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ABSTRACT

The radiation patiern 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 lengih (1), the bla 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.

. INTRODUCTION

The problem of radiation from surface wave structures has been studied
by several investigators~. Different kinds of theoretical approaches have
been attempted to explain the observed experimental radiation patterns.
Schelkunoff's Equivalence Principle!s 3-% % 7% 8 Aperture theory® ® Lens
approach?, and Vector Kirchhoff formula*:* have yielded results which
showed reasonable agreement with the experiment. An excellent review
of the various approaches attempted till 1952 appears in the foim of a mono-
graph by Kiely'. James! examined the mathematical validity ot 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 dielectriccoated metal roh excited in the
“ TMy' mode. The method of approach is by the application of Schel-
kunofl's equivalence principle.

— wil

* At present with the Special Projects Team, Hindustan Aeronautics, Lid., Hyderabad
Division, Hyderabad-42,
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2.  SCHELKUNOFF'S EQUIVALENCE PrINCIPLE

over 2’ and related to the electric and magnetic fields En and ?fn by the re|
a-

tions
> -> -
J = n X Hg
- > -
M=— n X En

(2.1)

—> -
where E, and H, represent the values of the electric and magnetic fields on

-
the surface X and » is the unit normal vector directed outwards from >

The electric and magnetic vector potentials 4% and A%
within I are related to these equivalent currents through the relations

> M exp j ( )
2 _ M exp j(wi — kry)
: |
> (2.2)
" ] Jexp j(wt — kr)
H.__. * s i
A = 5= ff | 1 dZ
=
/

where “ r, 7 is the distance between an elemental surface ‘dX° on X and the
point P. k =2n'A, is the free space wavenumber while ° Ao’ is the free
space wavelength. A time dependance of exp (jwt) is assumed.

-» ->
The electric and magnetic fields E, and Hy respectively at the point P
are then given by

2 o iendig ] v 7 o
Ep = —ijU.BA +_]w£;] grad div A% — curl 4

and (2.3)
= o | . -> >
Hp = — jwey A5 + —  grad div 4% 4 curl 4

JWho
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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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(N The cylindrical dielectric surface of the rod
! T
o= [ | bddd-.
P il (2.4)
(11) Free end of the rod
2 T b !
T ¢'£u Pin oy 2-3)

where ‘I’ is the length of the antenna.

(it)) 25 includes the outer surface of the mode transducer and a sphere
of a very laige radius. on which the currents are negligible.

3. FIELD COMPONENTS

The field components in  the region of the dielectric coating
[« < p < b] are™

8 )

Eg m=r T Yo (w) 7T exp (— JB2)
: alsy (" Yo (u) — Jy(u) Yy np
Hy == e () ;(u) (5] exp (— jB2)
alu (Y v, ) — dy ) v, (P
G R L I
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., 2y, 2 and Z,.

4 1. Contribution from the Cylindrical Dielectric Surface (2))

While considering the contribution from this surface, the two tangential
field components of interest are £z and Hy. These two components exist
and have values given below at the surface p = b.

E, = A[P(h)!Y,(w)]exp(— jBz) = Cyexp (— jB7) }
— jwed P’ (h) TR
Hy = (Z77 ) 4]y, 4] @ =9

= Cpexp (— JBz)

4.1)
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where

P(h) = Jo(h) Yo () = Jo (u) Yy (h) } (4.2)

P (ly=Jyh) Yolu) — Jo(u) Yy (W)

The unit vector perpendicular to the surface under consideration is

in the p-direction. Applying the definitions of fand /l;

-»> - - ->
J =pX ¢ Hy =2/z
.._..-: ](.UG] P,_(_.I_) — IR~
'_”'{“ oA Yﬂ(n)} oxp (— jPz)
and 2 (4.3)
N - -+ >
Jw——""'szEz-—-?fiV.p
_ o (AP _ ;-
"'""ﬁ { Yo(u)}exp( /B-) /

Using the transformations given in Table | cquations (4.3) can be
simplified.

Hence
7 ={r(cos 8) + 6(— sin 8)} { 4 "“lb 4 {fﬂ ((::;}
) _}Xrexp (—.iB2) o - ‘ 4
M = [r(— sin 8sin ¢’ — ¢) + 0 (—cos fsin ¢ — @)
+ 6 (cos ¢’ = )] [ }Z ((1),] exp (— JjBz)

/

The distance ‘r;’ between an element of area dZ, = bdd’'dZ on the
cylindrical dielectric surface and an external point P (r, 8, ¢) is

r1=r—bsin 9608((}')'—-9’;)——30059 (4_5)
which may be approximated by
r, = r in the amplitude terms.

- > : '
If dA®, dA® represent the vector potentials at the point P (r, 8, ¢) due
to the surface element dZ,, then the vector potentials due to the complete
surface of the dielectric-coated conducting cylinder are given by

i } 2w -
A= [ | da?

smQ ¢'mp
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P 2w -
. Jexp j(wt — Ly
- J‘ . pj4:rur b dz,
& > (4.6 a)
and similarly
N H 2r > .
qE _ f J‘ Mexp j(wt — kry)
47, dZ (4.6 b
=0 ¢'=0
where / = length of the antenna and
dl, = bdd'd:.
The electric field at the distant point is then given by
! 2w
g . a _ - | R
Ep = J J [—Jw,uudAH -+ — grad aiv 47
Jw€g
:=0 ¢’'=0
5
— curl dAE] 42, 4.7)

Transforming the gradient. divergence and the curl operations o
spherical polar ccordinate system,

- . 3 -
— JopdA? = [ SRty gy J exp (jAkh sin 0 cos ¢ — ¢

Az
+ jkz cos 6 — jkr). 4.8)
I... I AH [J‘f{_}iﬂ—} yr
g grad div dA” = dnr f.l,-d_,l]
exp { jkb sin 8 cos ¢' — ¢ + jkz cos 6 — jkr} (4.9)

neglecting all higher powers of (1/r)
- — ik > >
— curl dAf = [4#{,!( (0My — P Mpy) dzl]

exp { jkb sin 8 cos ¢’ — ¢ + jkz cos 8 — jkr} (4.10)
neglecting all higher powers of (1/r) like (1/r®), (L/r?). elc.
Let « = kbsin 0.
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Substituting (4.8). (4.9) and (4.10) in (4.7), Ep is obtained as

{ - r
- _ -b * . oy
Ep — —4:_"5_ j J [9((0}1"‘]3 +kM¢)

=0 @’'=0

+ 6 (nold — kM| exp {ju cos (¢ — )

+ jk= cos 0 — jkr} dp'dz. 4.11)
Using the relations (4.4) for Jg, Jo My M,
P - fb z 2 in @ ’ i
Er= o2 | |04~ wnysin 0) Ca + kCy c05 (4" — )
¢’ =0 -

+ ¢ {k cos 8sin (¢" — ¢) C 1}] exp { ju' cos (¢’ — #)} dg’

!
x exp (— jkr) [ exp(— jBz)exp( jkz cos 8) d-. (4.12)

Let
x=12(B— kcosb).

Then

I
{ exp {jkzcos 0 — jBz} d-
L]

= f‘ exp {— j (B — kcos 0)} zdz

= [ exp (— jlx) [sn;xfx] : (4.13)

On substituting (4.13) in (4.12), the expression for £, simplifics to
o — Jjb : sin /x
Ep = ( 4-;’? ) lexp {— j(Ix + kr)}[ &-—-J

b I P (Ij) _ .
8 [9 {kA Yu (H)} 2njJ, (kb sin 8)

+ wpy Sin 6 Josy pq P U1 5

7 51 . .14
/ Yo () 2 Jo (kb sin 8)J (4.14)
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Setting
AP (I .
}_r“(”) - - {)
P . 4.15)
hP(n =1 h)
> biky 7sin Ixy 7 £, .
Ep ] s ( 3 ) ,;)( ',.") eXp — j v + kr)}
X [Jy(kbsin 0) + kbey f(h) Jo (kb sin 8)). (4.16)
Since
. .ﬂfa
h =Ny — jh, = I, [I =) ]
1

=~ Ny, since /[l L |
[ () = f(lh — jh) = f(I).

Hence the radiated field due to the cylindrical dielectric surface of the
antenna 1s

.| _
E 2-55!’”‘}(,@') 51112(}9—1\0059))
PS1 { 2 r

L(B—k g
% (B — k cos 0) s
X [exp {— jkr}] [/, (kb sin ) + kb sin @ e, f(I1;)

X Jo (kb sin 8)]. - : (4.17)

4.2. Field due to the Free End of the Antenna (Z,)

When considering the radiation from the free end of the rod, the two
tangential components 10 be considered arc E, and Hy. These two com-
ponents exist and have values given below at Z = 1. The coordinate

system employed for this purpose is shown in Fig. .

_—jBh  P(§)
o =i " va (4.18)
——- jwe;b { P’ (f)
Hy =- "5 2y, (u)

where

FLE) = Jg (§) Yule) — Jo (1) Yo' (£)
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The unit vector perpendicular to the free end is in the z-direction.

_= _ Sdonb 4 B (§)
J X qﬁ Hp' = pJ hl Yo ()
~¥ > o > b P’
M=—Ixig=— Mg =F B a7 (@4-19)

By transforming the cylindrical coordinate system to the sph rical
-.*

-
co-ordinate sys.em (see Table 1) J and M can be written as

7 = {r(sin 8 cos ' 3) + 8(cos 6 cos ¢’ = )
dsing — ¢} {4792 b 5%} (4.20)
M = {r(—sin Osin ¢’ — ¢ 4 8 (— cos Osin ¢" — 9)
+ 6 (cos ¢ — $)) { 4 "ﬁb 50%} - (4.21)
TABLE I

Transformation of ce-ardinates

S — - - S

r 0 é
p sinfcosid’” — ) cos 8 cos (¢ — ) sin (¢" — ¢)
¢ —sin Bsin(d — ¢) — cos Osin (¢’ — ¢) cos (6" — ¢)
cos @ — sin 8 0

~—

The distance ° r," beween an element of area dZy = pdpdd’ on the free
end and the distant point is given by

r,=r— psin 0 cos (¢’ — ¢). (4.22)

5 -
The vector potentials due to J and M are determined, and substituting these
vector potentials in the expression for the radiated field, one obtains

Ere = [ 42, ] (68 + koos 0 er)cos (6 — §) +$ (B oos 0 + ke
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X sin (¢" — @) exp (— jkr)] [ f f AP}’(h(PIf)b)

P’=0 P=a

X exp { jkp sin 8 cos (¢’ — ¢)} dpdfﬁ’] : (4.23)
After simpliﬁcation this reduces to
kb hp
Ere = 0 A (o f (PY(BB +kcos b e,)

X exp (— jkr) [27jJ; (kp sin 0)]} dp. (4.24)

Making use of Lommel's Integral formula, this can be further simplified.
The final cxpression for the radialed field from the free end is

Epe —_ -5 { (.Eo) B + k COS 9&'-_.-
ha k2 sin® 6

exp ( — jkr)

. . 1 , .
« [Jl (kb sin 0) + k sin 6 s {6P" (k) Jo (kb sin )

. aS(u) JO (kﬂ $in BJ}]

where
S(u) = Jy (W) Yo (u) — Jo () Yy (u). (4.25)

5. THE RESULTANT RADIATED FIELD

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

-

-> -
Ep = Eps) + Epe- (5-1)
Adding (4.17) and (4.24) vectorially, we have -
| -» ~» b . - -> _
iEP i2 i iEPm |2+ l Epe i""" % IEPSI [ IEpe Ismlx

where
x___(ﬁ—-kco_sﬂ - o | (5.2)
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Equation (5.2) cxpresses the radiated power as a function of the azimuthal
angle “6°.

6. (GAIN OF THE ANTENNA

Besides the radiation pattern, the gain of the antenna i3 of equal interest
to an antennal engincer. Makimoto, Sueta, and Nishimura!? have obtained
an expression for the gain of a dielectric rod acrial cxcited in HE;, mod..
Wilkes? has also worked out an cxpression 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

l - 2 >
2_;)_0 ] EP ‘-max RH

where 5, = 120~ is the intrinsic impedance of free space. The average
power flow per unit solid angle is P/4= where P is the total power flow, in
the dielectric-coated conducting cylinder excited in 7AM, mode, in the

direction of propagation.
Hence, the gain G 1s given by

_ R*| Ep [*max/270
G = Pld= o (6.1)

| Ep |2 is calculated and is given by equation (5.2) and the power P is given
byl-l

P =[eN(h) + L(g)] Po (6.2)
Hence
_ 1 Ep |%max
G =" (6.2)
Gain G in

db = 10 logm[l %’0;@] . (6.3)
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7. EXPERIMENTAL DETERMINATION OF THE RADIATION PATTERN

The experimental set up used for the
‘ ; ) pattern measu :
in the form of a block schematic diagram in Fig. 2. The ::égie?iagsa;&ﬁg

FEEDER TRANSMITTING
RECTANGULAR | ANTENNA WITH FEEDER
WAVEGUIDE : THE MODE Rf:ﬂ::.:f o RECTANGULAR
TYPE RGSI/U TRANSDUCER Tﬁ:mum}a
RGS1fu

] l

WAVEGUIDE DETECTING
TUNER SECYION

PRD 3020 CRYSTAL DIODE
1H23B

_T l

FREQUENCY
METER
PRD 586 A

FLAP
ATTENUATOR

PRD $60A
T t
REFLEX

MLYSTRON
T23A/8

!

KLYSTRON
POWER
SUPPLY

il

SQUARE WAYE
MODULATOR

DETECTOR
AMPLIFIER

Fio. 2. Block schematic diagram of the set up used for the measurement of the radiation

patiern.

is a pyramidal horn fixed so that the axis of the horn is jn line mthdthe at)lc::
of the transmitting antenna. The antenna under test 18 coxllnectf: ;ti?-. the
terminating end of the feeder, with the mode transducer. The mas
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transmitting station which carries the transmitting antenna is rotated degree
by degrec and the detected output is noted. A plot of the power with the
azimuthal 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 are 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 1is chosen to be the refercnce antenna.
A 19 db pyramidal horn is chosen as the reference antenna for comparison
purposes. First, thc refcrence antenna is connected to the wavcguide
section of the transmitter circuit. The maximum reading of the received
power is noted down in the microammecter. Let this reading be ‘P, pn
Amps. Since thc gain of the antenna is known, the input power to the horn
can be found out from the formula

L] P
Gain (G)db = 10 loglo (‘j‘}) (8 ) 1)
1.0 l ) -
- THEORETICAL
o o EAPERIMENTAL
0.8 k- 20 =9mm
2b = L mm

E B * L = 23 Cm
g € = 2.84
= 0.6f J
o |
W
N =
= »
o i
=
< 0.4
pr 4 ®

0.2 4 '

.
o; - =
o

8 IN DEGREES

« 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
whose gain is to be measured is connected to the wa '
transducer, the power at the input terminals of the antenna is equal

P wheie o is the a launching cfficiency of the mode transducer Thcém1 t?
mum reading in the microammeter is noted when the anten;la vs.ritll:1 atj;:"
mode transducer is connected in place of the reference antenna. Let thics
reading be called (Py)» Amps. Then the gain of the antenna is éiven by

V}fhen the antenng
veguide with the mode

(8-2)
The launching cfficiency of the mode transducer is experimentally deter-

mined by measuring the scattering coefficients using Desch amps method?s,

The valuce of the measured lauching efficiency of the mode transducers used
is around 709%,.

TABLE I
Comparative study of the radiation patterns—(A) Thin dielectric coatings
Material = Polythene 2a = 127 mm 2b=16mm € =225
Major lobe Positions of side lobes in degrees
L and their intensities in db
(cm) Posi- Beam- relative to the major lobe
tion  width in brackets
Theoretical 24 21 54 (—6-25); 75(—8-98);
- heore 92 (— 11-22); 112(—16-11)
Experimental 24 21 52 (—6-2): 72(—7-96)
' 20 18 46 (— 5-11): 64 (— 8:49):
13 Theoretical 16 (= 973 91 (= 11-7)
Experimental 20 18 46 (— 5-08); 63(— 8:54)
' 155  40(— 3:96): 56 (— 7-31);
16 Theoretical 18 et Gty 30(“‘712i;)
; 8 15~ 40 (— 3-98): 58 (— 7-21);
Experimental ] 67 (— 10-7)
20  Theoretical 14 152 34(=2-6): 48(—5-73);

60 (— 7-83): 70(—9-13).

: . I (— 2:9): 46-5(— 5-45);
Experimental 13:5 135 3..5(8 ks 8?54)
- 2 (— 0-234); 40(— 2:645);
27 Theoretical 28 T RGO s (- 6499
10 11 (—0-2); 35(— 3-01);

Experimental 28 47 (— 5-85)

. - ——
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NORMALIZED POWER

1.0

0.5

Q.5
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— THEORETICAL

b EXPERIMENTAL

b/a.—. {.5
Qa=073
L=19160Cm
€Er= 2.56

30 60 120 150
bja = 2
= 0.3
L 2586 cm
f\ €Ep= 2.56
HEERE
L
T
Lr &
t b n
P
:
B e 150
8 N DEGREES

Fig. 4. Comparative study of the radiation pattern (thick dielectric coatings),
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9. COMPARISON OF THE THEORETICAL AND EXPERIMENTAL Rap
PATTERNS AND GAIN ATION

-F.lgs. 3-6 show & comparison between the calculated
radiation patterns. Fig. 3 corresponds to the case when

ing is thin.  Figs. 4, 5 and 6 show the comparison when the coating is

thick. Tables II ar}d lII. show the comparative study of the radiation
patterns when the dielectric coating is thin and thick respectively

-

and measurcd
the dielectric coat-

bja = 4
GQ=0.%
L=19.2¢m
Er=2.56

. |
§“U ) o “& e
; s
ﬂ ‘ Er2256
F n
f | * 0 q
L

J U "'U v

Fig. 5. Comparative study 0
-——~—Calculated ;... . Measured,

f the radiation pattern (thick dielectric coatirgs)
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b/ﬂ.:?_

%0

8.33333
A

b/a

™
L.
.
-
l'lll...ll.l-l
el
-

-

-
=
-
-
- -
l--"..‘l.‘
-
- -

I-\U ) T —

JIMOS AIZIWHWION

8 W DEGREES

F1G. 6. Comparative study of the radiation pattern (thick dielectric coatings).

.Measured,

——Calculated;.. .

a=0'3 cm, €¢=2-56, L=19-2 cm.
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10 rerege .
e bla = 4 . 7
a = 0.2 3 bfq z 3
o €r = 3.5 L O =05
_ €r= 2.56 +
D ] . ’ §
e
2 5F 5Pk
<
< - L S
\9 ___—____,..q . - - ‘\ '. . FJ L
z e w’ ‘o Y
b =
O 1 1 L i 1 rtuch |, | O 1 1 i M i S
e Y 6 8 0 S
————  CALCULATED
=w== MEASURED

Fig. 7. Comparative study of variation of the gain with the length of the antenna.

10

GAIN 1IN db —

20

15

10

a=0.5%
G.r" 2.56
L = 16Cm

———— CALCULATED
MEASURED

FiG. 8. Comparative

m._-

study of the variation

of gain with bla ratio,
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TABLE IT1

Comparison of the radiation patterns—(B) Thick dielectric coatings

— FES— .
e ol Ty,

Major lobe
L 2a 2b -~ ~  Positions and ipten-
(cm) (mm) (mm) Posi- Beam-  sities of side lobes
tion width

i0 125 Theoretical t2 11 30(—0-93);
42 (— 3-42);
52 (— 5-394);
60 (— 7:34);
68 (— 8-86);
76 (— 9-788)
Experimental 12 19 306 (— 1-94);
42 (— 3-01);
52 (— 4-437);
60 (— 6:02);
69 (— 7-212)

16 10 15 Theoretical 34 10-3 12 (-~ 5-19);

50 (— 2-33),;
64 (— 4-29):
76 (— 5-845);
88 ( )

Experimental 4 10 12-5 (— 3-46);
50 (— 1-55);
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 (— 4-73)

256 6 12 Theoretical 28 8 10 (— 7-699);
40 (— 0-029);
50 (— 0-692);
58 (— 1-605);
66 (- 3-872):
74 (— 4-413).
&2 (— 5-143).
90 (- 6-773)
Experimental 28 8 J9(— 7-939):
> 41 (— 0-0969):
S0 (— 1-673):
58-5(— 3-565):
67 (— 4-437):
75 (— 5-229)

| g
Lh
(o 3}
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TABLE [{f (Contd.)

L 28 2 Major lobe
(cm) (mm) (mm)

Positions and inten-

Posi- Beam- sities of side Jobcs

tion  width
19-2 6 24 Theoretical 40 75 24(—1-13);
54 (— 0-7017);
64 (— 1-965);
. 74 (— 3-236)
Experimental 19 16 40 (~ 12-2);
49 (— 10-7);
56 (— 7-447)
19-2 6 30 Theoretical 38 8 I8 (— 2-52):
(50 — 0:733):
62 (— 1-686):
72 (~ 2-925)
Experimental 17 13 35 (13-01):
50 (—10-458)
19-2 6 42 Theoretical 34 8 14 {— 4-288):
48 (— 0-799):
60 (— 1-759);
: 70 (— 2-936)
Experimental 1245 6-5  16(— 1-229);
45 (— 3-495);
56 (— 5-376)
s i : ; 34 3 14 (— 4-585);
19-2 6 30 Theoretical 48 (— 0-567):
60 (— 1-294);
70 (— 1-9993)
Experimental 16 10-3 283(4 (E 313%55)
42 (— 1-051)
48 (— 6-021)

Gain.—A comp:;irison is made between the calculatec{ and’ measqred
Values of gain. It 1s observed that conductors with thin dll;ellec;rvlc c?oatntlﬁz
] ] . S
i ] lues of gain are high. Tabl¢ give
are good radiators and their va . ¢ hig . .y
calcuglated and measured values of gamn for 1hin dielectric coatings

. ‘ats in with
In the case of thick dielectric coalings, tﬁe W“Zttlg;'l (:)ff.' tghaﬂing"::ith bla
. : : the vari
i in Fig. 7. Fi8. 8 shows : : 1sfactor
thf’ leng';l;xf:silfzz;ent bftween the theory and exp crimént I8 SBUSTEEOL
ratio.

in these cases,
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TABLE 1V

Calculated and measured values of gain

e = - - —

Sl Material 2a 2h L Calculated Mecasured
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
127 16 20 16-493 16- 464
12-7 16 27 15-676 15-611
2 Polythene 19 24 135 17 16-95
1¢ 24 16 16-44 16-52
19 24 17-5 16 1601
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

— o W

10. DiscussioN AND CONCLUSIONS

The theoretical radiation characteristics like the position and beam-
width of the major lobe, positions and intensities of side lobas agree well
with the experiment for thin diclectric-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 thicknessis exceeded. The reasons for the
~deviation can be any one of the following:

(i) when the dielectric coating bzcomes 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;

(iii) a leaky wave may be generated which propagatcs at an angle to
the axis of the guiding structure,
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(1v) higher order modes may be

(v) As the ratio b/a inc
¢ ,. reascs, the major lobe
il of the radiat;
ztf; tt;he ﬁm?e ‘length antenna moves away from thledt::'ls patE telrln
‘ 1
nna. similar to the theoretjcal results obtained by C(;Lu;ge

Yu-Ting?? 1nfinj !
g'’ for an infinitely long dislectric-coated metal antenna

More details of the above Investigations are reported in (16)

present;
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