[Han (kzﬂ)ll + [HE” (kzq)]z“‘rz'; H:_i," (k,a) Hfll) U\'zﬂ) })| [3:]
b4

18. PoOwER LSS IN THE RESONATOR Fy, — MODE

The total power loss in Lhe resonalor is
[33]

Pf'Pd+P'
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neglecting the loss by radiation outside the resonator. Where, the power
loss in the two end plates is

" an
l wMe 1/2 [ J 3
=2 H,,, pdp d 34
Pe >(2‘\/2(45’9) ,_*0] | ¥ .
p=a ¢$=

where |Hyo|=|Hy2 |, o, and u, are the conductivity and permeability res-
pectively of the end platcs and 4 is the radius of the end plate

Substituting H,, in the integrand, eqation [34] becomes

1/2
Po= k3 C? (—"—’-’i) [d’ (IHE.” (ko )P +HY (k; d)?

20

___2__ “)LdH“}Ld)
o (k; ) (

. ({H%” (ky a)} 2+ {HV (ky @)}~ 2= H{ (ky a) HYY (ky a))] [35]
, 0
The power loss in the dielectric rod is
2n  a
b g f J o, |Ef 0 dp dg 136]
$=0 p=0

where, ¢, =we,tan§ and |Ef*=|E, *+|E, P
Substituting E,  in the integrand, equation [36] reduces to

Pum T )+ 40, G )} 82 2)

BZ
2—Jo (ky a) 3, (ky a)] [36a)

1 @
9. * Q" FACTOR: Ey ~MODE

Q= w (W,,/P) gives

0~ (ug/€q) [Ry +(C[B)? Ry] 37)
[(we,, tan 8)/2) [Ry] + (C/B)? (1]leg)(wu,[2a )2 [R,]

where, R,, R,, R; and R, are given by the following expressions.

R,= 32 {[J., ky @)+ 1, (ky @) - ,:3.5 Jo (ky a) 4, (, a)}
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-— [ai [HE) (y )P+ (HYD (hy - k——f—(} HE (e d) B4 Gy )

— a {[Hﬁa“(k2 )P + [H{Y (ky )P - i_& HEY (k; 0) BYD) (k,a)}”
R;- (5%)1 [{[Jo (ky @)+, (k, ] } + {(BE -k} - 7?3'} Jo (ky a) J, (k, a)]

R, - k2 ld’{[HL”(kzd)]H (HO) (ky d ) .&3_. HiD (k, d) Hgn(k,d)}
2

d
g 2
- a 1[H:,”(k,a)l”‘+ [H}' (ky a)] - " HY' (k, a) H‘l”tkza)}]

The value of C/B is given by the following expression

2 2
(C/B) = ["; . J(QIL)"!E)__

The variation of Q for E; mode as a function of 2a/A,, L, tan$ and o, are
shown 1in Fig. 9—13.

20. CONSTANT PERCENTAGE POWER CONTOURS

In calculating the Q-factor of the resonator, radiation loss outside the
resonator has been assumed to be negligible. This is justified if most of the
energy is located inside the resonator, i.e., within a radius ‘d’ from the axis
of the resonator where ‘d" is the radius of the end plates. This can be
determined by calculating the constant percentage power contour.

The amount of relative power flow outside the guide can be represented
from the constant percentage power contours round the guide which are

determined as follows.

If P=ry, ry, ry » + + r, Tepresent the radii of the circles representing

“ -
the coatours inside which constant powers P, Pa, Py + + - P, flowmg

along the rod are located, then the ratio of powers with respect 10 the total

power P_ s

P;l/Pzn"'—'WI at P =ry
P:3/P:rl= W3 at P=?"

[

P, P. W, at pP=r,

i rt
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where,

P, = Pi,+P% contained withina radius P~r,-

P,=P),+ P contained within a radius P=r,.

I

/ : . ol g _ ‘
P13=P13+P23 contained within a radius i rs

P.,,-Pz’,‘-i-Pf'" contained within a radius P=r, .

., Tepresents the total power contaihed within 2 contour of radius r, and
rl-::‘.r2< Iy * =2 <Ty. The values of .P_ﬂ, P;Zi PI3 o W Pﬂ” are deter-
mined from equation [46] for H E mode and for the Ej—mode by replacing

the integrals

r

- p=ri P=ry p=rtn
f by I . j « o f
p=a p=a p=a pad

respectively.

20.1  Power Contour for HE Mody

The power flow in the radial, azimuthal and longitudinal direetions are

P,=3Re [[[E,H] —~E,H]Pd¢dz [39a]
s

Py=4 Re [[ | E, H} - F, H}] dp d: (39b]

P.=1 Re [[[E, H;—E,‘, H;]PdP d¢ (39c¢]
5

The power luunched in the dielectric rod will be transmitted in the
longitudinal direction, where there is no radiation. But if some power is
lost by radiation, the power will not only be transmitted in the longitudinal
direction but also in the radial and azimuthal directions. In order t0
determine how much power is lost by radiation, the power flow P, and P, in
the P and ¢ directions respectively are also calculated.
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The pewer flow inside p‘ and P? in the three directions are

.- b y2 ]

p=0

7~ Y, ky I bt 1 :
.5 g J To(k,P) J,(ky0)dp

2
PO =CC*|-L mwkf1- L H{V (k) HiM (k,P) dp
C a5° Mgy €

P=a

2 - -]
SL ( 4 = 1) JHE’”U‘zP) H{V(k,P) dP
Jw Mo C EO
p=a

- "T'Y’( o 1‘) J ‘L"[H‘.“(kzml’ dp

jo \ #y C? &

LT P _['L{H‘.”(sz’)}’dp
C 'h.lz,uu €ﬂ. P

. ”kg( L, e L JP{HL"(k;P)}*dP

2](:) Mq C? €0

p=a
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[40]

[41]
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‘o bz’W‘fj.‘. Ik, )} d
p=0

.3
_ b 218, ki J Jo(k, P) I, (k, P) dP

sz.u-gEl
p=0
B b* | " 2
~ + — — —14J, (k,P); " dP 42
m(% zB”p{,l} (42

p=0

cc*] ¢ 218 k% | (1) 2
€= 4 4 [C w? ug € J p tHY” (K, )}

p=a

218, k3
_ ¢ 252 2 Htll) (kzp) H(ll) (sz’) dp
C w Mg Eo

p=0

_ “fi( » _‘-‘_f__')J :! {H‘,"(k,P‘)}‘a‘P] 143]

P=a

In calculating ply and PY, the limit of z has been taken from z=0 to z=1
where ¢/’ 1is the length of the dielectric rod pj and P2 has been evaluated
for ¢=n[4 as P,=0 for ¢=0, ~/2, ~, 3=x/2, and 2mx.

o Pk} 1 b
0

2 w €,
__-; zfj?(lo_b’ El){] k, p)}] [44)
= jCC» 11_'”‘3( _%zl;) H{ (&, P) H(Y (k,P)

In calculating p! and P° the limit of ¢ has becn taken from ¢=0 to ¢=27
and the limit of zis from 2-0to z=1. p' and P? have been evaluated for
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p=a, The axial propagation constant Y=jB, and (B;=8,=8) has b

obtained from l.he soluti_on of the characteristic equation wlhicﬁzgii)s kasanc;icn
and from equation relating 8 to the radial eonstants k. I ’

The power flowp! and P? for different

values of 2af). h
ealculated for perspex rod (€,, =2.56) and af ave been

the results are tabulated below.

TABLE |

Power flow inside and outside the rod in the z—dircction

20/ no p: P: Pe=p, + P’
(Watts/Sq. em.) (Watts/Sq. cm.) (Watts/Sq. cm.)
0.8 0.01363 |B|? 0.0%1308 |B|? 0.0149 |B |2
0.6 0.01349 [B|? 0.01698 |B|? 0.0305 |B|?
0.4 0.0%?9965 [B|? 0.0443 B|?2 0.0548 |B|?
0.3 0.027806 |B|? 0.0490 |B|? 0.0569 | B|?
TABLE 2

Power flow inside and outside-the rod in the radial (p) direction

pi po P=pit po

2a/ Watts/Sq. cm. Watts/Sq. cm. Waltts per sq. cm.
0.8 7 0.0°9086 1 |B|? j 0.0°6289 1|B]|? j 0.0°7298 1|B|?
0.6 —j 0.0'6965 1 |B]* j0.02418 1|B]? j 0.0%1722 1 [B|?
0.4 —j 0.022031 1 |B]? j 0.0%1387 1|B]* —j 0.0°6440 1 |B|?
0.3 ~j 0.023466 1 |B|? —j0.02500 1|B|?  —j 0.02847 1[B|?
TABLE 3
Power flower inside and outside the guide in the azimut-ha!_djt_'?r_:f?n

- ; po Pe=p'¢+ P
2a/xq Wafts?c m? Wa u:}cm! Watts/cm?

- . |
0.8 - j 0.0%4620 1 |B|? ~70.0°7518 1 |B|? —j 0.0%5371 1|B 2
0.6 —j0.027099 1|B|* —j002197 I|B[* —J 0.0°9296 1| |B

; » 2
04  —jo00%s8l 1|B|? —j0.02134 1]|B]* -/ 0029 E 2
03 —j0.0%279 | |B]* -j00107 1]|B :  —j 00169 I
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TABLE 4

Values of k,, k, and for the rod excited in H E;; mode=3.2 cms,

2afe ky —jks _ 8 =
0.30 2.46 043 2.90
0.40 2.42 0.54 2.04
0.50 2.15 1.20 2.32
0.60 1.92 1.58 2.52
0.70 1.71 1.80 2.66
0.80 1.56 1.93 2.75
0 90 1.41 2.04 2.83
1.00 1.28 232 2.89
1.50 0.90 2.31 3.04
2.00 0.69 2.38 3.08

The power flow P, and P, are reactive and hence the relative power flowing
inside the guide is expressed as a percentage as follows

! § 0
W = P: - P /P 100 [46]
py+P° 14pi /P“

The rusults of computation of p; /P, as a function of 2a/)A, for €,, =256 and
as a function of 2a/A;=0.8 at A=3.2 cm. for the H E,, mode are shown in
Figures 14 and 15, respectively. Figure 16 represents graphically the relation
between W9, and P=r,, r,, ...r, for different values of (2a/A,) and
€,=2.56. From Fig. 17, the radii of the constant percentage power contours
for different values of (2a/},) are ploted.

20.2  Power contour for Ey mode

The power flow inside and outside the dieletric rod excited in E, mode
has been calculated following the above method,

2 2 [ i _
pl 1;3 Ba* k ([Jo‘k o)+, k, )12_2-]0”‘:“) J,{AIQ))
W€y €,, k,a

2H (M kyd ) HiV (kyd 3)
kqod

[47]
3 I)lk : B

wey,

—'ﬂz ([HL‘ }(kla)]!"l' [H{ll ](kzﬂ)lz-—ZH‘ol }(kza) l'lfll](-kza))
Kot

PO = Re

("" ’{IH" (ko YR+ [H{ (kyd )~
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where B and D are related by the following relation

L ( ky “2[ Jo (kya)

which is obtained by using the appropriate field com

€4 \ A, } HLI}(sz_?T

ponents and boundary

condition. The total power flow is therefore,
x B2Bk12 ,
- TEPE L @ gtk 4 3,k a0 — 20k 3y0kya)

oL,

| [ k2 \ J.(k,a)
‘ J[“‘_- : (k; )H?I ]('A-_za)}rf’([HLl }(kzd)]h-"[H(l”(kzd)]z
r 0

2 H{V(hyd) H Y (kod )
fd ) —a’ ([Hi,' (k@) + [H ) (kpa)

2 H{M(kya) H Y (k,a)
k,a

Figures 18 and 19 respectively represent W 9%, versus # and constant percentage
power contours,

The

21. CONCLUSIONS

following interesting points emerge as a result of the above

theoretical investigations.

(V)

(i1)

(111)

(1v)

For the same value of 2a/A;, and €,,, more power is concentrated
near the rod in the case of HE mode compared to the £, mode
excitation.

The power flow inside the rod for HE mode excitation is more
compared to that in the case of Ey mode (12) excitation.

For the same value of L, 2a/}Ay, €,,, ge and tan § the Q factor of
the resonator is greater in the case of Ey—mode than in the case of
HE mode excitation. This is justified due 1o the fact that in the
case of HE mode though the loss in the end plates due to finite oe
is less than E, mode due to less radial field spread, but the loss
due to tan § in the case of HE —mode is comparatively much moie
than in the case of Ey—mode due to higher cancentration of power
inside the rod.

The nature of variation of the Q—factor with wavelength of
excitation is practically the same in both the cases of excitation,

It may therefore be concluded that a dielectric rod excited in HE m'ode
will act as a better surface wave guide than when excited in Ey mode provided
the dielectric rod is made of material having low value of loss tangent.
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