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ABSTRACT 
Tlic applicability of the concept of wvvc impcdancc ibr a dirlcctric rod sllpport- 

ing the HE,,  mode has been discussed. The input impedance Cor dielectric rods of 
varying length, diameter, and dielectric constvnl has been crpcrimcntally dcterminrd in 
both the caws when the free end is fully exposed mil covered with tin Coil. 

INTRODUCTION 

In a previous ~aper ' ,  the authors have derived an expression for the 
electric field inrcnsity as a function of the diameter, length and dielectric con- 
stant of a dielectric rod aerial excited in HE,, mode, by considering that 
radiation takes place from the cyhdricnl  surface as well as the end of the rod. 
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In order to determine the  part plnyed by the free end in radiation, different 
metal discs and rings were used to suppress radiation from the free end. Tiie 
length of the rod was adjusted by pushing i t  into or pulling it out  of the mode 
transformer. This may give rise to  mismatch inside the mode transforiner. 
was therefore thought uorthwhile to study the input impedance of the dielectric 
rod aerial, when the free end was fully exposed and when dtfferent discs and 
rings were used to cover the free end as  well as when the length was varied, 
The report presents an  experimental study of the input impedance of a dielectric 
rod aerial as a function of length, diameter and dielectric constant of the rod. 
It is believed that  the  present paper d o n g  with the previous one1 will be 
helpful in understanding the proper mechanism of mdii~t ion from a dielectric 
rod aerial. 

At  low frequencies, the definition of impedance is unique, bu t  at  high 
frequencies curl E differs increasingly from zero and the voltage difference between 
any two points defined as the line integral of the electric field between the points 
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FIG. I1 
ExperimentaJ setup Ior determining the input impedance of dielectric aerials 
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ceases t o  be unique. Consequently, the definition of a unique in~pedance is not 
possible in such cases. Schelkunoff's2 Impedance concept leads to the definition 
of the impedance matrix i n  cartesian coordinate system as follows: 

But this impedance is not a dyadic, as it does not transform to another 
coordinate system in rhe manner prescribed for the transformation of a dyadic. 
However, in many cases of guided transmission, the ratio of the electric field to 
the magnetic field which are perpendicular to  each other and to the direction 
of ~ransmission of power is unique and is called the wave impedance. This 
definition has enabled a better understanding of some of the electromagnetic 
phenomena such as the reflection of electromagnetic waves a t  a discontinuity 
in a waveguide, representation of complicated waveguide junctions by equivaienr 
circuits, matching of ~wveguides, etc. and has helped to improve considerably 
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FIG. IV 
Inpur impedance for Rod B2 with Fxe end covered with Disc No. I 
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tile measurement technique at  microwave freqoeneies. Impedance of a composite 
waveguide, such as  cylindrical waveguide containing dielectric has been studled 
theoreticellg by Chatterjee, ~ t a l . ~ ' ' .  A variational expression for the terminal 
adlni t ta l~ce of  a semi-infinite dielectric rod has been derived hy Angulo and 
 hang." 

WAVE IMPEDANCE AND ORTHOGONALITY OF FWLDS 

Tlie wave impedance of a plane wave travelling along the z-d~rect ion in an 
unbounded medium, defined by the relation : 

yields the following orthogonality relation, 

Ex H, -I- E, H, - 0 
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between E and H. It is obvious that the existence of a unique wave impedance 
along a direction implies the orthogonality of electric and magnetic fields in tile 
plane perpendicular to  the direction and vice versa. 

WAVE IMPEDANCE OF GUIDED WAVES 

For II and E waves, the impedances are respectively 

w = j w r l y  

where the electric and magnetic fields satisfy the  orthogonality relation. But 
such a wave impedance does not necessarily exist in the case of mnltimode 
transmission. Consider a combination of two pure H waves denoted by 
subscripts 1 and 2 as follows. ql and q2 represent the wave impedances for 
the two modes 
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For the combination, 

H - H I + H Z  and E-E+E, [71 

The condition for the existence of a unique wave impedance is 

which is, in general, not satisfied. Hence, a unique wave impedance cannot be 
defined in the case of a combination of H waves. But if q1 - q,, the above 
relation is satisfied. A similar conclusion holds in the case of combination of 
pure E waves. 
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FIG. VII 
Input impedance for rod 5, with free end covered with disc No. 4 
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In  the case of combination of a single H wave and a single E wave. the 
following expressions can be written 

Hh =iYhx i -t Hhy j + H h  k EkaqnHh3i-qnHiix. i  

H,  - Hc* i + He,, j S- q,&i -q.H,,j [9] 

H - H h + H ,  and E=Eh+E,  [lo] 

The condition for the existence of a unique wave impedence is 

( 7 ~ -  qr) ( H ~  HEy - He* - 0 [ i l l  

FIG. VIII 
~~~~d~~~~ diagram for rod B, (numbers on curves indicate lengths of aerial e x p o d )  
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which is not  satisfied in general. Hence a unique wave itnpcdance cnnnot be 
defintd in general for a con~bination of if and E modes. 

For a unique wave impedance to  exist, equation [ l l ]  must be satisfied i .e ,  
?, = ,,, or, 13 - r u l / ( , ~ c ) .  For the impedance to be unique everywhere, inside the 
dielectric rod we should have 

P = W ~ \ / ( P (  € 1 )  [I21 

and for the impedance to  be unique everywhere, outside the dielectric rod we 
should have 

P - ~ J ( u 1  ~ 2 )  [13I 

As the wave travels in both the dielectric rod and the surrounding space, both 
the equations [12] and [13] should be wtisfied. T h ~ s  is not possible for the 
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case of a dielectric rod having different dielectric constani from the surrounding 
medium a s  @ I  --i*?. AS the propagation constant P for  the HE,, mode lies in 
between that  for  plane waves in the two media, neither of the two equations 
[i2] and [13] is satisfied except in the limiting case of a rod of infinite diameter 
and of vanishingly small diameter respectively. Hence a unique wave impedance 
does not  exist for the  HE,, mode supported by a dielectric rod in the freespnce. 

However, if ( ~ ~ ~ e n d i x  I) we make, 

then for  the two media, the  following expressions hold 

FIG. X 
Input impedance lor rod BI 
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For p, =p2, 71 becomes equal to 7 3  and a unique wave impedance can be 
defined as  

17 = k ' P )  910 b l  
where, v0 - l / ( p 2 j e z ) ,  the free space impedance. This equation is valid only 
for rods of low E .  

The experimental set up for determining the input impedance of the aerial 
is sho~qn by the block schematic (Fig. 1) and the pholograph (Fig, 11). The 
impedance is determined as usual from the measurement of v.s.w.r. and the 
position of first minimum from the load end and the use of Smith Calculator. 
It is to be noted that this input impedance refers to the i n p u ~  impedance of the 
system as a whole of the aerial fitted with the  mode transformer. I t  has cot 
been possible to  evaluate the input impedance of the aerial without the mode 
transformer. 

Length of aerial exposed in cm 

FIG.  XI 
Input impedance for rod BI 
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The input impedance in the case of rod Bz ( E  = 2.62, 20- 1.60 cm.) used 
as an aerial has been determined for different lengths (I) of the rod exposed and 
for different terminations (discs) of the free end. The variation of the norrnalised 
resistive and reactive components of the input impedance with length, when the 
free end of the rod is terminated with different discs is shown in Figures 111 to VIL. 

( i )  Variation with the exposed Icngth o f  the rod: The v s.w.r. is found t o  
vary with the length of the rod and the termination of the free end. Thisimplies 
that the power input to the aerial varies with the termination of the free end of 
the rod as  well as the length exposed. However, the v.s.w.r. is small, the 
maximum observed being only 1.45 with different combinations of discs and 
lengths. This corresponds to a power reflection of 3.4% of the input power. 

The v.s.w.r. input resistance and input reactance are found to  vary periodi- 
cally with I. The interval of length A& at which x = 0 and the interval of 
Icngth ,IR/: a t  which R/RO = 1 obtained from Figs. I11 to  VII are given in Table I. 



TABLE I 
Effict of covering llir frre end of ihc rml on prriodicily of impedance : Rod B , ;  

Frequency 9650 M c j s  

Termination 

Exposed 

Disc No. 1 

Disc No. 2 

Disc No. 3 

Disc No. 4 

1 for 
X/R" = o A& 

. .. 

Mean 
A 4 2  
crns. 

I (cms.) 
for 

la12 y:;l + Aa/2 

R / R ~ -  1 ems' ems. crns. 

- 

2.96 

2.88 

3.08 
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- 

Rod 
No. 

- 

2a 
cms 

TABLE I1 
Variation dperiodicity of impedance with rod diameter 

Material : Perrpex ; Frequency : 9280 Mc/s 
- - ~ -- -- -- --. - . . 

I (cms) Mean ~ ( c m s )  Mean 
for ~ , / 2  for A d 2  A R / 2  Ax12 + A h  

X/Ro = 0 (cm" (ccms) R/&= I Cms ems cms 

Irregular 



For a simple transmissioil line with constmt load, bolh these intervals would be 
equal to one-quarter of a wavelength. In the present cnse, the two are nearly 
equal when the free end of the rod is exposed. As the area of the free e,ld 
increases h,/2 decreases and ~ , ~ / 2  increases but thc sum nearly remains constant, 
The variation of the input impedance is presented in the complex plane in 
Fig. VIII. 

(ii) Vurintion with cl~ffirent rliumrfers : The variation of input impedance 
with length for rods of diffireut diameters (Rode Rl t o  Bs) has also been slutlied 
and the results are shown in Figs. IX to XIII. The free end of the rod wasfully 
exposed in each case. 

Higher values of v.s.w.1. were observed for thicker rods which resulted in  
greater mismatch. But the v.s.w.r. obtained in the case of rod Bs was s~lialle~ 
than that for  the rod B4. The input resislance curves are periodic with respect 
t o  Icngth but the curves are irregular for the rod B,. 

FIG. XI11 
Input impedance for rod B1 
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An analysis of the periodicity of impedance is shown i n  Table I t .  It is seen 
that AX ' h, in each case. The interval of length (hi + h17)/2 at which the impe- 
dance repeats corresponds ro a half wavelength in the case of ,an ideal 
transmission line with constant load. This value is found to decrease with 
the increase in the  rod diameter. 

( i i i )  Variation o f  input impedarrce with lengflr for rodr o f  d@rent dielectric 
constant : The variation of input impedance with the length of the rod exposed 
for rods of teak wood ( E  = 2.5), perspex (e = 2.62) and bakelite ( e  = 3.8) has 
also been studied and the analysis of the periodicity of impedance with dielectric 
constant of the rod is shown in Table 111. I t  is seen that Ax = A 8  for each rod. 
(Ax + An) does not vary progressively with the dielectric constant of the rod. 

TABLE I11 
Variation of periodicity of impedance with eicctric constant of the rod 

Diameter : 1.60 crns. FL-c-equeney : 9280 Mcls 

Mean Icms. Mean 
1 (ems.) Ad2 A,/2 for X R / ~  x ~ / ~  Ax12 + 

Rod ' for X / R ~  - 0  crns. ems, RiRo= crns. cms. 
crns. 

-- .--- 
qapcred end was outside the mode transformer. 
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Comparison between perspex and bnkelitc rod s h o w  that the interval oflengtll 
a t  which the impedance repeats decreases wilh incrcasc in the  dielectric constarlt 
of' the  rod. T h e  maximum v.s.w.r. observed with the teak wood, perspex and 
the bakelite rod were 1.08, 1.47 and 1.62 respectively showingthat the nlismatch 
between the antenna and the feed system increaces with the dielectric constant 
of the rod. 

I t  may be pointed out that  the experimental investigations reported in the 
present paper relates to  the determination of impedance what the slottedsection 
' saw' looking into the mode transformer. T h e  entire assembly of the  dielectric 
rod, the mode transformer and the associated fittings has been regarded as the 
aerial. The mode transformer was present in all the experiments and the 
observed changes in the impedance were essentially due l o  changein the parame- 
ters of the dielectric rod. Impedance was specified a t  the mode transfornier. 
The experiments show that the input impedance is a function of thc length, 
diameter and dielectric constant of the  rod as  well as the termination of the 
free end. 
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