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ABSTRACT

The propagation counstant for the HE,; mode as a function of the dielectric
constant and diameter of a dielectric rod aerial has been calculated and the varia-
tions are shown graphically. The beam width of the major lobe and the positions
of maxima and minima of side lobes as a function of the dielectric constantand
diameter of a dielectric rod have been experimentally determined and verified with
the theoretical results. There is close agreement between the two.

PROPAGATION CONSTANTS

The theory of the radiation characteristics of a dielectric rod aerial excited
in the HE;, mode has already been derived"? and verified experimentally”®
(Chatterjee, et al. 1956-58). The previous reports include discussions. on the
variations of the radiation characteristics in the ¢ =0° plane with respect to
dfxo and LfA, of a dielectric rod aerial. The object of the present paper is to
present a report on the variations of the propagation constant y and radiation
characteristics as a function of dfA and € where A, represents the free space
wavelength and ¢ and d represent the dielectric constant and the diameter of
the dielectric rod, respectively.

The field components™? of the HE;; mode in a circular dielectric rod of
diameter d involve B and b which are related to the propagation constant

y =j 8 of the mode by the following relation
23
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The factors x, and x, are the solutions of the following equations derived from
the field components by imposing proper boundary conditions.
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and xf + (af 1) = (wd[X0)(G ~ 1) [3]

The equations (2) and {3) have been solved graphically by expressing the equa-
tion in the form f(x) = x,/j and on the same scale a circle of radius

(wdfAo) V(&1 —1)
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Fig. 1

Variation of propagation constant S, X1, and xz/j with respect to diclectric constant of a
dielectric rod aerial for d/Ao = 0.5.



2.9
o
i
.
Le
Le
[
14

45 299
@
&4 270 -
24 2501
bt 2305
08 210
o
o
& 20 ; : : :
029 249 .69 089 d/y
g I 54 4u v I ¢
& % s a
Fig. IT

Variation of B, Xy, %F with respect to /Ao of a dielectric rod aerial having ¢ = 2.65
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Radiation characteristic of a dielectric (ebonite € = 4.49) rod aerial of d/7\0=0.5, L/Ao=2
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with origin as centre is also drawn. The points of intersection of the two
curves give the values of x, and x, which satisfy the equations (2) and (3) for
each value of ¢, and a’/}\o. The methoed of solution has been described in
detail elsewhere’.

The variations of x,, x,/j and the propagation constant 8 as a function of
e and dfX, are shown in Figeres T and I, respectively.

RADIATION CHARACTERISTICS

In the ¢ —0° plane, the radiation characteristics of a dielectric rod aerial
is given by the following relation (Chatterjee, loc. cit.)

Sin {(8 — & cosB)L} kd .
Ep= ug oy bl [%]2%& (\-2— smO)

: —kcosB) L} —11 24/(2x) R
ugk kF[ 518 : 7y (2 kd sin6).
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Radiation characteristic of a dielectric (E == 10) rod aerial of d/)‘o = 0.5, L/)‘D =2
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Variation of the positions of maxima of side lobes in degress for a rod of @fAg =0.5, L{Ag=
with respect to dielectric constant
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Variation of the positions of minima of side lobes in degiees for a rod of d/)\o = 0.3,
L{M; =2 with respect to diclectric constant
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Variation of beam width in degrees between half power points of major axial (9 Ll g ) Toba
with respect to diclectric constant

A number of radiation characteristics for different d, L and & have been theore-
tically computed and it is found that there is close agreement in each case
‘between the theoretical and experimental results. Omne of such characteristics is
shown in Fig. TII. Fig. IV shows the theoretical radiation characteristic for a
dielectric rod of dfdg =0.5, LfAg=2 and & =10 for the sake of comparison,
This characteristic could not be experimentally verified for want of a suitable
rod having ¢, greater than 7.12.

The theoretical and experimental variations of the positions of maxima
and minima of lobes for a rod of d/As= 0.5 dnd L/Xg=2 as a function of e
are shown in Figs. V and VI. The theoretical and experimental values of beam
width in degrees between the half power points for the major axial (8 =0°)
lobe as a function of € for dfd, =0.5 and L/xo=2 are shown in Fig. VIL

CONCLUSION

F?om the study of a large number of radiation characteristics determined
for various values of ¢, d and 7, it is concluded that the radiation characteris-
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tics of a dielectric rod _aerial can be adjusted to a predetermined form by proper
selection of 4, L and ¢.
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