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A&STRACT : - Measurements of antenna resistan:c §311(.1 reactance were carried out by
f(,»l](.:\ing Willans® double-beat methed fer a range of fr‘t‘quem-i(s frem about 330 keysec. to

e

abont 2300 ke/sec. :

The theory of the method of micasurements is described and the experimental results given
in the paper. Measurements were made for three different types of receiving aerials wiz.,
(1) vertical aerial, (2) inverted IL-aerial and (3) T-aerial, each being earthed. The effect of
varving the length of the horizontal part of the last two aerials was also studied.

1. INTRODUCTION

‘I'he Antenna resistances and reactances of three different types of receiving
acrials viz. (1) vertical aerial, (2) T-aerial and (3} inverted IL-aerial were measured
by Willans' ' method for different radio frequencies within the range from about
2300 ke/sec. to about 330 ke/sec. and the results of these measurements are
recorded in this paper. Willans’ method had already been applied to a detailed
investigation of the variation with frequency of the resistance and reactance of
an earthed receiving aecrial of approximate I.-shape over a very wide range of
frequencics by Wilmotte and Colebrook,” of the Radio Research Board, Great
Britain. Antenna resistancce measurements by other methods had also been
carried out by many investigators, such as T L. Iickersley,” Moullin,* Miller,”
Smith-Rose and Colebrook * and others for different ranges of frequencies.

All the three types of receiving acrials employed in this investigation were
grounded. In the case of the T-type and the L-type of aerials, measurcments
were also carried out to find the effect of the length of the horizontal parts of
these aerials on the values of antenna resistance and reactance.

2. WILLANS METHOD OF I RESISTANCE
MEASUREMENTS

The principle involved in the method of Willans is really an essential part
of the method. The principle is the well known principle of transformer action

* Communicated by the Indian 'hysical Society.
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c.g. when a current flows in a secondary circuit, the resistance and reactance of
primary circuit apparently change.

Consider a secondary circuit having inductance 1., resistance R and capacity
C in the neighbourhood of an oscillating primary circuit having inductance I,
resistance R, and capacity C,. Let M be the mutual inductance between the
primary and the secondary inductances and o the angular frequency of the
currents. If X,, R; and X, R be the values of the primary and secondary
reactance and resistance respectively without the secondary effect, then calling
X'and R’ the eflective values of the primary reactance and resistance, we can

write
R'=R+%'R, o (1)
and N'=X~-¥'X, o (2)
, o wF
where Y R% ¢ X*

The change in the reactance means a change of the effective inductance of
the oscillator (primary) coil which in turn causes a change in the emitted fre-
quency of the oscillator.  This change in the frequency of the oscillator is directly
proportional to the change of reactance which is y*X,. The frequency-change
is then given by
w?M?

RZ+ 12"

Af o X,

Now it can be casily proved that for oM =constant, the change in frequency is
maximum, when R*=X? or when R= +x

i.c. R:(mL“ wlCr )';
:( e (3)
|
|

= i =
or I{“'< (DC/, I4> l

Here C'4 C” are the values of the secondary capacity for the two alternative
conditions for masximum change of frequency as given in (3). Combining now
the two alternative conditions, we get

_ 1 1 1
R= olo™o o @

3. GENERAL EXPERIMENTAL PROCEDURE IN
WILLANS METHOD

The change in the emitted frequency due to the change in the effective
reactance of the oscillator circuit can be discerned as an alternation of the beat
note in the telephones connected to an oscillating receiver. Let us consider
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three circuits (1), (2) & (3) as shown in fig. 1. Circuit (1) is the measuring
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circuit which comprises an inductance I, a reséstancc R, a suitable standardised
variable condenser C and a switch K, circuit (2) i§ an oscillator circuit with an
inductance I, a resistance R, and a suitab?e standardised condenser C,.
Circuit (3) is a detector-oscillator of the same, type as the circuit (2) with an
inductance I, a resistance R, and a variable condenser C,. A pair of telephones
is it the anode circuit of this detector oscillater. When the frequencies of the
two oscillators are suitably adjusted, it is possib]é to hear the heterodyne beat-
note in the telephones, ‘

The experimental procedure is as foilows : With the switch of circuit (1)
open, the frequency of (3) is first adjusted to the desired value and the frequency
of (2) is adjusted by varying C, till no beat-note is heard. With the circuit (1)
closed, the condenser C varied till the beat-note again disappears ; i.e. the fre-
quency of (2) is back to its original value. This gives C, the resonance value
of C. Next displacing C by a small amount the beat-note is again heard due
to a change in the frequency of (2). C, is now changed till the beat-note
disappears, If the process is repeated for other positions of C, it will be found
that the variation of C; required to balance the effect of variation ot C is of the
same form as the variation of frequency shown in fig. 2. Here the ordinate
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represents the heterodyne frequency (which depends on the value of C,) and
abscissa, the value of C. Two peaks are observed on both sides of the C-value
which corresponds to the original frequency and these peaks appear for two
different values of C wiz.,, ¢'& C”. The H.F. resistance R of the measuring
circuit (1) can then be obtained from equation (4).
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The curve cuts across the horizontal line representing the capacity of C,
corresponding to thc inmitial frequency of (2), at a certain value of the capacity
C which is the same as the resonance capacity C,.

4 EXPERIMENTAL TECHNIQUE IN THE PRESENT
INVESTIGATION

The complete arrangement of the apparatus is shown in  fig. 3. The
oscillators were of the Hartley type. A pair of telephones was inserted in the
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anode circuit of the detector-oscillating vaive.  When the frequency of each was
adjusted, it was possible to hear the heterodyne whistle. The I.F. em.f.,
developed across the telephone was thefl fed into a 3-valve amplifier of the con-
ventional type. A loudspeaker was connected to the output of the amplifier.
Through this loudspeaker was passed an audio-frequency current from the
secondary circuit of an audio oscillator of a suitable constant frequency.
A variable resistance was inserted to adjust the ampiitude of this audio-frequency
current so that the heterodyne whistic and the sound due to the audio-frequency
current from the audio-oscillator comid be made of the same order of intensity.
As a result of the superposition of these two audio-frequency currents through
the loudspeaker, beats couid be heard. The tuning condenser C, or C, of either
oscillator could be adjusted till no beats were heard. This double-beat technique
increased the accuracy of the condenser settings to a consiaerable extent,

All the condensers were properly shielded and calibrated very accurately.
A mercury-link was included in the measuring circuit. Usually more than one
condensers fitted with slow-motion dials were used in parallel both for Cand C,.
Long giass rods fixed to the condenser knobs were employed for turning the
condensers,



Studies in Antenna Resistance and Reactance 441

5-: MFASUREMENT OF THE ANTENNA RESISTANCE AND
REACTANCE AND THE THEORY OF THE METHOD

First, the measuring circuit consisted of an inductance I, and a standardised
variable capacity C. The H.F. resistance R of this circuit was measured by the
method of Willans. The resonance value of C was C,. Next, the aerial under
investigation was connected to one end of the inductance and the other end was
put to the earth. Similar procedure was followed to measure the equivalent
resistance R’ of the complex circuit. The resgnance capacity of the variable
condenser in this case was C/,. which was different from C,..

Measurements of R and R’ were made 511cces§ively and the coupling between
the coil of the osciilator and the coil of the xl)dSlll‘ix]g circuit was kept fixed for
each frequency. ;

The theory of the method is indicated helow.! If R, be the effective antenna
resistance, it can be shown that !

R'=R,+ »74»»-_31711‘,—7 , since wRC, << (1 —-w2LC,).
w=],C".
Therefore R, =R — — R =g R __
1- m'LLV, C,
—_2 C’. ”
I —w], . )
Since w?I,C, =1, we can write
R,=R-R.  Cr_ T

¢, -,
The effective reactance X, of the antenva can be obtained in the following
.
manner. If X’ be the reactance of the complex circuit when the antenna is
connected ;n the manner shown in fig. 3, the condition of resonance is given by
X, +X’'=0, Under the conditions of the experiment, it can hbe shown

L=, e
~ I”“’.!Lc/r o C/‘_Clr
so that the antenna reactance will be given by
- C,
X,=-wl. 7! ... (6}
k‘ r C,l‘

The values of the antenna resistance and reactance were obtained with the - help
of (5) and (6).

6, EXPERIMENTAL RESULTS—VARIATION OF ANTIENNA
RESISTANCE AND REACTANCE WITH I’REQUENC_Y
The results of measurements for the earthed vertical aerial, the inverted
L-aerial and the T-aerial are given in figs. 4, 4(a), 5, 5(a).and 6, 6(a}.
6—1387P—V]
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7. VARIATION OF ANTENNA RESISTANCE AND REACT-
ANCE WITH THE LENGTI OF THLE HORIZONTAL
PART OF THE TALERIAL AND THE LAERIAL

T'he experiments on the variation of the antenna resistance and reactance
with the lorizontal top length were carried with freq @ 845 ke/sec. (A= 355m).
‘The results of measurcments with a “T' "-acrial.gre given in table IV,

an

o

TaBLEIV

Liarthed T-aerial: Frequency : 845%33;(*/sec. (A=355m).

« a 3
. i Withont aerial | With acrial
Top length |- —— [ | ‘ < ‘ I}i ;1\ :
s ; ! [ i ms ohms
\metres) o R o R ¢ oo | ¢oLR (ohmis) (
Ctppf) | (pef) | (euf) | (ohms) | (upf) ! (wuf)’! (upf) 1 ohms! |
i ? — },V . I R .
11.0 ’ 292 350 ‘ 319 | 342 418 | —7.01x10
\ i ;
10.5 ; Jos | 365 | 332 | 5046 74 | =736
| |
100 s79 | 00| SS9 | 57 | 312 370 | 339 469 335 IZIAE
i |
9.5 ‘ C 312 3061 344 | a3 o297 b -7
i ) . X i .
8.5 ' { 328 382 ! 354 39.8 25.5 \ —-Ro5
! |

Similar experiments were perforined with an IL-aerial of different horizontal
top-lengths for a definite frequency.  The results of mceaswements are given in
table V. These are illustrated in fig. 7. ‘
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TABLE V

Earthed L-aerial (inverted). Frequency : 857 ke/sec. (A= 350m),

{) Without aerial With aerial
Top length | ‘ R. X.
\metres) o o f o } ¢ R ¢ i - ‘ o ! R’ (ohms (uhmsn‘
| fupfi | (upf) ] (upf) { (ohmis) | (upft | 'upfi @ (pp! | ohis
| i I ! |
[ — ; I | “ ; = s |
I11.75 . ‘ ; 123 150 0 137 i 150.2 146 6 ’ —-’885x 103
11.0 w 1 ‘ 124 0 151 l{ 138 148 2 ‘ 144.6 ! -2.888 ,,
10.25 778 1 788 ! 783 | 3.0 125 | 152 | 139 " 1459 | 142.25 ‘ ~-2.803 .
| | i 0 | |
5 ! E 126 | 153 : 140 | 143.5 J 139.85 | —2.8¢97 ,,
{ | !
8.75 ( J 127 0 154 | 141 P1417 1380 [ —2.902
) I )

8. DISCUSSION OF THE EXPERIMENTAL RESULTS

In the case of the earthed vertical aerial and the ecarthed inverted I,-acrial,
the effective antenna resistance R, was found to increase steadily with frequency
as can be seen from figs. 4 & 6. The smallest wavelength in the investigation
was however larger than the natural fundamenta! wavelength of the antenna.)
In the case of the T-aerial, on the other hand, the resistance at first decreased
steadily with the increase of frequency and attained a minimum value but
subsequently it increased with further increase of frequency. 'The minimum
value of the antenna resistance appeared at 750 kc/sec. The existence of such
a minimum in the value of antenna resistance had also been previously observed
by earlier investigators.

There had been attempts also to explain the nature of the variation of the
antenna resistance with frequency. An approximate theory for the case of a
perfectly conducting straight vertical wire connected to homogeneous carth with
a horizontal surface, had been worked out by lecles.” It had been shown that
if R is the antenna resistance at any wavelength A, then

Ry—R _ 3A,(A-2p)

R, A*

where Ao is the natural wavelength (fundamental) of the antenna and R, is the
antenna resistance at that wavelength. The equation shows that if the resistance
R be plotted against frequency, the curve is a parabola. 1t can be seen that the
minimum resistance is R,/4 and occurs at A=12}, and that when A = 3}, the curve
is straight and directed through the origin. The resistance is R/3 for A=3A,.
This ideal curve was, of course, departed in many practical cases. According to
Colebrook's® theory, the antenna resistance of a vertical or an L-aerial should

b
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vary much in the same way as in our experiments. The observed variation of
the antenna resistance of a T-acrial resembled Eccle's theoietical curve to a
certain extent.

Referring to the antenna reactance of a vertical carthed aerial, it can be seen
from fig. 4 that its value was negative and .that it increased steadily with fre-
quency, tending to pass through the zero value. In the case of the carthed
inverted 1, aerial, the antenna reactance (which was also negative) increased with
frequency and in the region of goo kefsec., 1( suddenly began to decrease with
the increase of frequency, as is evident from fig. 5 In the case of the T-aerial,
the antenna reactance was found to fall sudﬂen]y in the frequency region of
minitmum antenna resistance ; otherwise, on ihg whole, the antenna reactance
showed an increase with the increase of frcqucnci. (See fig. 5 ) .

Regarding the variation of the antenna xai’:«tame and reactance with the
horizontal top-length of the T-aerial or that of i;he inverted L-aerial for a definite
frequency, the experimental results showed that Loth resistance and reactance
increascd steadily with the length of the horizontal part. (Sec fig. 7.)

9 SUMMARY

Experiments to study the variation of the total-loss-resistance and reactance
of receiving aerials with frequency were carried out following Willans” double-
beat method of measuring H.I . resistance.  Three different types of aerials were
employed viz. the vertical aerial, T-aerial and the inverted L-aerial cach being
grounded. It appears that in the case of the vertical aerial and the inverted
L-acrial, the antenna resistance steadily increased with frequency. The range
of frequencies did not however include the natural fundamental frequency of
the aerial or its harmonics. In the case of the T-aerial a definite minimum for
the antenna resistance appeared to exist within tl'e range of frequencies employed
in these measurements,

The antenna reactance was found, in gencral, to increase with the increase
of frequency. In the case of the inverted I.-aerial the rise was foilowed by a
sudden decrease with the increase of frequency at a certain frequency. 1In the
case of the T-acrial, theic appeared a sudden diminution in the value of the
antenna reactance in the region where the minimum antenna resistance was
observed.

.

The experiments also showed that the antenna resistance and reactance of
a T-aerial and an inverted L-aerial increased with the increase of the top-length
of the horizontal part of each aerial.

.
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