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1. ABSTRACT 

Expressions for the radiation pattern and gain of uniform and corrugated 

dielectric rod aerial excited in E0-mode have been derived. 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's 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 9-2° 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 A) and then the general 
relation has been derived by considering radiation to take place from both 
the surface as well as the end (Case 13). 

3.1 Field Components 

The expressions for the field components of a uniform dielectric rod 
excited in E0-mode are, 

For p tc. a 

E 1, 1  r[B Ic'og 1 we 1 ) J 1 	exp( sj 13 z) 

E =[B(1(11 ) 21 j (DE i ] J o  (k '1 P) exP ( -j$ z) 

Fro = B k;J (kri p) exp (—j f3z) 	 II) 

* The project is supported by PL-4180 contract No. E-262-69(N), dated June 15, 1969. 
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3.2 Transformation of Co-ordinates 

A transformation from (p, 	z) 
na te system is given by (See Fig. 1) 

System to spherical (r, sb, z) co-ordi- 

FIG. 1 

Co ordinate system used in pattern computation (Case A) 

tr-- Length of the rod 	 d = Elemental surface considered 

a== Radius of the rod 	 ('6 45)= Spherical co-ordinates 

z) Circular cylindrical co-orcinates 

TABLE I 

Transformation of Co-ordinates 
________ 

r 0; 0 

	

sin 0 cos (0' —40) 
	cos 0 e0 s 	— 90 

	
sin (0 1- 0) 

# 	—sin 0 sin (96' —0) 
	—cos 0 sin (0' — 0) 

	cos (0 1  —40 

CoS 0 	 —sin 0 0 



148 	 K. N. SHANKARA AND S4 K. CHATTERJEe 

3.3 Evaluation of the Radiation Field. 

Case A : Radiation from the surface. 

The electric and magnetic fields E#  and 110  respectively at the 

point P (r, 0, 0) (see Fig. 1) are given in terms of the magnetic and 
potentials AH and A t  respectively by the following relations 

distant 
vector 

grad div A H —curl AE 
i to CO 

1 
Hp = —j to €0 A

H 
 +-- grad div A E -F eur 1 An  

j to c 0  

where, me and A ll  are given as 

AE= Iri m  exp  j (wt — k r i ) d ,s, 

47v j j 	r )  
x 

4n 
I 

r  exp j (cot —k r i ) d  
6J - 	 

r 1  
(3] 

where, 

le s = r —a sin 6 cos (0 1  — 0) — z cos 0 

radistance between P Oa, 0, 0) and the oli cifri 

JcnxH 

Ms —n x E 

no unit normal vector directed outside the surface 

[4] 

1 5 1 

E, H represent the values of the electric and magnetic field 
surface. 	J, M=Sheet electric and magnetic currents ov 
kr27r/A0 , the free space wave number. A time dependance 
is assumed. 

vectors on the 
r the surface 
of exp(jtot), 

JoP x 0. 1  Hc nz 144 •=z Ci  exp (— j /3 z) 
.4. 	.4. 	-10 

M = -p x z Er = 0 1  E,= 0' C2 eXp ( mi P z) 

(6] 

[ 7 ] 

where, 

C2 cm 
B (k'

1
)2 

)0  (k
c 

a) 
. 	fwe i  

C3 = B ei  J (k l a) 

[ 8 1 

19] 
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Tra nsforming J and M into spherical polar coordinates (see Table 1). 

C3 [r cos 0 —0 sin 0 +4) (OA exp ( — j z) 

M C3  [ —r sin 0 sin (Or so -6 cos 0 

+0 cos (4) 1 	exp (--j p 7.) 
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[10] 

dA H  and dA E  are the vector potentials at P (r, 0, 0) 
element d (=-- a d O' d : z). then the vector potentials Am 
complete surface of the rod are 

due to 
and At 

the surface 
due to the 

	

L 	2ir 	 L 

A " = 	de= H 

	

z.i. 	z=. 

J expj(co t—k 	dm  
4 ir ri  

and 
L 	27r 

M exp (co t—k fi t ) dz  
4 n 

z=o 

f12] 

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

L 	27, 

	

= sl

ela 	j 	d A ff 	grad div d AK —curl d AE) if (131 

	

J 
	

jw €0   
:=0 evao 

By transforming the vector operators 
replacing r by r1  in the denominator of 
vector operations and neglecting term! 
equation 13 reduces to 

into spherical polar 
the expression for Ep  
; containing higher p 

co-ordinates, 
obtained after 
owers of lir t . 

E p s 	exp (j Gth I ejkr)){1 exp —/(13:—k.: cos On dz.] x 
47t. r 

2 „ 
[10 f (0,20( —sin 0) C3 exp 	n cos (I/ —0) d 

27f 
10 f k C2  cos (4/ --#) exp (f It cos (O s  — t 101 

2 .„ 
+ O f  k C2  cos 9 sin ((q)'-4)) exp (j u cos (4)' 	d sej (14] 
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which yields 

Eps 	( Bl—r-(,2 0 /E0) 112  k 	L a J i (k rI a))x 

L 
(exp (oot—kr) exp — --2— (fl—k cos 0)1 x 

isin X 1 Jo(k a sin 0) sin 0—C1 1 (k a sin 0) 
x 

where, 

—k cos 0) 
2 

J (k' a) = 1 o 
r 1 k J 1 (k; a) 

• 

05] 

[154 

(15b) 

Case A': Free End Radiation. 

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

J z x (pl H o , - p ti o ,p Di i (lei P) 
	

[16] 

and 
	

M=—Z x p Ep = —0' Ep =ip' D2 Mk; p) 
	

(11 

FIG. 2 

Co-ordinate system used in pattern computation (Case A') 
atatitulius of the rod 	 ('8 4.)= Spherical co ordinates 

EP ch `z) Circular cylindrical co-ordinatcs 
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F where, 	D = —B 

B k' 
D2 --1 

• 	 we  1 
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[16a) 

[17a1 

By co-ordinate transformation equations [16] and P7] become 

Mel o [r sin 9 cos (0' — 0) 4 -61 cos 0 cos (k' —0) +0 sin (4/ — O)] [181 

M= D2 M;k P) [—r sin 0 sin (ç6'—)— O cos 9 sin (4; — 0)+;cos (f - 0)] [19] 

where, 

r i =r —p sinG cos (0' --#) and d =p d p d 

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

w -• 

	

Eric 	exp /ion —kr)) a 	2  [00.0,u0  J e 	Ni 434- 41(w/2o  i4,—k Me )] 
4 err 	P= 0 fbr=0 

x [exp {jkP sin B cos (01 -0)} dP do') 

which reduces to 

E 	C Cuolcor 2  k k , a.1 1 (14a) exp j (wt — kr) „ 
2 r 

[( k 	P )(J (ka sin 9) sin 9— De J (ka sin 0) 

Er1
cos  

(k; ) 2 —(k sin 9)2 	)1 	[201 

	

where, 	
J 	fi) 

D= 	ro,(k'  1 	 [204 
e, kisi (ei  a) 

Case B: Surface and End Radiation. 

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

Ep  E ps  +E pe 

Which reduces to 
[211 

Ep 1=R:024-(8124.2 'CB' sin 4112 
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where, 	x=(L/2) (13—k cos 6) 

N 112 
Af 	B _{ Lig! k 	La Met a) 	x 

2r t ( o f 

(

sin x 
---{ i n(ka sin co sin e C Jaa sin 0} 

x 

B'
(B 	k lei  a .1 1 (k; a)) x  

2 r 	 

fi 1 }{J o(ka  sin  0()ks; 2n Ou—c  D.c, 01)J21 (ka sin 0)}) 
(lk cos 0 + 

[21a1 

[21133 

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 o  to 20A0  
and a= I.27cm. and a varying from 1.27cm. to 2.54cm. for L= 10A 0  show that 

(i) 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. 

(iii) In all the cases, the radiation patterns have null in the forward 
direction (0 --a-- 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 o  to 10A0 	The position 
then shifts away from the axis as L is increased from 10 A o  to 12 Ao . 	As L is 
increased further from 12 A o  to 20 A o . 	the maxima shifts towards the axis. 

(v) The ppsition 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 4L' 
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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FIG. 3 
Radiation patterns (power) of uniform dielectric rods. (Theoretical) E. mode 

Lenth of the rod 	aaRadius of the rod 	Xevi3.14 cm. 

— Case : Considering the surface radiation only 

- - - Case B : Consickring the surface and free end radiation 
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Position of first maximum vs LI X, for uniform dielectric rod 

FIG. 5 

Position of major lobe vs Li A s  for uniform ditlectrie rod 

1.= Length of the rod 	gpRadius of the rodit e .3.14 cmi. 
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Fie. 6 

Position of first maximum vs al X 0  for uniform dielectric rod 

a IA 0  

rm. 7 

rosition of major lobe vs a! X0  for uniform dre'ectric rod 

L-Length of the tad 	
a _f Radius of the rod 	hos3.14 cm. 
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I6 
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FIG. 8 

Number of lobes vs LI X 9  for uniform dielectric rod 

20 
----- CASE A 

— CASE a 
L t ID Ace 

4 
0 
	

0- 	 1.0 

/ a  a-a-es-410r 

FIG. 9 

Number of lobes vs al X 0  for uniform dielectric rod 

L= Length of the rod 	a=radit“ of the rod 	X 0 t-3.14 cal. 
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(vii) The 3—db beam width of the major lobe decreases with increasing 
length of the rod (See Fig. 10), whereas, the 3 — db beam width of 
the major lobe remains almost the same within±2 with increasing 
radius of the rod (See Fig. 11). 

A complete analysis of the radiation patterns of uniform dielectric rod 
is given in Table 2 and 3. 

4. RADIATION FROM CORRUGATED DIELECTRIC ROD 

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

4.1 Field Components 

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

Region 1 : a 

A 1  Jo(k i P) exp (-113z) 

Ep 1  = A i  (filik i ) .1 1 (k 1 P) exP 

H e" -yr A t (Poedk i ) .1 1 (lc i P) exp (—j3z) 	 122) 

Region 2: a ms.P ts.b 

E; 2  — A2 J0(k2P) + A3 Yolk2P) exp (—a) 

E2 	j/3/k2) [A2 J i (k2P) + A3 Yi(k2P)) exp (—.113z) 

H 4 , 2  =( jco€ 2 1k2 ) [A 2  .11 1 (k2P) + A 3 Y1 (k2P) exp (—.0z)] 	 j231 

Region 3: Ph 

s'2 3 = A 4 W01) (k 3P) exp ( 

E3  jP/k 3) 	)(k3P) exp (—B3z) 

14 4 • 3  = A4 ( . .pa o lks) 	1 (k3P) eXP —113Z) 	 1241 

AikE ri ) -i-Sy 
where, E 2 Tr- C O c r 2 = c 0( 

t ±S 	
[251 

is the effective permittivity of the corrugated medium derived by equating the 
Optical path lengths and assuming plane wave propagation in the second 

medium. (See Fig. 12) 
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FIG. 1 

Corrugated dielectric rod 
a,Radius of the inner rod 
b,Radius of disc 
(=-Thickness of disc 

s,Spacing between discs 

f i n Permitt ivity of medium 1 
c 2 = Permittivity of medium 2 
co = Permittivity of free space (mediun 3) 

fri o - Permeability of free space 
Medium 1 : P C a 
Medium 2: ac P < b 
Medium 3: P b 

I 4.2 	Evaluation of the Radiation field of a corrugated Dielectric Rod 

Case A : 	The electric and magnetic current sheets 

On the surface coincident with the circumference (Fi =b) of the dielectric 
discs and extending all along the length of the rod are 

J=zH1=Z C3  exp (—jfiz) 	 [26] 

where, 	C3  -=-(ROC2/1(2) [A2 J 1 (k2b) ± A3 Ya2b)] 	 [26a] 

M4' C2  exp (—jfiz) 	 [27] 

where, 	C2  A2  j0(k2b) A3Y0(k2b) 	 [27a] 

The far field due to the surface radiation from the corrugated rod is 
I obtained similarly as in previous section. 

EPS=R- b/4 •nr) exp j (0) t —kril .  exp 	(flr+kz) cos 0 az] x 

-40 2-IT 

[10 Of wmo  (—sin e) e3  exp [fu cos (0 1  —)1 d0'} 

+ { -t5 	k C; cos (0 1  —0) exp u cos NI —0) d 

2„ 
+ 	f k cd2  cos e sin ('—) exp./ ii cos (11 —0) d 95}] 

0 
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which reduces to 

f 	1 	bL k 2  c, 2  A J (k 0+ A Y (k b)) fexp - ( LI2)0 —k cos On 
TT 	1<2  

x 4 Jo(kb sin 0) sin 0— C N  J i (kb sin 8)} 
sin 

[28] 

where, 

u=k a sin 0 and x=-(L/2) (3-1( cos 0) 

1<2 (A2  j0(k2b) + A3 Yo(k2b) 

ke 12  A2  J i (k213) A3Y1(k2b) 	 [28a) 

Case A': Free End Radiation 

The free end is assumed to be terminated by a disc of radius `a'. 	The 
electric and magnetic current sheets are 

J =z x 0 1  Her- -PHer--- P 	J i (k I P) 	 [291 

M —z X rEp 	D I2  .1 1 (k i P) 	 (294 

wheee, 	--( jwc j /k i ) A i 	 1301 

and 	1/2 --= —(WASk i ) 	 [30a1 

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

Ep,  i(jA2) p.A (k1/4„ cos 0 /4\ 	1 
(A 2 \ 	 + ) a  }I 

J i (ka sin es) 1 0(k i a)—(k sin 0) .1 ) (A l a) Jo(ka sin 0)) 
 	ki 	(k sin 0)2 	 [311 

Case B: Surface and Free End Radiation 

The rusultant field a:: P due to radiation from the surface as well as end is 

which yields 

E p l a RAT + (8 ") 2  w A' B .  sin 412 	 [32] 

where, 

x=(L12) —k cos 0) 
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r 	( 21 2 1 b L k1/4, 2  
5 k ---k2  )1 -I a 2 10 + (A 3 1 A 2) Y i(k2b)} (.1 o(kb sin 0) sin 0 Hel 

k 2  [lo(k2b) -4-  (A31 /1 2);(k 2b)]  
J,( kb sin 0)(!..L1  fir 2  Ji  (k2b) (A3/A 2 ) Yl (k2b) 	a 	 [32a] 

r Jr  piya A 	(ke cos 0  + x  

1 kA2 	r I  

x(Ic i  J i (ka sin 0) Ja i n) —ft sin 0)  J i (k l a) 'Tao sin 
lc 	

0)1 
? —(k sin 07 	

) 	

[32b] 

43 	(k3ik2)Er 2 [H (01  ) (k 3b)/ 	)(k,b)} J i (k2b)  - J o (k2b) 
Y0 (k 2h) (k 3 E, 2  1k 2 ) [ H'01 ) (k3h)/ {HY ) (k3b)}] YiTik2-1).) 	 [32c] 

and a 

A t 	J0(k 2a) (k3 E r 2  /k2 ) 	) (k3h)/ {HY )(k 3b))  Y0(k2a)  
A2 	 Jai  a) 	 [32d] 

Numerical Computations of Radiation Patterns 

The radiation power patterns have been computed in both the cases A 
and B as functions of t, s, a 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 
general, similar characteristics as that of the uniform dielectric rods. 

' (ii) The positions of the maxima appear to be almost the same in the 
two cases A and B 

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

(iv) Effect of variation of `s' : 

The variation of the position of first maxima and the major lobe with 
respect to s/Ao  for the following two structures 

t=0.15875 c.m. 	a-a. 0.9525 cm. 	b 4=1.905 cm. 

1= 0.15875 cm. 	a a 0.9525 cm. 	bs 1.5875 cm. 
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— Case A; Considering the surface radiation only 
- Case B: Considering the surface and free end radiation 
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Radiation patterns (power) of corrugated dielectric rods. (Theoretical) E cp mode 

L, Length of the rod 	t= Disc thickness 	 seDisc spacing 
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— Case A: Considering the surface radiation only 

- • - - Case B: Considering the surface and free end radiation. 
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and 's' varying from 0.1 cm. to 1.6 cm. shows (See Figures 15 and 16) that 

(a) the position of the first maxima and the position of the major lobe 
oscillates in the beginning and then become constant for large values of sp co . 
The nature of variation in the two cases A and B is almost the same. 

(b) The number of lobes decreases with increasing s/A 0  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). 

(c) The 3 —db beam width of the major lobe oscillates as a function of 

s/A 0  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; for 
the following combinations of structure parameters 

z= 0.3175 cm, 	s=0.5 cm. 	b=2.54 cm. 

:=O.15876 cm. 	sr-- I cm. 	b=c 1.5875 cm. 

The characteristics are very sensitive to the variation of `a'. 

(vi) Effect of variation of 'b' 

Figures (25-28) show the variation of characteristics as a function of b/X 0  
for the following combinations of structure parameters 

tic 0.3175 cm, sr-0.5 cm, a -= 1.27 cm. 

1=-0.15875 cm, st 0.5 cm, a= 1.27 cm. 

The characteristics are sensitive to the changes of b/A 0  when its values are 
smaller but the characteristics show fairly constant behaviour for larger 
values of NA° . 

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 Pz , which consists poWer flow n inside the rod and power 
flow P: outside the rod is given by 

P z, s PAct + P? 
	

[33] 



) 0 

20 

S /A n  --11— 

0 
-J 

et 
I0 

0 

2 
0 

0 

n.7 

10 

20 

10 

0 
n 

Corrugated and Uniform Dielectric Rod 	 165 

FIG. 15 

Position of first maximum vs 31 X0 for coorrugated dielectric rod 

FIG. 16 

Position of major lobe vs s/ X 0  for corrugated dielectric rod 

L.=Length of the rod 	s..Disc spacing 	
b.:Disc radius 

Disc thickness 	 inner rod radius 	 X 0 ,-3.14 cm. 
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spt o  

FIG. 17 
Number of lobes vs 4 Ao  for cc rrugated dielectric rod 

FIG. 18 
Number of lobes vs 31 N o  for corrugatei dielectric rod 

L-Length of the rod 	s= Disc spacing 	 bn Disc radius) 
on Disc thickness 	 a „. inner rod radius 	 N. -3.14 cm 
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Beam width of the major lobe vs s/ X 0  for corrugated diclectric rod 

Beam width of the major lobe vs 3/ A 0  for corrugated dielectric rod 

L=Length of the rod 	snDisc spacing 	 b Disc radius 

t=Dise thickness 	 a - Inner rod radius 	 xe -3.14 cm. 
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Position of major lobc vs a/ No for corrugated dielectric rod 
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Beam width of major lobe vs al x0  far corrugatei dielecttic rod 
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FIG. 24 

Beam width of major lobe vs 1)1 No for corrugated dielectric rod 

is a ength of the rod 	s.Dise spacing 	
b z. Disc radius 

- Disc thickness 	 a .inner rod radius 	 x0 =3.14 cm. 
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Position ef first maximum vs bl X0  for corrugated dieiectrie rod 
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where, 

Re z 2 

2w 	a 

is'  
00.no Ps 0 

En 	p dp 

• 

[334 

and 

27 	co 

P? —I Re f 	7 E, 2  Hitt  P dP d 01 	 [33b] 
a;) 	Paga 

which after substitution of appropriate components and integration reduce to 

2 	4 

B 2(ki  )2p PI= .12- Re ( 	1 	f f pi? (lei ti) a P 1 cbt) 
wc i  

0 	0 

7VB 2flu2(k ti  )2  I { jowl a) } 2 + 	(jet co  2 (2  Jo (kit  a) -Wei  (0\1 
2 wc o  cri 	 lei  a 	11 	[341 

and 
OS 

	

Re 	 ltD2/3/4(ki)* 	
4 

	

P 	Vi2 ) wi2)(kpr) dp 

WE° 
a 

. 	. 	. 

Re 
I 7C Mk; ) 2fla 2 	( ) r 	2 	 ( 2 H (01  )(e2 a)FIC? )(le2 a)  ) I [H 0' tic 2 a)] 4 [ii (1 1)(k e2 a)]2  — 	--- 2 (0E0 	 k7 

2 a 

[351 
The constants B and D are related by boundary conditions as follows 

[361 H (1)  (le2 a) Er' 

The total power flow in the z —direction is, therefore given by 

P zt( B 2/3a2( ei ) 2 	j owl a) }2 	 (2 .1.0(.kLaLs.1 1 (ke" a)
) — 2 coc o  c ri  )1. 1 	 a 

+ 	 aL ) 2 1. {RI (01 ) (e2 a)12 -4 [Wit ) (ea)1 2  

	

(c 	ki HO' )040  

(2 H (01  ) (1e2 a) El (11)  0411 • 
14a 	 [371 
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5.1.2 Radiated Field 

The radiated field at P (r, 0, 0) due to radiation from the surfaces only is 
.{ 1 fro ) 112  a k k; Jt(le i  a) el 

sin 4-L fig.  - k cos 0) t p o(ka sin 0)}sin 64 Eps 8  1 2r \co 	 IL, 	k cos0) 2 
J le _to (ss.* a) J i (ka sin 0)) 

(38] 
c ri k J 1 (lel a) 

1 
The radiated field at P (r, 0, 0) due to radiation from the surface and free 
end of the rod is calculated from the expression 

I Er larfE3s + Lie  -t' 2 Eps Er, sin (LP) 	—k cos 0)]" 2 	 [39] 

where. 
112 

tEre 	
2r 

B f"-- ( -1/2 4) 	1k k'sica)(k cos 0 4- —1 3--)x 
( 	co 	 E r 

	

(Jo(ka sin 0) sin --. [Ie1J0(e1 e0101(e1 a)] 	Tao sin 0))1 
(k sin 0)2 	 f 	[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]. 

.1'141112 v o  
P4.114 	 1411 

where, 	770=-- (110/€0 112  

r=distance of P (r, 0, (p) from the origin 

Er  1 2 = maximum value of the square of the radiated field 
• 

Variation of gain with respect to L/A 0  and a/A0  is shown in Figs. 29 

4 and 30 respectively 

5.2 Gain of corrugated Dielecirtc Rod 
The gain calculations are made in a similar way to that of uniform rod. 

5.2.1 Power Flow 

The total power flow p„ along the corrugated rod is given by the relation 
1'411 

pa ts pio + 1)12) + pp) 	
rt4i 
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FIG. 29 

Variation of gain with t/ '0  for uniform dielectric rod 

FIG. 30 

Variation or gain with a/ Ito for uniform dielectric rod 
I 1-Length of the rod 	a-Radius of the rod 	 X e -3.14 cm 
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the power flow in the three regions PP ) , P(2)  where, 	 and Pls )  are given 
respectively by the following relations 

a 	2.17 

pffiz.--- 1  Re f I 
r 	2 

0 

b 	2 -ft 
p( 2) == 1. Re f f = 	2 

P=4 3 1 = 

al 

 

En 	P dP d (fi t  

P dp do/ 

[43] 

1441 

2 

2 1! 

Re f f Ep3  
+-b if) = 0 

p Jp d [45] 

which after substitution of appropriate field components and integrations 
become 

p(1) = en—wEl  fl a2M 11 j0(k 1 an 2 + J1 ic 1 a)} 2  — 12  ja'a)  jakial 
1
\I 

' 	 k 	k a 	1 	[461 

12_ (2.10(k2b)  1 (k 2b)\t  
P12) 	nw€2fl  y 	A 2 	01 	(k 2 b)] 2 +[.112 (k b J 

	

2 	 ) 
2k 	 k2b 

+ {A b1} [ Yo(k2b)1 2  [ Yi(k2b)1`, 
	2 Y0(k2b) Y1 (k2b))1. 
 

02A3b2) {2 Ja2b) 1 ..(k2b)-J0(k2b) Y2vgb)--J2(k2b) r0(k2b)} 
k 2 

{a2A1}[ J 0(k 2a) )2  +[ Ji(k2a)]2—(
2 J(k 2a) Mk 2a)) 
--LI  

k2b 

—{a2A;}[Yo(k2a))2 +LY1(k2a)? ( 2.-4—(k2at)  (k2a) \ 
n 2a 	/ 

(

a A A 

	

	r 	a 	fk, 17)  j a a) 	) .2 _ _2 3)12 J Lk"' D
l  

a P t V W2... 	0 2 , Y2,k2a. — 	k2a) Y0(k2a)} 	[41  

2 

2 HV ) (k 3b) isPi l ) (k 3b) 

= icWEOeb2iLii {{Han )(k3b)} 2 4. Hti)(k 3b)} 2 — [48] 

2 k 	" 	 . 

of A2  by using the boundry conditions at 

A 3  and 44  are expressed in terms 
P a and p= b 
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The total power flow is 

pit  = 7 11 k A 3K  k  a2e, , 
1   C5) 1 [ .10(kia)? 

21 0 	i 	 ‘ 
+ 

k l a 	, I i 

+ (
c ` 2 (  2  J a 2b)  . . I i (k 2b)\I 

-
M 

r 2  )11 J o(k2M 2  +[ 1 j(k2b)) 
a-I/ / k 2b )) 

+ {b2  CI) 1 [ YO2b)1 2 -11Y1 (k2 1 )1 2  
2 Y0(k 2b) y1 (k2h)} 

k2b- 

b) 
b 2 C1  1( Ji  (k2b)Y 1(k2b) 10(1c2it1 (k2b) 

J 0(k 2b) Yo(k 2b) 
k 2b 

i 	2a)12 	
[ J1(k2aw __(24(k 2a) .1 1 (k2a) )1,  

	

Y0 (k2b) J i (k2b)\ ,122 	J  
k 2b k 2a 

la2C1) [Y0(k2a)j2 + [11(k2a)}2-C Y0(k2a) Yt (1( 2a) 
k 2a 	ij 

{a2C 1 ) { i (k2a) Y (k2a) _ J0(k2a) J i (k2a) 
k2a 

Jek2a) Y9(k2a) 
Y0 (k2a) t (k  2a)) 

k2a 

+ 

 (

2 CI) [Hg') R3912 _t [H y ) (k 3h)12 _('2 11 (01)(k; 11 (1 1 ) (k 3b))) 
k 2  3 	 k3b 	 (491 

RE, 2  Cik21.1 1 (k2b)-Jetkib) where, 	 • 
Y0(k2b)-- [kn ik2 i C Yi (k2h; 	 r49a1 

Jo(k2a) + C 	k2 a) 
Jo(k )a) 	 [49h] 

, . .10(k2b)-1- CI  Ydk2h) 
t-s 

	

ate )(k 30 	 [49c1 

k H(1 )(k b) C is ---1 .-0  „I__ 
k H11 1) (k3,b) 	 [49d] 
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5 . 2.2 Radiated Field 

Case A : The radiated field at P (r, et, 0) is obtained from .  ekilation (24 
_ 

Ep, -- [f
L  bk2esi
—k---2  A 	4; V210 Ct (kb)} x 

\ [{ Je(kb sin 6)-C J i (kb sin t3) sin 61] ( sin fre (ig-k cos 0 
(fl-k cos 60 	[5-0] 

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

Ep t =Ws  4- Elie 	Epe  sin (L/2) (ft -k cos 9]" 	[511 

where, 

k Mica sin 61 )J0(k ia) (k sin 0),Wk iaVoidka sin 60)) (C2ka a rt)  nr", I_ 

	

krt 	cos a 0 'V 	iei)H••■•• ■ •••■+■■+-•'- ••■■IS eaRwm■t/■/e re  Pe 	
-(k sin 8) 2  

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 combinations of structure parameters 

	

t=0.15875 cm, 	a = 0.9514 cni 4 	b= 1.5875 cm 

	

(ii) r=3.15875 cm, 	a = 0.9525 crn t 	b 1.905 cm 

and as function of sik is shown in Figures [31] and [32]. 

The variation of gain as a function of aP o  for the following combina- 
tions of the structure parameters 

(1) tr-0.3175 cm, sr-0.5 cm, b= 2.54 cm. 

(ii) r-r- 0.15875 cm, s= 1 cm, b t= 1.5875 cm. 

is shown in Fig. 33. 

The variation of gain computed as a function of b/A 0  for the following 

combination of structure parameters is shown in Fig. 34. 

(I) 
(ii) 

t=0.3175 cm, 
t -0.15875 cm, 

sz---- 0.5 cm, 
sg---0.5 cm, 

a=1.27c1n. 
ars-1.27 cin. 

The following remarks regarding gain may be interesting 

( 1 ) The gain of uniform dielectric rod decreases with increasing 
'diameter. For larger diameters, there is significant difference in gain in the 
two Cases A and B, which indicates that free end radiation plays an 

important role, especially, in the case of rod of larger diameter. 
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Variation of gain with iff A o  for corrugated dielectric rod 
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a/A0 
 

FIG. 33 33 
Variation of gain with a/ X for corrugated dielectric rod 

bh o er 

FIG. 34 
Variation of gain with /4 X. for corrugated dieletric rod 

', Length of the rod 	s, Disc spacing 	
boDisc radius 

t=Disc thickness 	 a inner rod radius 	 N o -3.14 cm, 
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(ii) The gain of corrugated rods is oscillatory for smaller values of 

.00, then increases and finally tends towards a constant value at larger values 

of 00 . 

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 `b' seem to play more 
important role in controlling radiation pattern than other factors, viz., 
4 / 1  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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