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INTRODUCTION

In radiated wavepropagation a most. essent.ial part of t.he connnuni-

cation channel is the antenna which" tunches" t.he electromagnetic energy

at the transmitting end and " captures" part of this energy at the receiv-

ing end. It is observed
5

that a circuit large comparedwith wave length has

the possibility of loosing energy because induced electric fields from time

varying currents and charges of the circuit may shift in phase as a result

of retardation over circuit and mayhave components in phase with current.

Hence the obvious conclusion, the antenna which is to perform duo.l

functions of an impedancematching device and a radiator is simply a circuit
•madepurposely large comparedwith wave length to increase the importance

of radiation. The physical form of the antenna is dictated by practical con-
6

sideration , and in general dependent upon the frequency of operation. In

general, also, the directive gain and impedance of an antenna are fUnctions

of its size in wave lengths. The characteristics of major importance of an

antenna are its impedance and its directional properties. Depending upon the

application, one or the other ( or both) of these characteristics may lim! t

the useful band width,the re~ired or desired bandwi6th also varies markedly

with application. Because of the wide varieties of operational requirements

that exist, there is no unique definition of antenna bandwidth. Hence it may

be pointed out here that the term broadband antenna does not convey anything

unless we specifY the minimumbandwidth an equipment must cover before we

can call it a broadband one. In the past, this term has been applied to

describe antennas whose radiation pattern and input impedancewere acceptable
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over a frequency range of 2 or 3 to 1.

The development of broadband antenna led to the concept of a new

type of antenna termed frequency independent antenna. In this type of

antenna, the pattern as well as the impedance is practically independent of

frequency for all frequencies above a certain value.

The concept of frequency independent antenna came from the common

experiencel that if all the dimensions of a lossless antenna are increased

by a factor K, the pattern and impedaace remain fixed if the operating

wavelength is also increased by the factor K. In other words, the perfor-

manceof a lossless antenna is independent of frequency if its dimensions

measured in wavelength are held constant.

It follotfS that if the shape of the antenna were such that it could

be specified entirely by angles, its performance vTOuldbe independent of

frequency. Of course, all such angle structures must extend to infinity, so

the key problem is to find what structures, if any, will retain the frequemcy

independent properties whentruncated to a finite length. The infinitely

long biconical antenna has a geometry that can be expressed entirely in

terms of angles ( the cone angles ). It is also an example
.j

does not retain frequency independent characteristics when

of structure that
6

truncated , for

both the pattern and inpedance of finite length biconical antenna vary

greatly with frequency. In contrast, the equiangular spiral antenna does

retain its frequency independent properties when truncated as long as the

arm lengths are longer than about one wavelength at the lowest frequency at

which it is desired to operate. V.H. Rumsey' has given a general equation

of antenna structures whoseperformance will be independent of frequency.

The concept of frequency independent antenna introduced by Rumsey

has found practical realization in two separate developments,equiangular

structures and log-periodic structures.
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GENERAL SURVEY

The present development of broadband antenna and frequency indepen-

dent antenna is the result of earlier investigation upon the problem by an

intuitive or cut and try approach.

Someof the earliest broadband an~ennas Wllrelong wire types designed

to operate in the high frequency band or in the low frequency band4• For

the most part, they were broadband only in the sense that impedance remained

relatively constant over useful range, in general no attempt was made to

achieve a constant pattern. Amongthese antennas the well knownrhombic

antenna has held a dominant place since the early days of radio. The antenna

shown in Fig. 1. is.essentially a resistance termina~ed transmission line
0••••

that has been opened.to f<ll'iilIllthe four sides of a rhombus.

Because of the travelling wave current distribution along the

terminated line, the main beam is in the fonrard direction(toward.s the ter-

mination) at an angle that depends, in a complicated fashion, on the included

angle of the rhombus and the length of the sides in waveleIigths. The beam

is quite broad in the vertical plane and the angle above ground of the maximum

increases as ~he frequency decreases. This change of angle with frequency

is in the correct direction for transmission or reception or ionispherically

reflected wave,so a rhombic antennao.~fixeddimensions is usable over a wide

frequency range ( of the order of four to one ) in the short wave band.

The wave antenna, consisting of a long elivated wire parallel to

the ground and resistance terminated in both ends is another travelling wave
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type antenna4. In contrast. with most antennas which operate best over a
\

highly conducting ground the wave antenna depends for its operation upon the

finite conductivity of the earth beneath it. This antenna has an impedance

that is nearly independent of the length of the wire in wavelength and hence

with frequency.

4
The fish bone antenna. shownin Fig. 2. is a better development

for broadband antenna. The antenna consists of a long resistance terminated

transmission line loosely coupled by capacitors to an array of closely spaced

(less than)j /4 ) untuned, horizontal dip):'oles. Because of the capacitive

coupling of the elements to the transmission line is lighter at higher fre-

quencies, fewer of the elements are strongly excited. Hence the effective

length of the array varies inversely with frequency in such a manner as to

maintain a fairly constant pattern, gain and impedance, over the useful

bandwidth of more than two to one.

In contrast to the above antennas, there is a class of antennas
4which owes its broadband properties to broad and specially shaped surfaces •

It has been recognised that fat antennas had smaller impedancevariations

than thin one.

A discone shownin ~Fig.3. maintains a good impedanceand pattern

characteristics over a four to one bandwidth.

Another group of antennas, someof which display fairly wide

bandwidths, consist of various helical and spiral shapes. Whenthe circum-

ference of a helical antenna is of the order of free space wavelength, the

antenna radiates in the axial mode-- that is, with the maximumradiation

along the axis of the helix. In this mode, the helical antenna has desirable

impedance, pattern and circular polarization properties over nearly an octave.
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The bandwidth can be increased by~xpanding the diameter of the helix along

its length to fOIlllla conical monofilar helix fed from the base end.

FREQUENCY INDEPENDENT AND LOO-PERIODIC ANTENNAS

As stated earlier, Rumseyput forth the idea that a structure entire-

ly definable qy angles, without any characteristic length dimension, should

have properties that are independent of the frequency of operationl• He '

proposed that an equiangular spiral structure which satisfies the angle

requirement, might have the desired properties and Dyson3undertook a com-

prehensive experimental study of an antenna based upon the equiangular spiral

geometry shownin Fig. 4. Experimental investigation established that this

particular geometry did indeed retain its frequency independent properties

after truncation and this design was the basis' for a large class of success-

ful frequency independent antennas.

lihen this angular structure is excited in a balanced manner at the

origin, the current flows outward with small altenuation along the spiral

arms until a region of given size in wavelengths is reached4. In this region

( the active or radiating region ) es~entially all of.the incident energy

transmitted along the spiral arms is radiated, and SDrrmnlhatbeyond this

region the presence or absence of the arms is of no consequence. Because

the radiating region is of constant size in wavelengths, it movesto;rard

the origin as the wavelength of operation decreases.

The size of effective radiating aperture thus automatically adjusts

or scales with frequency of operation in such a manner that the antenna

behaves the same at all frequencies. Because of the spiraling of the arms, _
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this scaling in accomplishedby a rotation~f the radiated field about the

axis of the antenna.

It is nowkno.mthat this automatic scaling of the radiating
4aperture is a condition for operation in a frequency independent manner.

It is interesting to note that Springer observed this phenomenonon the

expanding helix, but unfortunately the methodsof construction and excita-

tion limited the bandwidth obtainable to somewhatover an octave, so the

importance of scaling of effective aperture with frequency was not fully

recognized.

o
The equiangular spiral antenna is bidirectional, radiates a ver,r

broad, circularly polarized beamon both sides of its surface. Amoreprac-

tical version of this antenna is the conical equiangular spiral shownin

Fig.5. Whereasthe planar structure is bidirectional, with the samepattern

on each side, the effect of forming the equiangular structure on the surface

of a cone, of small cone angle, is to makethe antenna unidirectional.

The radiation which is approximately circularly polarized, is now

confined to one hemisphere, with the maximumradiation off the apex of the

cone the antenna is a balanced structure with the feed voltage applied

between the two arms at the apex. For convenience, and to avoid disturbing

the field about the antenna the feed line is a co-axial cahle which is run

up along, and soldered in contact with, one of the arms. Because the

amplitudl!of antenna current on the arms ( and also on the outside of the

co-axial cable) fall off quite rapidly with distance from the apex the

region near the ends of the armswhere thecabl~ enters is essentially a

field free region. Hencethis type of feed automatically provides a

frequency independent balun6 , permitting the feeding of the balanced antenna
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by means of an unbalanced co-axial Hne. Tomaintain physical symmetry, a

dummy.cableis soldered to the other arm. Antennas of this type have been

s~ssfully constructed to operate over bandwidths of better than 20 to 1

and there seems to be no fundamental limi tation on the maximlU11bandwidth

attainable. The low frequency limit of operation is set by the dimensions

at the large end ( the base radius should be greater than a quarter of a

wavelength at the lowest frequency of operation) whereas the upper frequency

limtt is set by howfinely the equiangular structure can be molded at the

apex and hence on the minimlU11diameter of feed cable that can be used. A

somewhatdifferent practical realization of the frequency independent con-
6~2cept is the class of antennas knownas log-periodic • In this class of

structures the broadband properties are obtained by maki~g the pattern and

impeda~cecharacteristics periodic with the logarit~ of frequency. If then

it can also be arranged that the radiation characteristics do not change

appreciably over a period, a nearly frequency independent antenna results.

DuHamelproposed that it should be possible to force radiation from

otherwise' angle structures' by the use of appropriately located disconti-

nuities
2,4. One of the first geometries chosen to investigate the validity

of this concept was that shownin Fig. 6. Here two wedge shaped metallic

angle structures have teeth cut into them along circular arcs. The radii

of the arcs which define the location of successive teeth are chose,Cto

have a constant ratio T = Rn+i / Rn • This same ratio T defines the

lengths and the widths of successive teeth.

Fromthe principle of modeling it is evident for t.his structure,

exj/ending from zero to infinity and energized at the vertex, that whatever

properties it mayhave at a frequency f will be repeated at all frequencies

given by r'r\ f ~There n is an intlger. Whenplotted on a logarithmic scale,



10

these frequencies are equal1y:;paced with a period equal to the logarithm

of 7 ; hence the name I log-periodic' structure.log-periodicity guaranties

only periodically repeating radiation pattern and impedance.

The above antenna was designed to have one other rather special

property; namely, that the metal cut away from the plane sheet to form

the antenna arms has identical shape with the metal that remains. In other

tforoS, the complementaryslot antenna has the same size and shape as the

metallic dipole antenna.

in one

In this connection a very interesting point was noted by Mushiake
1

of the TohokuUniversity Reports. It is that the impedanceof azw

plane sheet antenna whose shape is the same as the shape of its complement

( except for a trivir'l change of co-ordinates) is independent of frequency

and equal to 60TI = 189 Ohms.Whenthe antenna and its complementare

fitted togather they completely cover the whole plane without overlapping.

The constant impedanceof self complementaryantennal follows from the

relation 2122 = (6011")2. 21 is the impedanceof the antenna and 2
2

that of its complement.

Another form of log-periodic structure is the log-periodic dipole
4,6 .

array Shownin Fig. 7. In this array the length of each element bears

a fixed ratil.to the length of the preceding element. Moreover, adjacent

element spacings bear the sameratio one to another. It is pvident from the

principle of scaling that whatever pattern and impedancecharacteristics

the array mayhave at a frequency fn which makesn th element resonant, it

will have the same characteristics at a higher frequency fn+l which makes

( n+l )th element resonant
6
• That is the characteristics will repeat periodi-

cally at all frequencies given by 7"'~ • If r is kept sufficiently close

to unity, the characteristics will not change appreciably within a Pceriod
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and the result in an array which i:s approximately frequency independent.

periodic
A further development of the log-periodic principle is the log-

6
resonant V array shown in Fig. 8. This array is designed to operate

is several different modes. In the lowest order ),,/2 mode, the performance

is approMimately the same as that of the log-periodic dipole array described

above. The active portion centres arolUld those elements whose lengths are

near half wavelength at the operating frequency, and in this mode the

forward tilting of the elements has small effect. As the operating frequency

is increased or decreased the resonant length moves forward or backward.

This ldo1:Dlscheme ensures a unidirectional beamand provides increased direc-

tivity. Tremendousbandwidths ( better than 20 : 1 ) have been obtaind with

a relatively compact array.

In contrast to the angular antenna, the logarithmically periodic

antenna can be called a pseudo frequency independent antenna, as its electrical

properties vary periodically with the logarithm of the frequency.



12
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THE PROBLEM AND THE PRESENT POSITION

The purpose of the present experiment is to st~dy the electrical
characteristics of a type of antenna similarly constructed as shown in the
Figs. 14 and 30. First a single antenna similar to one shown in Fig. 14 will
be studied and its electrical characteristics will be measured at different
frequencies. Next two identical antennas of above kind will be placed at
the opposite sides of a square base pyramid and the electrical characteris-
tics of the combined antennas will be measured. Finally four identical ante-
nnas will be placed at thefour sides of a square base pyramid and the com-
bined electrical characteristics will be studied.

In the same way four identical antennas each constructed XIIl similar
to Fig. 30 will be placed at the four sides of a square base pyramid and
the antennas at the opposite sides will be shorted at the smaller ends and
they will be fed by a co-axial cable and the combined electrical character-
istics will be calculated and studied. The depe~.ance of the electrical
characteristics with frequency will also be noted •

.- ~~.- - . - -- - -
This particular problem is investigated with a view to observing

whether frequency independent characteristics can be obtained. A1thougy.,.
this particular problem has not been investigated before log-periodic dipole
array has been investigated in some detai12•4•6 because of the insight it

gives into what are believed to be general requirements for successful
frequency independent operation. Some of the recent developments of frequency
independent and log-periodic antennas are shown in the accompaning Figs.
9.10 taken from reference.••1.
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THEORETICAL INVESTIGATION

The perfonnance of an antenna would remain constant if the ratio

between the physical dimensions of an antenna and the operating wavelength

was kept constant. This leads to the conclusion that antenna specified

entirely by angles should exhibit the above characteristics. But the most

serious dral. back to the above approach is that the structure must extend

to infinity since otherwise it must have at least one dimension to be
1

specified in linear unit • Nowif the performance of the infinite structure

can be approximated by that of a finite one above drawback can be overcome.

The problem is then to determine howrapidly, if at all, the performance of

the finite structnre converges to that of the infinite one.

Before investigating into this problem let us find a general

solution of a frequency independent antenna.

GENERALAPPROACH

To illustrate the general approach let us consider all plane curves
1

which remain essentially .the samewhen scaled to a different unit of length

Such curves can be used to determine the shape of a plane sheet antenna by

taking the input terminal at the commonpoint of intersection of four curves

as shown in Fig. 11.

It follal.s that the antenna is unchangedwhen scaled to a fixed

wavelength provided we add the condition that the terminals stay fixed when

the scale is changed. Nowthe fact that a typical curve remains essentially

unchangedby a change of scale implies that the new curve can be made to
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coincide with the old one ~ translation and rotation.-Since a translation

is eliminated ~ the requirement that the commonpoint' remains fixed, the

problem is to detennine all curves such that a change of scale is eC(Uivalent

to rotation. This can be stated symbolically in the form

Kr (<1»" r (<1>+ C) •••••••• ( 1 )

where r (<p) denotes the radius r as a function of the polar angle ep , K

is the scale change and C is the angle of rotation to which it is equivalent.

Thus K depends upon C but K and C are independent of <t> and r.

r(<P)~ ••
dC

K dr( $) ••
d<P

br(<1> +C )
bc

'Or (<I>+C)
'6<p

..... ,", .

••• • •••

( 2 )

( 3 )

But, dr (<1>+ C)
d ( <jl + C)

•• 'Or (</J + C )
'b<P

••• ( 4 )

So, dK
dC

•• K 8:~(,b) ••• • •• ( 5 )

Or dr ar ( 6 )•• ••• • •• • ••de/>

Where a" 1 dK and hence independent of cP- -K dC

From (6) r •• r ea<t>
• •• ••• • •• ( 7 )0

Where ro is a constant.

Now, let us measure r in terms of wavelength

So, r' •• r r ea4> r ea<t> f <b -
In?\ )•• 0 0 ea -" •• aI- •• ro

e1nll

Where

Or, r' ••

-a
••• • •• ( 8 )



17

The equation (8) contains blO parameters, a, which represents the rate of

expansion and 1>0 which represents the orientation. The equation(7) and

(8) remain id£ntica1 except in the case that in the later case there is

a rotation by 1>0 • The general problem is to find all surfaces which have

the property that a change in the unit of length is equivalent to a certain

rotation. The above drawback can also be eliminated if we can replace the

rotation Qy uniform expansion.

1
V.H. Rumseyhas shown that any antenna structure that can be

described by the equation,

r = ••• • •• ( 9 )

where r, e and <t> are the usual spherical coordinates, a and cjlo are constants,

F(e ) is a function oflS , then the operation of the antenna will be inde-

pendent of frequency.

It has also been pointed out that the currents on the antenna
1

described Qy equation (9) follow a spiral path and a resonance will build

up in the current distribution where the mean circumference of this spiral

is about one wavelength. This resonance is highly dampedby radiation so

that most of the current is dissipated at the region of resonance. This

results in negligible end effect so that the performance of the finite

structure is almost the same as that of the infinite one.

BASICAPPROACHTOTHEANALYSISOFANTElJNAARRAY

Let an array of equispaced isotropic radiators be constructed as

sho~J1'lin the Fig. 12•. The elements having equal current amplitudes and a

spacing d less than one half of operating wavelength. At a distantll point

the electric fields from these radiators will add with a phase angle between

them which is dependent upon the relative phasings of the radiator currents
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and the relative phase delays produced by the difference in path lengths r

4
to the distant point •

For the array shownin Fig. 12 the phase difference due to path

length difference between adjacent elements is ( 21\//\) d Cos<t> radians.

If the elements of the array are fed with a progressive phasing of currents

equal to d.. , where d. represents the angle by which the current in a given

element leads the current in the preceding element, then at the distant
i

receiving point the phase difference of the fields produced by adjacent

elements will be

~ d. + KdCos<j> ••• ••• (10)

Where K a 2TI/A is the fre.space phase shift constant.

T11etotal electric field at any distant point will be given by the phaseo sum

Et ~ EoLl + ej'1' + e2j'1' + j( n - 1 HJ (11 )....• e •••

e jn'l'_ 1
(12 )Or, Et = Eo

ej'\' - 1 ••• • ••

So Et to be maximUIIIdEt = 0 = jn,¥ ",.e-d'\'
So maximumradiation angle <P- is given by

Cos<P "" d- ••• ••• (13 )= Kd
Nowif the elements are fed in phase i.e. rj... ~ a . <$"", = 900 maxil11Ul1l

radiation is broadside. If sucessive elements are fed with a lagging phase

value, d.. = - Kd then cP ..••..= 0, so the maximUIIIradiation is entirely in the

forward direction4• Andan endfire radiation in the fomard direction will

be obtained. For values of d. between - Kd and + Kd, the angle of maxil11Ul1l

radiation is at an angle between 00 and 1800 as given by equation (13).

By symmetryabout the axis of the array, there is another maximUIIIat an angle
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FIe;. II. INTERSE.CTION OF FOUR CURVES

• •4 5
H'-j'

•(n-I)

FIG. 12.ARRAY Or:- EQUISPACED ISOTROPIC RADIATORS

FIG.13. RADIATION PATTER.N ,
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between 00 and - 1800 , which is also given by equation (13). The equation

can 1:Iotbe sati sHed for any real value of cP"" for \0<. \ > Kd.

The
. h 4.1S S own 1n

resultant radiation pattern Et for the array under discussion

Fig. 13 for different values of <p for some chosen values of

J. , A and d.

ANTENNAUNDER INVESTIGATION

An antenna was constructed as shown in the Fig. 14. Whenthe

resonance frequency is reached one of the elements of kk', jj',ii' ••• aa' '

will rediate and the elements !tj', ji I .... cb', ba' will cause progressive

phase difference. The 300 envelope was chosen so that the operating length

becomesII/4 in the range of frequencies 250Mel s to 950 Mel s.

Let us picture the above structure in the 2 - plane fromw-plane

by the following transformation2,7.

Let z = 1n":w •• • •• • ••• (14 )
I.here wand z are in general complexnumbers, if

Z=x+jyand w= pejEl • •• ••• (15 )

Then, x = lnp and y = e ••• ••• (16 )

The elements are pictured in tne z-plane as ShOlIDin the Fig.15. The

distance is measured from the apex of the array and the elements are numbered

starting with the largest element as number 1.

Let us consider a particular frequency f at which element 4 is

~/4long. In the transmission region ( element 13 to 7 ), the amplitude

of voltage along the line is approximately constant and the phase snift

between element position increases gradually. In the active region(e1ements

7 to 4 ) the amplitude drops sharply because of power absorbed by the strongly
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radiating elements, and the phase shift averages about 900 between adjacent
elements. In the unexaited or ref!ection region ( element 3 to 1 ) the
ampli ttue drops to very $1ovl values and the phase shift between element

4positions is very small.

From the consideration of current amplitudes it is evident that
the only elements that will contribute appreciably to the radiation are
elements 7,6,5 and 4. For these elements the phase difference between adjacent
numbers is approximately 900 leading and so a back fire radiation will be
expected.

As the operating frequency is decreased or increased the active
region impedance remain almost constant. Since from the construction of the
antenna the radiating elements are not perpendicular to the axis but
intli~ad at an angle, the radiation will not be exact back endfire but at
an angle $"". It may be concluded that there are three distiinct regions on

4the antenna array namely,

1. Transmission line region.

The antenna elements in the transmission region are short compared
with the resonant length, so the element presents a relatively high capaci-
tive impedance. The element current leads the preceding element current

approximately by <J.. = iT - fld where J- is the element separation ~ i:k
f> = 2TTf"A. Because of the phasing and close spacing of the elements
radiation from this region will be very small and in the back fire direction.

2. Active region.

In the active region the element length approach the resonant length
so the element impednace has an appreciable resistive component. The current
is slightly leading just below resonance arD. slightly lagging just above a
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resonance. This combination of condition will produce a strong radiation
in the backfire direction.

3. Reflection region.

The element lengths in the reflecting region are greater than the
resonant length so the element impedance becomes inductive. The small amount
of radiation is still in the backfire ~irection.
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EXPERIMENTAL INVESTIGATION

The experimental investigation can be divided broadly into two parts

(i) Measurement of Radiation Intensi ties (ii) IQeasurementof Input Imp'edance.

The radiation intensities were measured by heterodyne principle and

the input impedance was calculated by using a slotted transmission line.

The experimental set up for the measurement of radiation intensi tie s is

shmvn il1 Fig. 16. And the experimental set up for the measurement of

input impedance is shown in Fig. 25. The process included the reading of

the final result from a Smith Chart.

A. Single Antenna under Investigation.

A simple antenna was constructed as shown in Fig. l~. The radiators

were placed at an equal distance. and the axis of the antenna was placed

horizontally at a height of 1.5m from the ground. The antenna was fed

from a signal generator. The input to the antennas was given by the inner

conductor of a co-axial cable and the outer conductor 10 as kept open. Now

the frequency of the local oscillator was varied slO1of1yand when the

dIfference bet1-1eenthe fed frequency and the frequency of the local osci-

llator became 30 Mc/s. IF Amplifier indicator showeddeflection indicating

the radiation intensity at the point where the test antenna IoTaSplaced.

By repeating this procedure the radiation intensities were measured at a

distance of 4mfrom the antenna at' ah",interval of 10 degrees between the
'"

frequency range of 250 Mc/s to 900 Mc/s. Zero degree position lofascount~d
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from the line on which the apex of the antenna would fall when the axis

of the antenna was made horizontal. The measured values are shown in the

table I and the radiation patterns are shown in Figs. 17a,l7b,17c,l7d,17e

17f,17i,l7h.

Next to measure the input impedance o.f the antenna, one end of the

transmission line was fed qy the signal generator and. the other end was

shorted. The output from the transmission line was given to a microammeter.

The microammeter did not indicate anything. Now, when the length and posi-

tion of the stub were changed, the ammeter indicator showed some deflec-

tion and by proper adjustment, maximumdeflection was obtained. Nowa

voltage standing wave pattern was on the transmission line. Next the short

circuit was removed and the antenna under investigation was put in that

position with the help of a co-axial cable. This time also a standing

wave pattern tro.sobtained but the position of the minimumcurrent was

shifted. The shift was measured in terms of the operating wavelength. The

values of maximumand the minimumcurrents were measured. NOt-lwith the

help of a calibration curve shown in Fig. 18 corresponding values of

voltages were found. The VSvJR,S was obtained by taking the ratio of

v.max/ V on The minimumvalue of the impedance i.e. resistive portion was' • ml.

obtained from the relation Zmin = 50/s. This point was noted on a Smith

Chart. The length of the co-axial cable was measured in terms of the

operating wavelength. The point on the Smith Chart was movedeither towards

the generator end or tOt-lards the load end as the case might be according

to the shift of the position of minimumcurrent. The point was further

moved towards the load end to a distance equal to the length of the co-

axial cable. This final position of the point on the Smith Chart gave the

value of the input impedance at that frequency as shown in Fig.19.

-

-
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tBy repeating this procedure the values of the input~ impedance were
calculated at different freqeuncies. The calculated values are shown in
table II. Impedance vs.frequency curve is shown in Fig. 20.
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TABLE - I

MEASUREMENT OF RADIATION INTEi~SITIES
SINGLE ANarENNA
AXIS HORIZONTAL
250 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiationin db. in db. in db.
0 29.0 120 16.0 240 22.0

10 33.0 130 16.0 250 16.020 2405 140 23.0 260 20.0
30 25.0 150 ,23.0 270 25.0
40 30 160 19.0 280 26.050 23.0 170 17.0 290 25.560 _ 28.0 180 17.0 300 29.070 26.0 190 1805 310 23.080 17.5 200 21.0 320 28.0
90 25.0 210 1805 330 25.0

100 24.0 220 22.0 340 27.0110 17.0 230 22.5 350 28.0

300 MEGA CYCLES
0 22.0 120 23.0 240 12.010 25.0 130 21.5 250 18.020 32.0 14@ 19.0 260 16.030 35.0 150 18.0 270 19.040 29.0 160 1605 280 18.050 30.5 170 170 290 2605•60 15.0 180 18.0 300 280570 22.0 190 19.0 310 28.080 19.0 200 17.5 320 24.090 22.0 210 18.0 330 30.0100 1805 320 10.0 340 33.0110 25.0 230 13.0 350 28.0
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400 MEGA CYCLES

1!!os.in deg. Radiation Pos. in deg. Radiation Pos.in deg. Radiation
in db. in db. in db.

0 28.0 120 13.0 240 12.0
10 22.0 130 5.0 250 5.0
20 21.0 140 6.0 260 4.0
30 2.05 150 8.0 270 10.0
40 25.0 160 3.0 280 22.0
50 13.5 . 170 1.0 290 18.5
60 3.0 180 4.0 300 17.0
70 7.0 190 1.0 310 18.5
80 12.0 200 8.5 320 17.0
90 10.0 210 10.0 330 22.0

100 13.0 220 8.0 340 28.0
110 14.5 230 8.0 350 25.0

500 MEGA CYCLES

0 30.0 120 15.0 240 17.0
10 20.0 130 9.0 250 15.0
20 19.0 140 11.0 260 14.0
30 23.0 150 11.0 270 23.0
40 14.0 160 10.0 280 25.0
50 22.0 170 8.0 290 20.0
60 6.0 180 10.0 300 27.070 5.0 190 7.0 310 26.0
80 7.0 200 11.0 320 22.0
90 12.0 210 13.0 330 22.0

100 If).O 220 13.5 340 23.0110 22.0 230 14.0 350 29.0
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600 MEGA CYCLES

Pas.in deg. Radiation Pas. in deg. Radiation Pas. in deg. Radiationin db. in db. in db.
0 29.0 120 17.0 240 22.0

10 31.0 130 12.0 250 26.020 28.0 140 15.0 260 23.0
30 30.0 150 13.5 270 27.0
40 30.0 160 16.0 280 22.0
50 27.0 170 15.5 290 26.060 18.0 180 16.0 300 24.0
70 19.0 190 14.5 310 24.080 15.0 200 15.0 320 26.5
90 19.0 210 16.0 330 29.5100 23.0. 220 17.5 340 30.0110 20.0 230 20.0 350 31.0

700 MEGA CYCLES

0 21.0 120 16.5 240 19.0
10 20.0 130 15.0 250 14.0
20 28.5 140 16.0 260 15.0
30 27.0 150 16.5 270 12.0
40 20.0 160 14.0 280 14.050 19.0 170 14.0 290 19.060 19.0 180 12.0 300 21.5
70 21.0 190 18.0 310 26.580 22.0 200 17.0 320 27.590 20.0 210 18.0 330 21.0100 18.5 220 13.0 340 21.0110 20.0 230 13.5 350 26.0



800 NEGA CYCLES

Pas.in deg. Radiation Pas.in deg. Radiation Pas.in deg. Radiation
in db. in db. in db.

0 25.0 120 16.0 240 21.0
10 25.0 130 111.0 250 20.0
20 28.0 1M 16.0 260 19.0
30 28.0 150 15.0 270 19.0
40 25.0 160 15.0 280 18.0
50 2j.0 170 lh.o 290 22.0
60 18.0 180 111.0 300 22.0
70 20.0 190 16.0 310 25.0
80 20.0 200 16.0 320 27.0
90 20.0 210 17.0 330 25.0

100 20.0 220 15.0 340 25.0
110 20.0 230 16.0 350 28.0

900 !1EGACYCLES
0 23.0 120 16.0 240 20.0

10 22.0 130 15.0 250 17.0
20 28.0 140 16.0 260 17.0
30 27.0 150 15.0 270 16.0
40 22.0 160 14.0 280 16.0
50 21.0 170 . 14.0 290 20.0
60 18.0 180 13.0 300 21.0
70 21.0 190 17.0 310 25.0
80 21.0 200 16.0 320 27.0
90 20.0 210 17.0 330 23.0

100 19.0 220 14.0 340 23.0110 20.0 230 15.0 350 27.0
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TABLE - II

DlPUT IMPEDANCE CALCULATION OF SINGLE ANTENNA

ted
ce

Freer. Shift in Pos.o1' Imax. Imin. Vmax Vmin VSWR Zmin. Length Calculain min. current inA ).tamp A amp mV mV S 01' coax1- impedanMc/s Gen.end I Load end. cable in), in Ohm

250 0.0291 7.0 0.5 1.79 0.15 11.45 4.4 1.540 5-j22.8
~'300 0.0100 8.8 0.6 2.20 0.20 11.00 4.6 1.850 15+j75

350 0.0700 15.4 0.6 3.75 0.15 25.00 2.0 2.160 2-j31.7
400 0.0400 ,15.0 0.55 3.66 0.18 20.00 2.5 2.462 3.5+j28
450 0.1725 12.0 0.30 2.95 0.10 29.50 1.7 2.765 3-j31.5
500 0.2150 17.5 1.10 4.24 0.30 14.10 3.6' 3.082 7+j48.4
550 ~l 19.0 1.20 4.60 0.34 13.50 3.7 3.390 6.5-j41
600 0.200 24.0 1.00 5.80 0.30 19.60 2.7 3.700 5+jJ6
650 0.163 13.5 0.99 3.30 0.29 17.40 2.9 4.010 6-j53
100 0.059 23.5 4.50 5.61 1.20 4.74 10.5 4.340 11+j38.5
150 0.025 15.5 0.60 3.86 0.20 19.30 2.6 4.612 6-j53
800 0.0~65 17.0 0.50 4.15 0.15 21.1 1.1 4.930 2.3+j20
850 0.0852 22.5 1.10 5.40 0.30 18.0 2.8 5.210 6-j47
900 0.1000 22.0 1.50 5.32 0.41 13.0 3.9 5.54 45 +j20
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B. COMBINATIONOFT\'10ANTENNASUNDERINVESTIGATION

Twoidentical antennas each was as shown in Fig.ltt were placed at

the two opposite sides of a square base pyramid. One antenna was fed by

the inner conductor and the otherwas fed by the outer conductor of the

co-axial cable from the same signal generator. The other procedure of the

experiment was identical as in 'A'. The measured values of the radiation

intensi ti es for the antenna axis horizontal is shown in table III and the

radiation patterns are shown in Figs. 2Ia,2lb,2Ic,2Id,2Ie,2If,2Ig,2Ih.

For the vertical position of the antenna axis the measured values

of the radiation intensities are shown in the table IV and the radiation

patterns are shown in Figs. 22a,22b,22c.

The input impedanceswere calculated from a Smith Chart as shown in

Fig.23. The Values of the input impedance is shown in table V. The impedance

vs. frequency curve is shown in Fig. 24•
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TABLE - III
MEASUREMENT OF RADIATION INTENSITIES

TWO ANTENNAS cnrnINED
AXIS HORIZONTAL
250 MEGA CYCLES

Pos.in deg. Radiation POSe in deg. iadiation Pos.in deg. Radiationin db. in db. in db.

6 34.0 120 11.0 240 19.0
10 39.0 130 21.0 250 24.0
20 39.0 140 23.0 260 25.0
30 37.0 150 24.0 270 25.0
40 33.0 160 24.0 280 22.0
50 28.0 170 20.0 290 23.0
60 22.0 180 19.0 300 27.0
70 22.0 190 20.0 310 28.0
80 26.0 200 21.0 320 26.0
90 26.0 210 18.0 330 30.0

100 25.0 220 ao.o 340 a~.o
110 22.0 230 18.0 350 26.0

300 MEGA CYCLES

0 32.0 120 14.0 240 19.0
10 40.0 130 21.0 250 20.0
20 39.0 140 21.0 260 24.0
30 36.0 150 20.5 270 25.0
40 28.0 160 20.0 280 25.0
50 23.0 170 13.0 290 24.0
60 20.0 180 13.0 300 25.0
70 28.0 190 16.0 310 26.0
80 29.0 200 18.0 320 28.0
90 25.0 210 16.0 330 25.0

100 23.0 220 18.0 340 36.0
110 19.0 230 18.0 350 27.0
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400 Ml'X1ACYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos. in deg. {W.diation
in db. in db. in db.

0 32.0 120 8.0 240 20.0
10 38.0 130 22.0 250 29.0
20 39.0 140 26.0 260 28.0
30 34.0 150 29.0 270 26.0
40 38.0 160 28.0 280 20.0
50 33.0 170 27.0 290 22.0
60 28.0 180 26.0 300 30.0
70 20.0 190 24.0 310 31.0
80 23.0 200 24.0 320 24.0
90 27.0 210 20.0 330 30.0

100 28.0 220 22.0 340 34.0
110 26.0 230 19.0 350 24.0

500 MEGA CYCLES

0 32.0 120 13.0 240 14.0
10 33.0 130 12.0 250 14.0
20 31.5 140 15.0 260 19.0
30 30.0 150 111.5 270 17.0
40 26.0 160 22.0 280 23.5
50 25.0 170 19.5 290 14.0
60 23.0 tao 18.0 300 23.0
70 23.0 190 20.0 310 28.0
80 24.0 200 12.0 320 22.0
90 22.0 210 13.0 330 20.0

100 20.0 220 10.0 340 26.0
110 15.0 230 13.0 350 28.0
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600 MEGA CYCLES

POSe in d.eg. Radiation POSe in deg. Radiation POSe in d.eg. Radiationin db. in db. in db.
0 32.0 120 15.5 240 16.0

10 31.0 130 16.0 250 13.020 36.0 140 17.0 260 21.0
30 30.0 150 15.0 270 17.0
40 22.0 160 14.0 280 23.0
50 26.0 170 14.0 290 26.0
60 24.0 180 17.0 300 23.0
70 12.0 190 6.0 310 27.080 23.5 200 14.0 320 30.090 26.0 210 13.5 330 32.0100 15.0 220 23.0 340 33.0110 16.0 230 16.0 350 34.0

700 MEGA CYCLES
0 24.0 120 5.0 240 10.010 26.0 130 9.0 250 9.020 23.0 140 6.0 26ij 10.030 19.0 150 14.0 270 12.040 16.0 160 9.0 280 13.050 13.0 170 10.0 290 15.060 11.0 180 10.0 300 18.070 10.0 190 14.0 310 13.080 10.0 200 15.0 320 17.090 12.0 210 13.0 330 19.0100 11.0 220 11.0 340 20.5110 8.0 230 8.0 350 22.0
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800 MEGA CYCLES

Pos. in deg. Radiation Pos.in deg. Radiation Pos. in deg. Radiation
in db. in db. in db.

0 26.0 120 10.0 240 9.0
10 22.0 130 11.0 250 13.0
20 14.0 140 9.0 260 5.0
30 16.5 150 6.0 270 13.0
40 13. 160 5.0 280 12.0
50 5.0 170 12.0 290 15.0
60 10. 180 8.0 300 12.0
70 8.0 190 11.0 310 14.0
80 8.0 200 10.0 320 2Q}fl)
90 11.0 210 11.0 330 16.0

100 10. 220 6.0 340 20.5
110 13. 230 7.0 350 24.0

900 f1EGACYCLES

0 27. 120 8.0 240 8.0
10 29.5 130 9.0 250 15.0
20 28.0 148 19.0 260 13.0
30 24.5 150 13.0 270 12.0
40 23.0 160 7.0 280 5.0
50 14.0 170 11.0 290 16.0
60 16.0 180 12.0 300 23.0
70 10.0 190 10.0 310 20.0
80 17.0 200 14.0 320 23.0
90 14.0 210 14.0 330 16.0

100 18.0 220 15.0 340 18.0
110 13.0 230 12.0 350 23.0
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Fig.21b Radiation Pattern a- )00 Mega Cycles
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Fig. 21d Radiation Pattern at 500 ,Mega Cycles
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TABLE - IV

MEASUREMENTOF RADIATION INTENSITIES

'IWO ANTENNASCO!'iBINED
AXIS VERTICAL

300 MEGACYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiation
in db. in db. in db.

0 22.5 120 15.0 240 11.0
10 2O~0 130 21.0 250 14'~(f
20 18.0 140 6.0 260 16.0
30 \9.0 ISO 1.0 210 15.0
40 21.0 160 14.0 280 12.0
50 19.0 170 14.0 290 17.0
60 13.0 180. 8.0 300 8.0
70 10.0 190 10.0 310 14.0
80 10.0 200 14.0 320 12.0
90 17.0 210 10.0 330 18.0

100 15.0 220 3.0 340 16.0
110 13.0 230 1W 350 19.5

600 !'!EGACYCLES

0 18.0 120 21.5 240 14.0
10 23.0 130 22.0 250 19.0
20 19.0 140 19.5 260 19.0
30 21.0 150 27.5 270 19.0
40 15.0 160 21.0 280 10.0
50 10.0 170 24.0 290 15.0
60 7.0 180 21.0 300 18.0
70 20.0 190 13.0 310 15.0
80 24.0 200 12.0 320 22.0
90 18.0 210 7.0 330 20.0

100 17.0 220 3.0 340 22.0
110 14.0 230 13.0 350 21.0
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900 MEGA CYCLES------

pos.in deg. Radiation Pos.indeg. Radiation POSe indeg. Radiation
in db. ' in db. in db. '

0 14.0 120 14.0 240 12.0
10 7.0 130 16.0 250 13.0
20 6.0 140 13.0 260 19.0
30 v,.0 150 12.0 270 19.0
40 8.0 160 11.0 280 17.0
50 3.0 170 14.0 290 10.0
60 6.0 180 16.0 300 10.0
70 5.0 190 17~0 310 9.0
80 16.0 200 11.0 320 8.0
90 15.0 210 7.0 330 9.0
100 17.0 220 6.0 340 10.0
110 17.0 230 5.0 350 16.0
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TABLE - V

INPUT lJIIPEDANCE CALCULATION OF TWO ANTENNAS CCMBINED

dFreq. Shift in Pos.of !max. Imin. VIIlaX• Vmin. VSWR ~in Length Calculatein min. current in-" )-l amp. ,AAamp mV mV S of coax!. impedanceMc/s Gen.end I Load end. cable inA in Ohm.

250 0.183 6.0 oS 1055 0.15 10.30 4.9 2.379 5S-j20
300 0.125 8.0 1.3 2.00 0.35 7.20 6.9 2.850 150-j185
350 0.065 1605 2.0 3.30 0.56 5.90 8.5 3.330 J3+j37
400 0.233 19.5 3.4 4.70 0.91 5.16 9.8 3.800 11.5-j21S

450 0.045 13.0 2.2 3.19 0.60 5.32 9.4 4.270 165-j135
500 0.340 38.0 4.5 8.90 1.20 7.42 6.8 4.750 9.5+j31
550 0.312 33.0 5.0 7.80 1.30 6.00 8.3 5.230 8.8-j13
600 0.010 24.0 4.0 5.78 1.05 5.50 9.1 5.700 100-j130-,-
650 0.217 21.0 3.0 5.09 0.80 6.35 7.9 6.200 lOS+j28S

700 0.117 23.2 2.5 5.55 0.69 8.05 6.2 6.680 7.5-j20$5
750 0.100 14.5 2.0 3.51 0.56 6.27 7.9 7.135 240-j150
800 0.320 7.5 1.0 1.90 0.28 6.80 7.4 7.600 10.5+j31
850 0.028, 16.5 2.3 4.00 0.61 6S5 7.6 8.080 8.8-j13
900 0.495 1405 2.2 3.51 0.61 5.87 8S 8.560 9.5-j17.5
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c. CONBINATIONOFFOURANTENNASUNDERINVESTIGATIOO

Four identical antennas each was as shown in Fig.l1; were placed at

the four sides of a square base pyramid. Twoantennas at the opposite sides

were shorted at the smaller ends. One pair of the shorted antenna was fed

by the inner conductor and other pair was fell by the outer conductor of

the co-axial cable from the same signal generator. The eJq:lerimentw as

identical as in 'B'. The measured.values of radiation intensities for the

antenna axis horizontal is shown in table VI and the radiation patterns

are shown in Figs. 26a,26b,26c,26d,26e,26f,26g,26h.

For the vertical position of the antenna axis the measured values

of the radiation intensities are shoWm.in table VII and the r1l,diation

patterns are shown in the Figs. 27a,27b,27c,27d,27e,27f,27g,27h. ~

The values of the input impedancewere calculated from a Smith

Chart as shmffi in Fig. 28. Calculated values of the input impedance are

shetm in table VIII. The impedance vs frequency curve is shown in Fig. 29•
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TABLE - VI

MEASUREHENT OF RADIATION INTENSITIES
FOUR ANTENNAS cnrnINED

AXIS HORIZONTAL
250 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiation
in db. in db. in db.

0 24.0 120 20.5 240 5.0
10 24.0 130 10.5 250 10.0
20 30.0 140 20.0 260 22.0
30 35.5 .150 22.0 270 25.5
40 36.0 160 24.0 280 30.0
50 34.0 170 24.5 290 31.5
60 ~4.5 180 22.0 300 34.0
70 32.0 190 22.0 310 35.0
80 31.5 • 34.0200 20.0 320
90 29.5 210 18.5 330 31.0

100 25.5 220 16.5 340 28.0
110 22.5. 230 16.0 350 22.0

300 MEGA CYCLES

0 30.0 120 28.0. 240 22.0
10 32.0 130 27.5 250 16.0
20 31.5 140 20.0 260 25.0
30 33.5 150 15.0 270 28.0
40 35.5 160 7.5 280 32.5
50 35.0 170 19.5 21)0 30.5
60 35.0 180 18.0 300 30~
70 29.0 190 20.0 )10 31.5
80 27.5 200 23.5 320 33.0
90 25.0 210 26.0 330 28.5

100 23.5 220 22.0 340 27.5
110 29.0 230 26.5 350 24.0
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400 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiationin db. in db. in db.

0 32.0 120 30.0 240 10.0
10 32.0 130 25.5 250 14.0
20 32.0 140 31.0 260 23.5
30 32.0 150 4.0 270 24.0
40 33.0 160 9.0 280 27.0
50 39.0 170 22.0 290 33.0
60 40.0 180 10.0 300 33.0
70 39.0 190 8.0 310 35.0
80 32.0 200 7.0 320 32.0
90 28.0 210 8.0 330 37.0

100 33.0 220 26.0 ~40 37.0
110 31.5 230 17.0 350 34.0

500 1iEGA CYCLES

0 33.0 120 30.0 240 24.5
10 32.5 130 31.0 250 20.0
20 30.0 140 24.0 260 19.5
30 33.0 150 22.0 270 18.0
40 36.0 160 25.0 280 25.5
50 37.0 170 20.0 290 29.5
60 39.5 180 17.0 300 37.0
70 37.0 190 22.0 310 36.0
80 35.5 200 20.0 320 36.0
90 35.5 210 21.0 330 37.0

100 32.5 220 27.0 340 37.5
110 31.0 230 30.0 350 39.0
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600 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation POSe in deg. Radiationin db. in db. in db.
0 27.5 120 0.0 240 24.0

10 16.0 130 14.0 250 19.520 20.0 140 20.0 260 27.030 21.0 1.50 24.0 270 29.040 19.5 160 26.0 280 2.5.050 21.0 170 22.0 290 34.060 18.0 180 15.0 300 37.570 12.0 190 3.0 310 39.080 15.5 200 18.0 320 :a9.590 12.0 210 17.5 330 38.5100 2.0 220 17.5 340 38.0110 5.0 230 20.0 350 38.0

700 MEGA CYCLES

0 21.0 120 12.0 240 17.0
10 20.0 130 4.0 250 19.520 20.0 140 9.0 260 19.530 25.0 150 12.0 270 22.0
40 27.5 160 10.0 280 23.0
50 24.0 170 6.0 290 26.560 26.0 180 4.0 300 29.070 24.0 190 7.0 310 30.080 22.0 200 12.5 320 27.590 23.0 210 12.0 330 28.0100 19.0 220 10.0 340 29.0

110 17.5 230 10.0 350 25.0
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800 MEGA CYCLES

Pos.in deg. Radiation Pas. in deg. Radiation Pos. in deg. Radiation
in db. in db. in db.

0 34:'0 120 15.5 240 15.0
10 20.0 130 14.0 250 12.0
20 20.0 140 14.0 260 17.0
30 22.0 150 10.0 270 12.0
40 22.0 160 8.5 280 21.0
50 22.0 170 8.5 290 19.0
60 23.0 180 13.5 300 20.0
70 22.0 190 11.0 310 19.0
80 15.0 200 12.5 320 18.0
90 16.5 210 12.0 330 10.0

100 16.0 220 7.0 340 16.0
110 .11.5 230 14.5 350 20.0

900 YLEGACYCLES

0 17.0 120 J3.5 240 10.0
10 17.0 130 14.0 250 11,5
20 15.5 140 8.5 260 16.0
30 19.0 150 15~5 270 15.5
40 19.0 160 15.5 280 13.0
50 21.0 170 12.5 290 14.0
60 24.0 180 10.3 300 13.0
70 20.0 190 11.0 310 23.0
80 20.0 200 8.0 320 19,5
90 20.0 210 3.0 330 18.5

100 17.0 220 4.0 340 13,5
110 8.0 230 0.0 350 17.5
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Fig, 26a Hadia ti on Pa ttern at 250 Mega eye les
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Fig. 26b Radiation Pattern at 300 Mega Cycles
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Fig, 26d Had ia ti on Pa ttern at 500 Mega eye les
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Fig, 26f~adiatiDn Pattern at 700 Mega Cycles
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TABLE - VII
MEASURa1ENT OF RADIATION INTENSITIES

FOUR ANTENNAS OOMBINED

ANTENNA AXIS VERTICAL
250 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pas. in deg. Radiation
in db. in db. in db.

0 20.0 120 22.0 240 25.5
10 22.0 130 17.0 z50 18.0
20 25.0 140 2BOO 260 10.0
30 24.0 150 20.0 270 18.0
40 24.0 160 24.0 280 20.0
50 25.5 170 24.0 290 25.0
60 22.5 180 25.5 300 19.0
70 24.0 190 26.0 310 11.0
80 25.0 • 200 26.0 320 10.0
90 26.0 210 25.0 330 18.5

.100 23.0 220 24.0 340 17.5
110 20.0 230 24.5 350 12.0

300 MEGA CYCLES

0 30.0 120 29.0 240 28.0
10 29.0 130 29.0 250 29.0
20 29.0 140 28.0 260 26.0
30 28.0 150 27.0 270 27.0
40 26.5 160 28.0 280 29.0
50 28.0 170 28.5 290 31.0
60 29.0 180 28.5 300 31.0
70 27.0 190 29.0 310 32.0
80 27.0 200 28.5 320 30.0
90 22.0 210 28.5 330 30.0

11;00 23.0 220 28.0 340 30.0
110 28.0 230 29.0 350 32.0
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400 MEGA CYCLES

Pes. in deg. Radiation Pes.in deg. Radiation Pes.in deg. Radiation
in db. in db. in db.

6 29.0 120 30.0 240 28.0
10 33.0 130 28.5 250 29.0
fO 40.0 140 28.0 260 25.0
30 34.0 lSO 33.0 270 28.5
40 34.5 160 30.0 280 23.0
50 34.0 170 32.0 290 29.0
60 36.0 180 31.0 300 21.0
70 35.0 .190 31.0 310 25.0
80 32.0 ZOO 31.0 320 25.0
90 31.0 210 31.0 330 24.0

100 33.0 220 30.0 340 29.0
110 35.0 230 21.0 350 28.0

SOO MEGA CYCLES

0 24.5 120 28.1 240 27.0
10 20.0 130 28.0 250 25.0
20 22.0 140 30.0 260 23.0
30 36.0 150 28.0 270 29.0
40 20.0 160 27.0 280 27.0
SO 26.0 170. 28.0 290 28.0
60 20.0 180 28.0 300 25.0
70 26.0 190 27.0 310 25.0
80 21.0 200 26.0 320 29.0
90 25.0 210 32.0 330 28.5

100 25.0 220 35.0 340 2$.0
110 28.5 230 25.0 350 26.0
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600 MEGA CYCLES

POSe in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiationin db. in db. in db.

0 26.0 120 23.0 240 28.5
10 25.5 130 21.5 250 24.0
20 25.0 140 24.0 260 23.5
30 22.0 150 25.0 270 22.0
40 21.0 160 24.0 280 20.5
50 23.0 170 27.0 290 25.0
60 '2 '2.0 180 2$.0 300 24.0
70 23.0 190 2J.O 310 27.0
80 21.0 200 28.5 320 22.0
90 20.0 210 29.0 330 27.0

100 20.0 220 25.0 340 28.5
110 20.0 230 .28.5 350 31.0

700 IIDtACYCLES

0 21.0 120 20.0 240 24.0
10 22.0 130 21.0 250 22.0
20 21.0 140 23.0 260 24.0
30 21.0 150 24.0 270 19.0
40:;' 21.0 160 22.0 280 21.0
50 24.0 170 25.0 290 25.5
60 22.0 180 25.0 300 25.0
70 20.0 190 2$.0 310 25.0
80 23.0 200 25.0 320 22.0
90 20.0 210 26.5 330 25.0

100 22.0 220 24.5 340 24.0
110 22.0 230 23.5 350 25.0

•
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800 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiation
in db. in db. in db.-

0 6.0 120 12.0 240 8.0
10 2.0 130 13.5 250 13.0
20 5.0 240 1)~.5 260 17.0
30 10.0 150 14.0 270 19.0
40 12.0 160 12.0 280 17.5
50 12.0 170 13.0 290 17.0
60 12.0 180 15.0 300 16.0
70 11.0 190 13.0 310 17.0
80 15.0 200 12.5 320 8.0
90 11.0 210 7.0 330 13.0

100 7.5 220 13.0 340 4.0
110 6.0 230 15.5 350 22.0

900 MEGA CYCLES
0 21.0 120 14.0 240 21.0

10 22.0 130 14.5 250 20.0
20 24.5 140 14.5 260 22.0
30 21.5 150 16.0 270 20.0
40 24.5 160 19.0 280 14.0
50 25.0 170 14.0 290 11.0
60 24.0 180 9.0 300 11.0
70 25.0 190 11.0 310 15.0
80 19.5 200 16.0 320 12.0
90 18.0 210 19.0 330 18.0

100 17.0 220 18.0 340 20.0
110 8.0 230 19.0 350 21.0
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Fig.27g Radiation Pattern at 800 Mega Cycles
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TABLE - VIII

INPUT DlPEDANCE CALCULATION OF FOUR ANTEl'lNAS CCMBINED

edFrellf. Shift in POSe of !max. Imin. Vmax• Vmin. VSWR 2min Length calculatin min. current J!l£ inA A'amp ;\'-amp mV mV S of coaxl. impedanceMc/s Gen. end TLoad end cable inA in Ohm.

250 O.OlO 4.0 3.0 1.05 0.80 1.31 38.2 2.363 48+j14
300 0.325 3.4 1.5 0.90 0.41 2.20 22.8 2.840 55-j43
350 0.064 3.5 1.5 0.91 0.41 2.21 22.5 2.315 36+j32
400 0.253 4.5 0.65 1.18 0.20 5.10 8.5 3.785 8-jlO
450 0.015 3.1 0.6 0.81 0.17 4.77 10.5 4.250 l00-j85
500 0.383 4.5 0.5 1.18 0.15 3.47 14.4 4.740 35+j55
550 0.377 7.2 4.5 1.80 1.18 1.53 32.8 5.210 42-j15
600 0.11110 8.0 1.7 2.00 0.48 4.16 12.0 5.660 65-j85
650 0.2lO 4.5 1.2 1.18 0.3a 3.48 14.4 6.170 25+jt40
700 0.163 15.0 5.0 3.61 1.30 2.78 17.3 6.660 17+jl
750 0.050 11.0 1.1 2.71 0.38 7.10 7.1 7.100 20-j65
800 0.240 2.4 0.2 0.62 0.05 12.40 4.2 7.570 30+j120
850 0.128 7.0 0.0 1.75 0.00 0.0 8.050 O+jlO5
900 0.167 15.5 1.0 3.75 0.27 13.9 3.6 8.530 5-j27
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D. COOBINATION OF FOUR LOO-PERIODIC ANTENNASUNDER INVESTIGATION

Four identical antennas each was as shownin Fig. 30 were placed

at the four sides of a square base pyramid. This time the separation

betHeen the conductors were in Log. Antennas at the opposite sides

were shorted at the smaller ends. Onepair of the shorted antennas vIaS

fed by the inner conductor and the other pair was fed by the outer con-

ductor of the co-axial cable from the same signal generator. The experi-

mentwas identical as in 'cr. The measured values of the radiation

intensities for the antenna axis horizontal is shownin table IX and the

radiation patterns are shownin Figs. 31a, 31b, 31c, 31d, 31e, 31f,31g.

For the vertical position of the antenna axis the measured values

of the radiation intensities are shown in table X and the radiation

patterns are shownin Figs. 32a, 32b, 32c, 32d, 32e, 32f, 32g.

The values of the input impedancewere calculated from a Smith

Chart as shownin Fig. 33. Calculated values are shownin table XI.

The impedancevs frequency curve is shownin Fig. 34.



,

95

~----'---- -130c.m

r
I

~O~rn.

,,
-L.. e4 _

I-------""1

F"I G. 30. ONE: F'ACE OF THE: LOG-PERIODIC

ANTENNA UNDER INVe:~TIG"TION



96

.TABLE - IX
MEASURDlENT OF RADIATICW INTENSITIES
FOUR LOO-PERIODIC ANTENNAS COMBINED

AXIS HORIZONTAL
300 MEGA CYCLES

Pes.in deg. Radiation Pes. in deg. Radiation Pes.in deg. Radiation
in db. in db. in db.

0 29.0 120 27.5 240 27.0
10 23.0 130 21.0 250 32.0
20 31.0 140 17.0 260 29.0
30 31.0 150 11.0 270 28.0
40 29.0 160 13.0 280 27.0
50 29.0 170 17.0 290 22.0
60 30.0 180 20.0 300 24.0
70 32.0 190 21.0 310 25.0
80 30.0 200 20.0 320 28.0
90 29.0 210 18.0 330 29.0

100 29.0 220 24.0 340 28.0
110 27.0 230 26.0 350 29.0

400 MEGA CYCLES

0 32.0 120 27.0 240 28.0
10 30.0 130 23.0 250 27.0
20 34.0 140 18.0 260 28.0
30 35.0 150 21.0 270 28.0
40 30.0 160 17.0 280 32.0
50 34.0 170 24.0 290 29.0
60 35.0 180 24.0 300 30.0
70 35.0 190 23.0 310 30.0
80 35.0 200 27.0 320 29.0
90 35.0 210 26.0 330 25.0

100 30.0 220 29.0 340 25.0
110 27.0 230 28.0 350 28.0
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500 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation POSe in deg. Radiationin db. in db. in db.
0 35.0 120 28.0 240 30.0

10 38.0 130 29.0 250 22.0
20 36.0 140 20.0 260 27.0
30 38.0 150 31.0 270 28.0
40 33.0 160 22.0 280 37.0
50 40.0 170 32.0 290 30.0
60 40.0 180 28.0 300 37.0
70 38.0 190 26.0 310 36.0
80 40.0 200 34.0 320 30.0
90 39.0 210 35.0 330 22.0

100 32.0 220 35.0 340 22.0
110 37.0 230 32.0 350 26.0

600 ~1EGA CYCLES

0 27.0 120 20.0 240 22.0
10 32.0 130 22.0 250 18.0
20 30.0 140 18.0 260 20.0
30 29.5 150 24.0 270 20.0
40 32.0 160 19.0 280 32.0
50 32.0 170 23.0 290 29.0
60 30.0 180 20.0 300 30.0
70 27.0 190 16.0 310 29.0
80 27.0 200 15.5 320 28.0
90 26.0 210 24.0 330 23.0

100 22.0 220 25.0 340 24.0
110 %8.0 230 22.0 350 23.0
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100 MEGA CYCLES

POSein deg. Radiation Pos.in deg. Radiation POSe in deg. Radiation
in db. - in db. in db.

0 21.0 120 1j~5 240'j 14.0
10 21.0 130 16.0 250 16.0
20 22.0 140 11.0 260 14.0
30 26.0 150 18.0 210 11.0
40 27.0 160 16.0 280 24.0
50 25.0 110 14.0 290 20.0
60 21.0 180 13.0 300 23.0
10 14.0 190 7.5 310 23.0
80 15.0 200 7.0 320 26.0
90 14.0 210 14.0 330 28.0

100 15.0 220 16.0 340 26.0
110 10.0 230 13.0 350 21.0

800 MEGA CYClES

0 19.0 120 11.0 240 12.0
10 20.0 l30 12.0 250 13.0
20 23.0 'j40 10.0 260 14.0
30 26.0 150 11.0 210 10.0
40 26.0 160 10,.0 280 17.0
50 21.0 110 11.5 290 18.5
60 20.0 180 10.0 300 25.0
10 11.0 190 8.0 310 23.0
80 12.5 200 1.0 320 26.5
90 12.0 210 11.5 330 27.0

100 9.0 220 12.0 340 27.0
110 12.5 230 11.5 350 24.0
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900 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiation
in db. in db. in db.

0 22.0 120 10.0 240 12.0
10 21.0 130 12.0 250 10.0
20 24.0 140 5.0 260 14.0
30 27.0 150 4.0 270 10.0
40 26.0 160 3.0 280 11.0
50 17.0 170 11.0 290 18.0
60 20.0 180 10.0 300 22.0
70 8.0 190 9.0 310 23.0
80 12.0 200 7.0 320 27.0
90 9.0 210 8.0 330 2'*.0

100 . 3.0 220 8.0 340 28.0
110 tli.O 230 11.0 350 28.0
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Fig. 310 Radiation Pattern at ,00 Mega Cycles
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TABLE - IX
MEASUREMENT OF RADIATION INTENSITIES
FOUR UXi-PERIODIC ANTENNAS COMBINED

AXIS VERTICAL
300 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiationin db. in db. in db.
0 31.5 120 27.0 240 28.0

10 32.0 130 28.0 250 29.0
20 28.0 140 27.0 260 32.0
30 27.0 150 28.0 270 32.0
40 29.0 160 27.0 280 31.5
50 30.0 170 27.0 290 32.0
60 27.0 180 27.0 300 29.0
70 28.0 190 28.0 310 32.0
80 29.5 200 29.0 320 28.0
90 27.0 210 29.0 330 30.0

100 27.0 220 29.0 340 32.0
110 27.5 230 28.0 350 30.0

400HBJA CYCLES
0 30.0 120 27.0 240 27.0

10 34.0 130 26.0 250 25.0
20 32.0 140 26.0 260 33.0
30 29.0 150 26.0 270 26.0
40 29.0 160 24.0 280 28.0
50 30.0 170 26.0 290 26.0
60 26.0 .180 27.0 300 24.0
70 26.0 190 27.0 310 23.0
80 27.0 200 28.0 320 21.0
90 27.0 210 27.0 330 23.0

100 28.0 220 25.0 340 30.0
110 26.0 230 24.0 350 28.0
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500 MEGA CYCLES

pos.in deg. Radiation pos.in deg. Radiation Pos. in deg. Radiation
in db. in db. in db.

0 29.0 120 27.0 240 27.0
10 34.0 130 25.0 250 22.0
20 35.0 140 24.5 260 34.0
30 32.0 150 24.0 270 21.0
40 30.0 160 23.0 280 25.0
50 29.0 170 24.5 290 21.0
60 25.0 180 27.0 300 21.0
70 24.0 190 27.5 310 14.0
80 26.0 200 28.0 320 15.0
90 25.5 210 26.0 330 16.0

100 29.0 3aO 20.0 340 24.5
110 25.0 230 20.0 350 26.0

600 MEGA CYCLES

0 22.0 120 20.0 240 19.0
10 24.0 130 17.0 250 19.0
20 24.0 140 18.0 260 21.0
30 30.0 150 19.0 270 22.0
40 30.0 160 18.0 280 29.0
50 28.0 170 18.0 290 19.0
60 27.0 180 23.0 300 21.0
70 24.0 190 20.0 310 20.0
80 22.0 200 24.0 320 20.0
90 20.0 210 26.0 330 15.0

100 22.0 230 25.0 340 15.0
110 18.0 230 23.0 350 16.0
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100 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. Radiation Pos.in deg. Radiation
in db. in db. in db.

0 16.0 120 11.0 240 21.5
10 22.0 130 12.0 250 18.0
20 22.0 140 8.0 260 19.0
30 18.0 150 10.0 270 19.0
40 26.0 160 14.0 280 23.0
50 26.0 110 13.0 290 24.0
60 25.0 180 13.0 300 19.0
10 24.0 190 13.0 310 11.0
80 18.0 200 17.0 320 20.0
90 19.5 210 21.0 330 20.0

100 11.0 220 16.0 340 18.0
110 18.5 230 21.0 350 15.0

800 MEGA CYCLES

0 11.0 120 9.0 240 20.0
10 11.0 130 10.0 250 19.0
20 24.0 140 14.0 260 21.0
30 23.0 150 14.0 210 22.0
40 21.0 160 14.0 280 11.0
50 20.0 110 13.0 290 15.0
60 15.0 180 15.0 300 15.0
10 13.0 190 15.0 310 14.0
80 15.0 200 14.0 320 13.0
90 14.0 210 11.0 330 13.0

100 8.0 220 19.0 340 17.0
110 9.0 230 18.0 350 19.0
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9 00 MEGA CYCLES

Pos.in deg. Radiation Pas.in deg. Radiation Pas.in deg. Radiation
in db. in db. in db.

0 20.0 120 15.0 240 19.0
10 18.0 130 16.0 250 15.0
20 18.0 140 14.0 260 14.0
30 12.0 150 13.0 270 10.0
40 6.0 160 10.0 280 8~0
50 12.0 170 l1.0 290 8.0
60 13.0 180 15.0 300 11.0
70 7.0 190 18.0 310 18.0
80 8.0 200 19.0 320 15.0
90 10.0 2%0 21.0 330 13.0

100 8.0 220 20.0 340 17.0
l10 14.0 230 18.0 350 22.0
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TABLE - XI

CALCULATIONOF INPUT :IMPEDANCEOF FOUR LOO PERIODIC ANTeNNAS CUJvlBINED

edFreq. Shift in Pos.of Imax• Imin. Vmax Vmin VSWR ~in Length Calcu1at
in min. current inA .M. amp "M.amp mV mV S of coax!. impedance
Nc/s Gen.end I Load end. cable in in 6hm.

250 0.010 2.0 0.5 0.51 0.15 3.40 14.7 2.36 29+j45
300 0.025 5.0 2.0 1.30 0.51 2.55 19.6 2.83 77+j55
350 0.076 6.0 .1.0 1.51 0.27 5.59 8.95 3.30 18+j47
400 0.087 7.5 2.0 1.90 0.51 3.72 13.4 3.77 32+j54
450 0.038 7.5 1.5 1.90 0.41 4.75 10.5 4.25 105-jll0
500 0.166 8.0 6.0 2.00 1.50 1.33 37.6 4.72 46+j15
550 0.110 14.5 1.4 .3.50 0.39 8.90 5.6 5.20 8-j31
600 0.040 15.5 1.3 3.75 0.38 9.86 5.1 5.67 70-j170
650 0.173 2.5 2.5 0.70 0.70 1.00 $0.0 6.12 50+jO
700 0.338 14.0 2.5 3.40 0.70 4.86 10.3 6.62 11+j16
750 0.125 8.6 0.6 2.05 0.20 1.03 49.9 7.07 52-j2
800 0.294 12.5 0.7 3.05 0.21 14.50 3.5 7.55 11+j73
850 0.028 18.0 1.5 4.31 0.40 10.80 4.6 8.01 5.5-j12
900 0.180 13.5 1.2 3.25 0.30 10.80 4.6 8.50 25-j100
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DISCUSSION



DISCUSSION

This particular problem has never been studied before. Because of
the limited range of the various apparatus used in the experiment tne

present problem was investigated between the frequency range of 250</1 Mega
cycles to 900 Mega cycles. In order to minimise errors the experiment ~ras
performed on the top of the roof in open air so that the electrical charac-
teristics could become equal to the free space values. Because of space
limitation the radiation intensities were measured in a circle of 4 m radius
at intervals of 10 degrees.

Since no antenna pattern recorder uas available, the radiation
intensities were measured ~ using heterodyne principle( Fig.16). The
instrtnnents were very delicate and the balancing of the instruments was very
much time consuming. Due to the fluctuation in the line voltage the output
of the oscillators sometimes did not remain constant. These undesirable
oscillations of the oscillators used in the heterodyne principle for the
determination of radiation patterns greatly affected the experimentalX&
results.

Another important factor that affected the experimental results
is the proximity effect. The antennas rnder investigation were sensitive

to the conductive objects located in the near field. Because of the practical
difficulties most of the instruments having metallic surfaces had to place
in the near field. The person performing the experiment had to move also in
the near field. These difficulties could have been avoided if longer co-axial
cables were available.
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A study of the shape of the radiation patterns \vith the change of the

operating frequency reveals that the shapes becomefunction of frequency.

For the case of the single antenna it is observed that the shape of

the patterns changes markedly for lower values of the frequency. At higher

values of the frequency ( 700Mc/s to 900Mc/s ), the patterns exhibit some

t~cy-~donstancy except rotation ( Figs. l7f,17g,17h ).

Whentwo antennas are combined, the radiation patterns showbetter

tendency of constancy. For the frequency range of 700Mc/s to 900Nc/s, the

patterns for the case whenthe axis is horizental, remain roughly constant

except rotation ( Figs. 2lf,2lg,2lh ). The front to back ratios have also

higher values. That means directivity is also better.

For the case of the combination of four antennas the constancy of the

radiation patterns is not observed.

But the case is somm.hatdifferent .for the combination of four log-

periodic antennas. Whenthe axis of the antenna is horizontal, the patterns

sho,I the tendency of constancy for the frequency range of 700Mc/s to 900Mc/s

( Figs. 3le,3lf,3lg). ~Thenthe axis of the antenna is vertical, the patterns

rotate at a faster rate.

Fromthe above study it is found that of the four types of antennas

under investigation, the combination of two antennas shows the best tendency

of constancy in radiation patterns in the frequency range of 700Mc/s to

900Mc/s.
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~
The input impedancewas calculated by using a slotted transmission

line. Because of someof the foregoing difficulties admittance meter was

not used. The ultimate results were dependent upon so many intermediate

steps, that included (i) determination of the shift in the position of mini-

mumcurrent when the transmission line was shorted and when the transmission

line was loaded (ii)~etermination of the magnitude of the voltage standing

wave ratio. The process included the conversion of currents into the corres-

ponding volta~es by using a calibration curve, (!!i) Determination of the

length of the coaxial cable in term of the operating wavelength between the

end of the transmission line and the feed point of the antenna. (iv)Finally

the value of the input impedancewas read from a Smith Chart. It is clear

that any slight error in any of the intermediate steps will greately affect

the final result.

It was observed that as the operating frequency was changed, the

reactiMe:;cbinponentsof the impedance sometimes became inductive and sometimes

capacitive. This t.as because the physical lengths of the elements were fixed,

the electrical lengths were changed as the operating frequency was changed.

The reactance will be capacitive when the element length loli;S3 less than the

resonant length and the reactance t.i11 be inductive when the element length

is greater than 'resonant length. But reactance zero will not occur for

element lenghts that are intfe~~i multiple of quarter wavelength. This is

due to I endeffect' which results from a decrease in L and in crease in C

near the end of the line. Hence reactance zero will occur for the physiCal

length of the elements that are somewhatless than the multiples of quarter

vavelengths.

It is interesting to note the behaviour of the input impedances of

the four antennas under investigation, with the change of frequency. For
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the case of the single ,antenna when the resistive componentof-the input

Impedanceincreases, the reactive componentof the impedancechanges its

value from capacitive to inductive and whenthe resistive componentdecreases

the reactive componentstarts its value changing from inductive to capacitive.

The posi tions of reactance zero are nearly equally spaced in frequency (Fig.

20 ). On a Smith Chart the impedancemoveson a bigger circ1e( Fig.19 ).

For the case of the combination of two antennas the behaviour of

the Input impedancewith the change of frequency is more or less opposite

to that of a single antenna. Here also reactance zero occurs approximately

at regular interval measur.edin terms of frequency ( Fig.24). The impedances

moveon a bigger circle on a Smith Chart ( Fig. 23 )

For the case of the combination of four antennas, the nature of the

variation of resistive and reactive componentswith the change of frequency

is not easily predictable ( Fig. 29)• The impedances lie inside a bigger

circ1a on a smith Chart ( Fig. 28 ).

For the case of the combination of four log-periodic antennas also,

the nature of the variation of the componentsof input impedance is not

easily predictable ( Fig. 34 ). The impedances lie ins ide a bigger circle

on a Smith Chart ( Fig. 33 ).

CONC1.USION

The above study reveals that the input impedances of the antennas

under investigation did not fall inside a small circle on a Smith Chart,as

is generally the case for frequency independent antennas. However, in

practice no antenna is truly frequency independent. only the band of the

antenna is madebroad to a satisfactory limit. If the structure of the present

antenna could have been made infinitely long it would have exhibited frequency
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independent characteristics. Or if the structtre were made very long it

would have showedsome frequency independent properties. Since the present

structure was madevery small it did not exhibit frequency independent

characteristics but it showedsomeof the properties of the pseudo frequency

independent antenna as discussed in refs. 1 and 2.

It is expected that in future more work will be done upon this type

f antenna and better theoretical explanation of someof the observed results

be given. Although, considerable work has been done upon broadband

as in the past decade yet there are some important design problems

on which muchwork can be done. Amongthese are the design of broad-

nnas having very high gain and the design of frequency independent

antenna~produce specified rediation pattern.

",
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