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INTRODUCTION

In radiated wave propagation a most essential part of the communi-

cation channel is the antenna which " limches" the electromagnetic energy

at the transmitting end and " captures" part of this energy at the receiv-
ing end. It is observed5 that a circuit large compared with 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 may have components in phase with current.

Hence the obvious conclusion, the antenna wﬁich is to perform dusl
functions of an impedance matching device and a radiator is simply a circuit
made purposely large compared with wave lengtﬂ to increase the importance
of radiation. The physical form of the antenna is dictated by practical con-
siderationé, 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 limit
the useful band width the required or desired bandwidith 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 minimum bandwidth 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 pattem and input impedance were acceptable



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 impedaance remain fixed if the operating
wavelength is also increased by the factor K. In other words, the perfor-
mance of a lossless antenna is independent of frequency if its dimensions

measured in wavelength are held constant.

It follows that if the shape of the antenna were such that it could
be specified entirely by angles, its performance would be 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 when truncated to a finite length, The infinitely
long biconical antenna has a geometry that can be e#pressed entirely in
terms of angles ( the cone angles ). It is also an example of structure that
d;;s not retain frequency independeﬂt characteristics when truncatedé, for
both the pattern and inpedance of finite length biconical antenna vary
greatly with freqﬁency. 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. Rumsey1 has given a general equation
of antenna structures whose performance will be independent of frequency.
The concept of frequency independent antenna introduced by Rumsey

has found practical realization in two separate developments,equimngular

structures and lop-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.

Some of the earliest broadband antennas were long wire types designed
to operate in the high frequency band or in the low frequency band#. 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. Among these antennas the well known rhombic

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

shown in Fig. 1. is.essentially a resistance terminated transmission line

ud
that has been openedito foem the four sides of a rhombus.

Because of the travelling wave current distribution along the
terminated line, the main beam is in the forward direction(towards the ter-
mination) at an angle that depends, in a complicated fashioﬁ, on the included
angle of the rhombus and the length of the sides in wavelengths. The beam
is quite broad in the vertical plane and the angle above ground of the maximum
increases as the frequency decreases. This chamge of angle with frequency
is in the correct direction for transmission or reception of ionispherically

P o, - . s =
reflected wave,so a rhombic antennavfixed dimensions i8 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 antennah. In contrast with most antennas which operate best over a N
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.

The fish bone antenna = shown in 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 épaced
(less than’ /I ) untuned, horizontal dipfoles, 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

L
which owes its broadband properties to broad and specially shaped surfaces .,
It has been recognised that fat antennas had smaller impedance variations

than thin one.

A discone shown in -Fig.3. maintains a good impedance and pattern

characteristics over a four to one bandwidth.

Another group of antennas, some of which display fairly wide
bandwidths, consist of various helical and spiral shapes, When the 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 maximum radiation
along the axis of the helix, In this mode, the helical antenna has desirable

impedance, pattern and circular polérization properties over nearly an octave,



The bandwidth can be increased by -expanding the diameter of the helix along

its length to fomm a conical mono filar helix fed from the base end.

FREQUENCY INDEPENDENT AND LOG-PERIODIC ANTENNAS

As stated earlier, Rumsey put forth the idea that a structure entire-
ly definable by angles, without any characteristic length dimension, should
have propertiés that are independent of the frequency of Qperationl. He ~»
proposed that an equiangular spiral structure which satisfies the angle

requirement, might have the desired properties and Dyson3 undertook a com-

prehensive experimental study of an antenna based upen the equiangular épiral
geometry shown in Fig., L. Experimental investigation established that this
particular geometry did indeed retain its frequenqy ifdependent properties

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

ful frequency independent antennas.

When this angular structure is excited in a balanced manner at the
origin, the current fleows outward with small aktenuation along the spiral

arms until a_region of given size in wavelengths is reach h. In this region
( the active or radiating region ) eseentially all of the incident energy
transmitted along £he spiral ams is radiated, and somewhat beyond this
region the presence or absence of the arms is of no consequence, Because

the radiating region is of constant size in wavelengths, it moves toward

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 accomplished by a rotation of the radiated field about the

axis of the antenna.

It is now known that this amtomatic scaling of the radiating
aperture is a condition for operation in a frequency independent manner.
It is interesting to note that Springer observed this phenomenon on the

expanding helix, but unfortunately the methods of construction and excita-
tion limited the bandwidth cbtainable to somewhat over an octave, so the
importance of scaling of effective aperture with frequency was not fully

recognized.
Lo ]

The equiangular spiral antenna is bidirectional, radiates a very
broad, circularly polarized beam on both sides of its surface. A more prac-
tical version of this antenna is the conical equiangular spiral shown in
Fig.5. Whereas the planar structure is bidirectional, with the same pattern
on each side, the effect of forming the equiangular structure on the surface

of a cone, of small cone angle, is to make the antenna unidirectional.

The radiation which is approximately circularly polarized, is now
confined to one hemisphere, with the maximum radiation 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 cable which is run
up along, and soldered in contact with , one of the arms. Because the
amplitud® 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 arms where thecable enters is essentially a
field free region. Hence this type of feed automatically provides a

frequency independent balunﬁ s permitting the feeding of the balanced antenna
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by means of an unbalanced co-axial line. To maintain physical symmetry, a
dummy .cable is soldered to the other arm. Antennas of this type have been
sucessfully constructed to operate over bandwidths of better than 20 to 1
and there seems to be no fundamental limitation on the maximum bandwidth

attainable. The low frequency 1limit of operation is set by the dimensions
at the large end ( the base radius should be greater than a quaftér of a
wavelength at the lowest frequency of operation) whereas the upper frequency
limit ié set by how finely the equiangular structure can be molded at the
apex and hence on the minimum diameter of feed cable that can be used. 4
somewhat different practical realization of the frequency independent con-

6,2

cept Is the class of antennas known as log-periodic . In this class of

structures the broadband properties are obtained by making the pattern and
impedawnce characteristics periodic with the logarithim 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.

DuHamel proposed that it should be possible to force radiation from
otherwise ' angle structures! by the use of appropriately located disconti-
nuitiesz’h. One of the first geometries chosen to investigate the validity
of this concept was that shown in 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 choseti to
have a constant ratio T = BRn+i / R, . This same ratio 7  defines the

lengths and the widths of successive teeth.

From the principle of modeling it is evident for this structure,
exkending from Zero to infinity and energized at the vertex, that whatever

properties it may have at a frequency f will be repeated at all frequencies

- given by T"'f where n is an intéger. When plotted on a logarithmic scale,
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these frequencies are equally spaced with a period equal to the logarithm

of T ; hence the name ' log=periodic! structure.log-periodicity guarantges

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
words, the complementary slot antenna has the same size and shape as the

metallic dipole antenna,

In this connection a very interesting point was noted by Mushiake
in one of the Tohoku Universitf Reportsl. It is that the impeﬁance of any
plane sheet antenna whose shape is the same as the shape of its complement
( except for a trivipél change of éo—ordinates ) is independent of frequency
and equal to 60T = 189 Ohms. When the antenna and its complement are
fitted togather they completely cover the whole plane without overlapping.

The constant impedance of self complementary antenna1 follows from the

relation 2320 = ( 60'“')2, 2, is the impedance of the antenna and Z5

that of its complement.

Another form of log=-periodic structure is the log-periodic dipole

- L,6 :
array ~  shown in Fig. 7. In this array the length of each element bears

a fixed rati&tto the length of the preceding element. Moreover, adjacent
element spacings bear the same rati§ one to another. It is pvident from the
principle of scaling that whatever pattern and impedance characteristics

the array may have at a frequency f, which makes n th element resonant, it
will have tﬁe'samé characteristics at a higher frequency f;4; which makes

( n+l )th element resonanté. That is the characteristics will repeat periodi-
cally at all frequencies given by 7% . If T is kept, sufficiently close

to unity, the characteristics will not change appreciably within a period
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and the result in an array which is approximately frequency independent.

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

periodic resonant Vv arra,y6 shown in Fig. 8. This array is designed to operate
in several different modes. In the lowest order N/2 mode, the performance

is appromimately the same as that of the log-periodic dipole array described
above, The active portion centres around 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 fEequenqy
is increased or decreased the resonant length moves forward or backward,

This xkem scheme ensures a unidirectional beam and provides increased direc-
tivity.-Tremendous bandwidths ( 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.
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THE PROBLEM AND THE PRESENT POSITION

The purpose of the present esxperiment is to study the electrical
characteristics of a type of antenna similarly constructed as shown in the
Figs. 1L and 30, First a single antenna similar to one shown in Fig. 1l 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 pyranid 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 =m 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 dependance of the electrical

e

characteristics with frequency will also be noted.

This particular problem is investigated with a view to observing
whether fréquency independent characteristics can be cbtained. Althoughy,
this particular problem has not been investigated before log-periodic dipole
array has bken investigated in some detailz’h’6 because of the insight it
gives into what are believed to be general requirements for successful
frequency independent operation. Scme of the recent developments of frequency
independent and log-periodic antennas are shown in the accompaning Figs.

9,10 taken from referencew 1.
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THEORETICAL INVESTIGATION

The performance of an antenna would remain constant if the ratio
between the physical dimensions of an antenna and the operating wavelength
was hept constant. This leads to the conclusion that antenna specified
entirely by angles should exhibit the above characteristics. But the most
serious draw back to the above approach is that the structure must extend
to infinity since otherwise it must have at least one dimension to be
specified in linear unitl. Now if 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 how rapidly, if at all, the performance of

the finite structuwe converges to that of the infinite one.

Before investigating into this problem let us find a general

solution of a frequency independent antenna.

GENERAL APPROACH

To illustrate the general approach let us consider all plame curves
which remain essentially the same when scaled to a different unit of lengthl.
Such curves can be used to determine the shape of a plane sheet antenna by
taking the input terminal at the common point of intérsection of four curves

as shown in Fig. 11.

It follows that the antenna is unchanged when scaled to a fixed
wavelength provided we add the condition that the terminals stay fixed when
the scale is changed. Now the fact that a typical curve remains essentiaelly

unchanged by a change of scale implies that the new curve can be made to
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coincide with the old one by translation and rotation.~Since a translation
is eliminated by the requirement that the common point remains fixed, the
problem is to detemine all curves such that a change of scale is equivalent

to rotation. This can be stated symbolically in the form

Ke (0) = £ (d+C) cevveane (1)

where r (¢ ) denotes the radius r as a function of the polar angle ¢ , 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 ¢ and r.

r(0) o _2r(B+C ) Lii,,seeeeeen. (2)
dC bC
Kk dr(e) _ _or (0+) | (3)
) 1Y)
But, dr (b+ C ). dr (O+ C) 4 >r ($+C) cee (L)
o Yod d (¢ +C) >
SO, dK = - K dr ) s ese ( 5 )
e dac 3¢
Or -E...... = ar ‘ see XX "sae ( 6 )
d¢
Where a = 1 K ang hence independent of ¢
K dC
From (6) r ro e2? eoa ees cee (7)

Where Ty is a constant,

Now, let us measure r in terms of wavelength

as
So, r! = -.E = To © = roea‘b 2 Fd)' o )
A = o = ro { a
e
Or, rt! = Ty ea(¢ - ¢0) LYy Y ( 8 )
Where ¢°= In%

a
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The equation (8) contains two parameters, a, which represents the rate of
expansion and Qo which represents the orientation. The equation(7) and
(8) remain identical except in the case that in the later case there is

a rotation by ¢o . 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 by uniform expansion.

1
V.,H. Rumsey has shown that any antenna structure that can be

described by the equation,

r o= a0+ £ gy (9)

where r, @ and ¢ are the usual spherical coordinates, a and @, are constants,
F(®) is a function of® , then the operation of the antenna will be inde-

pendent of frequency.

It has also been pointed out that the currents on the antenna
described by equation (9) follow a spiral péth1 and a resonance will build
up in the cwrrent distribution where the mean circumference of this spiral
is about one wavelength., This resonance is highly damped by radiation so
that most of the current is dissipated aﬁ 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,
BASIC APPROACH TO THE ANALYSIS OF ANTENNA ARRAY

Let an array of equispaced isotropic radiators be constructed as
shown in the Fig., 12, The elements having equal current amplitudes and a
spacing d less than one half of operating wavelength, At a distaan’point

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

themwhich 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

to the distant point .

For the array shown in Fig. 12 the phase difference due to path
length difference between adjacent elements is ( 27/N) d Cos¢$ radians,
I1f the elements of the array are fed with a progressive phasing of currents
equal to ol , where A represents the angle by which the current in a given
element leads the current in the preceding element, then at the distant
receiving point the phase differenée of the fields produced by adjacent

elements will be

\P o A+ 2_;-: d COSd) = ¢ + Kd COS¢ tee sse (10)

Where K = 2Tt/ is the freespace phase shift constant.

The total electric field at any distant point will be given by the phaser sum

E, = 50[1+e5*’+e23‘?'+ NUUUIPS Ll N] cee  (11)
0 E E e M- 1 (12 )
r = n ese e
P t o e¥ _ 1
So E¢ to be maximum %E = 0 = Jjnvy =@

So maximum radiation angle (D-M is given by

COSd)-.-n = = %—- l aee Yy (13 )

Now if the elements are fed in phase i.es A = 0 , P = 90° maximm
radiation is broadside. If sucessive elements are fed with a lagging phase
value, ¢ =-Kd then Q.= 0, so the maximum radiation is entirely in the
forward directionh. And an endfire radiation in the forward direction will
be obtained. For values of A between - Kd and + Kd, the angle of maximum
radiation is at an angle between 0° and 180° as given by equation (13).

By symmetry about the axis of the array, there is another maximum at an angle

=
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between 0° and - 180° , which is also given by equation (13). The equation

can bot be satisfied for any real value of ¢y for |A| > Kd.

The resultant radiation pattern Ey for the array under discussion

is shownh in Fig. 13 for different values of ¢ for some chosen values of

A » N and d.

ANTENNA UNDER INVESTIGATICH

An antenna was constructed as shown in the Fig. 1l;. When the
resonance frequency is reached one of the elements of kk', jj',ii'... aa!
will rediate and the elements kj', ji' .... cb*, ba' will cause progressive
phase difference. The 30o envelope was chosen so that the operating length

becomes 7/l in the range of frequencies 250 Mc/s to 950 Mc/s.

Let us picture the above structure in the Z - plane from w-plane
by the following transfbrmationz’T.

Let z s 1inw ... ces T (1§ )
where w and z are in general complex numbers, if

zZeX+ jyand w= Peje cee vos (15 )

Then X = 1nP and, Y= e tae sa (16 )

3

The elements are pictured in the z-plane as shown in 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 L is

/It long. In the transmission region ( element 13 to 7 ), the amplitude
of wvoltage along the line is approximately constant and the phase shift

between element position increases gredually. In the active region(elements

7 to L ) 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 ad jacent
elements, In the unexaited or reffection region ( element 3 to 1 ) the
amplitude drops to very $low values and the phase shift between element
positions 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 lj, For these elements the phase difference between adjacent
numbers is approximately 90° 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
in¢liead at an angle, the radiation will not be exact back endfire but at
an angle(bp“ It may be concluded that there are three distdénct regions on

the antenna array namely,

1. Transmission line region.

The antenna elements in the t ransmission region are short compared
with the resonant length, so the element presents a relatively high capaci-
tive impedancd. The element current leads the precediﬁg element current
approximately by ¢l = 7 = Ad where d is the element separation énd ha ]

/3 =  27#n . 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 rescnance 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 direction,
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EXPERIMENTAL INVESTIGATION

The experimental investigation can be divided broadly into two parts

(i) Measurement of Radiation Intensities (ii) Measurement of Input Impedance.

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 intensities is
shown in 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. 1§. The radiators
were placed at an equal distance, and the axis of the antenna was placed
horizontally at a heighﬁ 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 w as kept open. Now
the frequency of the local oscillator was varied slowly and when the '
difference between the fed frequency and the frequency of the local osci-
llator became 30 Mc/s, IF Amplifier indicator showed deflection indicating
the radiation intensity at the point where the test antenna was placed,
By repeating this procedure the radiation intensities were measured at a
distance of Lm from the antenna af anzinterval of 10 degrees between the

frequency range of 250 Mc/s to 900 Mc/s. Zero degree position was counted
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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,17b,17c,17d,17e

17£,178,17h.

Next to measure the input impedénce of the antenna, one end of the
transmission line was fed by 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 ad justment, maximum deflection was obtained, Now a
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 was obtained but the position of the minimum current was
shifted. The shift was measured in terms of the operating wavelength, The
values of maximum and the minimum currents were measured, Now with the
help of a calibration curve shown in Fig. 18 corresponding values of

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

‘VEax_/ Viin. The minimum value of the impedance i.e. resistive portion was
obtained from the relation Zg;, = 50/S. This point was noted on a Smith
Chart. The length of the co-axial cable was measured in terms of the
opergting wavelength. The point on the Smith Chart was moved either towards
the generator end or towards the load end as the case might be aECOrding

to the shift of the position of minimum current. 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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By 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 - T

MEASUREMENT OF RADIATION INTENSITIES

SINGLE AN®ENNA
AXIS HORIZONTAL
250 MEGA CYCLBS

Pos.in deg. Radiation Pos.in deg.| Radiation| Pos.in deg. | Radiation
in db, in db. in db.,
0 29,0 120 16.0 240 22,0
10 33.0 130 16.0 250 16.0
20 245 140 23.0 260 20.0
30 25.0 150 23.0 270 25.0
Lo 30 160 19.0 280 26,0
50 23.0 170 17.0 290 25.5
60 28.0 180 17.0 300 29.0
70 26,0 190 18,5 310 23.0
80 17.5 200 21,0 320 28,0
90 25,0 210 18.5 330 25.0
100 24,0 220 22.0 3Lo 27.0
110 17.0 230 22,5 350 28.0
300 MEGA CYCLES
0 22,0 120 23.0 240 12,0
10 25,0 130 21.5 250 18,0
20 32.0 ike - 19,0 260 16.0
30 35.0 150 18.0 270 19,0
Lo 29.0 160 16.5 280 18.0
50 30.5 170 170 290 26,5
60 15,0 180 18,0 300 28.5
70 22,0 190 19,0 310 28,0
80 19,0 200 17.5 320 24,0
90 22,0 210 18.0 330 30.0
100 18.5 220 10.0 340 33.0
110 25.0 230 13.0 380 28.0
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LOO MEGA CYCLES

Bos.In deg. Radiation Pos. in deg.( Radiation | Pos.in deg.| Radiation
in db, in db. in db,
0 28.0 120 13.0 2h0 12.0
10 22.0 130 5.0 250 5.0
20 21.0 140 6.0 260 h.O
30 2.05 150 8.0 270 10,0
Lo 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 k.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
4o 14.0 160 10.0 280 25.0
50 22,0 170 8.0 290 20,0
60 6.0 180 10,0 300 27.0
70 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 18.0 220 13.5 340 23,0
110 22.0 230 14.0 350 29.0
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600 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg.| Radiation | Pos. in deg.| Radiation
in db, _ in db, in db,
0 29.0 120 17.0 240 22.0
10 31.0 130 12.0 250 26.0
20 28.0 140 15.0 260 23.0
30 30,0 150 13.5 270 27.0
L0 30.0 160 16.0 280 22,0
50 27.0 170 15.5 290 26,0
60 18.0 180 16.0 300 2h.0
70 19.0 190 14.5 310 2k.0
80 15,0 200 15.0 320 26.5
.90 19.0 210 16.0 330 29.5
100 23.0 220 17.5 3L0 30,0
110 20,0 230 20.0 350 31.0
700 MEGA CYCLES

0 21,0 120 16,5 2ho 19.0
10 20.0 130 15.0 250 4.0
20 28.5 140 16.0 260 15.0
30 27.0 150 16.5 270 12.0
Lo 20,0 160 14.0 280 14.0
50 19.0 170 14,0 290 19.0
60 19.0 180 12,0 300 21,5
70 21,0 190 18.0 310 26.5
80 22,0 - 200 17.0 320 27.5
90 20.0 210 18.0 330 21.0
100 18.5 220 13.0 3Lo 21.0
110 20.0 230 13.5 350 26.0
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800 MEGA CYCLES

Pos.in deg. Radiation | Pos.in deg. Rpdiation | Pos.in deg.| Radiation
in db, in db. in db,
0 25.0 120 16.0 2Lo 21.0
10 25.0 130 14.0 250 20.0
20 28.0 140 16,0 260 1%.0
30 28.0 150 15,0 270 15.0
Lo 25.0 160 15.0 280 18.0
50 23.0 170 4.0 290 22.0
60 18,0 180 14,0 300 22.0
70 20,0 150 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 MEGA CYCLES
0 23.0 120 16.0 240 20,0
10 22,0 130 15.0 250 17.0
20 28,0 1,0 16,0 260 17.0
30 27.0 150 15,0 270 16,0
Lo 22,0 160 4.0 280 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 23.0
110 20,0 230 15.0 350 27.0




Fig.17a Radiat'on Pattern at 250 Mega Cycles



Fig. 17Tb Radiation Pattern at 300 Mega Cycles



Fig. 17c Radiation Patter: at LOO M=ga Cycles
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Figs. 17d Radiation Pattern at 500 Mega Cycles



Fig. 17e Radiation Pattern at 600 liega Cycles
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Fig. 17f Radiation Pattern at 700 lfega Cycles



Fig. 179 Rariiation Pattern at 800 Mega Cycles



Figs 17h Radiation Pattern at 900 Mega Cycles



INPUT IMPEDANCE CALCULATICN OF SINGLE ANTENNA

Lo

TABLE - II

o R e e A T s
Mc/s | Gen.end | Load end. amp m) o cable inh| in Ohm.
250  0,0291 740 .0.5 1.79 0,15 11.&5' Loi 1,540 5-j22.8
300 | 0.0100 8.8 0.6 2.20 0,20 11:56 h.s6 1.850 15+ 75
350 0.0700 15.4 0.6  3.75 0.15 25,00 2.0 2,160 2=j31.7
Loo  o.0400 1540 0.55 3.66 0.18 20,00 2.5 2,462 3.5+j28
k50  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 4.2 0,30 14,10 3.6 3.082 T+Ju8.L
550 0,211 19.0 1,20 L.60 0.34 13.50 3.7 3.390 645-jL1
600 0.200‘ 24,0 1.00 5.80 0.30 19.60 2,7 3,700 5+j36
650 0.163 13.5 0499 3,30 0.29 17.40 2.9 L.010 6=353
700 0.059 23.5 La50 5,67 1.20 L.7h 10,5 L.3hO  17+138.5
750 0.025 15,5 0460 3.836 0.20 19.30 2.6 L.612 6~353
800 0.0365 17.0 0,50 L4.15 0.15 27.7 1.7 4.930 2.3+j20
850  0.0852 22,5 1.10 5.0 0,30 18.0 2.8 5,210 6=3u7
900  0,1000 22,0 1,50 5.32 0.h1 13,0 3.9 5.5 LS +j20
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B. COMBINATION OF TWO AMTENNAS UNDER INVESTIGATION

Two identical antennas each was as shown in Flg,18 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 fhe
co-axial cable from the same signal generator. The other procedure of the
expériment was identical as in 'A'. The measured values of the radiation
intensities for the antenna axis horizontal is shown in table III and the

radiation patterns are shouwn in Figs. 21a,21b,21c,21d,21le,21f,21g,21h.

For the wvertical position of the antenns 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 impedances were -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. 2.
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TABLE = IIT

MEASUREMENT OF RADIATICN INTENSITIES

TWO ANTENNAS CCMBINED

AXTS HORIZCNTAL
250 MEGA CYCLEZ

Pos.in deg. Radiation Pos. in deg.| BRadiation| Pos.in deg.| Radiation
in db, in db. in db,
G 3L4.0 120 11,0 2Lo 15,0
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
Lo 33.0 160 2h.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 20.0 350 38.0
110 22.0 230 18,0 350 26,0
300 MEGA CYCLES
0 32.0 120 1L.0 240 19.0
10 Lo.0 130 21.0 250 20.0
20 39.0 1L0 21.0 260 24.0
30 36.0 150 - 20,5 270 25,0
Lo 28.0 160 20.0 280 25,0
50 23.0 170 13.0 290 2L.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 35.0
100 23.0 220 18.0 340 36,0
110 19.0 230 18.0 350 27.0
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1,00 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. | Radiation| Pos. in deg.| Radiation
in db. in db. in db.
0 32.0 120 8.0 2Lo 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
Lo 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 3L4.0
110 26.0 230 19,0 350 2L.0
500 MEGA CYCLES

0 32.0 120 13.0 240 1.0
10 33.0 130 12.0 250 4.0
20 31.5 10 15.0 260 19.0
30 30.0 150 17.5 270 17.0
Lo 26,0 160 22.0 280 23.5
50 25.0 270 19.5 290 1h.0
60 23.0 50 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 3Lo 26,0
110 15,0 230 13.0 350 28.0
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600 MEGA CYCLES

Pos.in deg. Radiation | pos, in deg. | Radiation | pos, in deg.| Radiation
in db, : in db, in db,

0 32.0 120 15.5 240 16,0
10 31,0 130 16.0 250 13.0
20 - 36,0 140 17.0 260 21,0
30 30,0 150 15,0 270 17.0
Lo 22.0 160 4.0 280 23,0
50 26.0 170 4.0 290 26.0
60 2.0 180 17.0 300 23,0
70 12,0 190 6.0 310 27.0
8o 23.5 200 1.0 320 30.0
90 26.0 210 . 13.5 - 330 32.0
100 15.0 - 220 23.0 . 340 33.0
110 16.0 230 16.0 350 3L.0

700 MEGA CYCLES

0 24,0 120 5.0 - 240 10.0
10 26.0 130 9.0 250 9.0
20 23.0 ~ 140 6.0 268 10.0
30 19,0 150 1.0 270 12.0
Lo 16,0 160 9.0 280 13,0
50 13.0 170 10.0 290 15,0
60 11.0 180 10,0 300 18,0
70 10.0 190 14.0 - 310 13.0
80 10,0 200 15.0 320 17.0
90 12,0 210 13.0 330 19,0

100 11.0 - 220 11.0 340 20,5

110 8.0 230 8.0 350 22.0




18

800 MEGA CYCLES

Radiation

Pos.in deg. Pos.in deg.| Radiation| Pos. in deg.| Radiation
in db, in db, in db.
0 26,0 120 10,0 2110 9.0
10 22,0 130 11.0 250 13.0
20 14.0 140 9.0 260 5.0
30 16.5 150 5.0 270 13.0
Lo 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 2CB0
%0 11.0 210 11.0 330 16,0
100 10, 220 6.0 340 20.5
110 13. 230 7.0 350 2L.0
900 MEGA CYCLES
0 27. 120 8.0 240 8.0
10 29,5 130 9.0 250 . 15,0
20 28,0 1ke 19.0 260 13.0
30 24,5 150 13.0 270 12.0
Lo 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 4.0 210 14.0 330 16.0
100 18,0 220 15.0 40 18,0
110 13.0 230 12,0 350 23.0




Fig. 2la Radiation Pattern at 250 Mega Cycles



Fig.21b Radiation Pattern a 300 Mega Cycles



Fig,2lc Hatiation Pattern at LOO Mega Cycles
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Fig.2le Radiation Pattern at 500 Mega Cycles
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Fig.2lf Radiation Pattern at700 Mega Cycles
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Fig. 21g Radiation Pattern at 800 Mega Cycles



Fig. 21h Radiation Pattern at 900 Mega Cycles
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TABLE - IV

MEASUREMENT OF RADIATION INTENSITIES

TWO ANTENNAS COMBINED
AXIS VERTICAL

300 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg. ﬁadiation Pos.in deg. Radigtion
in db. in db, in db.
0 22.5 120 15.0 2Lho 11,0
10 20.0 130 21,0 250 1300
20 18,0 Lo 640 260 16,0
30 10.0 150 - 7.0 270 15.0
Lo 21,0 160 14,0 280 12,0
50 19.0 170 1,0 290 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 13.0 230 120 350 - 19.5

600 MEGA CYCLES

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
Lo - 15.0 160 27.0 280 10.0
5o 10.0 170 2L.0 290 15.0
60 T<0 180 21.0 300 18.0
70 20.0 190 13.0 310 15.0
80 2h.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 1L.0 230 13.0 350 21.0
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900 MEGA CYCLES

Pos.in deg. -~ Radiation Pos.in deg. Radiation Pos. indeg. Radiation

_ in db,’ ) in db, uin db.
0 14,0 120 14,0 2he 12.0
10 7.0 130 15.0 250 13.0
20 6-C 1ho 13.0 260 19.0
30 7.0 150 12.0 270 19,0
Lo 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
20 5.0 190 17:0 310 9.0
80 | 16.0 200 . 11.0 320 8.0
% 150 210 7.0 330 9.0
100 17.0 220 649 340 10.0

110 17.0 230 5.0 350 16.0




Fig.22a Radiation Pattern at 300 Mega Cycles
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Fig.22b Radiation Pattern at 600 Mega Cycles
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Fig.22c Radiation Pa-tern at 900 Mega Cycles
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TABLE - V

INPUT IMPEDANCE CALCULATICON OF TWQ ANTENNAS COMBINED

Freqs| Shift in Pos.of  |Inay, | Inin, [Vmay. [Vmin.| VSWR | Zgin | Length Calculated
in min.current in™> Mamp. [Aampd ny | omy | S of coaxl. | impedance
Mc/s | Gen.end| Load end. : cable inA|in Ohm,
250 0,183 6.0 0s5 1455 0,15 10,30 L,9 2,379 5¢5-j20
300 0.125 8.0 1.3 2,00 0.35 7.20 6.9 2.850 150-3185
350 0,065 16.5 2.0 3,30 0.56 5.90 8.5 3,330 33+337
LOO  -0.233 19.5 3. L.70 091 5.16 9.8 3.800  11,5-j21.5
450  0,0L45 13.0 2,2 3,19 0,60 5.32 9, L,270 165-3135
500 0,340 38.0 L.5 8,90 1,20 7.42 6.8 L.750 9¢5+j31
550 0.312 33.0 5.0 7.80 1,30 6.00 8.3 5,230 8.8-3j13
600 0.010  2ko  L,0 5,78 1.05 5.50 9.1 5,700 100-j130
650 0.217 21.0 3.0 5.09 0.86 6.35 7.9 6,200 10,5+ j28.5
700 0,117 23.2 2,5 5.55 0,69 8.05 6.2 6.680 7.6=j2055
750 0.100 1.5 2.0 3.51 0.56 6,27 7.9 T.135 240-j150
800 0.320 Te5 1.0 1.90 0,28 6.80 7.4 7.600 10,5+ 331
850 0.028, 16,5 2,3 L.00 0,61 6.55 7.6 8.080 8.8~313
900 0.495 k.5 2,2 3.51 0.61 5.87 8.5 9.5=j17.5

8.560
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C. COMBINATICN OF FOUR ANTENNAS UNDER INVESTIGATICM

Four identical antennas each was as shown in Fig,l% were placed at
the four sides of a square base pyramid. Two antennas 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 felt by the outer conductor of
the co-axiél cable from the same signal generator. The experiment was
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 radiation

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

The values of the input impedance were calculated from a Smith
Chart as shown in Fig. 28, Calculated values of the input impedance are

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

MEASUREMENT OF RADIATION INTENSITIES

FOUR ANTENNAS COMBINED

AXIS HORIZCNTAL
250 MEGA CYCLES

Pos.in deg. | Radiation Pos.in deg.| Radiation | Pos.in deg.| Radiation
: in db. in db. in db.
0 2L.0 120 20,5 210 B.O
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
"o 36.0 160 2L.0 280 30.0
50 34.0 170 24,5 290 31.5
60 3L.5 180 22.0 300 34.0
70 32.0 190 22,0 310 35.0
80 31.5 200 20.0 320 34.0
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 . 2L0 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
4o 35.5 160 7.5 280 32.5
50 35.0 170 19.5 280 30.5
60 35.0 180 18.0 300 3000
70 29.0 190 20.0 310 31.5
80 2745 200 23.5 320 ~33.0
90 25.0 210 26.0 330 28.5
100 23.5 220 22,0 340 27.5
29.0 230 26.5 350 2L4.0

110
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hoO MEGA CYCLES

Pos.in deg. | Radiation Pos.in deg.| Radiation | Pos.in deg, | Radiation
in 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 1Lo 31.0 260 23.5
30 32.0 150 L0 270 2L.0
Lo 33.0 160 9.0 280 27.0
50 39.0 170 22,0 290 33.0
60 L0.0 180 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 3Lo 37.0
110 31.5 230 17.0 350 3L.0
500 MEGA CYCLES
0 33.0 120 30.0 240 2h.5
10 32.5 130 31.0 250 26.0
20 30.0 140 24.0 260 19.5
30 33.0 150 22.0 270 18,0
e 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 | Pos. in deg.| Radiation
in db, in db, in db.
) 27.5 120 0.0 240 24.0
10 16.0 130 14,0 250 19.5
20 20,0 140 20,0 260 27.0
30 21,0 i50 2h.0 270 29.0
Lo 19.5 160 26.0 280 25.0
5o 21,0 170 22,0 290 34.0
60 18.0 180 15.0 300 37.5
70 12,0 190 3.0 310 39,0
80 15,5 200 18.0 320 39.5
90 12,0 210 17.5 330 38.5
100 2.0 220 17.5 340 38.0
110 5.0 230 20,0 350 38,0
700 MEGA CYCLES

0 21,0 120 12.0 240 i7.0
10 20.0 130 L.0 250 19,5
20 20.0 140 9.0 260 19.5
30 25.0 150 12.0 270 22.0
Lo 27.5 160 10.0 280 23.0
50 24.0 170 6.0 290 28.5
60 26.0 180 L.o 300 29,0
70 24.0 190 7.0 310 30.0
80 22,0 200 i2.5 320 27.5
90 23.0 210 12.0 330 28.0
100 19.0 220 10.0 340 29,0
110 10.0 350 25,0

17.5

230
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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 25,0 120 15.5 2Lo 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
Lo 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 MEGA CYCLES

0 17.0 120 33.5 210 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
Lo 19.0 160 15.5 " 280 13.0
50 21.0 170 12.5 290 14,0
60 2i.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
%0 20,0 210 3.0 330 18.5
100 17.0 220 L.0 3Lo 13.5
110 8.0 230 6.0 350 17.5
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Fig. 26c Radiation Pattern at 100 Mega Cycles



Fig: 26d Radiation Pattern at 500 Mega Cycles
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Fig.?26e adiation Pattern t600 ilega Cycles



Fig, 26f adiation Pattern at 700 Mega Cycles



Fig.26g Radiaticn Pattemn at800 Mega Cycles



Fig.26h Radiation Pattern at 900 Mega Cycles
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TABLE - VII
MEASUREMENT OF RADIATION INTENSITIES
FOUR ANTENNAS COMBINED

ANTENNA AXTS VERTICAL
250 MEGA CYCLES

Pos.in deg.| Radiation | Pos.in deg. | Radiation | Pos.in deg. | Radiation
in db. in db. in db.
0 20.0 120 22.0 240 25.5
10 22,0 130 17.0 250 18.0
20 25.0 140 2800 260 10,0
30 21,0 150 20.0 270 18.0
Lo 24.0 160 24,0 280 20.0
50 25.5 170 2,0 290 25.0
60 22,5 180 25.5 300 19.0
70 2h.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 2.5 350 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
4o 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 27.0 180 29,0 310 32,0
80 27.0 200 28,5 320 30.0
90 22,0 210 28,5 330 30,0
1100 23,0 220 28.0 340 30,0
110 230 29,0 350 32,0

28.0
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hDO MEGA CYCLES

Pos.in deg. | Radiation Pos.in deg. | Radiation |Pos.in deg. | Radiation
in db, in db. in db.
0 29.0 120 30.0 2ho 28.0
10 33.0 130 28.5 250 29.0
20 40,0 140 28.0 260 25,0
30 3L.0 150 33.0 270 28.5
4o a5 160 30.0 280 23,0
50 3L.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 32.0 200 31.0 320 25,0
90 31.0 210 31.0 330 2.0
100 33.0 - 220 30.0 340 29.0
110 35.0 230 . 21,0 350 28.0
500 MEGA CYCLES
0 2L.5 120 28,1 2Lho 27.0
10 20.0 130 28.0 250 25,0
20 22,0 1ko 30.0 260 23,0
30 26.0 150 28.0 270 29,0
Lo 20,0 160 27.0 280 27.0
50 26,0 170 - 28,0 290 28.0
60 120.0 180 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

Pos, in deg.| Radiation Pos.in deg. | Radiation | Pos.in deg, Radiation
in 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 2h.0 260 23.5
30 22,0 150 25.0 270 22,0
Lo 21,0 160 2h.0 280 20.5
50 23.0 170 27.0 290 25,0
60 22.0 180 28.0 300 2h.0
70 23.0 '150 28,0 310 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 MEGA CYCLES
0 21.0 120 20,0 210 2.0
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
Lo 21,0 160 - 22.0 280 21.0
50 2L.0 170 25.0 290 25.5
60 22.0 180 25,0 300 25,0
70 20,0 190 25.0 310 25.0
80 23.0 200 25.0 320 22.0
50 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.

Pos.in deg.| Radiation Radiation |Pos.in deg., | Radiation
in db. in db. in db,
0 6.0 120 12.0 2Lo 8.0
10 2.0 130 13.5 250 13.0
20 5.0 210 14.5 260 17.0
30 10,0 150 14.0 270 19,0
Lo 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 Te5 220 13.0 3ko L.0
110 6.0 230 15.5 350 22.0
900 MEGA CYCLES
0 21.0 120 1.0 240 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
Lo 2h.5 160 19.0 280 k.0
50 25.0 170 14.0 290 11,0
60 24.0 130 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 15,0 330 18.0
100 17.0 220 18.0 3Lko 20.0
110 8.0 230 19,0 350 21.0
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Fij. 274 Radiation Pattern at 500 Mega Cycles
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TABLE - VIII

INPUT IMPEDANCE CALCULATION OF FOUR ANTENNAS COMBINED

Freq.| Shift in Pos. of |Inax. |Imin. | Vpax.|Vmin. [VSWR | Zpin |Length Calculated
He/s Bt Thean oad pAam | Mamp | a0'| oy’ S cable inn| i onm
250 0,010 LoO 3.0 1.05 0.80 1.31 38,2 2,363 L8+ j1h
300 0,325 3. 1.5 0,90 0Mda 2,20 22,8 2.840 55-jh3
350 0,06k 3.5 1.5 0,91 0.l 2,21 22,5 2,315 36+j32
400 0.253 be5 0.65 1.18 0.20 5,10 8,5 3.785 8-j10
450  0.015 3.1 0.6 0.81 0,17 4,77 10.5 L.250 100-j85
500 0,383 heS5 0.5  1.18 0.15 3.47 1iak 47O 35+ 355
550 0.377 7¢2  he5  1.80 1.18 1,53 32.8 5,210 L2-j15
600 0.010 8.0 1.7 2,00 0,48 4,26 12.0 5,680 65-j85
650 0,210 he5 1.2 1.28 0,38 3.48 1k 6.170 25+ 3140
700 0.163 15,0 5.0  3.61 1,30 2.78 17.3 6.660 17+ 51

750 0.050 1.0 1,1 2,71 0.38 7.10 7.1 7,100 20-j65
800 04240 2. 0.2 0,62 0,05 12.40 h.2  7.570 30+ 3120
850 0,128 7.0 0.0 1.75 0.00 0.0 8,050 0+j105
900 0.167 15,5 1.0  3.75 0.27 13.9 3.6 8.530 5-3j27
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D. COMBINATION OF FOUR LOG-PERIODIC ANTENNAS UNDER INVESTIGATION

{

Four identical antennas each was as shown in Fig. 30 were placed
at the four sides of a square base pyramid. This time the separation
between the conductors were in Log. Antennas at the opposite sides
were shorted at the smaller ends. One pair of the shorted antennas was
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-
ment was identical as in 'C!, The measured values of the radiation
intensities for thé anteﬁna axis horizontal is shown in table IX and the

radiation patterns are shown in Figs. 3la, 31b, 3lc, 31d, 3le, 31f,31q.

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 shown in Figs. 32a, 32b, 32c, 32d, 32e, 32f, 32g.

The values of the input impedance were calculated from a Smith
Chart as shown in Fig. 33. Calculated values are shown in table XI.

The impedance vs frequency curve is shown in Fig. 3L.
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!4 - 130 Cﬂ'l' - e =

. 7(_) cm.

FI1G. 30. ONE FACE OF THE LOG-PERIODIC
' ANTENNA UNDER INVESTIGATION
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" TABLE - IX
MEASUREMENT OF RADIATICN INTENSITIES

FOUR LOG~PERIODIC ANTENNAS COMBINED
' AXIS HORIZONTAL

300 MEGA CYCLES

Radiation

Pos.in deg. | Radiation Pos. in deg.| Radiation | Pos.in deg,
in db. in db. in db,
0 29.0 120 27.5 2ho 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
Lo 29.0 160 13.0 280 27.0
50 29.0 170 17.0 290 22.0
60 30,0 180 20.0 300 21,0
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 2L.0 340 28,0
110 27.0 230 26.0 350 29,0
LOO MEGA CYCLES
0 32.0 120 27.0 240 28.0
10 30.0 130 23.0 250 27.0
20 3k.0 140 18.0 260 28.0
30 35.0 150 21,0 270 28,0
Lo 30.0 160 17.0 280 32.0
50 3L.0 170 2.0 290 29,0
60 35.0 180 2h40 300 30,0
70 35.0 190 23.0 310 30,0
80 35.0 200 27.0 320 29,0
20 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 | Pos. in deg.| Radiation
in db, in db, in db,
0 35.0 120 28.0 240 30.0
10 38,0 130 28,0 250 22,0
20 36,0 140 20.0 260 27.0
30 38.0 150 31.0 270 28.0
Lo 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 3L4.0 320 30,0
90 39.0 210 35.0 330 22,0
100 32.0 220 35,0 3h0 22.0
110 a7.0 230 32.0 350 26,0
600 MEGA CYCLES
0 27.0 120 20,0 240 22.0
10 32,0 130 22,0 250 18.0
20 30,0 ko - 18.0 260 20.0
30 29,5 150 24.0 270 20,0
Lo 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 2L4.0 330 23.0
100 22.0 220 25.0 340 24,0
110 28.0 230 22.0 350 23.0




98

700 MEGA CYCLES

Pos.in deg. Radiation Pos.in deg.] Radiation | Pos. in deg. Radiation
in db. - in db, in db,
0 21.0 120 1335 2L 1L.0
10 21.0 130 16.0 250 16.0
20 22,0 " 140 17.0 260 14.0
30 26.0 150 18,0 270 11,0
40 27.0 160 18.0 280 24.0
50 25,0 170 14,0 290 20.0
60 21.0 180 13.0 300 23.0
T0 1.0 190 7.5 310 23.0
80 15.0 200 7.0 320 26.0
9 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 CYCIES
0 19.0 120 11,0 240 12,0
10 20.0 £30 12,0 250 13.0
20 23.0 2o 10,0 260 14.0
30 26.0 150 11,0 270 10.0
Lo 26.0 160 10.0 280 17.0
50 21,0 170 11,5 290 18,5
60 20.0 180 10.0 300 25,0
70 11.0 190 8.0 310 23.0
80 12.5 200 7.0 320 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 2.0
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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 2L0 12.0
10 21.0 130 12,0 250 10.0
20 21,0 110 5.0 260 4.0
30 27.0 150 4.0 270 10.0
Lo 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 8.0 150 9.0 310 23.0
80 12.0 200 7.0 320 27.0
90 9.0 210 8.0 330 25,0
100 3.0 220 8.0 340 28,0
110 15.0 230 350 28.0

11.0
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Fig.3la Radiat:.n Pattern at 300 lfega Cycles



Fig. 31b Radiation Pattern zt LOO Mega Cycles






U s
\ ] )
128 \ / ' €O
/
Y2

! ' \ o s
L., : " 2 E{ 30
\ S "’
« (- > | | \
![ / . "'-\‘.
i 3; v, . \i:“a

f
2
i ]

. ‘; T
T A —— . } ,| ('\

L

s /
| ".’ /e

. /] \
\\Y' / | ‘ )
Z“K P ide)

Fige 31d Radiation Pattern at 600 Mega Cycles

!
9



104

Fig. 3le Radiation Pattern at 700 Mega Cycles



Fig. 31f Raiiation Pattern at 800 iega Cycles



Fig. 319" Radiation Pattern at 900 Mega Cycles
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TABLE - iX
MEASUREMENT OF RADIATION INTENSITIES
FOUR LOG-PERIODIC ANTENNAS COMBINED

AXIS VERTICAL

300 MEGA CYCLES

Pos.in deg.| Radiation Pos.in deg, Radiation | Pos.in deg.| Radiation
in 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 28.0 150 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
110 275 230 28.0 350 30.0
40O MEGA CYCLES
0 30.0 120 27.0 2Lo 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
Lo 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 3ko 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 3L.0 130 25.0 250 22,0
20 35.0 1Lo 24.5 260 3L.0
30 32,0 150 2L.0 270 21,0
Lo 30,0 160 23.0 280 25.0
50 29,0 170 2L.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 29.0 320 20,0 340 2L.5
110 25.0 230 20.0 350 26.0
600 MEGA CYCLES
0 22.0 120 20,0 240 19,0
10 2.0 130 17.0 250 19.0
20 2.0 140 18.0 260 21.0
30 30,0 150 19.0 270 22.0
Lo 30.0 160 18,0 280 29.0
5o 28,0 170 18,0 290 19.0
60 27.0 180 23.0 300 21,0
70 2L.0 190 20,0 310 20.0
80 22.0 200 2L.0 320 20.0
90 20.0 210 26.0 330 15.0
100 22.0 230 25,0 3L0 15,0
110 18.0 230 23.0 350 16.0
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700 MEGA CYCLES

Pos.in deg.

Pos.in deg. | Radiation Pos.in deg.| Radiation Radiation
in db, in db, in db,
0 16,0 120 11.0 2440 21,5
10 22.0 130 12,0 250 18.0
20 22.0 140 8.0 260 19.0
30 18,0 150 10,0 370 19.0
Lo 26,0 160 14,0 280 23.0
50 26.0 170 13,0 290 24.0
60 25.0 180 13.0 300 19.0
70 2Lh.0 190 13.0 310 17.0
80 18,0 200 17.0 320 20,0
90 19.5 210 21,0 330 20.0
100 17.0 220 16,0 340 18.0
110 18,5 230 21.0 350 15.0
800 MEGA CYCLES
0 17.0 120 9.0 2L0 20,0
10 17.0 130 10.0 250 19.0
20 2L.0 140 14.0 260 21.0
30 23,0 150 14.0 270 22.0
Lo 21,0 160 4.0 280 17.0
50 20.0 170 13.0 290 15,0
60 15.0 180 15.0 300 15.0
70 13.0 190 15.0 310 14.0
80 15.0 200 4.0 320 13.0
90 14.0 210 17.0 330 13.0
100 8.0 220 19,0 3L0 17.0
110 9.0 230 18.0 350 19.0
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9 00 MEGK CYCLES

Pos.in deg. | Radiation Pos.in deg. | Radiation | Pos.in deg. Radiation
in db, in db. in db.
0 20,0 120 15,0 2h0 19,0
10 18.0 130 16.0 250 15,0
20 18.0 %40 14.0 260 14.0
30 12.0 150 13.0 270 10,0
Lo 6.0 160 10.0 280 8.0
50 12,0 170 11.0 290 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 10.0 220 21.0 330 13.0
100 8.0 220 20.0 340 17.0
110 1k4.0 230 18.0 350 22,0
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Fig. 32a Radliation Fattern at 300 Mega Cyc les
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Fig. 32b Radiation Pa+tern at 40O Mega Cycles
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Fig. 32c Radiation Pattern at 500 Mega Cycles



Fig., 32d Radiatioﬂ Pattern at 800 Mega Cycles



Radiation Pattern at 700 Mega Cycles

‘Fig.32e



116

Fig. 32f Raciation Pattern at 800 “fega Cycles
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Fig. 32g Radiati‘n Pattern at 900 Wega Cycles
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TABLE « X1

CALCULATICN OF INPUT IMPEDANCE OF FOUR LOG PERIODIC ANTENNAS CUMBINED

e e R R
250 0.010 2,0 0.5  0.51 0.15 3.40 14,7 2.36 29+ ju5
300 0.025 5.0 2.0 1.30 0,51 2,55 19,6 2,83 77+355
350 0.076 6.0 1,0 1,51 0,27 5.59 8,95 3,30 184+ 37
Loo 0.087 7.5 2.0 1.90 0.51 3,72 13.} 3.77 32+ 35
450 0,038 7.5 1.5 1.90 0.1 475 10.5  4e25 105-]110
500 - 0.166 8.0 6.0 2,00 1.50 1,33 37.6 L.72 L6+ 315
550 0.110 1h.5 1. 3.50 0.39 8.90 5.6 5,20 8-j31
600 0.0L0 15.5 1.3 3475 0.38 9.86 5,1 5,67 70~3170
650 04173 2.5 2}5 0,70 0,70 1.00 50,0 6,12 50+ jO
700 0.338 14,0 2.5 3.40 0.70 L.86 10.3 6,62 11+ 16
750 0.125 8.6 0.6 2,05 0,20 1.09 49.9  7.07 52-j2
800 0.294 12,5 0.7 3,05 0,21 14,50 3.5  7.55 11+ 373
850 0,028 - 18.0 1.5 L,31 0,k0 10.80 4,6 8,01 5e5-j12
900 0.180 13,5 1.2 3.25 0.30 10.80 L6  8.50 25-3100
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IMPEDANCE COORDINATES—50-OHM CHARACTERISTIC IMPEDANCE
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Fig.33.Calculation of Input Impedance of the combination of Four Log-period Antennas
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C HAPTER-VI

DISCUSSION



DISCUSSION

This particular problem has never been studied before. Because of
the limited range of the various apparatus used in the experiment the
present problem was investigated between the frequendy range of 250() Mega
cycles to 900 Mega cycles, In order to minimise errors the experiment was
performed on the top of the roof in open air so that the electricai charac-
teristics could become equal to the free space values., Because of space
limitation the radiation intensities were measured in a circle of It m radius

at intervals of 10 degrees;

Since no antenna pattern recorder was available, the radiation
intensities were measured hy using heterodyne principle( Fig.l6). The
instruments 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 experimentalzxz

results,

Anothef important factor that affected the experimental results
is the proximity effect. The antennas under investigation were sensitive
to the conductive objects located in the near field. Because of the practical
difficulties most of the instruments having metallic Surféces 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 with the change of the

operating frequency reveals that the shapes become function 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 ( 700 Mc¢/s to $00 Mc/s )s the patterns exhibit some

ten@anqygébnstancy except rotation ( Figs. 17f,17g,17h ).

When two antennas are combined, the radiation patterns show better
tendency of constancy. For the f;equenqy range of 700 Mc/s to 900 Mc/s, the
patterns for the case when the axis is horizental, remain roughly constant
except rotation ( Figs. 21f,21g,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 somewhat different for the combination of four log~
periodic antennas, When the axis of the antenna is horizental, the patterns -
show the tendency of constancy for the frequency range of 700 Mc/s to 900 Me/s
( Figs. 3le,31f,31g). When the axis of the antenna is vertical, the patterns

rotate at a faster rate.

From the 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 700 Mc/s to
900 Mc/s.
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Thé input impedance was calculated by using a slotted tréasmission
line. Because of some of the foregoing Qifficulties admittance meter was
not used., The ultimate results were dependént upon so many intermediate
steps, that included (i) determiﬁation of the shift in the position of mini-
Imum current when the transmission line was shorted and when the transmission
line was loaded (iiyxbetermination of the magnitude of the voltage standing
wave ratio. The process included the conversion of currents into the corres-
ponding voltages by using a calibration curve. (11i) Determination of-the
length of the coaxial cable in term of theé operating wavelgngth between the
end of the transmission line and the feed point of the antenna.{iv)Finally
the value of the input impedance was read from a Smith Chart., It is clear
that any slighﬁ'erro; in any of the intermediate steps will greately affect

the finai fesult,

It was observed that as the operating frequency was changed, the |
reactive:components of the impedance sometimes became inductive.and sometimes
capacitive. Tﬁié was because the physicalllengths of the elements were fixed,
the eléctrical'lengths were changed as the operating frequency was changed.,
The reactance will be capacitive when the element length wss less than the
resonant length and the reactance will be inductive when the element length
is greater than resonant length, But reactance zero will not occur for
element lenghts that are int#e@gi multiple of.quarter wavelength., This is
due to ' endeffect' which results from a decrease in L and in crease in C
near the end of the line, Hence reactance 2Zero will occur for the physical
length of the elements that are somewhat less than the multiples of quarter

wavelengths.

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 singie.antenna when the resistive component of-the input
impedance increases, the reactive component of the impedance changes its

value from capacitive to inductive and when the resistive component decreases
the reactive coﬁponent starts its value changing from inductive to capacitive.
The positions of reactance zero are nearly equally spaced in freguency (Fig.

20 ). On a Smith Chart the impedance moves on a bigger circle( Fig.l9 ).

be the case of the combination of two antennas the behaviour of
the input impedance with the change of frequency ig more or less opposite
to that of a single antenna. Here also reactance zero occurs approximately
at regular interval measured in terﬁs of freguency ( Fig.2L). The impedances

move on 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 components with the change of frequency
is not easily predictable ( Fig. 29). The impedances lie inside a bigger

circld 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 components of input impedance is not
easily predictable ( Fig. 34 ). The impedances lie inside a bigger circle

on a Smith Chart ( Fig. 33 ).
CONCLUSION

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 made broad 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 structure were made very long it i

would have showed some frequency independent properties. Since the present
structure was made very small it did not exhibit frequency independent
characteristics but it showed some of the properties of the pseudo frequency

independent antenna as discussed in refs. 1 and 2.

It is expedted that in future mére wérk will be done upon this type
f antenna and better theoretical explanation 9f some of the observed results
1 be given. Although, considerable work has been done upon.broadband
as in the past decade jet there are some important design problems

on which much work can be done, Among these are the design of broad-

antennas?‘b‘;}pfoduce specified rediation pattern.
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