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ABSTRACT 

The radiation pattern of a dielectric-coated metal cylinder is theoretically 
derived by applying Schelkunoff's Equivalence Principle. The radiation character- 
istics of the antenna like the position and beam width of the major lobe, positions 
and intensities of sidelobes and the gain are determined and their variations with the 
physical parameters of the antenna like the length (1), the No ratio, the conductor 
radius (a), the dielectric constant (E,) and the frequency of excitation (f). Some 
of the theoretical results have been verified by experiments. 

I . INTRODUCTION 

The problem of radiation from surface wave structures has been studied 
by several investigators' - ' 3 . Different kinds of theoretical approaches have 
been attempted to explain the observed experimental radiation patterns. 
Schelkunoff's Equivalence Principle' , 3,4,5, 7 ' 8 9  Aperture theort 9 , Lens 
approach 2, and Vector Kirchhoff formula" , 12  have yielded results which 
showed reasonable agreement with the experiment. An excellent review 
of the various approaches attempted till 1952 appears in the fetal of a mono- 
graph by Kielylo. James" examined the mathematical validity of the exist- 
ing theoretical approaches and made a critical analysis of them. 

In this paper, we propose to study the surface wave radiation charac- 
teristics of a circular cylindrical dielectric-coated metal roh excited in the 

T.Moli mode. The method of approach is by the application of Schel- 
kunoff's equivalence principle. 

* At present with the Special Projects Team, Hindustan Aeronautics, Ltd., Hyderabad 
Division, Hyderabad-42. 
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2. SCITELICUNOFF'S EQUIVALENCE PRINCIPLE 

The equivalence principle states that the electromagnetic field inside 
a closed surface due to sources outside the surface can be produced by an 

equivalent sheet electric current / and a sheet magnetic current 
M distributed 

over Li and related to the electric and magnetic fields E0  and Ho  by the rela- tions 

9 	-) 	4 
4/  

9 	9 	4 
Al = a it X Eft 

(2.1) 
where Eo  and 

the surface 

Ho  represent the values of the electric and magnetic fields on 
and it is the unit normal vector directed outwards from 

E. 

The electric and magnetic vector potentials 
within E are related to these equivalent currents 

.45  and 
through 

-* 
Am at a point P 
the relations, 

iffy_ exPei AE 
J 	 TI 

-)  
Af

exp cot — kii) n - 
(2.2) 

where 'r1  is the distance between an elemental surface ' dE ' on Li and the 
point P. k ---=27 1 A 0  is the free space wavenumber while A o' is the free 
space wavelength. A time dependance of exp (jail) is assumed. 

The electric and magnetic fields Ep and Hp respectively at the point P 
are then given by 

-0 
lip  = — 	 . -

1 
- grad div A"— curl AE poE o  

and 

Hp 	jo AE 	r--1  grad div As -F curl A" 
P-011/4 

• (2. 3) 
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These equations are utilized to find the far field radiation pattern of 
the dielectric-coated conducting cylindrical rod. The sources are distributed 
in the three regions (see Fig. 1). 
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The cylindrical dielectric surface of the rod 

2ir 

2:1 	S J MOW:. 

	

o 	coP-0 	 (2.4) 

(ii) Free end of the rod 
27 	b 

Li  2 = f 	PdP(1941. 	 (2 .5) trso Pro  

where 1' is the length of the antenna. 

(iii) E3 includes the outer surface of the mode transducer and a sphere 
of a very latge radius, on which the currents are negligible. 

3. FIELD COMPONENTS 

The field components in the region of the dielectric coating 
[a < p < bj are" 

Aker) lo (u) — 4 (u) Yo (t)] 

Y 0  (u) 	
exp ( — Rh) 

, (hp . L  AP 01  (t) Yo(u) — 

h 	 Yo (u) 

Jo  (u) 

	

-- 	 Yo b )] 	. , 	jw flu --- - exp ( — fits) • 

A 
E =Mb [ 

P 	h  

Yo(u) 	( u) Yu ' 

Yo  (u)  
(I  bil l  

exp (— jfiz) 

(3.1) 

4. DERIVATION OF THE FAR-FIELD RADIATION PATTERN 

As mentioned earlier, the contribution for the radiation field arises 

from three different regions, viz., El , £2 and £3 . 

4.1. Contribution from the Cylindrical Dielectric Surface (E 1) 

While considering the contribution from this surface, the two tangential 

field components of interest are Ez  and 	These two components exist 

and have values given below at the surface p = b. 

Ez  =-- A [P WI Y0 (u)] exP (— ifir) C 1  exP ( 

(--

— joif ib) [ P' (h) 
- A 	-- exp ( — jgz) 

h 	;(u) 	

(4.1) 

• = C2 exp (— 0.0 
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where 

P (h) 	--7..-- J 0  (h) 10 (u) — .1 0  (u) Y 0  (h) 	I 
P' (h) = Jo' (h) Yo 00 — Jo (ii) Yo' (h)f " (4.2) 

The unit vector perpendicular to the surface undei consideration is 

in the p-direction. Applying the definitions of .1 and Al 
-) 

J =--- p x Ho. = 

P'API  h 	. 	i 
Y0 (11) 	P  ( 	- • 

and 	 • 

4 -0 	a. 

= pEZ 961  MO' 

I, (AP (h)) 
er-  CD re  (,) exp (. 

Using the transformations given in Table l equations 
simplified. 

Hence 

J4+ 	(cos 4+0) +70  (— sin 0)) 	A -yPi-g-1)) 1 

X exp 
4 4 - 

Ai [r (— sin 0 sin O' — 0) + 0 (—cos 0 sin -01-2.  0) 

-I--; (cos — 4))1[ A - 1;0 (ti1) ] exp (— ji3z) 

(4.3) 

(4.3) can be 

(4.4) 

The distance ' r1  ' between an element of area di l  — hdOVZ on the 
cylindrical dielectric surface and an external point P (r, 0, cfr) is 

rl  --= r — b sin 0 cos NI — 0) — z cos 0 	 (4.5) 

which may be approximated by 

r in the amplitude terms. 

• -* 
If dAH, die represent the vector potentials at the point P (r, 0, 0) due 

to the surface element dit i , then the vector potentials due to the complete 
surface of the dielectric-coated conducting cylinder are given by 

g
3 
r 	9 
1 dAH 

s.cp 0,-0 
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-4 
J exp (tot 	krt) 

dEi 47Tri  (4.6 a) 

and similarly 

2./. 
A8 	f 	exp j (cot -

- 
kr

'
) 
dzi 

47Tr i  
z=0 cb'=o 

where / = length of the antenna and 

(4 .6 b) 

d2;= MOW:. 

The electric field at the distant point is then given by 

2W 
-10  

Ep = 	
• 

= 	 odA + 
Pr°  E0 

fp's0 

grad ctiv 748 

— curl dAl 12A. 	 (4.7) 

Transforming the gradient. divergence and the curl 
spherical polar ceordinate., system, 

operations to 

— ituit (Op odAH [ 	 sid 	( 
- ..xp 	sin 0 cos 4.C_ 0 

+ flab cos 	jkr). 

-* 
. 1  grad div dAH = [6/4"-anisird--fnj fin Co 

exp {jkb sin 0 cos Si  — ffi jkz cos 0 — jkr) 

(4.8) 

(4.9) 

neglecting all higher powers of (itr) 

-› 	is— 
4 

cbiwst._ -0* — curl dA E 	 A40) did 7Tr 

exp{ jkb sin cos Of — 96 -I- jk.: cos 0 — fkr} 

neglecting all higher powers of (1/r) like (lir 2 ), (1). 3). etc. 

(4.10) 

Let u' = kb sin 0. 
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Substituting (4.8). (4.9) and (4.10) in (4.7). Ep is obtained as 

1 	2r 
--> jb 	[71 	 LA 4  \ 

v 4041.04/ u  -r  &iv/ 0 , Ep = -4-wr  
3=0 itit=0 

(cap on) kA4)] exp Ute cos (' s6) 

Using 

+ jkz cos 0 — Al dirk' dz. 

the relations (4.4) for Jo , 4, Mo, Mo 

(4.11) 

Let 

2r 

1+E-1: 47rr  12  j. tope o  sin 0) C2 ± kCi  cos (0 1 	0)} 
95 , t0 

+ ;{k cos 0 sin (0 1  — 96) C 	exp {ju' cos (0 1  — fft)} els6 1  

x exp (— jkr) f 
/co 

exp (— Az) exp ( jkz cos 0) dz. (4.12) 

x =1,2(13— k cos 0). 

Then 

If exp {jk.:: cos 0 jfiz} dz 
0 

= 5 exp {— 	k cos 0)} zdz 
0 

exp  (. jw  I sin lx1 
Ix J 

(4.13) 

On substituting (4.13) in (4.12), the expression for E p  simplifies 

I  [ 
6

sin tvi 
= (a4-.1 rb ) I exP 	:lux kth 	c  

x 	ikA yPo f)) 27P1  (kb sin 0) 

± (0P-0 sin 0 jani bA r (h) 77710  (kb sin 0)i . 
Ii Y 0  (u) 

to 

(4.14) 
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(4. 1 5) 

(4.16) 

—0 

	

te xp t 	v ox 	rti 

(Sin IX )  En) , 	c 	•ii • J._ •\} Ep z---- 2 	
r 

X [J1  (kb sin 0) + kbc, f(h) Jo  (kb sin O)I. 

Since 

Ii 	=-4 h1—f/i2 	h i  [1 — 

Ii i , since 1:/i 	1 

.1 (Ii) 	if (hi — .1112) 	.f(ht)- 

Hence the radiated field due to the cylindrical dielectric surface of the 
antenna is 

Ls, 	 E(_ffir ) (sin 21 	— k cos 0)) 

(,(3 	k cos 0) 

. (A — k os 9)} exp {— ji 	c - ---- 
2

_  

x [expl— 	U1 (kb sin 0) + kb sin 0 Er  f (h i) 

x Jo  (kb -sin 0)1 
	

(4.17 ) 

4. 1). Field due to the Free End of the Antenna (E2) 

When considering the radiation from the free end of the rod, the two 
tangential components to be considered are Ef, and 14. These two com- 
ponents exist and have values given below at Z = I. The coordinate 
system employed for this purpose is shown in Fig. 1. 

Fp 	
jflb A  P' (e) 

I? 	Yo (n) 

1(0( 1 1), 	(e) 
1101 	h 

	Y9  (u) )  

where 

(e) 	Jo' (e) Yo(u) — 0 (u) Yo' (0. 

(4. 18 ) 
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The unit vector perpendicular to the free end is in the :-direction. 

-+ 	 4 	'4  fid E lb A  P' (e) 
= x HO' = 	P P 

.4. 	4 	 f 	 b  A P i  (e) 	 (4.19) — x pEp — 	ibt 	h — Yo  (U) • 

By transforming the cylindrical coordinate system to the sph rical 

co-ordinate sys.em (see Table I) J and frican be written as 

=-- fAsin o cos try — 	÷ ((cos cos of — 96) 

± -9+6  (sin Of  --0) { A -Pf)--11  b h 	Yo (u)) 

-*(— sin 0 sin 41  — 	; = tr 	 (— cos 0 sin 0' — 

;(cos 	 f A shgb: P' (e)) 
h Yo (u” • 

(4.20) 

(4.21) 

TABLE I 

Trans:formation of ca-urdhzates 

p 	sin 0 cos (r — ci) 	cos 0 cos (01  — 	sin (s&' — 4) 

— sin 9 sin (0 1 	(k) 	— cos 0 sin(çI" — 4) 
	

cos (4' — 

Z cos 	

- 

sin 0 
	

0 

The distance ' r 1 ' beween an element of area dE, = pdpdck' on the free 
end and the distant point is given by 

rip = r p sin 0 cos (0' — 0). 	 (4.22) 

-) 
The vector potentials due to J and M are determined, and substituting these 
vector potentials in the expression for the radiated field, one obtains 

Le  = [ 1b 4:Tild 
[u 	k cos 0 Er) cos (401 	ck) 	(/3 cos 0 + kelt ) 
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x sin (4• 1  — 96) exp (— fkr)}[ f 
411  PC  

f A P i  (hi3ib) 
P 	Yo (u) 

P=a 

X exp { ikp sin 8 cos (96' — 0 dpd? ] . 

After simplification, this reduces to 

kb 
Ep =---- - A - 	f pr 	9*(f3 k cos 0 Er) e 	47rrh 	Yo (u) 	h 

P: a 

cxp (— 	[2nitl1 (kp sin O)}} dp. 

(4.23) 

(4.24) 

Making use of Lommers Integral formula, this can be further 
The final expression for the radiated field from the 	free end is 

simplified. 

t{bk) E t)) 13 	k cos t 9E4.  
2 	h2 	k 2  sin 2  ° b 2  

[11 (kb sin 0) k sin 0 hpivo 	(h) Jo  (kb sin 0) 

ttS (u) J o  (ka sin O)}] 

where 

S (u) 
= f1  (u) Yo (u) 	 (u) Y-1 00 . 

	 (4.25) 

5. THE RESULTANT RADIATED FIELD 

The resultant radiated field is obtained by adding (4.17) and (4.24) 
in proper phase 

a+ 
Ep -et E PS1 	EPe 	 (5.1) 

Adding (4.17) and (4.24) vector ially, we have 

I P 1 2  = E PS1 1 2 	E Pe 1 2 	2 Ls' i ipe 	I sin lx 

where 

x (p 	k 	 (5.2) 
2 	 - 
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Equation (5 .2) expresses the radiated power as a function of the azimuthal 
angle ' 0 '. 

6. GAIN OF THE ANTENNA 

Besides the radiation pattern, the gain of the antenna is of equal interest 
to an antennal engineer. Makimoto, Sueta, and Nishimura" have obtained 
an expression for the gain of a dielectric rod aerial excited in HE ' , moth. 
Wilkes 2  has also worked out an expression for the gain of a dielectric rod 
aerial. 

By definition, the absolute gain of an antenna is the ratio of the radiated 
power flow per unit solid angle in the direction of maximum radiation to 
the average power flow per unit solid angle of an isotropic radiator with the 
same power input. 

The radiated power flow per unit solid angle in the direction of maxi- 
mum radiation is given by 

2no IsI3 12max R2 

where no = I2077 is the intrinsic impedance of free space. 
power flow per unit solid angle is P/41- where P is the total 
the dielectric-coated conducting cylinder excited in rilf oi  
direction of propagation. 

Hence, the gain G is given by 

G = 	12 maxi2no 
Plzkr 

The average 
power flow, in 
mode, in the 

(6.1) 

Ep 1 2  is calculated and is given by equation (5 .2) and the power P is given 
by" 

P = [erN(h) L (g)] P 0 	 (6.2) 

Hence 

E Iz p max G = — • 	 (6.2) 
60P 

Gain G in 

db = 10 log io  [ t0ic2m1  • 	 (6.3) 
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7. EXPERIMENTAL DETERMINATION OF THE RADIATION PATTERN 

ii 
The experimental set up used for the pattern measurement is shown 

the form of a block schematic diagram in Fig. 2. The receiving antenna 
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Fro. 2. Block schematic diagram of the set up used 
pattern. 

for the measurement of the radiation 

fixed so that the axis of the horn is in line with the axis 

antenna. The antenna under test is connected to the 

the feeder, with the mode transducer. The mast in the 
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transmitting station which carries the transmitting antenna is rotated degree 
by degree and the detected output is noted. A plot of the power with the 
a2imuthal angle gives the radiation power pattern. 

The radiation pattern is symmetric about the axis and is characterized 
by a null in the forward direction. There arc a few side lobes with varying 
positions and intensities. 

8. MEASUREMENT OF GAIN 

The gain of the aerial is found by a comparison method. Some 
standard antenna whose gain is known is chosen to be the reference antenna. 
A 19 db pyramidal horn is chosen as the reference antenna for comparison 
purposes. First, the reference antenna is connected to the waveguide 
section of the transmitter circuit. The maximum reading of the received 
power is noted down in the microammeter. Let this reading be 'P 'p 
Amps. Since the gain of the antenna is known, the input power to the horn 
can be found out from the formula 

Gain (G)db = 10 1og10  (9) 	 (8•1) 

1.0 

DC 

3 
a. 

-7/ 

0-6 

IC 

0.41 

0 .1 

0.5 

C 

it 	
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) 	

kalLA.s. .411■ . _ 	 4 PI" 	 150 

— THEORETICAL 

• • EIPERIMENTAL 
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2b =ii mm 
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• 
• • 

. • • 
• 

• 
• ••• 	SI  
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• • 	• - • 06 	 • • 

..SAJ 	 Dv 	 7‘. 

IN DEGREE 4  

• FIG. 3. Comparative study of the radiation pattern (thin dielectric coatings). 
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where P is the input power to the pyramidal horn. When the antenna 
whose gain is to be measured is connected to the waveguide with the mode 
transducer, the power at the input terminals of the antenna is equal to 
n il whet e Tit  is the a launching efficiency of the mode transducer. The maxi- 
mum reading in the microammeter is noted when the antenna with the 
mode transducer is connected in place of the reference antenna. Let this 
reading be called (P 2) Ix Amps. Then the gain of the antenna is given by 

G -=--- 10 log, o (-P-fin) 
ntir (8 . 2) 

The launching efficiency of the mode transducer is experimentally deter- 
mined by measuring the scattering coefficients using Desch amps method's. 
The value of the measured lauching efficiency of the mode transducers used 
is around 70%. 

TABLE II 

Comparative study of the radiation patterns—(A) Thin dielectric coatings 

Material = Polythene 	2a = 12.7 mm 	2b ce 16mm 	E. = 2•25 
...------ 

Major lobe 

(cm) 	 Posi- Beam- 
tion 	width 

Positions of side lobes in degrees 
and their intensities in db 

relative to the major lobe 
in brackets 

10 	Theoretical 	24 	21 	54(-625); 75(-898); 
92(— 11.22); 112(— 16.11) 

Experimental 	24 	21 	52(--62): 72 (— 7.96) 

13 	Theoretical 	20 	18 	46 (— 5.11); 64 (— 8.49); 
78 (— 9.73); 91(— 11-7) 

Experimental 	20 	18 	46 (— 5-08); 63 (— 8.54) 

16 	Theoretical 	18 	15.5 	40 (— 3.96); 56 (— 7.31); 
68 (— 9.4); 80(— 10.1) 

Experimental 	18 	15.5 	40 (— 3.98); 58 (— 7 /7.1); 
67 ( — 10.7) 

20 	Theoretical 	14 	13.5 	34 (- 2.6); 48 (— 5.73); 

. 	
60 (— 7.83); 70 (— 9-13). 

Experimental 	13.5 	13.5 	3"2 (— 2.9); 46.5 ( — 5.45); 
58 (— 8.54) 

27 	Theoretical 	28 

Experimental 	28 

7 

10 

12 (-7 0.234); 	40 (— 2-645); 
50 (— 4.74); 	58 (— 6.495) 

Ii (— 0-2); 	3S' (— 3.01); 
47(— 5-85) 
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nu. 4. Comparative study of the radiation pattern (thick dielectric coatings), 
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9, COMPARISON OF THE THEORETICAL AND EXPERIMENTAL RADIATION 

PATTERNS AND GAIN 

Figs. 3-6 show a comparison between the calculated and measured 
radiation patterns. Fig. 3 corresponds to the case when the dielectric coat- 
ing is thin. Figs. 4, 5 and 6 show the comparison when the coating is 
thick. Tables II and Iii show the comparative study of the 

radiation 
patterns when the dielectric coating is thin and thick respectively. 

• 044 DEGREES 

AG. S. 
Comparative study of the radiation pattern (thick dielectric coatings), 

- 
calculated ; ....Measured, 
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CI 104 DEGREES 

FIG. 6. Comparative study of the radiation pattern (thick dielectric coatings). 

—Calculated; .... Measured. 

(tett-A.3 cm, Err-2.56, L= 19•2 cm. 
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LIA 0  
ALC UL AT ED 

MEASURED 

Flo. 7. Coniparative study of variation of the gain with the length of the antenna. 

----- CALCULATED 

sea - MEASURED 

FIG. 
8. Comparative study of the variation of gain with 

bia ratio. 
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TABLE Ili 
Comparison of the radiation patterns—(B) Thick dielectric coatings 

Major lobe 
2a 	2b 	 Positions and linen- 

(cm) (mm) (mm) 	 Posi- Beam- 	sitieF of side lobes 
tion 	width 

25.6 10 12-5 Theoretical 12 11 30 (— 0.93); 
42(— 3-42); 
52(— 5•394); 
60(— 7•34); 

76(— 9-788) 
Experimental 12 10 30(— 1.94); 

42 (— 3.01); 
52 (— 4.437); 
60 (— 6.02); 
69 (— 7.212) 

16 10 15 Theoretical 34 10.5 12 (— 5.19); 
50 (-2:35); 
64 (— 4.29): 
76(— 5.845): 
88 1 	) 

Experimental 34 10 12.5 (— 3.46); 
50(— P55); 

_ 63 (— 3.325); 
75(— 7.696) 

16 6 9 Theoretical 16 14 38 (— 0-525); 
54 (— 2.92); 
68 (— 4.94); 

• 80 (— 6-58); 
90(— 8.386) 

Experimental 15 13 38 (— 1-337): 
54(— 2-92); 
67(— 4•75) 

12 Theoretical 28 8 10 (— 7.699); 25-6 6 
40(— 0•029); 
50 (— 0-692); 
58(— 1-605); 
66(— 3-872); 
74(— 4.413); 
82 ( — 5-143): 
90'- 	6.778) 

Experimental 28 8 9 (— 7.959); 
41 (— 0.0969): 
501— 1-675): 
58-5 (-- 3.565): 
67 1— 4-437); 
75 ( -- 5-229) 
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TABLE i (Contd.) 

L 1 7 	2h L I.  

(cm) (nun) ( mm ) 

a 4■11r.... .nneDes te• 

Major lobe 
••■=•=1./...pme lemi.  

Positions and inten- 
shies of side lobes Posi- 

tion 
Beam- 
width 

Theoretical 40 7.5 24 (— 1.13); 
54(— 0 , 7017); 
64(-- 1.965); 
74(— 3.236) 

Experimental 19 16 40(— 12.2); 
49(— 10-7); 
56 (— 7.447) 

Theoretical 38 8 18 (— 2.52); 
(50 — 0.733); 
62(— 1.686); 
72 (— 2•925) 

Experimental 17 13 35 (13.01); 
50(—I0458) 

Theoretical 34 8 14 (— 4.288); 
48 (— 0.799); 
60(— 1.759); 
70 (— 2.936) 

Experimental 	32.5 	6.5 	16(— 1.229); 
45(— 3•495); 
56 (— 5-376) 

iws.••• ■■■• •■••• 

19.2 	6 	24 

19•2 • 	6 	30 

_ 
19.2 	6 	42 

192 	6 	50 	Theoretical 	34 	8 	14 (— 4.585); 
48 (— 04567); 
60(— 1.294); 
70(— 1.9993) 

Experimental 

• 

16 10.5 28 (— 0-218); 
34(— 0.0655); 
42&--  1.051) 
48 (— 6.021) 

Gain.- A comparison is made between the calculated ana measurcu 
Values of gain. It is observed that conductors with thin dielectric coatings 
are good radiators and their values of gain are high. Table IV gives the 
rail-minted and measured values of gain for lhin dielectric coatings. 

In the case of thick dielectric coatings, the variation of the gain with 

the length is shown in Fig. 7. Fig. 8 shows the variation of gain with 
bja 

ratio. The agreement between the theory and experiment is satisfactory 

• in these cases. 
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TABLE IV 

Calculated a?ul measured values of gain 
• 

a•••••••••••• •• 	 •■•■•1•1•11,1■Maikly .•■ 	  

SI. 	Material 	2a 	2b 	L 	Calculated 	Measured 
No. 	 (mm) (mm) (cm) 	gain 	gain 

(G db) 	(db) 

1 	.Polythene 	12.7 	16 	10 	16.2 	16-17 
12.7 	16 	13 	16•767 	16•721 
12•7 	16 	20 	16.493 	16•464 
12.7 	16 	27 	15.676 	15.611 

2 	Polythene 	19 	24 	13.5 	17 	16.95 

	

19 	24 	16 	16•44 	16.52 

	

19 	24 	17.5 	16 	16•41 

3 	PVC 	 9 	11 	16 	16-21 	16•232 

	

9 	11 	23 	16•23 	16.28 

	

9 	11 	29•5 	15.54 	15.611 

4 	PVC 	 4 	6 	16 	12.67 . 	12.637 

5 	PVC 	 3 	5 	30 	11.853 	11.644 
. 

10. DISCUSSION AND CONCLUSIONS 

The theoretical radiation characteristics like the position and beam- 
width of the major lobe, positions and intensities of side lobes agree well 
with the experiment for thin dielectric-coated conducting cylinders. The 
calculated gain of the antenna shows good agreement with the experiment 
for a thin dielectric coating. For a thickly coated conductor, the results 
of the experimental investigations deviate with the corresponding theoretical 
results after a certain coating thickness is exceeded. The reasons for the 
deviation can be any one of the following: 

0) when the dielectric coating bz,•comes very thick, the surface wave 
tends to be a loosely bound surface wave; 

(ii) there may be an interference between two or more waves in the 
direction of propagation ; 

OW a leaky wave may be generated which propagates at an angle to 
the axis of the guiding structure; 
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(iv) higher order modes may be present; 
(v) As the ratio I)/ a 

increases, the major lobe of the radiation pattern 
of the finite length antenna moves away from the axis of the 
antenna, similar to the theoretical results obtained by Chung- 
Yu-Ting" for an infinitely long dblectric-coated metal antenna. 
More details of the above investigations are reported in (16). 
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