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1. ABSTRACT

Expressions for the radiation paitern and gain of uniform and corrugated
dielectric rod aerial excited in Egmode have beenderived. The position, and
number of lobes, beam width and relative magnitudes of lobes are fuuctions of the
spacing and depth of grooves. The radiation characteristics also depend on
length, diameter and dielectric constant of the aerial.

2. INTRODUCTION

The present work is a part of the programme of investigations'~® on
dielectric and dielectric coated aerials of different shapes and of differently
modified surface which are being conducted for the last two decades.
Several other authors?’~?® have also made significant contributions in the field
of dielectric aerials.

3. RADIATION FROM UNIFORM DIELECTRIC ROD

The radiation pattern has been derived by first considering radiation to
take place from only the surface of the rod (Case 4) and then the general
relation has been derived by considering radiation to take place from both
the surface as well as the end (Case B).

3.1 Field Components

The expressions for the field components of a uniform dielectric rod
excited in Eymode are,

For P=<a
E,,=[Bk'Blwe,} ], (K'\P) exp(—jBz)
E,,=[B(k})/jwe,] o (K',P) exp(—jpB z)
Hy, =Bk, J, (k',P) exp(—j B 2) [1]

* The project is supported by PL-4%0 contract No. E-262-69(N), dated June 15, 1969.

146



Corrugated and Uniform Dielectric Rod

147
3.2 Transformation of Co-ordinates
A transformation from (p ¢’
G » $°, 2) system to :
nate system is given by (See Fig. 1) spherical (r, ¢, 2) co-ordi.
¢
\/
e
y 4
FiG. 1
Co ordinate system used in pattern computation (Case A)
L=_Length of the rod d *=Elemental surface considered
a=Radius of the rod (r 8 ¢)= Spherical co-ordinates
(¢ ¢’ 2) = Circular cylindrical co-orcinates
TaBLE |
Transformation of Co-ordinates
— - —
r 6 ¢
p sin 8 cos (¢’ ~¢) cos 8 eos (¢’ —¢) sin (¢" —¢)
- . -
¢  —sin @ sin (¢’ —¢) —cos @ sin(¢' —¢) cos (¢" —¢)
0
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33 Evaluation of the Radiation Field.

Case A: Radiation from the surface.

The electric and magnetic fields E, and H, respectively at the distant
point P (r, 6, ¢) (see Fig. 1) are given in terms of the magnetic and vector
potentials A# and A respectively by the following relations

E,=—jwe€ A”+-_—l— grad div A¥—cur] AE
Jw &g

H=-jwe, A7 +- l .grad div AB+eur | AY 2]
jwe,

where, AE and A¥ are given as

AE=.—1— ”.M expj(wt—kr,)) ©

4 ry
>
- I f yERINI—En) 5 [3]
47 r
T
where,
ry=r—asin@ cos(¢' —¢)—z cos 8 [4]
r=distance between P(r, 8, ¢) and the orig'n
J=nxH

n= unit normal vector directed outside the surface

E, H represent the values of the electric and magnetic field vectors on the
surface. J, M=Sheet electric and magnetic currents over the surface
k=27 [}, the free space wave number. A time dependance of exp(jw 1),
1s assumed.

J"Px¢' Har-=z H61=z Cj cxp(—'jBZ) [6]
M=-PxzE=¢ E=¢' C,exp(—jB2) [7]
where,
B (K',)? /
C e S| |
2 ijI g(klﬂ) [8]

Cy=B k', J (K a) 19]



Corrugated and Uniform Dielectric Rod

149
[r Transforming J and M into spherical polar coordinates (see Table 1)
J=Cy[r cos 8 -0 sin 0 + ¢ (0)] exp(—jBz)
M=C,[—r sin 8 sin (gb'—-q'))—g cos 6 sin(¢" —¢)
-
+¢ cos (¢"—¢)] exp (=~ j B 2) [10]
1f dA¥ and dAF are the vector potentials at P(r, 0, ¢) due to the surfice

‘element d = (=ad ¢" d.z). then the vector potentials A¥ and A% due 1o i
complete surface of the rod are

L 2T L 27
Al [ J d AH = J. J.JexPj(w+t_kr‘ld2 (1)
4|,
z=0 ¢'=0 z=0 ¢’=0
and
L 2 -
AE = J J'l_\_’l_exp;(mr-kr,) T 2]
4 7 r,
=0 ¢’'=0

where, L is the length of the dielectric rod. The electric field at P is

L 27
E,= I I(-—jm ‘u.odA”+‘l grad div dA”-curldAE)iE [13]
Jw €

2=0 ¢ =0

By transforming the vector operators into spherical polar co-ordinates,
replacing r by r, in the denominator of the expression for E, obtained after
vector operations and neglecting terms containing higher powers of 1/r,.

‘equation 13 reduces to

: L
E,s = [( = exp (f w 1 —jkr) ){f exp —f(Bz—k: cos 9)}4!:] X
4r r 0

"

[{E w po( —sin 0) C; exp (/ucos (¢' — ) dé'}

O S—a

m

+ {5 f k C, cos (¢'—~¢) exp (J u €OS (¢' —p)do'}
0

> {-é }“k C, cos 8 sin ((¢p' —¢) exp (ju cos ((,b'—‘/:)}d(p'] [14]
0
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which yields

Eps -( 35}:(#0/450)”2 kK L alk, a)) X

(expj (wt—kr) exp {—j _g‘- (B—k cos 6)})x

(sin X { Jo(k a sin ) sin 6 —CJ,(k a sin 0) } )
- (15]

where,
- (B—k cos 6) :
2 [15a]
R
ry k 1,k a) : [15b)

Case A': Free End Radiation.

The equivaient electric and magnetic current sheets are (See Fig. 2)

J=2x¢ H, =—p H,.=P D, J,(k,P) [16]
and M=—Zxp E,=—¢ E,=¢ D, J,(K\P) [17]
pireg)

Fic. 2

Co-ordinate system used in pattern computation (Case A”)

a=Radius of the rod (r 8 $.)= Spherical co ordinaies
(p ¢ “2) = Circular cylindrical co-ordinates
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here, D,=-BKk
W : : {16a]
!
D, - _BBK,
we
[17a]

By co-ordinate transformation equations [16] und J17] become
J=D, J,(k',P) [r sin O cos (¢’ — )+ cos 8 cos (¢'—6)+$ sin (¢' —¢)] [18]

M =D, J,(',P) [ —r sin O sin (¢’—¢)—5cos 0 sin (¢’ —q5)+{§cos (o' —-¢)] [19]

where,

ry=r—pP sin 6 cos (¢’ ~¢) and dZ=pdp d ¢’

The field at P due to radiation from the end of the rod is

o . —k a 2w+
Epc - J 8Xp_.l (! r) f f [9((9#0 Jﬂ +k M¢)+¢'(w.uo J‘,—‘k M')]
4 xr p=0 $/=0 |

x [exp {jkP sin 6 cos (¢'—¢)} dP d ¢’}

which reduces to

2 ' '
£ =(B()U-uf€n)” kky ady(k19) oyn i (ot —kr) )

2r

i in 8- De,, J(kasin 8
[( k cos 0+ B )(jo(ka sin ) sin €,y Jy(kasin ))] (20)

(k' — & sin 0)°

where, Do 1 [20a]

Case B: Surface and End Radiation,

The resultant field at P due to radiation from both surface and end 1s

Which reduces to

I 21
| E, 1=[(.4')2+(B')’ +2 A'B sin x]'? [21]
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where, x=(L/2) (B—k cos )

112
A = qu Ho! kk',LaJ,(k'la) )x
2r Eof

X

sin X { Jo(ka sin 8) sin 0 - C J(ka sin 6} )
[21a]

oLl K 030,
2r

B ) ( Jo(ka sin 8) sin 8 —De,, J,(ka sin 0)
; 0  §
(1" e }{ (k'y)?— (k sin 6) } [21b]

3.4 Radiation Patterns.

Radiation patterns (some of which are shown in Fig. 3) computed with
the aid of a digital computer (Type Elliot 803) for L varying from A, to 20,
and a=1.27cm. and a varying from 1.27cm. to 2.54cm. for L=10), show that

(1) For rods of smaller radii, the nature of the patterns and positions
of maxima remain the same in class A and B. But in case B. the
side lobe levels are higher than those in Case A.

(ii) For rods of larger radii, position of major lobe in cases A and B
are different.

(i1i) In all the cases, the radiation patterns have null in the forward
direction (6=0°).

Figures 4 and 5 showing the variation of the position of first maxima
and major lobe with respect to the length of the rod indicate (iv) a shift of
the first maxima towards the axis as L is varied from A; to 10A, The position
then shifts away from the axis as L is increased from 10 A; to 12 A,. As L is
increased further from 12 Ay to 20 Ay, the maxima shifts towards the axis.

(v) The position of first maxima and major lobe with respect to the

radius of the rod is very sensitive to changes in radius of the rod
(See Figures 6 and 7).

(vi) The variation of the number of lobes as a function of Length ‘L’
and radius ‘a’ of the rod is shown in Figures 8 and 9. Only those
lobes which are above —20 db level are considered. The number of
lobes increases with increase in length, whereas, the number of
lobes first increases with increasing radius and then decreases.
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Radiation patterns (power) of uniform dielectric rods. ( Theorctical) E, mode

L=Lenth of the rod

a=Radius of the rod
Case A: Considering the surface radiation only

Aog=3.14 cm.

. ... Case B: Consid:ring the surface and free end radiation
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Position of major lobe vs L[ A, for uniform dizlectric rod
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(vii) The 3—db beam width of the major lobe decreases with in

length of the rod (See Fig. 10), whereas
the major lobe remains almost the same
radius of the rod (See Fig. 11).

creasing
» the 3—db beam widih of

within+2 with Increasing

A complete analysis of the radiation patterns of unito

is given in Table 2 and 3. rm dielectric rod

4. RADIATION FROM CORRUGATED DIELECTRIC Rob

In this case aiso the radiation pattern calculations have been made for
, case A and case B.

4.1 Fiela Components

f The field components in the three different regions (See Fig. 12) of the
corrugated dielectric rod are

Region 1: a
E., =A, Jo(k,P) exp (—jB:3)
E,y =4, (jBIk)) J,(k,P) exp (—jB2)
H,.  =A,(joe, [k ), (kP) exp (—j32) 122]

Region 2: a=P =<bh
| E,, =Ay Jo(k,P) + AyYolk,0) exp (—jB2)
Ey=(jBlky) [ Ay Jy(koP) + A3Y (kyP)) exp (—jB2)
Hyry = (Jwe,ylky) [4y 1,0KkoP) + A3 Y, (KaP) exp (—jB2)] {231
Region 3: P=bh
E,, =AHY (k) exp (-jB2)
Ey=( jBlks) H{ (ksP) exp (—jR2)

H,., = A, (jweglky) H{V(kyP) exp (—jB2) [24]
'\/\G )tr+s .
t where, €,= €y €, =eu( ,t:;—— 125

he corrugated medium derived by equating the

1S the effective permittivity of t the second

optical path lengths and assuming plane wave propagation in
- medium. (See Fig. 12)
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3 db BEAM WIDTH OF tMAJOr LOBE W DEGRIES

o 10 20 - 30

L/Ao —

FiGg. 10
3db beam width of tnajor lobe vs L/ A, for uniform dielectric rod
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O
o

a/a, —=

FiGg. 11

3db beam width of majar lobe v4 g/ M\ for uniform dielectric rod
L~Length of the rod a-Radius of the rod Ap=3.14 cm.
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MEDIUM 2
€ 4
t MEDIUM { e
o Ul B €y Mo
- 7 5 y - 2 EDIUM 3
é g Z g f, €o Mo
7
N7 77 707
‘R
4 4 [
FiGg. 12
Corrugated dielectric rod
aeRadEus of tl?o inner rod €= Permittivity of medium 1§
bﬂRa@Ius of disc ' €;> Permittivity of medium 2
trTnlc}(ncss of disc _ €= Permittivity of free space (mediun 3)
s=3Spacing between discs ¥ o= Permcability of free space

Medium1: p<a
Medium 2: gse<p
Medium 3: 22 H

4.2 Evaluation of the Radiation Field of a corrugated Dielcciric Roa

Case A: The electric and magnetic current sheets

On the surface coincident with the circumferencCe (P =5) of the dielectric
discs and extending all along the length of the rod are

J=zH, =Z C, exp (—jBz) [26]

where,  C', =(jwe,fky) [Ag Jy(kb) + Ay Y (Kyb)) [262]
M=g¢' C', exp (—jB2) [27]

(27a]

where, C"2 = A, J,(kyb) + A3 Y (kyb)
The far field due to the surface radiation from the corrugated rod is
obtained similarly as in previous section.

L
Eps=[(~ jb/d wr) expj(wt-kr)[ exp —J (Bz+kz) cos 8 dz]x
0

n

({6 [wu, (—sin 0) C, exp [ju cos (' ~$)l d #'}
0

@ ¢
Dem Ot
- |

+ 4 k C, cos (¢'—¢) expJ u €OS (¢'~¢) d ¢}

“

k C', cos 0 sin (¢'—¢) expj u cos (¢ —¢) de'}]

+1
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which reduces to

2
E,. ,(* L Bhu g } {4, 1,(k;h) + AY,(kb)} fexp—(j L/2)(B—k cos 6))

' - 27 k!,
x { J (kb sin 8) sin 8—C” J,(kb sin )} 2 ")
* [28]
where,
u=kasin 8@ and x=(L/2) (B—k cos 9_)
cro ka2 ( Ay Jolkah) + A;Yo(kyb) )
ke,, \ Ay J,(kyb) + AyY,(kyb) [28a]

Case A’ : Free End Radiation

The free end is assumed to be terminated by a disc of radius ‘a’.  The
electric and magnetic cu:rent sheets are

J=zx¢’ Hyp=—PH, =p D' J,(k,P) [29]
M=—2xp E, =~¢ E, = ¢’ D', J,(k,P) (29.]

wheee, D, = —( jwe,/k,) A, [30]
and D, = —(iBA,/k,) [30a]

The field at P due to radiation from the end of the rod is

; A, [K*¢,, cos @ kB
E - A ] rl_ i
Pe [(J 2){42( k: +k1)a}]

(kl Jy(ka sin 0) Jy(k,a) - (k sin 6) J\(K,0) Jo(ka sin 6))

k2 - (k sin 0) o [31]

Case B: Surface and Free End Radiation
The rusultant field a: P due to radiation from the surface as well as end is
Ep=Fps +Ep,
which yields
| Ep| = [(A")2+(B")*+w 4” B* sin x]"? 32}
where,

x=(Lf2) (B~k cos 8)
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k> . AI bLkzerz {J (k ;,) ;
f,{ {2’_ kz IN*2 +(A3M1) Yt(kzb)} }(Jg(kb Sin 9) sin 6
k! _JO(klb) 't_(AJ/Az) }’ﬁ(kzb) Sin x
ke, [Jr(kzb)"“("fa“z) Y (kyb) ] - 9)( X ) [32a]
f A k
:B {AZ(AZ): (ke,, cos 8+ B)x
k, J,(ka sin 0) ) Jo(k,a) — (¥ sin 9) ), (k, a) Jo(ka sin )
k? —(k sin 0)2 )} [32b])
A (ks/ka)€, 5 [HG (k) {(H D (k3b)}] 3, (kyb) - a(kab)
‘Az YO(A b) — (Ky€, 5 1K) [H (kyhy/ {H{ (K b)}]Y (k b) [32c]
;gnd
Al > lou\za) +(k Erz /kz) [H“ }(k b)/{H(”(kab)}] Yo(kzﬂ)
.Az ﬂ(k a) [32d]

b

Numerical Computations of Radiation Patterns

The radiation power patterns have been computed in both the cases 4
and B as functions of ¢, s, @ and b. Some of the computed power patterns
normalised with respect to the maximum value of the radiated power are
shown in figures 13 and 14. The following observations based on the results
of numerical computations may be of interest

(i) The radiation patterns of the corrugated dielectric rods have, in
gencral, similar characteristics as that of the uniform dielectric rods.

(ii) The positions of the maxima appear to be almost the same in the
Wo cases 4 and B

(iii) The intensity of the minor lobes appear to differ in the two
Gses 4 and B

(iv) Effect of variation of ‘s’

The variation of the position of first maxima and the major lobe wnh
fspect to s/A, for the following two structures

=0.15875 c.m. a=0.9525 cm. b =1.905cm.
=0.15875 cm. a=0.9525 cm. b=1.5875 cm.
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CATTERM NG ) PATTERN wp. 3
10 Ag L5102,
. 015876 (m t 201587 .,
v 0 2em S % l4em
=0 9525 cm Q:0.9538 cm
» ) ERIE 4 b t1.5p7¢ ¢,

0 50 100 i50 0 S0 100 155

A

4
PATTERM NO 3 FATTERN NG 4
I- x ‘0 hﬁ I.. & ﬂ Ag

= t £ 0.15875 ¢m L v 015875 (m

= $ =0.6cm S *16cm

E 0 0.9%25m Qt 0.9%28 ¢
L w1 Q08 cm B =t S0i(m

2 o A I

ey

-}

<

: |

@

O

-4

" § 'L.. el 1 ’ : I ‘ ‘ _I H
50 100 150

PATTERN NO. & PATTERN Mo &

' L =10 A L *I0Ap
L =015 ¢m t = 0. NI (™ |
2 =0.5¢cm $ + 0.5¢m

t ; b Q= 0.6 Ccm as 3™
. b= 254 ¢Cm b=1654¢m

L]

0 50 100 150

® N DEGREES

FiG, 13
Radiation patterns (power) of corrugated diclectric rods. (Theoretical) E, mode
L=Length of the rod t =Disc thickness s = Disc spacing
e =Inner rod radius b=Disc radius Ae=3.14 cm.

Case 4 ; Considering the surface radiation only
<+« Case B: Considering the surface and free end radiatlon



CATTERN Mo

L =10 i

t - 0I5 (m
$ T 0. %m
a: 127 cm
b >3 3cm

—— L

T — -
- - —

PATTERN NC 3

L =210 Ag
L = Q- BTS ¢m
S = {m
a =0 9525 (™
bet i7¢m
NS S A, N O Y
100 IS0

ocawnwrr-

"

-
-

ol SR
-
-

163

Ll
"‘

. — -

o owerr
M B n A
e ]

(1. ]
™
a

150

%

~.

S0

PATTERN No 4
0 A,
0.15875 ¢~

e

1 ctm

=

TCoOwes~r

0.952% tm
147875 ¢cm

100

o R v~

A_E\é:":a.a_n__n_n_LL_l 1

- lJ
150

Wil W h

-

L
PATTERN NO. S i1 PATTERN NO 6
10 Ao L 10 Au
O 15875 ¢m Q. 15875 ¢m
{ ¢m e 1.6 cm
2.2225 ¢m [ 2.2225¢m
l 2 BSIH¢Lm 375 em
|
| osf
1
i L]

'\ W W, W7, W ST N SN (S SR B JLA_J_J
150

S0 100
& IN DEGREES

Ficg. 14

Radiation patterns (power) of corrugated dielectric rods.
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and ‘s’ varying from 0.1 cm. to 1.6 cm. shows (See Figures 15 and16) thay

(@) the position of the first maxima and the position of the major lope
oscillates in the beginning and then become eonstant for large values of S/ Ay
The nature of variation in the two cases 4 and B i1s almost the same.

(b) The number of lobes decreases with increasing s/A, in the beginning
and then becomes fairly constant. There is a marked difference in the number
of lobes between the two cases A and B (See Figures 17 and 18).

(¢) The 3 —db beam width of the major lobe oscillates as a function of
s/A; around a mean value of about $2° to £ 3° (See Figures 19 and 20),

(v) Effect of variation of ‘a’.

Figures (21-24) show the different characteristics as fuuctions of a/A; for
the following combinations of structure parameters

t=0.3175 cm, §=0.5 cm. b=2.54 cm.
t=0.15876 cm. s=1cm. b=1.5875 cm.

The characteristics are very sensitive to the vanation of ‘a’.

(vi) Effect of variation of ‘4’

Figures (25-28) show the variation of characteristics as a function of b/A,
for the following combinations of structure parameters

t=0.3175 cm, 5=0.5cm, a=1.27 cm.
t=0.15875 cm, §=0.5cm, a=1.27 cm.

The characteristics are sensitive to the changes of b/A; when its values are
smaller but the characteristics show fairly constant behaviour for larger
values of b/A,.

5. GAIN

The radiation pattern consists of an off-axis major lobe and a number of
secondary lobes. The gain is referred to the direction of maximum radiation.

5.1 Gain of Uniform Dielectric Rod

If the radiation from the junction of the launcher and the rod is ignored, the

total power flow P,, which consists power flow P! inside the rod and power
flow P? outside the rod is given by

P,=P!+P? | : [33]
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b -Disc radius
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where,
2m  a | _.
Pi=tRe [ [ E, Hg,PdPd¢’ [33a]
$'=0 p=0
and
2n ® , §
PY9-1 Re ” fo PL E,, Hoy P dp d g [33b]

which after substitution of appropriate components and integration reduce to

27T a

2:1! c oy i
pi- Re( Z¥1)F J J p I (K, ) dp a'qb')
A we,
0 0
_mBBARD (1 anza 1k a2 [ 20Ky @) Ji(K) a) _
- 2“’2:‘?:1 {{ ki {hkia) Kya )} [34j

201 4! g ]
PO-1 Re Z2 i":___“z)* J P H(V(K,) HP (kL*) dp
0

2 H (K, a) R (K a) )}

1.7 2 2 ,
S Re{ DK B (o) + [H{K, @)~ (

2 we, k’zu
[35]
The constants B and D are related by boundary conditions as follows
B, J,(k'ya)
D=k Ik, =31 36
i - 1/ 2 H(ﬂl)(krza) [ ]
The total power flow in the z —direction is, therefore given by
B2Ra*(k" )? - 2 (k' a) Jy(k' a)
P,=(= 1 Tok" a)}2 + { T,k @y} 2 - ( 2o @) (K@
, ( e ) Lok )2 + {3,0 ) s,
l k“’( Jo (k' a) )’ ‘
e () Wi s } {lH‘“(k’ P4 [H{P (K a))
l€,, (kz) HY (K, a) v Hik
_ (2 APk a) HE ) (Kja) ] e
k'zu [37]
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5.1.2 Radiated Field

The radiated field at P (r, 8, ¢) due to radiation from the surfaces only i

(1 u 112 r : *®

Eps =B { % (Eﬂ) ak k"l J,(kla) }(L 511‘:‘%'L(B_-k cos g){J
0 3L (B-k cos 8)

k,l Jo(kila) ;
LIk
TR R 9’)

(38)

The radiated field at P (r, 6, ¢) due to radiation from the
end of the rod is calculated from the expression RS s S

| Ep | =[Els+ EZ. 42 Epg Ep,sin (L[2) (B—k cos §)]'2 [39)
where,
{ ] Mo L P oyt B
Ee. =B ] ( ) ukk.]la)(kcose-i' )x
2r Eﬂ erl

’ (Jn(ka sin 6) sin 8- [K' Jo(K' a)[kJ, (K, )] K',J,(ka sin 6) }
(k") =k sin 0)? [40]

5.1.3 Numerical Computation of Gain of Uniform Dielectric Rod

The gain is computed from the following relation [41] and equations
[37] and [39].

- _TIEP '2/2 70
le/4 [4]]

where, 5,=(Ke/€p)""?
r=distance of P (r, 0, ¢) from the origin

| £p |*=maximum value of the square of the radiated field

Variation of gain with respect to L[Agand afd, is shown in Figs. 29

‘ and 30 respectively

l 5.2 Gain of corrugated Dieclectrtc Rod

- . » . d-
The gain calculations are made In a similar way to that of uniform ro

‘ 5.2.1 Power Flow
The total power flow P, along the

P2I=P£11+P£2)+P£3J

corrugated rod is given by the relation
(42]
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Yariation of gain with L/ Ay for uniform dielectric rod
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FiGg. 30

Variation of gai with a/ A\ for uniform dielectric rod
I =Length of the rod a-Radius of the sod =14 cm
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where, the power flow in the three regions P{1), P(2) yng

(3) :
respectively by the following relations P,*’ are given

. a 27
(I)#-L RC E H'r d "
£, =3 p!owj;n py Hg, P dP d o (43]
- b P .
pi2)=1 Re E . HS. e dao’
;5 T3 P!ﬂ ¢rf=o p2 Her, P AP d ¢ {44]

2T
P§”=~'2— Re f [ E,s ’qb

p .JpP d
Lot g g B AF [45]

which after substitution of appropriate field components and integrations
become

2
pr . T B o)y 12 2 (21,(k,a) J;(k,0)
‘ 2 k3 A'{{J"‘k‘a)} * Lk ( ka | } [46]

p2) - Tw€,B \[M (12 42 1 3 2 2Jo(kyb) I, (kb)Y
: ( 2 k2 )L{b A2} {1 (kyb)) 1+ [J(kyD)] B }

+ {42 6} { (YolksB)]? + 1Y, (a2 —(2 Y"("’:)by""’b))}
i

ol | —J,(kqb) Yolkqb)}
+ (225 ) {2 Tithah) ¥, (kyb) = Jo(kb) Ya(ksb) —Tolksb) Yolkob)

k.a) J(k
— {GZA %}[ Ju(kzﬂ) ]2 +[ J:(kzﬂ) ]2'— (—————2 ol fz)b_l_(_ﬂ)

2YA(k,a) Y,(K4a)
—{azAg}[Yo(kza)]z+[Y1(kza)]1-( o 2‘:32&‘ 2#)

_ (a’AzAg){z I (hqa) ¥(kza) —Ja(ka0) Y,(ky0a) —J2(k20) Yo (k29); ] [47]
2

2 H“}(k b) H (P (k3))
e e K

' itions at
A; and A, are expressed tn terms of A, by using the boundry conditio

P -aqand Pp=b
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The total power flow is

p =T BkAg[( a’é'z,-l Cg)‘l[Jo(kla)P N [J](kla)]z_(2Jo(k;a)£(k,a))}
k3 kya |

k2 kb }

2

X (b_ze,, ){[ ToaB) 2+ 3, (kB ( 2 Jo(kyb) J.(kzb)‘))_

+ {b° C}} { [ Y (kD) -+ Y, (kP - ( 2 Y"Uff),b_},,'("c_}f’))}
2

Jolksh) Y, (kyb)
k

2

+ { bC, }( T, (kb)Y (kob) — + Jo(kqb) Yolkh)

~—y J'(kzm) - {a'} {I Jotkya) + [ 3y(kpa)? - ( 22020 31 (ka)
kyb kaa

- {alci} {[Yo(k:ﬂ)lz'*' [Yl(kza)jl_('z Yg(ng) Y] (kZH))}
2@

Jo(sz) J,(k,a)
kyQ

— {&C,} { J,(kya) Y, thya) —

+ Jo(kza) Yo(kza) s ‘Yﬂ(kzz) J,(sza')}
zﬂ'

+(‘.”.’_Ci){ [H (ksh) P4 [HD (k) -(2 H k) H JU‘&”’)" ]
. kb | [49]

where, Cy= ke ,p Clkal 1y(ksh) ~Jolkab) ’
Yolkah) = [k, [ka) CY\(kyh) [49a]

_ Jolkaa) + C, Yetk,n)
Jolkya) [49b]

Cq

C3=- Jo(kzé_)_i- CI Yn(kzb)

HV(kp) | [49¢]

c=Ko Hq 'ksp)
k H{V (k) [49d]
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5§2.2 Radiared j‘"feld

A : Tl i d.f. i "
Case 1e radiated ficld at P (r, 6, ¢) is obtained from equation [28)

L bk*c,,
Ee. *[{ i zAz'} { Jitkb) +C, Y,(k,b)} ] X

[{ Jolkb sin 6) =€ J;(kb sin 8) sin 0} (Sin 1L (B -k cos @
+L (B—k cos 0 ) (501

Case B: The radiation field at P is obtained from equation [32]

_ (2 2 19 . :
| Epl [Eps + Ep, +2 Egg E,, sin (Lf2) (B =k cos )2 [51]
where,

Cok (kasi |
EPr =__(__2_£(k€r‘ COS 9+B))(kf Ji(kg SN B)Jo(klﬂ) —{k sin 9)J3(k,a)J¢£ka sin 9))

k2 — (k sin 6)?

-

1

5.2.3 Nnmerical Computation of Gain of Corrugated Dielectric Rod

. The gain of corrugated dielectric rods computed with the aid of equations
[28], [32], {41] and [49] for the following combinatibng of structure parameters

(i) £=0.15875 cm, a =0.9525 cm; b=1.5875cm
(11) 1=90.15875 cm, a=0.9525 cm, b=1.905 cm

and as function of s/A, is shown in Figures [31] and [32].

| The variation of gain as a function of afA, for the following combina-
tions of the structure parameters

(1) t=0.3175 cm, s=0.5cm, b=2.54 cm.
(ii) r=0.15875cm, s=1cm, b=1.5875 cm.

is shown in Fig. 33.

The variation of gain computed as a function of b2, for the following
combination of structure parameters is shown in Fig. 34.

(i) r=0.3175cm, s=0.5 cm, a=1.27 cm.
(ii) ¢=0.15875 cm, s=0.5 cm, a=1.27 cm.

The following remarks regarding gain may be interesting

dielectric rod decreases with increasing
there is significant difference in gain in the
dicates that free end radiation plays an

ase of rod of larger diameter.

(i) The gain of uniform

two Cases 4 and B, which in
Important role, especially, in the ¢
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(ii) The gain of corrugated rods is oscillatory for smaller values of
s/)ln, then increases and finally tends towards a constant value at larger values

Of 5/A0-
6. CONCLUSION

(i) In the case of corrugated rods radiation characteristics can be
controlled by variation of groove depth and spacing. This gives an advantage
over uniform rod as in both the types of aerials the radiation characteristic is
a function of the length, diameter and dielectric constant of the rod.

(ii) In case of corrugated rods, the factors ‘a” and ‘4" seem to play more
important role in controlling radiation pattern than other factors, viz,
‘0’ and °‘s’.

(iii) It is possible to achieve the reduction of the number and intensities

of minor lobes by a proper selection of the combinations of structure
parameters.
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