
~ipy;i;xi~nnle ~soressioou fur  lire t ~ J i o r &  tiel,l or' :t Ispcrr.1 dielrclr:~ rod 
aelial have t lem derived employing SchcikunoiT's eqllivn!er.ce princip'e. Using 
these expres5ions H-piano radiation pattcrns for some of  the :icrin!u hove heen 
eon3puird and these are compared with the  cxperimcntally ohs.rvcd p..ltrros. 
Doth the aun*bcr and the rclative amplitudes of lnillor lobes arc found r r  dcucnre 
with increasi13g tnpcr angle of the ae:ial. 

'l'hz p ~ s ~ i b ¶ l i l y  of using a suitably dimensioned and properly excited 
dielectric rod :is a n  d ic ient  directive aerial was examined ~xperimen;ally by 
~ a i i : ( c h '  some time before 1938 Following him, many n ~ t h o r s : - ' ~  have 
studied dielectric rod aerials both experimentally and theoretically. Various 
rheorctical appr~aches  have been made to derive radiation patterns of a 
dielectric roc1 aerial but the one based on ScbelkuoofF's e q u i v a h c e  prinoip~e'9 
appears to be the nest successful of tliese. 

Some experimental work has been done by Mucller and Tyrrcllgand 
Hailiday and ~ i e l ~ '  on a tapered dielectric roil aerial. They have reported 
that tapering !he rod matches i t  to free-space, minimizes reflections at the 
Free-end and give8 smaller side lobes. As rhis aerial promises better 
characteristics and offers another controlluble desipn ?;irarnetcr namely. its 
taper angle, a detailed sludy of the tapered dielectric rod aerisl has been 
t;.ktn up at 3 cm. wavelength. 

The most rigorous approach to the problem of determining the radiation 
field of any aerial would be the  solution of Maxwell's electromagnetic field 
equations lo satisfy the proper boundary conditions. For the tapered 
dielectric rod aerial, shown in Fig. 1, it has not been possible to apply this 
method because of the difficulty of obtaining a solution for the field to satisfy 
the boundary cooditions on the surface of the rod, a t  the feed-end of the 



aerial as  well as a t  infinity". Hence the method employed in the present 
work for the calculation of the radiation field is approxinlatc and is us 
follows2' : 

(i) An appioximate estimale of tho source field, defined as rhc field 
existing on the surface of the tapered dielectric rod eerial, h a s  
been made. 

(ii) Using t*is approximate value of the field on the surface of the 
aerial, its radiation field has been calculated employing 
Schelkunoff's equivalence principle. 

An attempt to determine the source field has been by soiving 
Maxwell" electromagnetic field equations subject to the boundary conditions 
on the surface of the aerial It is found that pure E-modes or H-modes do  
not exist on a semi-infinite conically tapered circular dielectric rod. I t  is 
also found that a h e a r  combination o f  an E-mode and an &mode forming 
an HE-mode is not possible. 

As the above method fails to give the source field of the aerial, an 
approximate estimate of the source field is obtained by extending the analysis 
of a circular cylindrical infinitely long dielectric rod, whore propagation 
characteristics have been studied in detail by many workers2'. The exten~ion 

MEDIUM Ji 

FIG. 1 
Tapersd dielectric rod aerial and coordinate syttms 



of assuming that thi: field a t  a point OR the tiiprred dielectric rod 
avrinl is the ficld t h n t  would exist on a n  untapered circular Cylin&ica\ 
infinitely long dielectric rod having i:s diameter equal to the  diamerer of the 
tapered serial at that point. This means that the parameters of proynpnlion, 
like the phase constant, which depend on t h e  diameter of the rod are no 
longer constants but depend on the distance along :he axis of ihe aerial. 

The source field (E' ,  H*), therefore, is taken to be (using cylindrical - - 
coorditiates (p ,  4'. z) - t he  z-axis being colucide~it wi th  ihe axis of the 
aeridjZ3* ". 

E; -. q:, .C a ,,; Ee q5l 

E;, -* - q;1 N,:" - S E; 

E:-  E :  

H,: U-lf $. 6, E; 

~ 4 ,  ,. Hj'i .+ 8.E'; 

i 
3: % ti: 

where 

r 
N 'j' = A ;  ( k , / $ j  -7,' (k, cos @'- exp ( - /  @,z) 

E; - A ;  ( i  !p )  J ,  (I<, p )  COS @' . oXP ( --I FI Z) 

== - A ;  !I/$' p)  9, (kl p) sirr ,/if - exp ( -J'SL z) 

k ~ ,  A, $, q; and S are functions of z. Variations of k, and 6 with 
@/ha tire given in Fig. 2.'' 
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Schelkunoff's equivalence principle'g has been made use of to calculnte 
the radiation field from a knowledge of the aperture fieid". This principle, 
briefly stated is: In order to compute tile rlectromagnelic field inside a 
source-free region bounded by a closed surface S, tile given source distribu- 
tion outside S can be replaced by a distribution of electric and magnetic 
currerlts over the surface S. The linear current densities of this equivalent 
source distribution are given by 

A 

where, (E', Hi) is the field distribution over the closed surface S and n is a - 
unit normal (inward) vector on S. 

The radiaiion field at  a point by, 8, +) due to a current distribution is 
given by26 

E8 - ?O & - - ( j / 2  A d  exp ( - j j d r )  [ q ~  Lh" + G I  is] 

Where, the electric radiation vector 4' and the magnetic radiation vector 

&"' of the current distribution are given by 

& " - . f e x p ( i f d  ( r - m )  dpm 
Wac.? 

171 

G' -distance of the point P ( r ,  0, +) from the source point P' (P, 6". E )  - 
r - P P '  = Z C O S $ + ~  sin ~ - c o s ( + - + ' )  191 

dpe and &"' are the monaents of electric and magnetic current elements - 
elements situated a t  the Source point P' fp, +', z )  and are given by 



wj>ere ds is an element of area 1o:~red nb the source point P'. 

Substituting equations 193 and [IU] in  the equstions [ 5 ]  and [PI, we get 

L*- -; (exp j& [Z cos 11 + p sin i' cos (+ - XE'). d3 [ I ) ]  - 

10 the ease of the tapered ditlzctrIc rod aerial, let S consist o f  three 
parts--S,, S2 and $,.----as shown io Fig. 3, where, 

S, - the  conical surface of the tapered dielectric rod aerial 

S2 - the circular plane sources a t  the free-end of the aerial 

and S, -the surfdce which together with S, and S, f o r m  a closed surface 
outside which all the sources lie. S, consists of two portions- 
ona coincides with the surfdce of the metal waveguide used for the 
excitation of the aerial nnd the other is a sphere of hfinitely large 
radius about the origin. 

The field is assumed to vanish a t  infinity so that the field everywhere on 
the spherical portion of S3 is variishingly ssnall. The tangential components 
of the field over the portion of the surfidce S3 enclosing the metal wt~veguide 
are assumed to be zero. This is a good iapproxiniation for the electric vector 
because the waveguide wall is a good conductor. However, the tangential 
ma~ne t i c  field may exist. But this is neglected for the s7ke of simplicity. 
Under theseassumptions the inteerations in equations [I  l] and [I.,] are required 
to be carried out over S, and S2 only. It is further assumed that the taper 
angle 66 of the aerial is so amall tha t  on the surface S , .  

n A 

lp - ip and ds - a dz. drp" 

and S2 is  defined by 



I 2 7  

= - J' j {exp j ,9o [z cos 8 r a sin @ cos (p - +'jj) E; sin +' cad p' .rk 
0 0 
* 
a 2 7  

+ .f {exp j jl cos 8 + p sin 9 cos (rp - $h')jj (E:  sin +' 
0 0 

+ E : ,  cos+') p d + ? d p  P74 

n 27 

+ J j {exp j to [ I  cos 9 + p sin 0 cos (p - g'jjl.! (E$  sin 9' 
0 0 

- E cos 4 ' )  p dg' dp 1r81 

Substituting in equations t o  [la] the values of (E',N1) from 
equations [I] and [>I, w e  obtain 
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Integrations over $' in the integrals in equalions I231 to [28] are easiiy 
carried out giving 

, 2 . t r j S  L: - Al  - 1 {exp j j3z) 6 Ic, r .  J l ( r )  
WE1 0 

, v j  sin 20 ' 
L; - - A, - J" {exp j ,? z j  S kl r - J1 ( r )  (x) - (2/x) J, (x)] di 

W E l  0 

L , m ,  A: TEC?? s rexp j p z j  k3 r . JI  6 )  tiz/x) JO /x) - JO dz 
WYO 0 

t 

-A: (11;;) - i) {exp j i I] TT sin 2 rp 4 [R 4 (R)  - 2 JI  (R)]  [ (2!x1)  J, (x') 

- Jo (%')I dp [32] 
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Substitutticns of equations I511 and [ TO ]  in the  equstisn [s! 21171E that of 
I521 and [39] in ibc equati0n [h] !$e 

(2 hor/~i)jexp(  BOP? Eg 
- - j (lJ/cl) sin g - I~ + j B . I / ~ / E ~ )  eos 9 .  sir, z Q * i2 

- j cos 6 cos p sin 2 4 . h 
- j h o c o s @ s i n + - 1 4 + j 2 ~ ~ ~ r i n $ s i n +  . &  

Equations [53] and 1541 give the radiation field OF a tapered dielectric 
rod aerial at a d~stant  point  P ( r ,  8. 9) Therefore, the H-plans radiation 
pattern of the aerial is obtained by settrr~g r/, = O* and 180'. Hence, in 11ie 
H-plane, 



Radial fon from Tapwed Dtelectric Rod Aerials 

Values of the integrals appearing i n  the equation I571 arc obtained from 
q u n f i o n s  [35] to 1421 by setring 9 - 0" or 180' i n  them. Thus, 

Where the second subscripts ' r  ' and ' m' stand for the real and the 
imaginary parts respectively. 

14; can be written in the fo rm 



Therefore, the H-plane radiation paltern (ticld) of a tapered diclectrlc 
rod aerial is given by 

i.9 

/ E ~ ] - c I  constant x + E:, /67j 

The integrals 1, 4, I$, P7 and b8 are evaluated nnmericaily for every valce 
of the angle 8,  kt and 6 are obt:\iaed from Fig. 2. @, is calculated from the 
equation [.i] and hencc and ?': are calculated. Equaiiions I661 give ?1:e 
values of the co-efficiei?:~, c's, for evcry value of 0 .  i n  this wi~y,  E;, .,r.d E,$,,, 
arccalculated and hcwe  the H-plane radiation ynttern obtained. 

In order to rest the rquatlons derived in the  precedir~g 8e~ti(m. Y h r g c  
number of  perspex rod aeririls of dir?'eren: lengths taper-angles snd feed-end 
djametsrs have beon constructed. Two sets of :ierials of I d - i . i d  dilin~eters 
2.5 ern and 1.9 cm and of lt.ngth9 varying f rom 2 A. lo f iX0  have been used. 
The aerials f i t  snugly in metal waveguides of Snternnl dii~meters equ:~I ro 
2.9; cm and 1.9 cm respectively propagating the PI,,-mode. The portion of the 
aerial (about 2 ho in length) inside the metal waveguide is tapered to a point 
t o  avoid a sudden discontinuity. 

Fig. 4 gives the schematic dingram of the experimeniai set up used to 
obtain the radiation pattern of the dielcctrio rod atrials ?he microwava 
power source consists of a type 723A/B reflex k!ysc:on operating a t  a frequency 
of 9375 MHz. (Ao-3.2 cm). 'Ihe reflector voltage of this klystron is 
modulated by a 1 k H, square wave whose srnplitnde is so ndjurtrd as to 
prodnce an 'on-off' modulalivn. The power travels in the Wlo-mode in a 
rectangular metal wnveguide typo B C S ~ / U .  A mode transformer i a  used lo 
convert the H,o-mode in a rectangolnr metal wawfuide inic the HI,-mcde 
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in the circular cylindrical metal w v e ~ u i t i e  which excites the aerials. 
A portion of the power radiated by the  aerials 1s receibed by the seceivirlp! 
aerial - a  27.5 db. pyrsruidiil horn. The received power travels n distirnce of 
about 4.5 metres down the feeder before it reaches the dztccting action 
wherein it is detected hy a IN235 crystal diode. Tho output of the detector 
i s  amplified by an amplifier which is tuued to  1 klf,. The o~rtput  orrlia 
detector amplifier i s  found l o  vary linearly wilh tho received power. 

The aerial under test is rotated manually about a vertical iixis and thus 
the aerial rototcs in the horizontal plane (the W-plane OF the system). W-p:ane 
radiation pattern is obtained by noting do tw  the output cf t h e  detector 
amplifier forviirio'us angles of rotation of the aerial about the vcrtlca: axrs. Firly 
of the observed radiation patterns are reprcduced bere il1oi.g with t w n t y  four 
raicula!ed pil:terns, which arc shown in dotted lires. (ref. Fig. Nus, 5 lo 14) 
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All itis observed patierns s b w  spuriouo kinks a n d  pips. The patuern 
\."rig;l,:~  in:^ i n  r i l e  + = i8iir) region. This may be cauaed by sir:.? r.cflccti,,ns 
frLltii sosiooriding objects, tbo!i&lr thesi? objccts are q:.ite far from the  t w o  
aerials. ( icf.  Fig. 15). 

The zgreement between the iibserved ::nd the ca!cularetl pattcrn is brwidiy 
sstiqfaclory. Jn mine cases, iiL the posi:ions wlierr disiinct minor  lobes arc 
otscrved ex;lerinxenta:Iy. only vesrigi:tl lobes appenr in the cal -uid:ed p t l e r n s .  
This srnudprrig of Lhe crdculalcd pz!ifln n!np be :: i e ~ u i t  oh t h e  approxiri?oiio:is 
made in the ailrnericel com~pii.itatini! of the pattern. 

It is found that both  the  totai number and the rclaiive ~mpi i tudes  of ;he 
minor lobes in the radiation pattern or a tapered dielectric rod aer ia l  o f  a 
givzn axiai .angtla show a tendency io  decrease with increasing i a p r  angle. 
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pitioils. The nuihors arc also thankful t o  Prof.  S. K. C t ~ a t t c ~ j e e  for his 
helpful s u p g r s t i o i . ~  and for the discussii~ns they h a w  had with bin: They are 
also thankful to the Hindustan Aeronaulics Limited, Bangalore for providing 
cornpuler hcilities. 

List Sym~bols : 

p, 50, z - Cylindrical coordinates 

r ,  8 ,  + -sphetical coordinates 

c, p, o -permitiivity, pesmeabi l i :~  and conductiviiy, rcspectivciy, o f  
med ium 

1 ,  o,, - axial-length, feed-end radius and tnpcr angle, rcspectivcly, 
of the aerial. 

a =ao - z tan 00 - radius of the  aerial a t  a distance z ftom ihe 
feed-end. 

E, - N-? eiectric and magnetic intensities respectively, with appro- 
priate suflixes. 
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FIG. 15 
Aerial view of Microwave Antenna Laboratory 
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