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ABSTRACT. The intcnsity of radiated fic)d-strengtlis in the neighbouthood of an ultra-
short-wave horizontal transmitting acrial has heen determined and its variation with different
angular dircctions with respect to the aerial has been studied,  For the purpose of radiation a
modulated valve oscillator gencrating waves of 6.1 metses iu Jeugth was cmployed along with
a half-wave horizontal aerial. A calibrated ultra-shoit wave receiver was nsed for thie deter-
mination of field-strengths.  The obscrved values of ficld-strengths weie compared with those
calenlated mathematically. In order {o study the directional quality of such an acrial the
angular tracks of maximuom and minimum amount of encrgy-flow Lave been ddermined by
theoretical caleulations and the results were verificd by experimental ohservations.  J{ has
been observed that aerials of different Iengths will radiate the energy along different channels
and a typical record of ohservations {or the intensily measurements bhas been shown with a
half-w ave radiator,

INTRODUCTION

Wircless commnunications with ultra-short waves have now grown to he
fairly common due to their application in television, aircraft communications,
upper-air weather observations, and various othes. Due to the small size of
these waves, special types of acrials have to be designed and henee the study of
the variation of radiated field-strength in the neighhbeurhocd of such acrials wonld
be of great importance to the 1adio engincer,  Such investigations have been made
by various workers 2, with comparatively larger wavelengths and moslly with
vertical aerials. In the present communbication the intensily of the radiated
field in the vicinity of an ultra-short-wave horizontal transmitting acrials was
deterinined and the mede of its variation around the acriai has heen investigated.
A modulated oscillator was used to gemerate waves of 6.1 metres in length for
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the purposc. A repenciative nltra-short wave recciver was constructed to reccive
the signals vencrated by the oscillator  The generator was connected with a
half-wave horizontal aciial which was placed i a fixed direction and the receiver
was moved alone the cicumfaence of a erirele with the input end of the trans-
mitting, acrial at the centic, ’I'he ficld-streneths were  measured at different
angnlar directions with respeet o e orientation of the trausmitting acrial. The
observed ficld -streuvthis Tiave heen verified by the values of the same ealeulated
mathematically,  While moving round  the acrial, several positions of maximum
and minimum values ol the ficld-strengths are obtained which have also been
confirmed hy theorctical calcuiation afta findine  ont the proper conditions for
the same. o the ddturmmation of absolute fichd-stiengths, the recciver was

culibrated, the method of which has heen deseribed i subsequent section s,

TIHHHORY

Suppose OP in fie g aepresents the horizontal 1adinting aerial and ABC s
the cirenndoence of o cadle wdons which the reeevar is moved i order to deter-
mine the fadd-strencths, Fhe impat end O of the acral s situated at the centre
of the circle Lt A bea pont at which the signal-stiength is to he determined,
1y and 1y oare the distances from the ands © and 17 of the acrial to the pomt A

respectivelv, The Teuath of the radintme acra® s denoted hy 1

TOhGUREY )

It has heen shown by Carter 4 that the clectrie fleld-strength at any point
in the vicinity of a straight rafliating acrial and in the direction parallel to the
Jength of the radiator s given by
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I‘:y:]'301 ‘""""“('*1
12 11

n . S=gmry
) — volts/cm. o (1)
where 1 is the enrrent in amperes flowing through the acrial, m=2am[X, A being
the wavelength radiated, and n is any positive integer depending ou the length of

the acrial,
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Simplifying the above cquation (1), we net,
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Tirom fig. 1, it will be seen that
T 2l cos ,

where 0is the angle hetween oy and O suhsttotme s vadie ol g 0 equa-

ton (2) and neglecting the onaormany terms, we uel
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I'he present ingestivation was caned onl with swdatioe actials hall wiave-
length lone and the hdddestreneths vwere determmned along the cirenmfcrences of
concentric eicles of vations tadii. A typieoi caleulation for o encle of radiug
3A L1 s shown hciow,
For calculation of hield-strennths at (he detanees of 330/ from the input end
of the radiating acral in diflerent dircetions, A/ - s substituted for £ and 3o /g for
1y i equation (3) and thos we gt
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Various values of the ficld-strengtbs 10, have heen caleulated dor different
angular directions indicated hy 0 in equation () and they #re shown m Table T,
below. Tor the sake of comvenience of indicating  the directions of maximuin

and winjmum values of ticld inteusity the variation of ficld strength with angular
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dircetions Tus been depicted  graphicaily m fig 2, which will be _ompared with

weh curves obtuped experimentally shown later.

TanLy 1

' I
i : Calculated
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The approximate angular directions for maximum and minimum amounts
of energy-llow will appear from the curve shown i tig. 2, the eaact diree-
Lions, however, were oblained by differentiating  cquation () and subsequently
equating the expression obtained to zero.

I'hus we get from cquation (4)

— S -
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Fguating the right-hand expression of the above equation to zero, we get

‘ot the condition of maximuim or minimum ficid-strengths,

o a /I;‘ 7 3 . I’%?T2
dncos O+ tan'ar A/ 22 cos f= 00 ... (6)

16 4 4

Now, the above equation is satisfied for five values of 6, viz., 19°40,
00738, 100720, 203%:2" und 330°20".  In order to distinguish the angles
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cortesponding  to maximum and minunum vaiues ot ficld-strengths, equation
(5) is differentiated once more and the positive or negative values of d*15, [ d0*
arce determined for those angles.

I'hus from equation (5) we get,

d'"'],‘:. 3T ) 3 \ ‘rrz “ . . l
L= Yo coslceos 2any A 24 0 Gt st or e A Feos 0 osin arv A >
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I'rom equation (7) it can he shown that the ancles 10" o/, 100720" and
310%20" correspond to the minimwn values of ficld-streugths and the  angles
00”38 and 293% 22" correspond 1o the maxunum values.

The angular dircetions for the maxmmum and  niun radiation ol cnerpy
willalso he clear from fip. 2. I may be noted from hg. o that the lnghest
value of the radiated ficld-stiength is indicated only at o and 300" and us
these angles do not correspoud  to maximum or miuimum value of the Reld-
strength, (hey do not satisfly cquation (o). ‘I'hese mathematically  caleulated
values of the angular directions were  veriicd by experimental observations
recorded in thie next scetion,

EXTPTERIMENTAL ARRANGEMENT AND ORSERVATIONS

cH

i
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-

™

Transmiller

IMIGURE 3

Transmiller. A parallel-fed modulated oscillator of Iartley type was
built with two valves in parallel.  The chematic diagrum of this is shown
in fig. 3. A constant modulation was cffected by a leak L and a condenscr
C in the grid circuit. An ultra-short-wave choke CH was connected in the
anode circuit. Acrial cuarrent was measured by a thermo-milliammeter TM.
The oscillator could generate wave 6.1 metres in length.  The aerial consisted of
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straight hare copper wire hall wave-length long.  ‘The wave-length  enitted by
the oscilliden was micaswied by a pair ol Loeher wires and a thermo-galvanometer.

Recorears The recaver o the measurement of  the intensitics of the
radiated ficlds cousisted of o Teaky erid detector with veaction and a low

frequency wmnplifics as shown o fie . The regenerative type of receiver

——<
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was spocathy pretetred tow super-heterodyne or super-tegener ative type for the
conventciice ol calibration and stability ot ultra-ligh frequencies. A milli-
ammeta AA indicated the change in the plate current of the detector for calen
lating  the fGeldstrengths, The recenving acerial was o a similar type as
cmployad inthe wansnotter but of o smaller Jength, The recciver was  care-
fully sereenad and Tor the measurement ol absolute values of field-strengths
radiated it was calibrated.  The usual method of calibration of such a receiver
is inapplicable in the present mvestigation as the dimensions of the 1eceiving
loopr would he comparable with the wavelength radiated for observations and
henee the following method of  calibration  was adopted. The receiver was
kept at o known distanee from the transmitter and the transmitting acrial was
excited by passig current through it which was recorded i the thermo-
milliaoueter. The radited signal from the transmitting aerial was tuned by
the recciver and the changes 1o the plate current of the detector wuas noted
and the sound in the headphongs m the second stage of the recciver was also
heard.  This observation  was repeated with different independent  values of
currents lowing through the transmitting  acrial.  From the knowledge of the
current lowing through the transmitting acrial the Geld-strength  at the receiver
was calculated from cguation (3) given  in the previous section.  The calibration
curve showing the field-strength for any value of the change of plate current
under proper conditions is shown in fig. 5. Thus knowing the chauge in plate
curre t when the receiver is tuned at any distance, the licld-strength could
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e readily obtained from the grapl.  The relative Licdkd-strenpths were often
checked Dy the headphones connected in the output of the reccivar. The
ultra-short-wave  transmitter with the horizontal acriad was placed inan open
space sufliciently  above the eround. The signal strengths were measured  at
varions  points  which were at distance of threefourths of o wavelength in
different directions from the transntter. ‘Fhie varnous divections in which the
observations wete teeorded were indicated by the avele which that  dircetion
made with the ttunsmittmge hotivontal acrial. “The recdving acril was placed
at the same herehit as the transmttmye one amd was always oriented in the
direction parallel to (he radiating aerial.

Tuable 11 helow  wives the values of the hddd-straneths  oxperimentally
obseived in diflercut duceetions  Lrom the transmittc. st column of the
1able shows the angulin dirceticn of the recavar from the ansmitter and the

second column mdicates the correspondmy obscived ficld-strengths,

1'anry 11

Ohcrved
fichl-wticneths
myvolt-/ nntie

Ohseryved
ficld-strengths
in volts el

Ancular direcion of
the e cenet

Angular direction of
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[fig. G shiows the variation of (he radiated ficid-strengths with different
angular  dircctions Irom the transmitter, Tt will be observed tlat the curve
shown in Tie. o will avree very doscly with that shown in fig. 2 in the
previous seetion, if we neeleet the negative sign of the field-strengths in the
Tatter.  T'his will he also clear off the numerical values of the ealeulated and
observed  fiddd-strengths, shown in Table Tin the last section and Table 11 above,

he comgpared without any reference to the divection of the ficlds.
STMMARY AND ( ONCLUSION

Ficld-strengths 1o the viclnity of  an ultra-short-wave  horizontal  acrial
have heen caleulated and cxperimentally measured by means of a calibrated
receivet, The dircetions ol maximum and minimum amounts of energy-flow
have heen also determined by theoretical eaiculation and experiments.  The
transmitter consisted of o modualated valve oscillator with a half-wave radiating
acrial, gencrating  waves 0.1 meties long. ‘Uhe reeeiver consisted of a leaky
prid regencrative detector and a low-{requeny amplifier. It has been concluded
that the ditections of maximum  and minimum amounts of radiated energy from
such an  acrial depends on the  lengths of the aerials employed, and the
observations for a half-wave acrinl have been yecorded.

The authors desire to express their hearty thanks to Dr. B, Dasannacharya,
Head of the Department of Physics for imparting an accommodation to carry
out the experimental part of the above mvestigation and also for providing other
necessary facilities.
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