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Theoretical and rxperimzntai investigations of the radiation pattern o f 3  
circular cy1indrlcal dielccmc md excited in mixed HE,, and G, modes and also of 

lire open-ended H o t  0 - H; ,  + E : ,  mode transducer used to excite the dielectric rod 
ecrm.! hove been madc. A comparative theorelical and experimental study of the 
tiell distributions in the  mode transducer wilh and without a resonant ring filter 
bas also-been madc. Thecreti<al and experimenral results ou.ihe radiation patterns 
of ibe aerial as well as of tEe mode tranrducer for diffrrcnt percentages of mixture 
of tbe respective modes show fair agreement. 

The present investigations which form a part  of the worki'" on  dielectric 
rod aerials tha t  is being conducted for  the  last few years has been motivated 
to  develop a launcher tha t  wili excite a dielectric rod aerial in the pure Eel 
mode. The dominant mode in a circular cyl indr~cal  guide which feeds rhc 
dielectric rod being H,,, i t  is difficult t o  eiiminate entirely the H I ,  mode. I t  
bas therefore been thought worthwhile t o  inves~igare  the radiation pattern of 
n dielectric rod aerial  excited i n  different percentages of Ibc mixed dominant 
HI, aud ths desired EGi mode. The  study wili enable the determination of 
the purity of the  &, mode launched by t he  transducer. As far  a s  information 
can be collected from the  available literatures no such study has been 
reported by any o ther  author. 

The field components o f  E$, and HP, pure modes in a circular cylindrical 
S P guide a r e  given respectively by the following expressions 



Whew JG and X represcot Uessei functions of the first kind arid of 
mder zero s : ~ d  one r;spec?.ivc!y. 
a n d  for i$.. mcEe 
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she r e  the i ime d e p t n d e r ~ e  is SSP ( j w r )  and rhc radial and  axial  wawnurnbers  
ir sz.2 7 arc rcil;:ed Eo each other by the wave number ko  for p lant  waves in 
free s p x c  ark a9 Fo?Iows. The prime sign on J indicates derivatives with 
ccspea to Ihc arg'liment 

TSe Geld rompovento of the miaed mode E? + H z  are ob~aincd i rom 
rquarinrii i:] and [LE 
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f k  tieid -.'::.: ,..z. :- of she l iEIg  mode on the dielectric rod due to ~2 
$vnrit:anz t n d r  an :kc traxsQucer are 
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where p represents the radial coordinate and A & B a r e  excitation ccnstants. 
The field components for the Eo, mode are 

E,, - ! Y I  B k , / j w  € 1 )  dl p)  exp ( -  Y I  z )  

&I - ( ~ k : / j  w 6 , )  Jo (kl p )  exp ( - yl z )  for p c a (radius o f  the rod) 

= ~ k ,  J, Ik, r) e x p ( -  y~ z) 14.1 

where, . k:-r.02,uo E, + y 2  

d-diameter o f  the dielectric rod 

x ,  and X2 are the solutions o f  the thz followinp equation derived by applying 
Propet boundary conditions and using appropriate field components 



The radiation pattern of %he open ended m d c  t r m s d ~ c t r  is derived by 
applying '.ccror Wuyghen's principle. By assuming the existence of only E 

pure NN& nmde in the transducer and neglecting r h e  higher order rnrdes due to 
the current distribntmns over the exlrtrior wall of the transducer, the radiatmn 
field a t  a distant point (7, 0, +) from the open end of the twnsducer are glven 
by the fdlowiog rdetion 

where, rcprescntr the  reflection coefEcient of t h e  wnve a t  the open end of 
the arandocer. Neglecting the efeccc? of refirclion at the ap:rture field at tht 
a;crmh of the tranrducer. the EQ component of the radiated f i i ic i  i ~ r  the H E  
mode is  

shere, a i~ thr icner r a d i ~ ~  of ~ P c  transducer. The radiated field a t  any 
i d - r :  : o m  I ? ,  d, $ 3  for the rrnnsduocr supporting only pure dl mode is 

Ti le r r t ! u ~ o a  paitern or the mode trsnsducer excited in the mixed mode 
rd? c 1 is io1~pu:ed by 8 u p ~ r p o ~ i l m n  of t h e  radiation field of the two D G ~ ~ S  

f >r 2 2 m . t ~  ncrcaatagca 0s combmduoo. 



B3r far any other $ - constant plane bolh  the modes E& and H,! exist a n d  
$be r,idiatior~ pattern of :he mixed mode will depend not only on the percentages 
of ihe two modes, bur will a lso  show different structure in different q, planes. 

Dklerfric Rod: 

The radiation pattern of a dielectric rod excited in the lYE,, mode has 
bean derived by nsmg the following relation 2nd appropriate field compoosnts 
iqn.  41. 

where, the magnetic and electric A~ hector potentials within the  surface 2 
of the rod are respectively 

ahcrc r ,  is the distance of a distant point (r, 5, +) from a n  element (9Z on 
tho turiace of the rod and the cleclric and magnetic current sheets J and M 
respectively ovcr \' a re  given in terms o f  the magnetie HO and eleetric E' fields 
respectively on the surface of the rod 

ah.. n is the outward unit  normal vector. 

The :adiarion paitern in the c!, - o0 and the  + - 180* plafies are 

i r o s { ( S  * cos O i  L! 2 dJi?-) 1,,2 [,4 + s o  J. K :  -- - 
( B  - x cos ti) ) J ( A d / l )  s ~ n  B 



Rg using the s:me principle as above the radiation pattern of a dielectric rod 
excited i;r ihc pure symmetricil mode EoI is given by the following reldtioc 

QnZ - n2)"2 J ( 
JD (k i. 3i3 a)  sin e - ---- ""a J ,  (it a sin R)I x 

n2 J ~ ( X ;  a') J 

where, !I :=index of ref.nction of the rcd 

n, - apparent index of refraction = Xo'h, 

XI k (n' - nZ)' 
6 - ! , u ' e u : , ( , j k o ' - j w ? )  

The icrrr, +6 !dl 2 is a consrar.: term end the amplitude of 

is unity. Jrfence these terms are neglected in numerical c~~=lputation. For 
a dieiee:ric rod of iength i - 6 ha, the radiation pattern is 

'The rzdvlron parka% of A dielectric rod cxciied in themixed mode HE,I  + E$ 
i ~ ~ ? e  rrr computed for drfferent percentages of the combination of the two 
maJm. 

TS1h%8 j , n  = 3.2 cm3, 2, -2.6, inside diameter of the mode transducer 
- 2  & 7 m  alrC lha'Y2 405, (ha),, - 1.84 uhich are obtained from Jotha)-  0 
rsd J' t i  J) - 0. the field distributions ( E ,  bs. ,o) in the mpde tr,msduccr Imve 
sr.m rrerpmd from cqn is], when .?I,, inad Eui modes arc mixed in dlffcrent 
wrsrutdps [Fig 1 3  



Ftti. I 
T b r c n t i ~ a l  Field Distribution (Ep vr P ) i n  rhe,P4odcTransformer - . , .  . - " . . ,  



The radiation pattern of the open-ended mode transducer excited in 
n~ixzd rnodcs Eo, +if,l of diEerent relative strengths have been computed 
from equations [9] and [i0] by using the following values of diii'erenr 
parameters. 

HI: ' 

J - 2 . k i c m s . .  A*-3.2cn1s., A,-4.9cms, A,- 4.1 c m s ,  k = 1.98cm-I, 

K,; - $2 r ; ~ ,  - 1.2s cm-', el, = 1.53 cm-' 

(0 565 c cos 0) I,', (2 87 sin 0) 
Ea (E,, j - --- - 

sin B [1 - (0.7isin2 8) ]  

The ~csults of compuration for the mixed modes are shown in Fig. 2. For the 
sake of cornparisoil E, (E,,) vs. 8 hnd E, (N,,) vs. 6 are also shown in Fig. 3. 

4 &r.apkai rolulion of eq I63 for d!Xo -0 8, = 2.6 ( ~ i ~ .  4) yields XI  - 2, 
k ,  - 1.57, x: - 2 46, k ,  t 91, fi - 2.77 CIS-' cud k - 1.9.; cm-' which are 
used for IIE;& niiidc pattern compntations. 

Fur the E, m rda, the following vaiues are used 

.: - 1.6. u,,- 1.16, i 27cm, o'=0.65 0 - 0 8 2 5  cm, k -  1.93 cm'' 

- k (nZ - ,z:,)~:~ - 2.2 

Ihc radr.nl*tr. p ~ i ~ o i n s  ,E,i vs @ of the  dielectric rod aerial excited in mixed 
5 -t H E * ,  i . 3  CiSeterpt ;ixc.tl,:e\ of combination sre shown m Fig. 5 

Raeliatioa pamrns GP I ~ E  rod excmd :n pure HE,: and pure EOl are shown in 
Figarea B rnd - rrrpectivcip for the sake of comparison. 





Fie;, 3 
lW;~%%i i i  L P & ~ ~ B  P17~1em (FirlG f,& 53  # I >  Till0 -,Mode Excited Wavcpuidn 
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FIG. 4 
Graphical Solotion of the Equations 2.33 &. 2.39 For the 

HEY ,-Mode in Dielectric Rod. 

( i )  The mode transducer which is a transition from a tapered rectangular 
o R circular guide has been constructed, keeping in  view, that A, (HI? )  - 3.41 a 
sd A, (~4) - 2 61 a A sectional dimensional sketch of the transducer which 
18s been designed and constructed is shown in Fig. 8 .  The mode transducer 
,as also been used with resonant filters in an attempt to suppress the domi- 
taut H,, mode. Fig. 9 shows sectional views of the resonant ring filters nsed 
nv%tigatlons to determine an  optimum resonant ring show that ring f"o 
s the most effective in filtering the H , ,  mode. Symmetric inductive matching 
iiaphrsgnis have also been used in the  rectangular guide and the locatjon of 
he diaphragm is de!ermined from the following relation 

90'- erc tan 1 ~ / 2  ! A ,  
. Y - - -  -- 

720' 
I'4 

&he=, the susceptanre 5 is given by the relation 





FIO. 6 
Theoretical ~ a d i a t i o n  Paitern (Ficld I Ey t YS d) of H E : ,  -Mode Excited Dielectric Rod Aerial. 





d - a p e r t u ~ e  width centered between the guide wsl is  

n = the longer  of the cross-sect~on inside dimension of the guide 

x-distacce between thi: reflecting element and  a voltage minimurn 

A .  - wavelength of the lowest mode. 

Tht: fie!d distributions E: vs. p and  E, vs. p near the nouth  of the 
m o k  transducer have been determilzed in different planes and the 1es~:ts 
5::siin in F i p .  10 & I 1. 



FIG. 9 
aecsional views of the Resonant Ring Fiiters. 

E ,  . Et mp!itudts of &, and l i t ,  modes respectively 

x - distance along the axis 

Ee 2 :w$ - ( 2 - x  hut)]: + EI, sin+ exp { j fw t - ('2nx/Ait + a) ] j  [%I 
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Fio 10 
Observed Field Distribution (& vs P) nrar the mouth of  the mode Transformer 

Excited in mixed T E P  ,"and TM E, Modes. 





Dieiectric Rod Aerfairi 8xci:ed if8 mixed BE,, aitd Eo, MO&S 5.3 

lvherc, is the phase difference between the two modes at x - 0 and r - 0. 

~ f , c  amplitude is 

E ,  - i?< E,+ & sin @ exp i j [ (2  T  xi^') + a]: [251 

nhere, ! / X ' - ! / X ~ ~  - a/;\,! EN 
I: Is observed that maximum a n d  minimum values of the  field are obtained 
by rotating the pipe when exp! j [ ( 2  rr x / h 1 )  +a]] - f l and 

En,,, - & +. Eh 

En,,, = & - Eh 1271 

~ e n c e  ( E ~ ~ E , , )  = ( r  + I) , / (F - 1) 

where r -  E,,,/E,,:,,. The resuIts of measurement with resonant ring filter 
p l s c ~ d  in proper location shown in  Fig. 12 yields r -  1.b which gives 
& = 4.4 E,,, i.e. 

Eo, (Field) = 81.5% 

and HjFP,, (Field) 5 18.59; 

DEGREES ----3 

FIG. I2 
Mrzsuremcoe of t h e  Percentage of ~fif:, and T E ~  I Modes (FiclJ) 

En the Moda Transformer. 



Tile radiation pattern E" vs. d of the transducer in various-planes aro 
shovn ia Fig. 13. 

The srtdiatirm pactern of 6 Xo dielectric rod aerial excited in rnixej 
+ HE; ,  modes i n  ;.arious $ - plenes a;' shown in Fig 14. For  measwin,: 

the near field drs'ribrslion and ihc radiation patterns standard known 
rloihods'.' have been used. 

I h c  theoretical and observed field distributions at  Ehe mouth of rhe 
transducer is shown in Fig. 15. The theo:et~cal a ~ d  experimental radiation 
patterns PQF the transducer arc shown in Fig. 16. The theoretical and 
e.cpcrinien:;ii r a d i n ~ ~ c : ~  p i t e r n s  for a dielectric rod . I = 6Xo and d =  0 8 Xa are 
;umpdrrd in Fsg. 1'. 

By corn par in^ %he theoretical and observed field distnbulions and 
6adiati.m patterns of ihe mode fransducer. it may be concluded that there is 

(ii in the + -45' and q5 - 225' planer For the combination hT,, (7.C:") 
-+& (85'<,) %hen rhc resonant r ing filter is used. 

But is the case o f  the  radiation pallern of rhe  dielectric rod agreement 
LePueen, the Lhroreiicsl and :.,r.::::.wt::i results is not so satisfactory 
e5p.esial;y w h b  i e p d  ro rbe minor lobes. The divergence is probably due to 
tC-c bdc: t h  the 8aiSiatiort from the feed end of the rod whiih is due to the 
t b t  %iw:s.1?.ict!iay uhich is ir:varizbly present, has not been considered in the 
derkaricn or t h e  radiation psttcrn aT the rod. 

?-he nunkms .:rc t h a n k f u l  a0 Prof. S. V. C. Aiya for giving facilities and 
t .  ' . . : Gnc of  the authors (Sgn. Ldr. V. ~alasubramanian)  i s  
graeelu; I d  she Indian Air Force for his deputation to study the M. E. Degree 
mlrrse in Md::rnuure Enijiriceriny. 
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FIG. 13 
Observed Radiation Pattern (Field Eg 8 )  of the open-ended Mode Transhmer 

Excited in mixed TE?,  and TMEl Modes. 





FIG. 15 
Conlpasdrive study of the Theoretical and Expcrimentat Field Distributions 

(Ep vs P) in the 'Mode Transformer. 
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