
SOME INVESTIGATIONS ON DIELECTRIC ROD AERIALS 
Part V 

By H. R .  RAMANUJAM AND (MRS.) R .  CHATTERJEE 
" (Elecrrical Cornmuincarion Engineering Depurimeni, Indiun Insiifufe of Science, Ranga/ore.lI) 

Received on May 18, 1962 

ABSTRACT 
An expression for the radiated field intensity From a circular dielectric rod aerial 

excited in HE,, mode has been derived by assuming that the source fields =re 
clistribntcd from both the cylindrical surfare and circular end of the rod. Experimental 
results in support of the theory are also presented. 

In previous reports'-4 Chatterjee, et. 01. have formulated theories of radia- 
tion pattern from a circular dielectric rod aerial excited in HE,, mode. In the 
scalar formulation,2 Huyghen's sources were assumed to be distributed all along 
the surface of the rod, whereas, in the vector formulation,' fictitious electric and 
magnetic charges distributed over the surface of the rod in accordance with 
Schelkunoff's Equivalence principle5 were assumed t o  be responsible for the 
radiation from the rod. In the formulation,' effect of the radiation from the free 
end of the rod was considered to be insignificantly small compared to the radiation 
from the surface of the rod and hence the radiation from the end was neglected. 
Brown and spector6 have derived a theory on the assumption that only the 
infinite plane a t  the free end of the rod takes part in radiation and the cylindrical 
surface of the rod acts as a guide to spread the source fields on the infinite plane 
at the free end of the rod. The object of the present paper is to present a theory 
of radiation for a circular dielectric rod excited in f w l  mode assuming that the 
source fields exist not only on the cylindrical surface of the rod but also on the 
free end. Experimental results in confirmation of the theory are reported. It 
is believed that the same approach can be adopted in calculating the radiation 
characteristics of a dielectric rod aerial excited in other possible modes. 

The co-ordinate system used is shown in Fig. I. Assuming, 

(i) a/&- - y - -j,O where the phase constant p is positive and real; 

(ii) b 2 / b { i 2 -  - 1 as the HEll mode is characterised by a sinusoidal 
variation of one cycle of the azimuthal angle $', and omitting for convenience, 
the factor exp. ( ju t  - jpz), the field components for the HE,, mode in  the two 
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FIG. I 
Coordinate system employed 

TABLE FOR TRANSMISSION OF COORDINATES 
4 

: 1 sin e c6s 9 sin 0 sin $ cos 5 

1 - s in+  cos 9 0 

cos $' sin $' 0 

,' i -sin cos @' 0 

- sin 8 sin($' - 9) - cos 0 sin(@' - 4) cOs (+'- 45) 

cos A -sin 8 0 
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media obtained by s o l v i q  Maxwell's electro-magnetic equalions subject only to 
the boundary conditions on the cylindrical snrface of the rod are as follows: 

Medium 1 : (dielectric rod), p -+ a 

Erl - - CCl ( k l l y )  .TI (I<, p )  sin (11' 

Medium 2 : (space surrounding the dielectric rod) p I n 

E;: = - D G2 (k21Y) l i j l )  (k? p )  sin +' 
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where, a is the radius of the dielectric rod 

k : = y 2 + ~ 2 p l ~ l ;  k : - y ? + ~ ~ p ~ e ~  I31 

To satisfy the conditions a t  p = 0 and p = m, Bessel function of the first 
kind (J , )  and the Hankel function ( ~ 2 ' ) )  have been used in the Erst and second 
medium respectively. I t  may also be written that k: > 0 > k: (~ppendix  I). 

Six of the seven unknowns C, CGI. D, DG,, k,, k2and y can be determined 
by using eq. [3] and imposing the following boundary conditions at p - a 

Erl= Ex2 ; S4,1 - E+,2 ; H,I - H a  ; H d ,  1 = H4z2 [41 

The remaining unknown is determined by the input power. It is foulld 
that MI GI - pz G?. If p1 - ~ 2 ,  then GI - G2 - G. The propagation constant y 
is determined as reported el saw here'^'. 

RADIATED FIELD DUE TO THE FREE END OF THE ROD 

The following relations as reported elsewhere' have been used to derive 
a relation for the field intensity a t  a distant point from the aerial. 

E =  -j w po A" + [ l / ( jw Q)] grad div AH -curl A' [91 
-4" 

H = - j w  e0AE+ [ l / ( j ~ ~ ~ ) ] g r a d  divAE P curl AH [lo] 

where, n is the unit outward normal to the closed surface 2, 
J is the sheet electric current per unit length, 

M is the sheet magnetic current per unit length, 

R is the distance from the point Y ( y ,  0, $) to  the element of area 

d E  a t  ~ ' ( p ,  +',z), 
AH, AE are magnetic and electric vector potentials, respectively. 

k is the propagation constant of the medium (free space) 
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Using the  co-ordinate system (Fig. I )  and proper transformation relations, the 
following expressions for the field componenls in eartesian co-ordinates in the 
regiou z - 0. p = a  are obtained. 

J,' (k, p)  (cos2$' + G' sin2 p')  + (sin2+' + G' cosZ p')  
lcl P 1 

k: - p2 - k2 
where, (Appendix I) 

G -  G'=I. 

so, equations [11I reduce to 

E,-0 

Ir, = o 

Hence, * ,. 
J-z x x [ - C ' ~ , ( k , ~ ) ] =  - ; C ' J o ( k l p )  
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In order to determine the radiated field (r >> a 3  p), the distance R given by 
the following relation 

~ ~ = r ~ - 2 r ~ s i n i 3 c o s ( @ ' - @ ) + ~ ~  

may be approximated as R - r  in the amplitude term, and 

K=r-ps inOcos(@'-@) 

in the phase term of equations [7] and [8]. 

By expressing $ in polar co-ordinates and using equations [I31 in [7], the 
following expressions are obtained 

- j w p o d ~ ~  

- [ j w  po~'~o(kl~)/4nr](;sin 0 sin $ + 6 cos 0 sin @ + 6 cos 4) 

x d Z  exp.[jk p sin 0 cos (a' - @) - j k r] 

= [ ~ j 8 / 4  .rr r] Jo (k, p)'; sin % sin + + 6 cos 0 sin gl + 3 cos 4) 
x dZ: exp. [ j k p s i n e  cos($'-@)-jkr]  [14] 

where p, =pO 

-- I grad div J A R - g .  *I; sin %sin g d ~  
j w  €0 j o e o  4 r i r  

x exp. [ j k p  sin 0 cos (@' - 4) - j k r ]  

- - [ ~ j , 8 / 4 n r ]  ~ , ( k ,  p) ;sin 0 sin@ 

x d Z  exp. [jk p sin 0 cos (@' - @) - jkr] [i5] 

where, terms involving higher powers of I/? have been neglected and 

kZ = u2 )A, E',. 

Expressing in polar co-ordinates and using,equations [8] and 1131 

d ~ ' =  [ ~ / 4 n r ]  Jo (kl p )  ( i s in  9 cos+ + $ cos 0 cos @ - $ sin @) ddZ 

x exp. [jk p sin 0 cos (a' - $) - j k r ]  

-curl d ~ ' = ? j k / 4 ~ r )  ~ ~ ( k ~ ~ ) ( ~ s i n @ + $ c o s 0 c o s @ ) d ~  

x exp [ j k  p sin 8 cos (+' - $) - j k r ]  1161 

neglecting terms involving higher powers of l/r. 
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The radiated electric field intensity due to  the free end is obtained by 
substituting equations [14], 1151, 1161 in 191, as follows 

El - (cj/4 71 r ) [ ;  sin $ (p cos 8 + 1') t 3 cos $ (13 + k cos B)] exp ( - j k  r) 

( rp .TO (k1 p) exp [ j k  sin I? cos +' - q,)] CI 

p -0 4'=0 

Z.(cJ/47ir) [; sin $ (/3 cos 8 + k )  + cos + (/3 + k cos 01 exp ( - j k r )  

kt a JI(kt a) Jdka sin 9) - (ka  sin 6 )  JI(kil sin 6') J0(kI a ) ]  
k: a2 - k2 a2 sinz 8 [I 71 

The terms (j3 cos 8 + k )  and (p + k cos 8) correspond to  the obliquity factor 
(1 +cos 8) encountered in problems on diffraction. For antennas of practical 
interest P z k .  

RADIATED FIELD DUE TO THE CYLINDRICAL SURFACE OF THE ROD 

The ta'ingential components on the cylindrical surface of the rod ( p  =a)  are 

Es-C,sin$'exp. ( - j p r )  H , = ~ ~ c o s @ ' e x p .  ( - j p z )  

. = C2 cos $' exp. ( -  j j z )  H+, = C4 sin @' exp. ( -j/3z) 

3% J = x (; C3 cos $' + 4' C4 sin 4') exp. ( - j $z) 

=(-$'c3cos$'+; c4sin$')  exp. ( - jpz)  

M - - x (; Cl sin $' + 2 C2 cos $') exp. (- j p r)  - (4' Cl sin $' - ; CZCOS 4') exp. ( -  j p z )  

In spherical polar co-ordinates, the above expressions for J and M reduce to 

J- r*[c3 sin 0 cos 9' sin ($' - $) + C4 cos 6' sin ~1'1 exp. (- j p z )  

+ 6 [ ~ 3  cos 8 cos 4' sin ($' -. $) - C4 sin 6' sin $'I exp. ( - j p z )  

+ $[ - C, cos 9' cos ( ~ 1 '  - #)I exp. (- j p  r )  [I81 
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M = ~ * [ - c ~  s i n 0 s i n ~ ' s i n ( $ ' - $ ) - - ~ ~ c o s 8 c o s $ ' j e x ~ . ( - j / i i ~ )  

-1 6 [  - C, cos 0 sin @' sin ($' - $) + C2 sin 8 cos <)'I exp. ( - j p z )  

+ <;[c, sin +' cos (+' - @)] exp ( - j g z )  [14 
The distance belvdeen an elcrnent of area a d$' dz at  (a,$:z) and a point at 

(r.  0. $1 is 
R2 = r2 - ?ra sin 6 cos ($' - $) - 2r cos 0.2 + a2 +z2  

For the radiated field r > > a, r > > 1 '- lzl. So, in the phase and an~plitude 
terms of equations [7] and [ s ]  R can be approximated by 

~ = r - ~ s i n 0 c o s ( @ ' - $ ) - i c o s 8  

and R = r respec~ively. 

So, from equations [7] and [IS], [8] and [19] 

- j m , u o d ~ "  

- ( j w , u a / 4 n r )  J d ~ e x p . [ j z t c o ~ ( $ ' -  @) f j k z c o s O - j k r ]  
' 

( l / j  w so) grad d i v ~ ~  

= ( j  ,,,/4 ?r r) r * ~ ,  d 2 exp. [ j  u cos (@' - $) + j  k z  cos O - j k r ]  

- curl d~~ 

- (- j k ] 4 . ~ r ) ( 6 ~ ~  - ? ~ ~ ) d ~ e x ~ . [ j u  cos(gif - $) +jkzcos 8 - j kr] 1201 

The radiated field due to the cylindrical surface of the rod is obtained by 
substituting equations [IS], [19] and [20] in [9] 

&---i- ~ T T  r j [ n ~ ~ ~ ~ J , p o J e + k & f 4 ~ + ~ ( w p o J 6 - k A f ~ ~ ~  

=*., 4 ' 4  

xexp.  [ jucos ($ ' - $ )+ jk zcosB- j k r ]ad@'dz  
which yields 

E?= - ~ [ ~ S ~ ~ ~ ~ ~ ~ ( U ) [ ~ C ~ - Y ~ ~ C ~ C ~ S D ]  4r 

\ 
- J 2 ( u ) [ k ~ 1 + w i * ~ C 3 ~ ~ s 0 ]  - w j u ~ I ( u ) i  

k a  1 

2GjuJI (u)) + J2 (u) [w p0 C3 -t k C, cos 01 - A-- 
Q J 

x I exp. ( j x  - kr)  (sin x/x) 1211 

where, u = kas in  8 ; x = 3 (B - k cos 8) ; I =  length of the dielectric rod. 
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Numerical calculations show that k Cl - w a C3. So, the terms 
kcl - wpoC3cos% and - 01 poC3 +kC,cos  0 correpond to  the  obliquity 
factor, 1 + cos 8. 

As the  magnitude of the total field E is of interest for the radiation pattern, 
the  resultant field E due to  the  contribution from the end fi f, as well as 
the cylindrical surface f3f4 of the rod is obtained from equations [17] and [2]] 
as follows after omitting the factor ( j  a ~ / 4 r )  exp. ( j  w r  - k r )  

E - f i h + h h  
where, 

j, = p + k cos 0 in + = 0' plane, and 

= p cos B + Ic in $ = x / 2  plane [dl 

and 

and 

I t  is observed that fi, f2, /; are functions of the diameter d -  20 and 
dielectric constant E of the rod, and f, is a function of d,  c and 1 of the rod. 
Hence E is a function of I, d, E of the  rod. Moreover, f2 and f3 can be regarded 
as array factors due  to the finite thickness of the  rod and f, represents thearray 
factor due to  the  linear dimension of the  rod.  f, represents the obliquity factor, 
but it is slightly different from the corresponding factor l + cos 8, given in 
the theory of Brown and Spector,6 because of the difference in propagation 
constant, as in the present theory f, is a function of the propagation constant of 
the  surface wave and depends on d and E of the  rod. Whereas, fi appears with 
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an additional term in Brown and Spector's theory as the aperture is considered 
to be of infinite extent unlike in the present approach. The present theory gives 
rise to the additional tern1 f3 which takes into account the finite thickness of the 
rod. It is this factor which gives rise to the difference in the radiation pattern 
in the + = 0 and + - 7r/2 planes which is expected due to the asymmetric field 
distribution of the HE,, mode. The t e r m h  is the same as obtained through 
other approaches. 

The variation of fi fi and f, with 6 for a rod having d[,Io = 0.51 and 6 = 2.62 
is shown in Figs I1 and 111. The variation of f, with 6 is well known from 
previous theories and hence is omitted. It is seen from the graphs that the major 
lobe about 8 - 0' is sharper in the $ =.n/2 plane than in the $ = 0" plane and 
the side lobes are more prominent in the + - 7r/2 plane. 

The following observations on the effects of varying the parameters on the 
genaral tendency of the radiat~on pattern based on equation (22) may be made. 

(i) The radiation pattern is symmetrical about the axis of the rod. 

(ii) The pattern in the + = 7r/2 plane is sharper than in the $ = 0' plane in 
the neighbourhood of the axis (8  - 07 due to the fact that fi and f, vary more 
rapidly with 8 in the + - 7c/2 plane than in the + = 0' plane. 

(iii) While fi, f2 and f3 are real, f, is complex with its phase rapidly varying 
with 6 ( ~ ~ ~ e n d i x  I). The number of lobes are mostly determined by f,. 

( iv)  Increase in d or . of the rod has the effect of increasing the propa- 
gation constant of the surface-wave. This may be responsible for increasing 
the number of lobes, their levels and back radiation. The pattern is also 
made sharper. 

(v) For short lengths (x < r), increase in the length of the rod has the 
effect of making the main lobe narrower and increasing the number and levels 
of the side lobes. 

The two main assumptions made in deriving the present theory of 
radiation were as follows : 

( i )  The expressions for the source felds have been derived by solving 
Maxwell's equations with proper boundary conditions but ignoring radiation 
from the rod. 

(ii) Radiation takes place from the free end of the rod. 

Experiments have been conducted to justify the first assumption by 
(a) comparing the experimentally determined propagation constant of the 
surface wave with that calculated from the theory, and (6) comparing the measared 
radial electric field spread with that predicted from the theory. 



The second assunlplion is sought to  be  verified by comparing the observed 
change in  he ~.adiated field a t  a point o n  the  asis w i t h  t ha t  predic!ed from the 
theory, when r3dintion from the  free end is supressed by cowing i t  with metal 
foils of different size. 

FIG. 11 
Variation off ,  f :  with 8 
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Experiments have also been conducted to  determine the transmission of  
power inside ( 4 )  the rod compared to the power flowing outride ( p o )  the rod. 

The  experimental set up for the determination of propagation constant, 
radial field spread and the radiated field intensity at a distant point on the axis 

d in degrees 

FIG. 111 
Variation of fs with 8 



of the rod is shown in the block schematic diagrams of Fig. 1V and in  Plate 1, 
11 and 111. A close u p  of the prohe carriagc is shown in Platc IV. Tile sketcll 
of the dielectric rod acrial with metal discs and rings is shown iil Fig. V. 

(a)  Drtrrmiuntion o f  t/w propa.:'alimz COnSfaiit:--The description of t h e  
dielectric rods employed in experillienls is given in  Appendix 11. The field 

(a) Measurement oificlil ncm. thr dirlrytric rod 

( b )  Mcasurernent of radiated field 

1. Universal lilystron Power Supply. P.R.D. Type 801-A, No. 795 
2. Microwave Oscillator. 723 A/B Klvstron, Wcstcm Electric 
3. Buffer Artenuator. 0-20 dh. P.R.D. Typc 160-A, No. lOG 
4. Frequency Meter 8.2----lo KMc/s. P.R.D. Type 558-A, No. 128 
5. Precision Amnuator. P.R.D. Typc 160-A, No. 107 
6 .  Buffcr Atlem~ator. 0-20 dh. P.R.D. Type ICO-A, 107 
7. *Mode Transformer 
8. Ilielectric Rod Acrial 
9, Probe. P.R.D. Type 250-A, No. 2105 (Mounted on *PriiLc Carriage) 

10. Detector IN23B Cryrtal 
11. *Detector Amplifier 
12. *Pyramidal Horn 

'Constructed in the Laboratory 

FIG. IV 
Block schematics of the  expenmental setup 



(a) DIELECTRIC POD F l l l T D  TO TUF. M O E  TIAUSFOWLP 

(b) FLELD COUFIWPATIOU AT @ UIo W 

t ' 

L --------------/ EXPOSED CWERED C W W D  
WTH DISC WlW RNC 

. (L) DIELECTRIC ROO E N D  V I E W S  - 
FIG. V 

Sketch of dielectric rod aerial with field configurations 
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distributions near the rods for all the dielectric rods have been measured in 
terms of t h e  calibrated precision attennator. The power standing wave distrihu. 
tion ( E : )  for the perspex rod B? near the f e d  end, middle reglon and the free 
end are shown in Figs. VI ,  VII and VIII, both for the free end fully covered with 
a tin foil disc and for the case of the  free end fully exposed. I t  is to  be noted 
that the  units for E: are not the same for the three figures presented, as the 
height of: the  t ip of the probe above the  snrface might have been different in the 
three regions. Lt is observed that the field distribution is irregular for a distance 
of about a wavelength from the feed end of t h e  rod. This is to be expected 
because the additional boundary condition t o  be satisfied at the junction of the 
rod and the mode transformer would require the  presence of higher order modes 
which have not been taken into account in deriving the source fields. In the 
middle region, however, the fields distribution is regular and the guide wave- 
length (A,) was determined in this region. I t  is also seen that A, is not altered 
by covering the free end with tin foil. T h e  position of maxima of field in one 
case corrpond to  those of minima of the other, showing that the reflection 
coefficients in the two cases are 180' out  of phase. The field distribution is again 
irregular near the free end, beyond which the field remains constant in mangni- 
tude, a t  the  minimum in the case of covered end and a t  the  maximum in the 
case of the exposed end, The theoretical7 and experimental values of the pro- 
pagation constant A, for rods of different diameter and dielectric constants are 
given in t h e  following tables. 

TABLE I 
Propagation constant for rods of different diameters 

e=2.62 ; i o = 3 . 1 l  cms. 
-- p~ . ... . -- 

Theoretical Experimental 
Rod 2 a / ~ 0  -- 

No. fl/k - Xo/h, A, (cni) p/k  = A,/A, A, (crn) 

Theoretical7 and experimental variation of fllk with d and 6 are shown in 
Fig. IX. T h e  agreement between the  theoretical and experimental values is 
fairly close. 
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0 0.2 0.4 0.6 1.6 

2 a l ~ a  
(a) Different diameters 

E, 
( b )  Different dielectric constants 

FIG. 1X 
Variation ofpropagation constant (,q) 
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TABLE I1 
Propagation conslant for rods or ilifierent dielrctric ronstants 

2a/ho = 0.51 : ko=3.11 cms. 
- - - - ---- - - 

Theoretical (values are 
for 2a/Xo - 0.50) Bxperimentai 

Rod No. C I  --- 

( b )  Tcan.rmission of p o w  through the dielectric rod:-The v.s.w.r. ( s )  
was deterinined experimentally both for the case of covered free end and exposed 
free end for different dielectric rods. The fraction of the input power that is 
reflected (P~) and that is transmitted (A) have been calculated by the following 
relations given by transmission line theory. 

Assuming that the metal disc a t  the free end fully reflects the power 
flowing within the rod (pi) leaving the power flowing outside the rod (PO) 

TABLE I11 
V.S.W.R. and pawrr flow through perspen rods of different diameters 

r 4 . 6 2  ; ko=3.1l cma. 
-- -. - .- -- 

End exposed End fully covered ~ / P O  
Rod a/ ho - -- 
No. Theo- 

v.s.w.r. PR% PT% V.S.W.T. PR% PT$ ExpI. retical 
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unaltered, the ratio of the two powers is calculated by the relation 
P,/po = P~/P,, where, P,/P~ is calculated from the v.s w.r. measured with the 
frce end of the rod covered. The results are presented in Tables I11 and 1V. 

TABLE IV 
Tr S.W.R. and power flow throngh rods oldifferrat dielectric conntsmts 

2ab,,=0.5, ~ , = 3 . I i  crns. 
- ~-~ ~ ~ 

End Exposed End fully covered S/PO 
Rod - -- - - - - - - 
No. 

v.s.w.r. PR% Pry& v.s.w.r. P,O/:, PTyi Exp. Theo- 
retical 

The theoretical values of 4/po were obtained by approximate interpolation 
from graphs published elsewhere.' It is seen that the difference between the 
theoretical and experimental values of &/po is too great to be caused by an 
experimental error or due to  interpolation from graphs. I t  is believed that the 
discrepancy may be due to the fact that the finite dielectric rod which has been 
regarded as a simple non-radiating transmission line in the theoretical calculation 
of P , / P ~  is not justified. 

( i i i )  Effeci of covering dijjkeni areas o f  the free end on the v.s.w.r. :-The 
effect of covering the free end with metal discs and rings on the percentage of 
power transmitted (pT) and reflected (pR) is shown in Tables V and V1. The 
discs and rings employed are described in Appendix 111. The experiment was 
conducted with the perspex rod B, (2a = 1.60 crns.). The variation of Pi-% 
with respect t o  the percentage area of the end covered and end exposed is 
shown in FIG. X. 

The radiated power along the axis of the rod, discussed in a later section 
is given here for the sake of comparison. 

R A D ~ A T R D  FIELD SPREAD OUTSIDE THE DIELECTRIC ROD 

The radiated field spread is calculated from the following relation 
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TABLE V 
E f ~ c t  a f  covering the fret end of thc rod on the transmission ol'powrr Rod B, 

Length cxposrd 1=20 crns. x,,-3.11 cms. 

A (Disc<) 
-~ ~ -- - . . . . -- . - -. - 

Distance of 
Per cent minimum Radiated 

Disc. No. area of from the V.S.W.R. I'x PT:A power along 
end covered free end axis 

(cn1s) 
~~ 

. - - -  - - ... - 

Exposed 0 8.2 1.36 2.3 9j.7 100 

TABLE VI 
R (Kings)  

Per cent area of 
Radiated 

Ring No. OF the end from exposect the free end 
V.S.W.R. P, P,fL aGyhe 

(cms) axis O/!, 

Fxposed I00 8.2 1.36 2.3 97.7 100 

1 77 7.1 1.7 7 93 93 

where, KO and K, represent modified Bessel functions of the second kind and 
order zero and unlty respectively. The theoretical and experimental results for 
the variation of the radial electric field spread for d~fferent diameters and 
dielectric constants are shown in Figs. XI to XIV. The  agreement is fairly good. 
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'ft may therefore be concluded that the field distribution in the neighbourhood 
of the dielectric rod conforms to the pattern of the HE,, mode as assumed. 

P in rnillirncfres 

FIG. XI 
Field spread outside the dielec[ric rod BI 

c,=Z.BZ, Zalx, - 0.41 



Fro. XI1 
Field spread outride rhe dirirrtric rod Bn 

e ,=2 .62 ,  ?a;~,,  = 0.51 
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FIG. XI11 
Field spread outside the dielectric rod B. 

+=2.62, Z r l ~ ,  = 0.61 



190 A. R. RAMANUJAM AND (MRS.) R. CHATTERJEE 

FIG. XIV 
Field spread outside the dielectric rod B, 

h-2.62, 2 a / ~ ,  - 0.71 
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Fidd spread outside thr dielectric rod B, ; rr=2.62, ( 2 n / ~ , )  ;= 0.82 
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FIG. XVI 
Field spread outside dielectric rods A and C 

2a/ho = 0.51 
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RADIATED FIELD AT A POINT ON THE AXIS OF THE DIELECRIC ROD 

The experimental set up a t  the transmitting and receiving ends to measure the 
radiated field at a point on the axis ( 8  =oO) of the dielectric rod is shown in 
plates I1 and 111 respectively. The dielectric rod B2 (6 = 2.62, 2o/X, - 0.51) 
was used as a transmitting antenna and a pyramidal horn was used asa  receiving 
antenna. 

The experiment consisted of measuring the change in the power received 
when radiation from portions of the free end of the dielectric rod was suppressed 
by :covering them with tin foil discs and rings described in Appendix 3. 
The change in power was measured by the precision attenuator method described 
earlier. The experiment was carried out for lengths of rod exposed (I)  varying 
from .20 crns to  28 crns, in steps of 1 cm. The result of measurement are 
shown in Figs. XVII to  XIX. The theoretical curves have been plotted only for 
1-  23.3 crns. This length was chosen because of simplicity in calculation 
arising out of the fact that the radiated fields due to the free end and cylindrical 
surface happen to  be in phase. This simplifies the calculation as the two fields 
can be added algebraically to  obtain the total field. The calculation has been 
made as  follows : 

At 9 = oO, the  radiated electric field El due to  the free end of the rod is 

The radiated elecric field E2 due to  the cylindrical surface of the rod is 

where, x -0.2 . rr l /h~.  

For  1=23.3cms., E 2 = l l . 6  [a 
and is in phase with El. As only the ratio of powers is of ultimate interest we 
can write instead of ( A )  and (8) 

E, - 100 ; Ez - 475, since E~/EI - 4.75. 

The  contribution from the  free end involves the integral 

p JO (k l  p) d ( X I  p) - Ei (YY) 
0 

The contribution of the portion of the free end covered by a metal disc of 
radius p would be ( p  5 a) 



Per cent area of the frce end covcird 

( a )  Dis:s 

Pcr cent area of the free end exposed 
(b) Rings 

F I ~ .  XVII 
Effcct of covuing the frce end of the rod B on radiation 
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per cent area af the free end q m d  
[b] Rings 

Per cent area orthe free end covered 
[a] Discs 

~ f f e c t  of covering the free end of the rod BX on radiation 



H. R RAMANUJAN AND (MRS.) R. CHATTERJEE 

60 80 100 

Per cent area of rhe  free end exposcd 
( b )  Rings 

FIG. XIX 
Effect of covering the free end of the rod on radiation 
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The total power intensity obtained with thefree end fully exposed is 
( E l  + E?, but the power intensily with the free end covered with disc would 
[ ( I  - a )  El + E2I2 assuming that the metal disc folly suppresses the radiation 
from the covered portion leaving that from the exposed portion unaffected. 
The  measured ratio of the powers should thus be equal to 

Similarly, the fraction of power received along the axis when the free end is 
covered by a ring of internal radius p and external radius a would be 

These fractions have been tabulated but are not reported here. Figs. XX and 
XXI show the variation of the fraction of power received with the length of 
the  rod exposed when fixed areas of the free end are covered. 
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2 - 0. k 
Length of aerial cxposcd in ern 

FIG. XX 
Conrtant per cent arca covcred contours [discs] 

Numbers on curves indicate per cent arca of the end c o d  
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~t is observed that both theory and experinzent indicate a reduction io the 
radiated power along the axis when the free end is covered, lhotlgh the agreement 
between the  two is not close. The difference may be due to experimental 

Length of aerial exposed in cm 

Fro. XXI 
Constant per cent area exposed contoom [r inp]  

Numbers on curves indicate per cent area of the md exposed 

inaccuracy, errors in theoretical calculation. or input power variations caused 
by themismatch which may appear due t o  varying the length of the aerial inside 
the mode tramformer. The method of aerial fitting h i d e  themode transformer 
is the same as reported earlier3. The question of mismatch has been studied 
extensively and is reported in a separate paper. I t  is observed that the radiated 
power along the axis follows the same trend as the power transmitted by the 
dielectric rod. However, ( ~ ~ ~ e n d i x  4) the reflected wave has negligible effect 
on the radiated field along the axis for the  particular case. Hence the observed 
change in the radiated power along the axis is not due to the  terminations 
giving rise to reflected waves on theidielectric rod but due to suppressing radiation 
from the covered portion. I t  is apparent from the foregoing discussions that 
both the free end of the rod as well as the cylindrical surfacc radiate energy a3 
assumed in deriving the expression for the radiated field. 
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T h e  unique feature of the present approach is the assumption that both 
the free end and the cylindrical surface radiate. Though radiation from the 
free end may be relatively small, il cannot be ignored altogether as it woold be 
significant in deternrining the detailed structure of the radiation pattern. The 
approach 'which regards radiation as arising entirely out of the infinite plane at 
the free end raises several diflicul~ies. It assumes that the HE,, field distribution 
is valid everywhere on the plane which is not true at  large distances from the 
rod. Also the validily of approximations made in the distance ' R '  while 
calculating the radiated field is doubtful If the aperture extends to infinity. 
These difficulties are obviated in the present approach by considering the source 
fields on  a finite area comprising the free end and the cylindrical surface of the 
rod where the HEll  mode of field distribution can be regarded as valid. Jf the 
cylindrical surface is not assumed to  radiate, the observed dependenceof radiarion 
pattern on the lengtll of  the rod becomes dificult to explain. i t  is sought to be 
be explained6 by the ad hoc assumption that the feed end of the rod radiates. 
But neither the magnitude of radiation from the feed end nor the directional 
characteristic has been evaluated. ~heories"%ased on radiation from the 
cylindrical surface explain the dependence of the radiation patter11 on the length 
with a fair degree of success. ~ c t h o d s ~ ' : '  of controlling radiation from the 
cylindrical surface have also been described in literature. Tbe experiments 
described in the present paper also show that radiation takes place from both 
the end as well as the cyl~ndrical surface. Though the actual radiation patterns 
obtained experimentally and theoretically have not been compared here, the 
basic assumptions of the present approach have been verified. 

(i) Sample numerical calculations: The inequality k: > 0 >kg. 

Consider E = 2.62, 2a - 1.60 cms, I. = 3.11 cms, 1 - 20 cms. From graphs 
given in  Ref. 7, p/k == 1.20, k = 2.020 cm-'. So, p -2.424 cm-'. The wave- 

length of the guided wave I, = 2518 - ?.59cm, k,  =?.195cn1", k ,  - j 1.34cm-'. 
So, the  inequality assumed that k: > O> k: is justified. 

(ii) The value of G : 
k,,- 1.34cm"; Gs0 .926  ; G' = 1.685 

The error introduced by approximatirlg G' to G is smaIl as a slighterror in 
the source fields does not givc rise to  appreciable error in the radiated fields. 

(jii) Total field a t  9 - 0' : 
C, - j C 0.4866 ; C4 w p  = CO.9356 ; 

C, = C0.3410; u = 1.616 siu 1). 

C 3 w p =  - jC1.274; 
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Therefore, 
f, - 4.444cm-I ; f3"2  257cm; 

J, - 3.88 exp. ( j  321.5') cm. fz = 0.529 cm ; 

The total field [eq. 221 = 10.7 

The field has been expressed as a dimensionless quanlity as is usual in the 
case of radiation pattern. 

Description of dielectric rods used in experiments ( ~ i ~ .  Ill) 

L = 43.4 cms h = 6.4 ems. 
- - ---- 

Rod No. Material Diameter, 2a (cms) 
- .- . - . .- . . . -- - 

A Teakwood 2.05 1.60 

BI Perspex 2.62 1.27 

& Perspex 2.62 1.60 

B3 Perspex 2.62 1 90 

8 4  Perspex 2.62 2.22 

Bs Perspex 2.62 2.54 

C Bakelite , 3.80 1.60 
.~ --. ... . . . 

Tin foil discs employed to cover the free end of the rod 

Rod ~ ~ ( 2 0  - 1.60 crns.) 
- -- ~ .~ - . - -- - 

Diameter 
Area of Area of the Area of the 

Disc No. disc free end of free end 
mm 

Sq. mm the rod covered % 
sq. snm 
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PLATE 1 

Measurement of field near the dielectric rod 



PLATE 11 

Measurenicnt o f  radiated field: Transmitting side 



J Indian Insi. Sci., i'd. 44. .Vo. 4 

PLATE 111 

:\Ieasurement of radiated tieid : Receivins side 
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Tin foil rings employeti to cover the frer end of the rod : B* (2o=I.60 uns). 
..-_____.---.-- -- . . 

Inner Outer Area of the Area of the Area of the 

Ring No. diameter diameter free end free end free end 

(mm) b n l )  
exposed exposed exposed 

( ~ q .  mm) ( ~ q .  mm) O/: 
-.- - - -- - -- - - -.. . . -. - 

Effect of reflected wave on the radiatedjield: 

While calculating the radiated field, the presence of reflected wave was not 
considered in  the expression for source fields. The presence of reflection would 
give rise t o  additional terms in the source field involving thefactor r exp. ( j p ? ) ,  
where, ' r '  is the reflection coefficient. This would affect the term E2 wh~le  
the forward wave gives rise to the factor. 

the reflected wave give rise t o  the additional factor 

I. sin [1(,8 + k  cos 9) /2] 
l [ B  +kcos%]/2 

The error in the radiated field E2 calculated by neglecting the reflected wave 
depends on  the actual values of 1 and 6. 

In the case of rod B, for 1  = 23.3 cms., 0 = 0' when I ( p  - kcos/b)/2 is 
equal to 3x12, the fractional error in E2 is seen to  be 

which is < r (p - k)/@ +k) .  The reflection coefficient r < I and P=k. Hence, 
the effect of reflected wave on the radiated field in this particular case is 
negligible. 



202 H. R. R A M A N ~ A M  AND (MRS.) R. CIIATTERII:E 

The authors express their grateful thanks to Prof. S. V.  C. Aiya for the 
encouragement and facilities given during the course of investigation. 

1. Chatterjee, R .  and Chatterjee, S .  K. 
2. -- 
3. Xarna Rao. B., Chatterjee, R. and 

Chatterjee, S. K. 
4. Chatterjee, K.  and Chatterjee, S.  K .  
5. Schelkunoff, S.A. 
6. Brown, J. and Spector, J. 0. 
7. Rarna Rao, B. 
8. Muller, G.  E. and Tyrell, W.A., 
9. Mueller, G. E. 

10. Duncan, J .  W. and Duhamel, R .  H. 

: . J .  Zndlan Insf. Sci., 1956, 38. 93. 
. . 1bid. 1957 ,  39, 134. 
. . Zbid. 1957, 39, 143. 

. . Josr. Z.T.E., 1958,3, 280. 

. . Bell. Sysrem Terh. J. 1936, 15. 93. 

. . Pro. I.E.E., 1957, 104, Part 8 , 2 7 .  

. . J .  Indian Insr. Sci., 1959, 41,23.  

. . BeN. System Tech, J., 1947, 26, 837. 

. . Proc. Z.R.E., 1392, 40, 71. 

. . I. R.E. Trans., 1957,Al'-5, 284 .  


