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ABSTRACT
Theoretical and experimental investigations of the radiation patternofa
circular cylindrical dielectric rod excited in mixed HEy and £y, modes and also of
1he open-ended Hox B — H) + E:‘ mode transducer used 1o excite the dielectric rod

aerial have been made. A comparative theoretical and experimenta] study of the
field distributions in the mode transducer with and without a resonant ring filter
pas also-been made, Theeretical and experimental resulrs on,the radiation patterns,
of the aerial as well as of the mode transducer for different percentages of mixture
of the respective modes show fair agreement. -

INTRODUCTION

The present jnvestigations which form a part of the work?™*" on dielectrie
rod aerials that is being conducted for the last few years has been motivated
10 develop a launcher that will excite a dielectric rod aerial in the pure Ey
mode. The dominant moede in a circular cylindrical guide which feeds the
dielectric rod being Hyy, it is difficult to eiiminate entirely the H;,, mode. If
kas therefore been thought worthwhile to investigate the radiation pattern of
a dielectric rod acrial excited in different percentages of the mixed dominant
Hyy and the desired Eg; mode. The study will enable the determination of
the purity of the £;; mode launched by the transducer. Asfaras information
can be collected from the available literatures no such study has been
reported by any other author.

THEORETICAL

(i} Field Components: Mode Transducer

The field components of EQ and HY pure modes in a circular cylindrical
H S P zuide are given respectively by the following expressions
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Ee=d Jo {ip)

£, = (B 4/K) 71 (kp)

Hyom = (dw e0/B) 7, (r’zp) {l]

Where J, and J, rtepresent Bessel functions of the first kind and of
order zero and one respectively.

and for Hf mode
Hom CJy (hpdcos o

Hyw — {3 CR) F {hp) cos

Hy= {3 CHi o) 7y (BpYsin ¢

o jlew i fell S P (flp) sin g

Hy = i{wwC 8 {hp) cos ¢ {21

where the time dependence isexp {jes) and the radial and axial wave numbers
frand y ure related to each other by the wave number kg for plane waves in
free spuve are as follows.  The prime sign on J indicates derivatives with
yeapest 1o the argument
232
B oyt kg
i o2
ki = " uo €0
Y@t jR 8 B3]
The fizld compovents of the mined mode £J 4 HY are obtained from
saustions {1 apd 1]
E. = Ay (hp)
- s fer . . .
By~ Cilewu/s p) 1y (hp)sin g = A(8/m) 1y (hp)
Ey=JiCiilw uih) s {hp} cos ¢
H.= O 5 {hp)cos ¢
He= =3O (@G0 (ko) cos

B gy (hp)sing +7 Alw eo/B) 1 (h p)

HywiCy 8,

Tae dedd
Seminest mode i the

“oof the HE; mode on the dielectric rod due to HY
ransducer are

Eow =BGV b0 T p) +(6B) (7 2l e e ) 4 () pV sin @ exp { - 5 2)
ik + B el v T e €} I, (K, p)] cos g exp (- y7)
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E =B{6/8) (i w e} Ty (ki p) sin ¢ exp (~ y 2)

He= By kifjew ud I (ki p) +(8/B) (1/p) Jy (ks p)) cos  exp (— y 2)

Hew = BIOp) (v/iew nY Ti (ks p) + (8B (1/p) Jy (Ry pY] sin ¢ exp (—y 2)
= — B}/ w s} i (ky p) cos ¢ exp (= yz2) (41

where p represents the radial coordinate and 4 & B are excitation constants,
The field components for the £y mode are

Epy={y1 Bhy[fwe &) 7y (k1 p) exp (— vy 2)
Ey=(BkYjw e)) Jo (ki p) exp{ =y, 2) for p < a (radius of the rod)
Hey =Bl J, U 0) exp (= y1 2) [44]
Epz=(-72 Dkz”fw 51) Hély (kz P) eXp ( —sz)
E,= (DI jew &) HEV (ka p) exp( = y22) p>a
Hyy = - Dy H{ (k2 p) exp (—y22)

where, . K? e e® o € + yz

2 2 2
by = upes +y

;x ==il/éo
£=. Jeu X% £ I/ (x,) € H“)'(x ) [5]
b ye X—x3 [x Ji(x) sz 1" {x,)

X =k df2, x3=k,d[2
d=diameter of the dielectric rod

x and %, are the solutions of the the following equation derived by applying
proper boundary conditions and using appropriate field components
kA "’l {x} 1 H“(f)l{f?][z‘ Sy H(}"'(xﬁ
xi i (xl) Xz H;”(Xz) Xy Jllx;) Xy Hf”(xz)
. (x3 - xD) (x, x2 &) 6]
x5
where, x; aud x, are related to each other by the relation
xt o+ (i) = (mdfdol (G- 1) {7
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{ii} Radiution Patterer:  Mode Transducer
The radiation pattern of the open ended mode fransducer is derived by
pplying vector Huyghen’s principle. By assuming the existence of onlya
purc £S5, mode in the transducer and neglecting the higher order modes due to
the current distributions over the exterior wall of the transducer, the radiation
fieid at a distant point {7, 8, &} from the open end of the fransducer are given
by the following relation

E =u

3 . g \
£y = :"’"‘m““ QLYY B A R LN cos@’»] X
ir & | k i

ik, a)t Mkasias) o @ exp ( — jkr)

o

S A&y &) Jh(ka sin 9) .
e e cosm ¢ ~ jkr 8
TV~ (ksin 8Kl cosm g exp (— jkr) &l

where, " reprzsents the reflection coefficient of the wave at the open end of
the transdacer,  Neglecting the effect of reflection at the apzrture field at the
wouth of 1he transducer, the £, component of the radiated feld for the H)
mode is

P i 08 . J,

PAIE-1 & 14 g, z_ﬁ?} S &y e) 2o {fxasm f’) sin ¢ exp ( = jr) 5]
2r snf

where, 3 ifr the ioner radius of the transducer. The radiated field at any

aistant polnt dr, 8 ) for the transducer supporting only pure Fy mode is

; Fa K 2 Jo (kasin 83 7 (K, o)
R o T @] o of&ua o
i @ I E +eos 175 T{Keyik sin 8)7 ”‘P( Jkr) [10}

The radictzon pastern of the mode trunsducer excited in the mixed mode
HE e i«; is compuied by superposition of the radiation field of the two modes
for dufereat pereentages of combination.

CIm ke r,a =0 and ¢« 180° planes, E, of the mode A, is zero and that
\s’: k2 #owiel o, hence the radiated field of the mixed mede is the same o
1t of me pure EX mode. Bat inthe ¢ ~90° and ¢ 270° planes, ke

© E, of 1he £%; mode is zero and that of the H, mode is maximint.
ﬁmm;- the rudinted feld of the mixed mode is the same s that of &% mode.
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But for any other ¢ = constant plane both the modes EY; and K, exist and
she radiatior pattern of the mixed mode will depend not only on the percentages
of the two modes, but will also show different structure in different ¢ planes.

Diglectric Rod:
The radiation pattern of a dielectric rod excited in the HE,; mode has
heen cemved by using the :oilowmg relation and appropriate field components

fean. 4
E, :jw,,go AR _ (1/jweo) grad div AY — curl AT

H, = jwsy A" = (1/j wuo) grad div AF 4 curl A7 {11}
where, the magnetic A¥ and electric A” vector potentials within the surface =
of the rod are respectively

afio b ogemp ilwt-kn)l oy

4o x ¥y
exp {lot—kn)i 4 [12]
ry

where ry is the distance of a distant point {7, 8, ¢) from an clement d = on
the surface of the rod and the eleclric and magnetic current sheets J and M
respectively over X are given in terms of the magnetic H® and eleetric E° fields
respectively on the surface of the rod

J=—nxH°
MonxE" EIS}

wher., m is the outward unit normal vector.

The tadiation pattern in the ¢ = 0° and the ¢ — 180" planes are

Ey=uy uowk’f[smi(ﬂ k]:;:::)e)ld] 2 Jy (k;l sin 9)

ruyk K;{coc{(ﬂ k cos 0) L} 242y Jl/z(kdsmu) [14]
(B-kcost) |+ (hdfz)sm$ /
whers KF - _Bﬁ,]l (k!_d}
8wy 2
sl KE- ,?dk";’}ll &, d)
8t we; 2

o [B, = v/(£2 +£]) Ds]



82 {Mrs.) R. CHATTERIEE, V. DBALASUBRAMANIAN & S. K. CHATTERIER

By using the same principle as above the radiation pattern of a dislectric rod
excited ia the pure symmetrice ] mode Ey is given by the following relatior

g (o KO
Eg=if [Jo(kasma) sin § — = XS]

Iy (ka sin 9)} X

1d [;(:sz“) D cosil(kij2)} {n,~cos 8}  sin{(&1/2) (n, — cos 6)} ]

> > 22

(2] = (kT 2) e - cos )1 3(ki[2) (e cos 9),
expd j (ki) {n,~ cos 8)} {1

where, #=index of ref.aciion of the tcd
5, = apparent index of refraction = Ag/A,
Ay wk (a2

'
e 1ye exp(

plikd —jw?)

The term 7d]2 is a consiant term and the amplitude of

apl 7 (k2 (ny—cos 8 }

is unity. Hence these terms are neglected in sumerical coraputation. For
a dielectric rod of length =6 A, the radiation pattern is

2

H ! 2 _ 2 { 4
Eym | o(kasin) sing -2 ) 5]
i 4 Hidya'}

sin1{k82) (n, - cos 8)} 1
Lk 2){n; - cos 8} 5

{17

The radation patterns of a dielectric rod excited in the mixed mode HE. + E%

wole are computed for different percentages of the combination of the two
mades,

NUMERICAL CALCULATIONS
{3} Frend distributions  Mode transducer

Tahing dg= 3.2 cms, e, = 2.6, inside diameter of the mode transducer
=287 w00, aud +hal’ 2,405, (Ba)y = 1.84 which are obtained from Jp (ka) = €
and 4 {haY = b, the feld distributions (E, vs. p} in the mode transducer have

Been corpated from eqn. {3], when Hy and Ey modes are mixed in different
sergentages (Fig 1)
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{ii) Radiution paiterns 2 Mode transducer

The radiation pattern of the open-tnded mode transducer excited in
mixed modes Ey + Hy; of different relative strengths have been computed
from equations [9] and [i0] by using the following values of different
parametsrs.

Hie
d =257 Cms., Ag=3.20ms., A, =4.9cms, Ay~ 4.1 cms, k=198cm™,

Ky = {2 =2, =128 em™Y, £;=153cm™"

Ea{H0) = (1 4 0.765 cos ]/ 220 (287 5'n 8) i8]
sin d
Fay s
LediSem, A =374cm, Ko =1.675¢m™Y, [ =1llem™!
Ep (En) = {0 545 + cos B) 7,{2 87 sin ) [19]

sin 81— {0.7/sin20)]

The results of computation for the mixed modes are shown in Fig. 2. For the
szke of comparison £, {Ey) vs. 8 and E; (Hy) vs. 0 are also shown in Fig. 3.

{}d} Rediation pattern of dielectri: rod

A graphical solution of eq [€] for dfa; =08, "¢, = 2.6 (Fig. 4) yields x; = 2,
ky =137, x3=246, ky=19), f=2T7crn™! apd k=1.9%5 cm™' which are
used for HE,, mode pattern computations,

For the £ mads, the following values are used

ae L6 m,= 16, gel12Tcm, o =0.65a=0825cm, k=19%cm™

Mmk{n ) a22

5 " 2 23122 7
L) 556, com)BhNd) a0,
Stk a'} A i d) ]

{k12) =188

The sadistion pustens [, va. 8 of the dielectric rod aerial excited in mixed
mode Ly + HE, i different Tores dupes of combination are shown in Fig. 5
Radiation panterns of the rod excited in pure HE); and pure Ey are shown in
Figures & and 7 respectively for the sake of comparison.
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Graphical Sojution of the Equations 2.38 & 2.39 for the
HE? 1 —Mode in Dielectric Rod.

EXPERIMENTAL

(i} The mode transducer which is a transition from a fapered rectangular
o a circular guide has been counstructed, keeping in view, that A, (H8)=34la
rd ) (E§)=261a A sectional dimensional sketch of the transducer which
28 been designed and constructed is shown in Fig. 8. The mode transducer
@s also been used with resonant filters in an attempt to suppress the domi-
1ant H;; mode. Fig. 9 shows sectional views of the resonant ring filters used
avgstigations to determine an optimum resonant ring show that ring No I
5 the most effective in filtering the #;; mode. Symmetric inductjve matching
liaphragms have also been used in the rectangular guide and the location of
he diaphragm is determined from the following relation
90° — are EnEB/Zng {20}

X

726°

vhers, the susceptance B is given by the relation
B — (A a) cot? (ndfe) {21
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d = aperture width centered between the guide walis
2= the longer of the cross-section inside dimension of the guide
x = distance between the reflccting element and a voltage minimum

A= guide wavelength of the lowest mode.

{i) Field distribuiion : Mode transducer

The field distributions E, vs. p and E, vs. p near the mouth of the
mode transducer have been determined in different planes and the results are
saawn i Figs, 10 & 11.
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RING W} RiKG 1V

Fia. 9

Sertional views of the Resonant Ring Filters.

(4) Relative .. ... of Loy and Hy, modes in the mode transducer :

The radial componenis of Ey znd H), modes at the periphery of the
guide vary respectively as

By (Eq) = E, exp {§lwt — (2 7 x/g)}} {22
E; (Hy) = Ey sin g exp{ j [wt = (2= x/An)]} (23]

where,
£y, Ey = amplitudes of £y, and H,; modes respectively
x = distance along the axis
Az = puide wovelength for By mode

Ay = guide wavelength Tor Hy, mode
Vehen the two windes ace propagased simulteneously the radial ccmponent of
the glecivic dele is

bew Epenp ot {22000 + Brsin g exp {jlw t = Quxfay + )} [24]
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where, « is the phase difference between the two modes at x =0 and £=0.

The amplitude is
Epw B Epsing expiil(2 = 2xX')+al} f2s)

where, VA w120 = 1 20y {26]
It is observed that maximum and minimum values of the field are obtained
by rotating the pipe when exp{Jj [(2wx/A)+al} = 1 and

Epax = E, + By

Ein = B — By [27]

Hence (EJE)=(r+1)/(r-1)
where r-me/‘E,nm. The results of measurement with resonant ring filter
placed in proper location shown in Fig. 12 yields r=1.6 which gives
E.=4.4 E,, ie.

Ey (Field) =81.5%

and H,, {Field) = 18.5%

LS/ .

L i

‘f/ E,:;-dax

Qg

al
g8 2& ) pZIe} 300 5o
§ ¥ DEGREES ——tm
Fia. 12

Mzasurement of the Percentage of TM7§  and TE{ , Modes (Field)
in the Mode Transformer.
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{67} Radisiion jrom the open end of the mode transducer :

The radiation pattern E; vs. 9 of the trapsducer in various-planes ars
shown in Fig, 13,

{+} Radistion patiern of the dielectric rod:

The radiation pattern of 6 )y dielectric rod aerial excited in mixed
Ey, 4 HE,; modes in various ¢ - planes ars shown 1o Fig 14, For measunn;
the pear field dis'ribution and the radiadon patterns standard known
methods™® have been used,

Discussion axp CONCLUSION

The theoretical and observed feld distributions at the mouth of the
transducer is shown in Fig. 15. The theoretical and experimental radiation
paiierns for the transducer ars shown in Fig. 16. The theoretical and
experimeniat radiation patterns for a dielectric 10d « /=62 and d =08 Xg are
sempared in Feg 17,

By comparing the theoretical and observed field distribulions and
radiation patterns of the mode transducer. it may be concluded that thereis
fuiz agreement,

(i} in the ¢ =45° and § = 225° planes for the combination Hy; (20%)
- Eg {80%} when the resonant ring Hlter is used.

{ii} in the ¢ = 45 und ¢ = 225° planes for the combinatlon Hyy (60%)
+ Eqy {40°,) whea the transducer is used without the resonant filter.

But in the case of the radiation patiern of the dielectric rod agreement
petween the theorstical and  oopoclmentnl results is not so satisfactory
expeeoially with regard to the minor lobes. The divergence is probably due to
the fact that the radistion from the feed end of the rod which is due to ihe
the discorinuily which is invariably present, bhas not been considered in the
derivation of the radiation pattern of the rod.
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