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ABSTRACT

A coﬁputefized study has beenwcarriea out to determine
the tharactéristics of a turnstile anteﬁna. The analysis.is
based on standing wave modelling of the currenﬁ distribution on
"the constituent dipole elements of a turnstile array. In such —
modelling of the current distribution it is assumcd fhat traveling
wave of current and voltage alang the dipole array will experience
imperfect refiection at the terminations so that a standing ;ave
pattern of chfrent will be forméd'which Wiil-bg modified over
the conventional sinuSOida;i current distribution based on the
assumption of open circuited.: termina;s. The resulting eifilect
is that a full wave stands on the dipole arms in a compressed
manner without producing a null at the tcfminal..This gives a
finite impedance result for one-wavelength and multiple-wavelength
dipoles calculatad by the induced e.m.f method. The characteristic
impedance of fhe_dipole is calculatéd from transmission line
analogy which follows from blconlcal approxlmatlon of cyllndrlcal
dlpoles. The antenna- -length to radius ratio is found to be an

important factor ot the impedance of the antenna, because it is

a controlling factor for the terminal reflection.

"As a breliminary step to turnstile antenna a cross-dipole
arrangement hay_been'gtudied'as the basic unit of a turnstile
array. Wwhen the dipoles in the cross are feq in phase quadrature
a circularly polarized field is obtained. If the phése difference
is other than 900, the circular polarization will be distoried

e . '
and when the dipole currents are in Phase @ null is observed in

-
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the midway between the cross-dipoles. Uniequal strength of _

currents in the cross-arms will resulf{)in an elliptic polarization

"Beforg_aannciné to a fﬁrnstflé arrayﬂa‘lingar dipole
.array in the form of a pair_of.béﬁwings has-been-st;died. The
'broadside field pétterq is foun@’té-be gréafly intensified over
that of a single dipole with-slight modification in tﬁe input
impedance. Two such arrays we;e crossed in phase qdadrature to
obtain the résulging turnstile charaéteristits. An approximately
circular field pattern with incfeased gain is-observed.'whe; the
ends aflfhe dipole elemenfs in the.turnstile array are éhorted
By peripheral rings, the antenna characteristics are found bé
greatlyAimproved. Improved gain over a very;broad-band is the
saliént'feature-of the antenna., The computef pProgram developeﬁ

for ‘studying the characteristics of a turnstile antenna can be

readily used for designing a turnstile antepna.
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d CHAPTER 1

GENERAL INTRODUCTION

1.1 Historical Review

Turnstile or bat;iﬁg antenna is-named after ifs
construction like a turnstile composed of a pair of batwing
like structures. At the present time, super_turnstile
antennas [1] invented in the USA are most widely used all .
over the worldlfor’communicafioﬁ iA the very high frequency

-

(VHF) ranges.

This antenna was invented by R.W. Masters [ﬁ] « It is
called a batwing antenna in the USA and "eineschmgtterlings -
antenne " in Germany in view of thié shape., They are popularly
usea because of very high tolérance to wind velocity due to
trussing ccnstruction and the most important is their capability

of wideband operation.

In 1961, Ports and Rohrer [?] wrote "The antenna whicﬁ
has become the most popular for VHF télevision broadcasﬁing
purposes is the-superturnstile or batwing antenna", This antenna
came into use with ‘the ocpening of the commercial television
broadcasting in 1948. At the present time over 75 percent of
the antenna used for VHF TV-transmitting purposes are super-

[ ] . )
turnstiles. 7
- Various attempts have been made without much success to
explain why this antenna exhibits such excellent wideband

characteristics., Some said it was a kind of slot anfenna, or a



sort of branch or plate antenna, or an antenna excited by a

traveling wave,

Berndt [}] tried to evaluate the desired modelling
whére every description was only qualitative and mere guéss
work, thereby lacking exactness. Sato and Kawakgmi E{] and Endo
et al [i] tried to explain the characteristics of a turnstile-
anéenna by using simultaneocus equations of.on; deéree with
,22 unknowns, assuming fhat the current flowing in each conduc tor

composing this antenna to be sinusoidal., The result was, however,

not very satisfactory from the stand point of rigorousness.

Next Kawakami et al [6] rigorously calculated the

éharacteristics of the batwing antenna using the Moment MeZhod

" proposed by Harrington [ﬁ] and conducted some pPhysical experiments,
Whenever moment method is proposed Kawakami, Sato and Masters [6]

deals with the Garlerkin method where the antenna current is

T

deVelPPEd using triangle function., The Garlerkin method can save
computation time because the coefficient matrix is symmetriéal,
and thé triangle function is widely used because it presents

é better performance in calculation and accuracy etc. for an
antenna element without sudden change in antenna current.

In fact, iremendous involvement of calculation in all the

references cited above is attributed to the scarcity of well

defined current diétribution functions for the straight dipdale

[ ]
e¢lements in a turnstile array.



antenna and applied it in the Subsequent calculation of

the properti?s #f & turnstile array,

1.2 Present State of Art of the Research Topic

Like other array antennas the analysis of Batwing
arrays are not simple. Even a Proper electrical design and
theoretical base are not available. Actually a unified current
distribution for a linear antenna is still to be investigated.
We anticipate that the approximate form of current distribution
in wires or wire networks is sinusoidal with some ﬁeviatiop
caused by the following qutors. (i) Effects of size‘shape, and
proximity of conductors., (ii) Effécts of discontinuities;
such as sudden changes in the radius of - the antenna, or sudden
divergence of closely spaced wires. (iii) Effects due to the
distribution of generators or to the impressed field. (iv) Effects
due to radiation of Power. (v) Effects due to fﬁ;-;kih effect

resistance of conductors. (vi) Effects of Proximity between the

antenna terminals. The sinusoidal approximation of the current

like sinusoidal distribution, investigation for an appropriate

distribution of current on the antenna js advancing, Optimum

theoretical designs of Simple dipule fantenrnaeg or Catwing gr



superturnstile antennas are yet to be investigated. But by
synthésis procedure some companies or agencies_afe approaching

towards the desired methodology and proper theoretical base.

1.3 dbjective of the Research

’

The objective of this research is to study the
characteristics of a turnstile arréy. Throughout the analysis.
in fhe incoming chapters it has been t;ied.to establish a firm
_basis for the approximate evaluation of the current distribution
of a dipole element and the resulting characteristics of a

turnstile antenna calculated by arraying such dipole elements,

1.4 Brief Description of the Procedure/Methodology

The preliminary study has been carried out from the
concepts derived for straight dipole antennas. In chapter - 2
the properties.of straight dipole antennas were studled by

standing wave modelllng of the cCuxrrent dlstrlbutlon. The

standing wave modelling approaches have touched the straight
dipole antenna with a brief’ sequence such that cross~dipole
and turnstile arrays have got appreciable consumption for

.principal analysis and evaluation.

The impedance functions afe evaluated by the induced
selectromotive force(EMF) method. From the very conceptual

study of straight dipole antenna, the pfOperties aﬁd characteristicg
of batwing‘arrays could be readily speculated. Chapter 3 offers

the properties of a cross dipole antenna that con51sts of two



N
simple straight dipoles operated in quadrature and forms the_ -
basic unit of a tqrnstile érray. The- Omnidiréctional of
horizontél'polarizgtion is‘ we;l,defined in this chapter. .

In chapter - 4 the turnstiling of dipole array is contemplatéd
with-theoretical modelling and numerical baéing developéd by

the computer program for rapid inversion of a higher order
impedance matrix. The shérted ring is an important elément

in the batwing arrays that highly increases its gailn as well

as radiation resistance rather tham the arrays without such
arrangement. The Speciality of this methodology is the standing
wave modelling of the current distribution of the dipole
elements. This modelling is based on the concept of transmission
liné analogy applied to a cylindrical dipple with an exception
from previous workers that we assumed imperfect reflection of
the current and voltage waves at the ends of the dipole so as

to comply with the continuity of the conduction current with

the displacemept current at the dipole ends. This resolves the
infinite impedance behaviour ;f_the dipole when its length
approaches an integer multiple of a wavelength as 1is obgerved

with a sinusoidal current distribution.



. , CHAPTER 2

PROPERTIES OF A STRAIGHT DIFOLE ANTENNA BY
STANDING WAVE MODELLING OF THE CURRENT DISTRIBUTION

2.1 Introduction

=Among fhe @;st common radiators is the dipole whiéh
consists of a straight circular cjlindrical éonductor excited
by a voltage derived from a transmission line ;r directly from
a.generator. In most cases the exciting source is.at the centre
of the cylindrical dipole yielding a symmetrical dipole. The
most important property of a ;ylindrical dipole is its current
distribution, Thg current distribution received considerable
studies., Schelkunoff E@] applied'the biconical transmission
line analogy to cylindrical dipoles and observed that the currerit
wave experiences perfect end-reflection producing a sinusoidal

standing wave pattern. However, the main drawback of the sinusoidal

current distribution is that it Predicts an infinite input

multiple of é wavelength. A large number of papers[}{If-Eg]
were published on the treatment of this infinite impedance
catgstrophe with the sinusoidal current distribution. In their
analysis, they always assumed perfect end-reflection and triéd
to obtain finite impedance results at one wavelength or multiple
wavelength resonances. However, there is‘no Justification of
.beihg 80 much concerned with the perfect end-reflection, Because
Maxwell's equations keep allocation for displacement current at

the termination of conduction current for maintaining the contipnuity

of energy flow. Hence a nNon-zero current can exist at the ends of



the dipole. This concept leads to the pfesent investigation
on the standing wave modelling of the current distribution

assuming imperfect end-reflection.

2.2 Transmission Line Analogy Applied to'Dipole Antennas -

By transmigsibn line analogy a dipole radiator is assumed
to be a typical form of transmissioﬁ line where the load is the
'surrounding medium. In conventioﬁal énalysis of transmission
line, we think in terms of a current flowing in the conductors,
equal and opposite in the two conductors if measured at any |
given transverse plane, and a voltage différence existing between
the condﬁctors. The tfansmission line, when it is unflared, tﬁe
fields are guided by the parallel c¢onductors bounding them and
hence no leakage of energy by radiation is assumed to take place.
What happens is that energy travels along the line from the source
to the load, In a transmission line flared at one end 55 shown
in Fig. 2.1(a), We can notice that the currents at the two parts
of the flared end flow in the same direction. Then the energy

is no longer confined but is stored or radiated in the surrounding

medium Time-dependence in most practical situations are concerned

entirely or at least partially v..vj.i“.h-e‘]""Tt variation. With such

— . _
A variation suppressed the voltage and current waves along

a lossless transmjission line are soiutions of telegraphists

equations and given by

V(Z) = Ae JK(L-2Z) . Be-jK(L-Z)

P % 8 0 a @ 2‘2(1)
and - I(z) ='%; [Aele(L—Z)-Be-JK(L-Z{] ;;.... 2.2(2)
o .



Where Z is the charagieristic impedance of the'transmission
line. A and B are magnitudes of incident and reflected voltages.
L 1s the 1ength of the llne K is the phase constant determined
by the distributed inductance and capac1tance of the line, In
the forms glnen above the generator is loacated at the point Z=¢

and the load is at the point Z:L.

5
£
T
L N
*— S— i \\
Z z O~ —z7:0 ZL
-— . : ‘ ¥ )
L L
. n i _Lf,/

Z=0

Z=L

J

{b) {c)
Fig. 2.1(a) Tramsmission line flared to form an ahtenna,
(b) two wire line and "(¢) a dipole

*
In terms of the reflection co-efficient due to discontinuity at the

load terminals, equation 2.2(2) can be written as,
[

I(Z):‘ Im [(1“'F)Sln K(L'Zﬂ)"' J(1-[O)COS K(L-L)] a s s 0 s e 202(3)
_—""_2. :



Where I = %ié— and fj = B/A is the reflection coefficient.
m . s -
‘ o

In terms of the loag'imﬁeqdnce Z

L,
Z. -2 ‘
P = ZL -Z-"-E R EEERE 202(4)
. L+ o -
For5&n open end f)= 1 so that - equation 2.2(3) takes the
form 7
I(Z) - Im sin K(an) . .-----‘---: 2.2(4)

-

This is the current distribution of an open end transmission line.
From transmission line analogy this form of current distribution
is applied to a cylindrical dipole antenna. However, in the
analysis follows we shall assume f’# 1 so that both sine and

cosine terms will exist in the current distribution.

2.3 Determination of the End-Reflection of a Cylindrical
Dipole

We have seeﬁ that qﬁié;s the transmission line is
vshortea or openedla cosine distribution invariably exists
with the sine distribution in the standing wave pattern of
the cuﬁrent distribution. This modelling signifies itself ;n
imperfect end-reflection as- a result of which the reflection
Co-efficient zan be assumed ogther than unity. The methodology
of the determination of the reflection Co-efficient is
demontrated as follows. We have the electric field E in terms
of scalar and vector potentials as

E: ”VCP -Jwg 4 % 4 s v 0 280 a8 2.3(1)
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Hhére,‘ s electric field
scalar electric potential

vector magnetic potential

gl-{} o

A . —,
' P({r,8,¢)

N -

Fig. 2.2 Co-ordinate system of a cylindrical dipole antenna
. t

two potentials are

For an isotropic homogeneous medium the

related by Lorentz's gauge,
2.3(2)

Ve A = - junedp
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For a specified current distribution i the . vector magnetic

potential is given by

.-jkr

A = i e , ' ' |
- % & & & & 3 2.
| M TLIRT dv _ 3(3)
Y . . _
Where £ 15 electric permittivity of the medium

}(ijnmgnetic-permeability of the medium

k=W\)7-|—-2

r is the distance between the source point and the observation

point. In rectangular Co-ordinates

r_=:vqx-x°)2; (y-y,)2+(2-2 )2 Ceeeenn 2.3(4)

Here (xo, yb, Zo) is the source point and (x,¥4z) is the

observation point. Assuming that the current is flowing along

~the axis of the antenna and referring to the Co-ordinate sy;tem

in Fig. 2.2 the Z-directed vector magnetic potential is given by

-ikAx2, y2e(z-z )*®

‘ ‘L I(Z)e
AZ= 'I;/E(ﬂ-_ f . dz;0 e 2.3(5)
-L \/;2 v y2e (2 - z)? '

Where L is the half-length of the di

Pole antenna and 1(Z) is
the current distribution,Z With the help of equation 2.3(1) and

2.3(2) the Z-directsd electric field can be written a
s

. ~ 2
E. - 1 a AZ kp__
Z 7 jw Ul * XA

#E Bzz i 2 liooc...

2.3(6)
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Substituting the current distribution defined in equation

2.2(3) into the above equation, we have the solution

for E;,
£, = lm _ [k(1+_P JF (r,2)+j(1-P) Folr z)} seeees 2.3(7)
JRTWE . ’ '
Where, jk
-"kr . - =-JKI
F (r, 2)=—S L + Jkry 2 cos kL c 2 -
1 747 -
I‘1 r2 o
P (r,2)=(L-2)( % | 1 - Jkr gk ) -gkr
o r, =(L-Z)( I‘1-2— + -1"_-3 ) e +(Z4+L)( r o +?"‘"3 Je 2
1 -2 2
-jikr
-2k sin kI, =__°
1"0

'1.
il

2 2
‘Vx +y
r1 q/r +(z2-L)

r2 =.\[r2+(Z+L)2

f

The axial electric field can be readily used to obtain the

potential difference between the two ends of the dipole as

v L .
AB = V(L) —V(-L) = - [ EZ dZ LI R 2.3(8)
~L

Substituting 2.3(7) into 2.3(8) we get,

v =-Im K(1 )I/+'(;— ) I/ - P 2.3(9)
AB Jlfrmﬁl: +P 1 P 2 ’




e

Where I{ and Ig are the integrals

/ L
. T = ‘r F_(a,2) dz
o ' |
L .
/ ' .
12 = f Fz(a,Z) dZ " e n es s 2 3(10)
[ o] .

The terminal loading can be defined as

z _ AB ) L R ) 2.3(11)
L - IiLj :
where I(L). is the tip current of the dipole
. - 1 +P : s a8 e 00 2-3(12)
Again ZL '-Zo 1 _F

The characteristic impedance Zy of a cylindrical dipoleis

given by [20] ) _

Z = 120(1n =5 —1) e, 2.3(13)

Ffrom 2.3 (9) ,.2.3(11) and 2.3(12)_we have,

z -360.1/ e
L K‘ EOI\ I/ ‘ ’ "8 0 e sea 2!3(14)
+Z 1 |
[s)
FRVAn K(Iﬁ‘; Zq ) ' |
andP: __'/ - 60 LI R S, 2-3(15)
. . Z
J 2 K { E%— +* 14)
At very low frequency KL—$0, so that € + That means at loyw

frequencies I(Z) = 1, sin K(L-2). at high frequencies where

KL —5og, P = - 1li.e. I(z) = - I, cos K(L-Z). Thus both sine
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—~~—— REFLECTION COEFFICIENT,Re (P)

0-2
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' ~10
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Fig; 2.3 End reflection coefficient versus frequency

cylindrical dipole antenna
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Re (P), Im (P}

Re (P

Q-8

06
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0 ! I i ] 1 1 ) l 10
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2L

a

Fig. 2.4 End reflection coefficient versus length to radius ratio(zL

. a
characteristic of a cylindrical dipole antenna for f= 300 MHZ
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and cosine distributions are simultaneously involved in a

realistic current distribution.

The reflection Co-efficient given by equation 2.3(15)
has been numerlcally calculated performlng the integration
by Gauss Legrendre method Eaﬂ » Fig. 2.3 shows the.behaviorr
of the end reflection with respect to the operatlng frequency.

The electric length %% "of the dipole is an important factor

so that the end reflection has a gradual change with the

2L
A

reflection tends toward unity indicating a sinusoidal current

variation of 2L/x It is observed that fpr =0.5, the end

distribution., The wide variation of end reflection occcurs in

0.5 te 1.75.

between 2L

=

So far the length to radius ratio of the antenna is
concerned the reflectjon Coefficient has a wide variation but
of perodic in nature for both real and immaginary parts of it.
The pictorial variation of end reflection versus the dipole

length to radius ratio ( 2L ) is plotted in Fig. 2.4.

2.4 Current Distribution of a Cxllndrlcal Dipole by Standing
Wave Modelling

In the case of a short conductor which is lossless when a

current is made to flow through it, the amplitude of the wave does
not change and wﬁat is observed is only a change of phase, If the
length of the wire is long, on the other hand the amplitude éf
the wave as it travels along the conductor would decrease due

to two reasong: (1) the radiative loss along the length of the
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L]

L=0-75m
233333 ®
g L

0-0

Z
L

Fig. 2.6 Standing wave distribution of current on a cylimdrical dipole antenna

for 2L/» =1.0, 1.25, 1.5
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. ‘ .
conductor and {(2) the dissipative loss due to skin effect
which alss increases as the length of the conductor 1ncreases.
 Current distribution is the most important property of a
cylindrical dipole. Using the reflection Coefficient deriVed
in section 2.3, the current distribution along the surface
of the. d1pole is calculated by equatlon 2.2(3). The numerical
results are plotted in Figs, 2.5 - 6. The results suggest
that for short antennas i.e. 2L4h »25 a triangular current
distribution is satlsfactory. This is also predicable from
a sinusoidal current distribution. In the present case the
salient feature is that the current is non-vanishing at the
tips of the dipole due to imperfect end reflection. As in
Fig. 2.6 fér %% = 1 a full wave stands on the antenna in a

compressed manner,

2.5 The Field Pattern of a Straight Dipole Antenna

The radiation péttern of an antenna is a graphical
Tepresentation of the radiation of the antenna as a function
of directidn. When radiation is eéxpressed as field strength,
the radiation pattern 1s a field strength pattern. The coordinate
system generally used in the specification of antenna field
pattern® is the spherical co-ordinate system (r, o, (P « The ;hape
of the radlatlon paﬁern‘ls independent of r, as long as r is
chosen suff1c1ent1y large. When this is true, the magnitude of

the field strength in any direction varies inversely with r.
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The distribution of current along the two halves of the

dipole is g?ven by
- 1(2) = Im (1 + P)ei . ' _ '
, .5~ 1(1 + P)sin K(L-z)-_J(1- Plcos K(L-2)1 ; '(9\42,4 L)

- : :
B —'E,_'i (1 +pP)sin K(L+2)-j(1-pP)cos K(L+ZE[; {(-LgLZ2L0)

teesee  2.5(1)

For the far field consideration,
_3kr -
, L . JkZCO056
Ee-_—‘)lﬂq) = I ~dE, =J3Ske sing I(Z)e dz
-L )

e 2.5(2)

Using the current distribution described in 2.5(1),

the field pattern of the cylindrical dipole ‘antenna is given by

Jjéeo I,

E. = -jk ' .
<) = e J rP(e) fe s n e s 2.5(3)
Where F(6 ) = ‘I'EIQ'_.’ Cos(ii‘f‘ge) —_CoskL - j ;L:;_P.

Sin KL-Cos 8 Sin(kLCOSE)
sin 8

tasrnneee- 2,.5(4)

© 1is the angle between the axis of the dipole and the
radius vector to the point where the field strength is
* measured. The absolute value of the field pattern factor

Pﬁ»lWill give the actual magnitude of.the pattern.
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T ' ——— Standing wave distribution
5 { —————— Sinusoidal distribution
ﬂ L =075m
L TR ——
g =0-0045m

Fig. 2.7(a) Electric field pattern in the E-plane for a straight
cylindrical dipole for 2L/x = 0.5 and 1.0
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L T i 1 i L _'g(f
0 125 190175 20 225 2.5 .

}l 2L . 33333
- 0:0045m

Fig. 2.7{b) "Electric field patiern in the E-plane for a staright
cylindrical dipole considering the imperfect reflection

at the end
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Figs. 2.?(&)-(b).describe the plot of the magnitude of the
field pattern of thg cylihdrical dipole uéing standing wave
current distribution. For comparisbn,fiéld patterns fdr-
sinusoidal current distribution__afé-also shown with dotted
lines. The field pattern is " symmetrical about thg aﬁtehna

axis. For sinusoidal distribution of current the field

2L
A

antenna length becomes equal to one wave length. When-the

pattern has two leaves upto = 1 i.e. upto where the
length of the antenna exweds this limit, the nuwber of leaves
in the field pattern increases. For m = %%— = 1,2,3 .... etg,

the number of leaves becomes 2m and for m = ££~= 1.5,2.5;3.5 «.etc,

e

the number of leaves will be 4m. For standing wave modelling
of clurrent distribution, there is the tendency of creating
leaves with the same sense except for one-wave-length dipgle
where the number of_leaves are six. Among six leaves, four
leaves are very weak. The general tendency is that

2L . .
when m = Y = 0.5, 1.5, 2.0 +-- etc. the number of leaves

becomes 4 m.

2.6 The Impedance of a Straight Dipole Antenna

The antenna input impedance presented to the feed line

is consequently an important parameter to know in order to
N

design efficient coupling networks that will give maximum

power transfer or in abstracting the maximum amount of .
LJ .

receiving energy available from the antenna. In electromagnetic
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fwave propagation the notion of impedance has been extended
~to include the ratio of t;ansverse components‘of electric

and magnetic fields: The antenna is the device. that integrates
the electric and magnetic fields to produce the voltages and
currents required to actuate electrical devices. In this
transition from fields to circuits it is necessary to examine
criticallj the notion of impedance so that the meaningful
exprpssion involviag both field and circuit quantities can be
derived. The input impedance of a long cylindrical dipole may
be calculated by the induéed emf method. Applied to circuits
this method consists of assuming a certain current flow,
computing the voltages induced by the assumed current ip the
various parts of the.circuit. and then summing these back-
voltages around the ciréuit to determine the voltage that
must be impress?d at the inpﬁt terminals to produce the
afsumed current. The inducedremf method was originally
introduced [éz] for the computation of radiation resistance,
But since it deals with the radially near fields of the
antenna, it can also be used to calculate mutual impedance
between antennas and the reactance of a single antenna.
Using the standing wavermodel of the current distribution, the

dipole input impedance by definition is given by,

L
I | . E,(a,2) I ¢ \z| ) az
2;(0) = - 67T T70) 2 \
-L

a8 & 8 2 40 8 2.6(1)

[
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Substituting .for EZ‘ the axial electric field derived in

2.3(7), the dipole input impedance is given by

' - L 7 _ , _
R -1 | . | jx - 2.6(2)
. | - ' y = R+Jx vas e « 9

Zin’ | E%TBTTCTOF F(a,z) (Z) d=z ) - . _ |

. . : o : ' .

where C(0) = ~3j(1- Plcos KL +(1+ P )sin KL

€(2) = -j(1-f)cos K(L-Z)+(1+ P)Sin K(L-2)

F(&,2)= K(1+ PIF (ay 2) + §(1- PIF(R,2)
Fig5.2.8(a), (b) and (c¢) show the impedance results calculated
by 2.6(1), Hhen-the length of the antenna becomes one wave-length
or a multiple of wave.length the input impedance becomes infinite
for sinusoidal distribution of curreﬁt. But the standing
wave current saves the problem from such catastrophic
results giving finite values of impedance at these resonaces
of the antenna. The resistive part of the input impedance
has contributions from all physical mechanisms that givesrise
to a loss of energy from the antenna., In this case it is
the radiation resistance of the dlpole. The antenna length-~to~
radlus\ratlo 2L/a plays an important role in determining the

1mpedanee of the dipole as can be observed from comparison of

Figs,. %.B(a), (b) and (c).

2.7 Discussion .

'The description that has been presented in the pPrevious
articles are the properties of linear antennas having
considerablé dimension. wWwe have concerned about the sfraight

cylindrical dipole. The investigations were carried out by -
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.
choosing the standing wave modelling and sinusoidal
distribution of current. The catastrophic.resulf obtained.
from sinusoidal di&tribution'of currentrﬁas been greatly
eliminated gy using the sténding wave.m6de1 of the current
'distribution. Otherwise the results have quali£a£ive
agreement with those predictable'by a sinusoidal'current

distribution.



* - CHAPTER 3

PROPERTIES OF A CROSS - DIPOLE ANTENNA

3.1 Introduction.*

Cross Dipole is an elementary arrangement radiatihg
continuously in allrdirections and there is no direction in
which the radiation would egqual zero. If an omnidirectional
pattern is desired:atlshort wave, two dipoles at r;ght angles
to.each other are used and they are fed with fuadrature phase
currents., This results in an approximately omnidirecti;nal

"~ pattern in the horizontal plane. Among the non-directional
multi-unit antepnas,.mentioﬂ should be made of the turnstile

antenna utilized in telecasting statioms. At VHF such turns¢iling

of crossed dipoles is used to get omnidirectional pattern.

First of all, the antennas should radiate uniformly
in all directions in the horizontal plane since TV-towers are
in ‘the center of the region which they serve. In the horizontal
plane, the\directivity should be sufficiently large in order
that the radiation should be concentrated in the horizontal
plane. Moreover, the antenna should radiate electromagnetic
energy with a horizcntal E-field polarization due tou the
fact that the sources of interference on ultrashort waves

are industrial installations of all kinds which intertere

o Wwith an'electromagnetic field having mainly vertical polarization.
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o : . .
The dipoles in a cross-dipole arrangement are excited by

seperate leeders connected in parallel, Moreover, one feeder
is a gquarter wave-length longer than thé .other  ensuring a

909 phase difference of the currents.

3.2 Field-Péttern of a Cross Dipole

A cross-dipole antenna cosists of two raqiaﬁofs mounted
at right angles to each other in the same horizontal plane.
The radiators carry equal currents but in phase quadrature.
This kind of phasing could be effected by having an extra
quarter wave feeder in the connection to one antenna kn0wn'as
a quarter wave loop. In any direction '8' from the a#is of a
small dipole at a distance point 'P' the field magnitude
is propertional to sing and that dué to the quadrature dipole
is proportional tolcos e - fhe resultant -is therefore a
constant independent of ) -. That is we get an all round
horizontally polarized wave from a small cross-diple.
Moreover, the two dipole fields being at quqdrature!Fhere

will%po mutual coupling between them.

Let us assume the currents through the dipoles are of

standing wave distribution having maximum stengths Im“ and_Im
1 2

and - a phase difference o( . Then by considering the first
dipole as reference the current distributions of the two dipoles

can be given as

1,(2) = Im1

5 |:( 1 +P)sin K{L-2}~-j(1- P)cos K(L-Z)}

and 12(2) =‘Im2 E 1,+P) sin K(L-2)-j{1- P),cqs h(L—Z{l .e'Ja
2 .

¥

ceeeres3on(1)
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. oo ,
For the first dipcle the electric field in the far zone at a -

point -P(r, g, P ) 1is given by,

E. = JTIIm1-Hefjkr

91 2ﬂr Pi('e) . . oco-'ooco_ 3-2(2)

Where the pattern factor Pl( 8 ) has been derived in 2.5(3)

may be repeated here,

1+[0 Cos(KL Cos® )-~Cos KL _ j 1-f SinKL-Cos 8 Sin(KL(056)
2 Sin g 2 Sim @ N

Pl(e ) =

cesrsass  3.2(3)

similarly the electric field of the second dipole in the far

zone at P(r,eg?) is given by ,

_imr_ . .
‘—T—l—ﬂﬂeﬂ‘rpz(e)eJOC O 1T

B
& 2 r

Where

p (@ )e 1:f Cos(KLSing)-CosKL _ . 1-f $inKL-5in6 Sin(KL_Sing)
2 -2 Cos 9 oY 2 Cos g

" e e e be o 3-2(5)

The total electric field observed at the point F(r, 9,(?) - is

given by ,

E Eg, +E i3 7 I
e = 914. e?-z 2“:!_ Iml Pl(e )+ Imz Pz(e) -..3.2(6)
Let us define Im1 Imz
—f-— or T =Y "such that r?, 1. Then
m2 m1l

= _ g I«
F(8) =P (8) + rP (0 ). e VU, L LI,

I

and P{B )= ri=1(e )+ Pz(e ) e—'j“ ' m 1 > !

B e 3,2(7)
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§ince the haif-wave length dipole pattern is sligbfly sﬁarpe;
fhan that.forrdrsmall diﬁgle-tﬁe B - plane pattern of the
cross dipole with halfnﬁave length element is not quite"
circular but departs from a circle bj abéut + D percent.
Starting from the inphase current distribution, the
achievement 6f rotating and a horizontal pola;ization,
uniform in all direction field patterns are approached by

a fraétional step of quadrature phase. Fig. 3.1 - 3.3 indicate
the field pattern of a cross dipole fed in phase-quadrature
under matched . condition. For a comprehensive study we have
considered the field patterﬁ for various electrical léngths

of the dipole. The results arising from the Tfeeding of

.cross dipole in non-quadrature phase and with non-uniform
distribution of current may be cited. Fig. 3.3 describes

the field pattern of the same when fed in 900phase dyfference

under mismatehed condition i.e. I ?éI . In both the
ml mo

cases when Im1> Im2 or I, > 1 the polarization is

. ml'
elliptic rather than circular. Fig. 3.4 shows the field

distribution when the dipoles are fed in Phase. Null is observed

at @ = 135° and at Q= - 45° measured from the axis of the
referenée dipole, With the increase of pPhase difference

this null portion is filled and finally for a phase difference
of 900 a symmetricall field pattern is obtained . Thus the
field term is controllable by adjusting magnitude. and phases

of the currents in the two dipoles forming the cross dipole.
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Fig. 3.1 Field Pattern of a cross dipole fed with o = 900 and

m1 = Imz
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(]

Fig. 3.2 Field pattern of & s di : ~
- ! ar Cross dipole fed with o = 9ooand

m1 m2
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1 1
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3.4 Field pattern of a cross dipole with &= 0 and

Fig.,
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mi = Im2
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3.3 . fmpedahce of a Cross-Dipole

In-o;der that the currents on the half-wave length
dipoles be in phase quadrature, the dipbles-may be connecteq
t; separate nonresonan£ lines-of unequal length. Impédaﬂce;
matching is an important féature in.the antenna engineéring,_
The mismatched line yill cause a standing wave on the feeding
cable sa that'maximum transfer of energy is restrictea. Inrour
analysis the feedihg systems are assumed matehed with the
radiator so that maximum transfer of energy is availed.
Suppose, for example, that the terminal impedan;e of a dipole
in a cross arrangement is 100+jO0 ohms. Then by connections
100 - ohm lines, as in the schematic diagram of Fig. 3.5(a),
with the length of one line 90_electrical degrees longer
than the other, the dipoles will be driven with currents of
equal magnitude and in phase quadrature. By connecting.a
50 ~ ohm line between the junction point P of the two 100 -ohm
lines and the traﬁsmitter, the entire traﬂsmission line system

is matched.

Another method of obtainiqg quadratpre currents is by
introducing reactance in series with one of the dipoles [é3] .
Suppose, for example, that the length and diameter of the dipoles '
in Fig. 3.5(b) result in a terminal impedance of 100 - Jj100 ohms,
By introducing a serieé reactance{inductive) of . J100 ohms at
each terﬁinal of dipole 1 as in Fig.3.5(b), the terminal impedance
of this dipole becomes 100 +j100 ohms. With the two dipoles
connected in parallel, the currents are

V - V s e s e 3.3(1)
I 100+j100 2" 1, = 15573700



where V = impressed emf,
. I, = current at tepminals of dipble 1

I, = current at terminals of dipole 2 - : A

: ] _ .
5 leads—I1 by 90~,

So that 11 and I, areréQual in magnitude, but I
The two impedances in parallel yield -

Z = Tr' = 100 4+ jO s=so that a 100 ~ ohm line will be

"properly matched when connected to the terminal FF(Fig.3.5(b)),

Half wave dipole-t

Series reactance

——

, Half wave
1000hms - dipole-2

P

' {b)
(a) 50 ohms

Fig. 3.5(a) Cross Dipole Antenna arrangément, (b) Impedance matching

The impedance of a cross dipole for the SWM of current

distribution is described in Fig. 3.6, The crossing of -dipoles
reduced the impedance with & value that is almost the fifty percent

of a single dipole.
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Fig. 3.6 The impedance versus frequency characteristics of a cross

dipole using standing wave modelling of current distribution
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3.4 _biscﬁssion- o -

In order to obtain a low SWR Qver.a considerable
bandéwidth, the cross dipole_describeq above has to be .. .
modified in the next chapter to:fofm a turnstile agtenna;
whgn the two. feeders are éonnected_either iq serieé o; in 
parallel, the Qafi%tidn of fhe input impedance with freqﬁency
is reduced compared with the input impedance of a single
-element. This antenna has excellent characferistiqs not
only over 6 MHZ of one TV channel, but also over several
adjoining_TV~ chanpels. Its various characteristics has heen
investigated exh#ustiVely, exploring the frequency range
from 5 MHZ to 400 MHZ on purpose to clarify its éﬁaracteristics.
A further modification of cross dipole will stand the analysis
_in a physical reality and will be discussed in the next

chapter.



CHAPTER 4

BATWING ANTENNA ARRAYS AND THLEIR TURNSTILING

b.1 Introduction:

_fhe antenna which has become the ﬁos£ popular for

. VHF felevision broadéasting purposes 1im the super turnstile,
or batwing antenna. This antenna Aas got extensive use with
the opening of the commercial television brpadcasfing field
in 1948. At the present time, over 75 percent of the antennas
used for VHF transmitting purposes are superturnstiles or
batwings. The turnstile antenna radiator consists of a welded
framework of steel pocle at 900'intervals. This configuration
is referred to as one bay. The antenna radiators are a-dévelﬁp-
ment of the standard dipole. If the .arms of dipoles aré
enlarged at the end or maﬁe cone~-shaped, the bandwidth is
gréatly increased, with no sacrifice in the radiation. It is
possible to further increase the bandwidth of the antemnna by
paralleling fwo guarterfwave_ﬁtubs at the feed point, Some of
the characteristics of the batwing radiator, which is the
heart of the turnstile antenna system are theoratically
calculafed here by the induced emf method and transmission
line analogy. A complete feature of using a shorted-end ring
around the array of dipoles is-dqscribedetremenaous gailin

in every respect is available with this structure, In order
to give st;ll.better bandwidth characteristics and uniform
current distribution the bétwing struﬁture is sometimes
considred as a solid sheet constructién. An antenna having
solid sheets of material for radiators would offer higﬁ

wind leoading and difficulty in mounting. ln order to overcocme
.
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these difficulties and still ‘maintain the bandwidth, the
sheet construction isfmaiﬁtaineq and a suffipient nﬁmber

of horizontal bars are utilized to provide eéSehtially

the samé électpic;l charaqteristics. This arrangement givés
a VSWR of about 1.1 or less over about 30 percent bandwidth,
'whicﬁ makes it convenient as a mast-mounted television
transmitting anteﬁna for frequencies as low as about 50 MHZ.
Unlike the simple turnstile there is relatively little
radiation in the axial direction (along the mast) and only
one bay is required to ocbtain a field intensity approxi-
mately equal to the maximum field from a single half-wave
dipole with the S@ame power input. For decreased beam.width
in the vertical plane the superturnstile bays are stacked

at intervals of abouta.wave—length between centers.

4.2 Characteristics of a Linear Dipole Array Forming a

a Batwing Structure.

become much more significant after it is studied 48 a two-
array. It may be regarded as the-first'step in forming é more
highly directive antenna than a single dipole, A Multi-element
array: having every element driven f;om a paréllel line are

considered to form a batwing array under the Construction

like a pair of batwings, Fig. 4,1 indicateés the geometry of a

Batwing array,
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solthqt every antenna is géttihg the signai dirthly from "

the transmission line.

P(r,6,9)

7 ‘ : S

|
I

[

g |
! Dg7 ¢ Dgg | Dig I Dy } Doz I D3
L l | | — o
== ' !

Fig. 5.1, The basic 7-element Batwing array

To determine the voltage applied on each dipole, we are to

consider the voltage wave along the feeding line

Vv{iy) = Vs e‘jk(E -Y) + V_ e-jk(E-.- Y) s s 4.2(1)
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Where 4 is the length of the feeding line -
V. is the incident voltage
- + ] .
and .V is the reflected voltage.

As the feeder is shorted at both ends at a lengthhg’then
imposing the condition V(¢ ) = 0, we have V+ =-V_  and hence

equation 4.2(1) becomes, -

V(Y) = V_ sin K(¢ -Y) 4.2(2)

Where Vozz 2JV , 1s the maximum value of the impressed
L .

voltage.

Qhen.two or more antennas are used in an array, the
driving-point impedance_of each antenna depends upon the
self-impedance of that antenna and in additiqn upon the mutual
impedance between the‘given antenna and each of the others.
Using the emf method and  SWM of current distribution on each
element thé mutuai impedance between any two straight

cylindrical dipoles'i'and 'J' of length 'Li and 'Lj is

given by : ' B

L.
J .

. s 2 , ELZ-(DL]‘ ,Z)I;(Z)dz----’i.Z(j)
oo 1(0)-1}(0) |
4 .

- 0

Where, I:(0)

fm_'o. E“’Oi )Sin KL; - 3(1-@ )Cos KL]

2

X _ I . . .
I;(0) = 2,1 [(1+fj)sln KL ;- 3(1-@. )CosKLJ.J

IJ(Z) 21 ‘(1+f%)51n K(LJ—A)-J(l-PJ)Cos h(LJ-Ail
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Cand B ;. (D;, 2Z) = ~lmi F
F{ and f? are the end reflection coefficient, of the elements

i and J respectlvely. Substltutlng these ‘results in the: equation
4.2(3%3) we have the generalized expre531on for mutual 1mpedance

-

given by,

]
™
!

j6o A .
K. ci(o).c;(o) Fiz{DLJ’Z)CJ(Z)dZ'

. o - e eesee o h.2(h)

inere C:(0) =(142 )sin KLi= 3(1-{7)Cos KL
cj(o) =(1+f?)5in KLJ- j(i-fa)Cos KL |
cj(z) =(1+f3)51nK(LJ—;)-j(1—53)005 K(LJ-A)
Lz

Fi (D5 Z)=K(1+( )Fy (DEJ'Z)+j(11f1)F2(DLj,Z)

&
The input impedance of the overall system and the current 1in

each element are calculated in the followling manner:

The applied voltages in each driving elements are

“from %.2(2),

v, =V sin K({-0, )
.V, =V sin K(¢-p_,)
v, o= V. Sin k({ -p )
v, =V, sin K({-D ;)
v, =V, sin K -p_;)
Ve =V, sin K(£-D ) _
and v.e =v sink({-D_) L eeeaes 4.2(5)

7 o 17
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Let the corresponding currents at the feed points of the

. var;ous e;ements be ;1, 12, Ij,fla, IS, 16 and IZ respectively,
Applying kirchpff'é law we"can_wfite,
V1 = le 111'212 12+ ) . 8 6 85 20 a8 +z17 I?
V2 = 221 Il + 222 12 :* LR EREREEE +227 17
5 .".:__;.23.1.11 + 232 12' + ateatsenn +Z‘37 17
‘ Z’ Z L R N A RN .:.-.-.-....:'. - e
V7 = 7111+ ?212 + +Z?7I7 - 4,2(6)

The above simultaneous equations may be written in matrix

- notation like,

s - -
Vi I1
v o 1>
s z . | 2 §.2(7)
\F 1o
— — - o

and may be solved by the matrix inversion method,

—_ - — p—

1

1 -1 Yy

I v

:2 = Z :2 -c--co.o. 1*.2(8)
I, 0. I - -

N i v? .

Whdre [2‘:_]-1 is the inverse of the impedance matrix LZ:]

given by
211 . 212 "2 2 e e 2 Z17
Z= 221 222 LR I 227 ....-‘.. [*.2(9)

Z?-l 272 N EEERRE] 277




48

To find the OVerall'ihputlimpedanée we have to know the

overall current drawn from the supply-cable. It is to bé
noted that the feeding cable will carry the radiating
qurrent as well as the transm1551on llne current already
- fed to each dipole.

We can write,

I=1Tr*’1r - 4,2(10)
Where I = total driving current” from the supply cable
ITr=transmission line component of current

Irz dipele or radiation component of current,

wWhatever energy is supplied to the system, the radiated
energy must be less than or equal to it. Assuming the optimum

transmission of energy we may write,

) ="V ’ [ e vs 0 V ’
yllr 111 + V212 + V313 + + V?I?
v V. Vv
i.e I = I, + 2 F) 7
r 1 v-l— 12+- V1 13+ eoan ¥ "-{-—1-— I? seees 4.2(11)

The radiation cdmponent of current may be regarded as the
principal contribution to the input impedance. As we are
mainly concerned about radiation, the input radiation impedance

Zr méy be written as

Zr = Vl _ V? :
I -— : a & 8 8 3 4.2(12)
r V1117+ \/21‘2 +.1f?..+V717

Transmission line has a great influence on the effective -

input impedance when the ends are shortbdd, the terminal

lecading, ZL = 0.
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‘Taking into consideration of the loading.on the feeder by the

different dipole elements, the input impedance of the array

i i z = ’ LI I A ) . ’ 4-2 1
is glven.Py, Lin Zl||ZT1/2 (13)
' ) v C, . Lo
Where Z1= 11 . ZT1=ZOT 212C05KD12+320T51nhD12
1 AOTCOBKD12+JL1251nKD12
ZOT is the'characteristic‘impedance 0of the feeder.
‘ A
2
Zi2 =% Hz'Tz 1 4y 2 I,
AZT2= ZOT ZiBCOSKD23+JZOT51nKD23
ZOTCosKD 3+JZ 3SanDz3
v :
T ‘ 3
R A Z Z, =
253 3“ 3 ' 3 7T
ZT3 - ZoT ZiACosKD34+JZOT51nKD34
‘ : LOTCosKD34+321451nKD34 o B
Vq '
In the present Case, 214 = 24 = 14 = 0
- . Z'T3= JZOT tan (1\03[‘) P 4-2(14)

The charaetefistic impedance of the feeder is given by [24} for 2a¢{ d,

b ‘ d ) . .
ZOT=2?610810 "a_ N - FERE R} . 4.2(15)
Where a = .radius of each conductor of the feeder

n

separation between the conductors

We have taken ZGT = 300 ohms.

a]

Referring to the geomeiry of the dipole array of Fig. 4. i}rtaking
1the driving point of the dipole array as the phase center, the
radlatlon {field at the point 'P' due to all the antenna elements'

is given by,

e JdET; Py t,g) cesli 2(16)

|l‘-$.;- et .
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e

r-DllSan Slnq) .

[T}

2 r—Dizsine-Sln(P.

e

r3 r-D13Sin6 SinCP :

([

r-DlltS‘lne Sin (P

II{

5 r+01551n6 Sinq)'

0l

r+D16SJ.nB Sin ¢

.1
"

7 r+D17SinQ Sin(P

PL(G) is the pattern factoer of the inddvidual dipole defined as,

Pi(e) - 1+/Oi Cos(KLiCose)-Cos KLi -j 1-f>i .
2 ’ 5in g 2 ot

SinKL; -Cosgsin(KL .COs6)

5in ©

The far field consideration will‘cause

. )
1—r and the phase factors beccme

LS. = eJKD11 SlneslndP =1

JKD,, Sing@Sin

S = e 12

S = eJKD13 Slng_SJ.n(P

oJKD_, Singsin(
e-jKDlssinBSJ.nq,)
e_-JKD1651n951n q)

n
s

o
o
3

e-3501751n951n({) es s o v = b.2(17)
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The resultant far-field at the 'point P due to all the antenna

elements is given by

E = Jeie-jkr(l P

=Y T m1 ?1? Im"P Bg 'f""' + I P 55)

1 2 "2%2

4.2(18)

Where Pl' P2 .++ etc. are the respective pattern factors and

51 s 52 sssssa €tc afe the respective phase factors defined

in 4.2(17). I I ss.2+ etc are the respective maximum
) ' mif , wm2

currents in the dipoles and can be evaluated as follows:

1 I, «.... etc- are the feeding point currents in the

1* 72
dipoles.

Therefore at the feed point,

I . ‘ . . ,
I, = mi [( 1+,Oi) SanLi-J(l-}Di) Cos I\LJ

21,
i

(1+p,) SinkL, - J(1-F,) CoskL, seees Ae2019)

The pattern factor of this batwing array can be normalized with

the maximum current on the first dipole,

. ‘_' I - I .
. . P(e) _P151+ Imz P252+ ll‘l'..I + m?

m 1 . m1

P?S? cer e f,.2(20)

In order to obtain a radiation pattern with
polarizatiqn in a horizontal plane the array should radiate
in the broadside with q>= O. The ﬁhase. factors then become.
unity and the resulting field pattern is given by

- 1 1 I
P = P . 7
(6, 1t ™2 Pos “m3 Py + ooy m7 F

Iml Imi . - m1

7 e h.2(21)



-~ Let us éﬁsume the dipoies in the batwipé array.are‘gqﬁally
spaced and a.complete featufe of the lengéh of the'dipole
are détermined from the half-~angle of  fapering-- made gt
the center.dipole. If'Ll is Fhe héif-léngth.of the center .

dipole, the length of the other dipoles are givén by [Fig.&.l]i

L = L1+ AL = L

2 2
=7 al. =
P3 L1+ 2 Lb
Ly = Ly+ 30L = Lo | Cereeeas h.2(22)
D_
Where AL = Tany:
D = separation between'two consecutive dipoles

¥ = half-angle of the tapering of the array.

A convenient methodlof measuring the directive
properties of an antemnna is to define a gain function,
G(G,Q’), where @ and @ are the colatitude and the azimuthal
angles respectively of the associated spherical Co-ordinate
system., The gain of an antenna is defined as the ratio of
the maximum radiation inteqsity at the peak of the main beam
to the radiation intensity in the same direction that would
be'produhed by an isdtropic radiator with the same input
power. For antennas that have no internal losses, the gain

is the same as the directivity. The gain of an antenna 1is

given by,

o - amris(emm 4.2(23)
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where S(e,qD) is the radiéted power density pattern and W is

the average power radiated,ﬁy the antenna.

W is given by

w = %_ Re [II“' if* ‘,Z,r watts ........7 4-2(24)
and 5(0,9)= %7 Re(Eg -Eg - Eq +Eg ) watt/me o, ee.. 4.2(25)

71 is the intrinsic¢c impedance of air, . 71 = 12070 ohms and,
Eg and EcP are fespectivaly the theta and phai components
of the electric field at far distance from the antgnna.

For the dipole  array . - there is no phai-polarization, so

that the gain function reduces to,

E ]

Pe)

G =1_20_ . (Im‘lpe). (Im]_ Tsen s e aew 4-2(26 )

H .
I]{' I:

r

where R = R, [Zr] is the radiation resistance and Fy is the
pattern factor of ‘the "array., The gain in decibels may be denoted
by Gdb, , ) .

(\ = & & 8 8 4 b s -

3db 10 loglO(Gmax) R _:._4 2 (27)7

. .o . . . o
where hm"x is the maximum gain occuring at g= 90
. - . - . . .

Using the above equations the properties-of the
seven—element‘batwing array were numerically calculéted.
Fig.4.2 describes the field pattern of a batwing array in the
hor&ontél plane of polarization., The érray is operated at a
certain frequency say 150 MiHZ for model study, where the
gain thas an appreciable figure. The field pattern of a single

dipale operated at the same frequencyisalso depicted with
ﬂfoken lines for.comparison. Itris observed that the batwing
érray has got almost three times more intensified field strength

at g= 900, incomparison with a simple dipoie. Fig. 4.3 indicates

the impedance and gain variation for a batwing array.
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Fig. #.2 Broadside field pattern of a batwing array
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" The analysis is carried out for a frequency rangé’f?om

5 MHZ to 400 MHZ. Thé gain is almost congﬁant upto-the
frequency 175 MHZ and then has a stop-band.betweeﬁl220 ﬁHZ'
to 300 MHZ. Above 300 HHZ the gain increases éharply and

then occupies another wide bandwidth.

4,3 Characteristics of a Batwing Array with the Ends Shorted

by a Perigheral'Ringm

A thesnretical establishment of a ‘batwing array“lhaving
all the dipole elements shorted in the peripherf is not available
with a specilic modelling. A shorted-end ring placed over the
per imeter. 1i=s motivated for .improvement of fhe - mechanical
and electrical characteristics of the antenna. Qhen the ends
of @ dipole are shorted by a wire the terminal voltage is
assumed to be zero. By the use of transmission line concept,
the standiqg‘wave voltage and current on the dipole may be

written as,

;\Beth(L—L)
AejK(L-z) _ Be-JK(L-A)

Z
c

'AeJK(L—Z)

]

v(z)

and | I(Z) e st aew 4.3(1).

where

2z is the characteristic impedance of the dipolej A and B are magni-

tudes of- ‘'the incident and reflected voltages respectively.

When a ring is used, the ends of the elements are shorted  so
Y

that their terminal voltages will be zero, . i.e.

V(L) = 0 denvens 4.3 (2)
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Approaching to—a.single-dipole we may apply the condition
4.3(2) into 4.3(1), so that

]

B:-A‘ -o.-oo-o:. 4.3(3)

Substituting 4.3(3) into . 4.3{1) we get

I(Z) = 1. CosK(L-2) = B - 4.3(4)
2A . . . ' .
whdre - Im =7 y the maximum value of the current on the dipole.
c i : ‘

Therefore when a shorted-end ring is used in the :périphery of
the array the only - .- standing wave current on the elements
will be a cosine wave enhancing the charge accumulation towards
the ring. Using the cosine distribution described in 4.3(4),

the axial electric field component of a. dipole is given by

E, = ;—;E;E Folr,z) e 4.3(5)
where  Folry 2) =(L-2)( lg . 13 ) e IR L (Z.L).
' 1 1
-jkro
(_;%_ . 13 ) e—jkré~2fﬁsin5L 3
Ya T2

2 2
r =Vx; y

ry =VrZe (z-1)2
ry z\/f2+ (Z+L)2

= 2, 42
ro =Vr2, 22

Using the emf method and-ﬁhe‘cosine distribution the mutual

_ _ . , . s .
impedance between any two straight dipoles 'i' and 'j' 1s given

by
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I
1

- ‘j -
ﬁij = Zji = - 2 .. _ ] - Ry ) _ o
: 1{9).;j(o). Bk iZ(Dij ,‘L)Ij(é)dz ceve 4 ,3(6)
0
where Zij = Zji = putgal_impedance between the i th.~ and the
J th element.
I1.(0) = I_. CosKL, )
i mi i
1.(0) = I_. CoskL,
J m) J
IJ(Z) = Inj COsK(LJ—Z)
Dij = separation between the i th and j th element
Li lj = half-length of i th and j th element respectivel
*

Substituting the above results in the equation %.3(6) we have
the mutual impedance for the precribed gistributibn,
L.
j 60

J
Lij = ‘ji © T Tos RL. Cos KL. Fz (D,. Z) Cos K(L  -2)dz
: 1 J 1] J

0 .

e esenen 4.3(7)

Using the similar procedure described in chap.2, we have the
theta cumponent of the electric field at far distance from

the antenna of a single dipole,

. —jkr' i R _ . L
Eg;= J’l: - Imi .SanLi Cesg Sin(KL;Cos & ) ...-4.3(8)
T Sing
‘where 7'= 12077 intrinsic impedance of air, '

The pattesrn factor of the dipole is defined as

SinKLi - Cos g sm(m,i Cosg)
S5ing

Pi(o) =

cee. E43(9)



‘The pattern factor of the batwing array with peripheral ring
can also be normalized in the like manner ‘-as-.. eduation

4,2(20) and for horizontal pelarization, it is given by-

P{g) = P, + m2 . 1 _ . o
1 ———m P -+ a @ 9 a0 &0 u nPp " m/ } w ) !
I Im1 2 , ) - Imi P?. t-c--. 4-3(10)

where Pi' P2 .... etc are the pattern factors of the respective
dipole,

and Im1 Imz'....... etc are the maximum currents on the dipoles.
*

A tremendous increase ol radiation happens when a cosine
distribution Stands on the antenna elements. Fig. 4.4 shows
thé'field pattern of a bgtwing array with a peripheral ring.'

In comparison with this pattern, fhe-pattern for a single

dipole with the same operating frequency is negligible. This -
intensification of the field strength will cause moré radiation.
Fig. 4.5 describes_the-impedance %nd gain variation for a batwing
array with peripheréi riﬁg.'Here the radiation resistance is

, .

resonably increased causing greater radiation. The resonance at
210 MHZ will not caﬁse any serious affectvon the radiation.

High gain is observéd over a wide range of rréquenéiés from 5 MHZ

té 260 MHZ which covers most of the TV-channels.

4.4 A Turnstile Bay of Two Batwing Arrays

The batwing antenna radiator consists of a welded

framework of steel tubes in the form of batwing. Some of

these are mounted arcund a tubular steel pole at 900 intervalse.
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This cohfiguration is-_refefrgd'to as bneqbaY'; . fed in

opposite pairs in orﬂer to . improve the circularity. In addition,the,

,l&rréysﬁ are fed in phase quadrafure,'commonly referred to

as turnsliling. The isometic view of one turnstiling bay is

shown in Fig. 4.6. Thds:requirement demands that the antenna

be fed by th transmission lines, which must be kept electriéally
similar in order to ensure ;he proper current aﬁd_phase relation=
ship. The pair of. radiators array are referred to as ™north-south"
and "east-west" to denote the two groups of radiatorg which are
fed by separ;te transmission lines. A turnstile antenna may be

conveniently mounted on a vertical mast. The mast is coincident

with the axis of the turnstile.

The two bafwing afrays constructing the turnstile
antenna are identical in all respect. The identical single
radiators carry equal currents but in phase quadrature. Therefore
field pattern for a single batwing array will also be in phase
quadrature. The total electric field pattern for a single Bay

turnstile antenna is given by,

P (9) EPNS(G) (e) [ - 4-4(1)

where P__(8)

< NS field pattern of the north-south pair

Powl8) = PNS(90°— Q@ ), field pattern-of the gquadrature

(east-west) Pair

and j = V-1

We will study here the two cases of array furnisheq gith and

without shorted end rings at the periphery. The field patterns
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Fig. 4.6 Construction
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for b;twing array withput}peripheral ring”are discussed in
art 4, 2. Uslng the same rule followed . by equation 4.4(1). we

may derlve the field pattern of a cross- ~batwing array i. e. a

turnstlle array w1thou£ shorted end ring at the . Periphery.

Flg. 4 7 describes such a pattern almost circularly polarlzed

in the horlzontal B-plane. This specimen pattern is-studied

at 275 MHZ and may alsc be obtained &8-a good and_rgsohable
pattern over a wide range of operation. The gain of such a

bay is quife resonable ané more improvement follows from the
single batwing array discussed in article 4.2. Fig, 4.8 indicates
the impedance and gain variation of a turnstile array without
ring at'the Periphery. A good and resonable radlatlon re51stance
is observed after 250 MHZ. where both are increasing lineafly
upto 325 MHZ., After 325 MHZ radlatlon resistance decreases

but gain increases.

A partial treatment on the use of. end ring is established
in the art. 4.3, The-ring at the .Periphery is used to enhance

the radia;ion and that is observed when the current distribution tuz

to cdsine wave distribution. Fig. 4.9 shows the field pattern
of a turnstile array using the shorted _end rings. The field
pattern of a single dipole or a cross-dipole is insignificant
compared to the pattern described in Fig. 4.9, A tremendous
amplification results when such an arrangement is made. The
current of the ring h;s no contrlbutlon to the field in the

broad side. - A simultaneous treatment on the gain and impedance
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Fig. 4.9 Broadside field pattern of a turnstile antenna when a
shorting ring is used in the periphery of the array
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characteristics of turnstile antenna with shorted rings at
‘pPeriphery. are discussed-in Fig. 4,10. The specified selection
and arrangéﬁentfof radiators give a very high and resonable gain

from 5 HHZ to 370 MHZ. The-salient feature of ‘this arrangement
is the wide band operation with reasonably high radiation

resistance.

4.5 Discussion

In this chapter, the chqracteristics of turnstile anteﬁnas.
are analyzed theoretically with the'aid of transmission line
analogy applied to each dipole element. To increase the horizontail
.plane,directivity, sevaral turnstile units called bays can be
stacked at about one gave—length intervals in order to obtaiﬁ
@ very low SWR over a considerable bandwidth. This arrangement
is called a “Superfurnstile" antenna. Batwing or turhstile do
not have a‘satisfactory impedance characteristics ﬁhen mounted
in front of a screen or tower face. A disadvantage of the turnstile
antenna is the multiplicity of connections required iﬁ the antenna.
-Four-points of connection 5re required at each 5ay, one to each
batwing and hence more for Superturnstile antenna where several
bay; exist. This multiplicity of connections can result in
substantial repair time in case of trouble with the antenna.

The study of Superturnstile antenna is limited here upto a single
bay turnstile. The superturnstile antenna offers a convenient
means of obtaining maximum effective radiated power for VHF
television broad cast station. If is possible to reduce the

VSWR less than 1.1 across the channel for which it is desired,.
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It is possible to connect the—transmitfer output to the two
antenna feed iines by:sereral,methods. Tha standard me thod
is to feed thqbptpuxﬁﬂ of the aural.and visual transmitters. .
fhréﬁgh_a bridge dipque;. The ocutput from the diplexer is
fed.ihrough_fwo tréﬁSmission-lines to the antenna., From the
analysis of a turnstile array given abovq it is evident that
very high gain with coﬁéiderable radiation resistance can be
obtained by pfbperly designing the antenna. Thelperifheral
ripg shorting the tips of the dipoie -elements improvés the

antenna characteristics considerably,



CHAPTER 5

GENERAL DISCUSSION AND CONCLUSICN

In the above a theoretical analysis has been carried out
for.determining the characteristics Bf a turns£ile antenna. The
basic.unit of anyrarray antenna- is the dipole antenna which still‘
reguires a"rigorous ;tudy. As thé curreﬂt distribution of a cylin-
drical dipole antenna becamela con;rovérsial issue the theoretical
base for a.dipole array remains controversial, Ip the past various
numericalrtechniques were developed for studying the sélient features
of the current wave on a cylindrical dipole. In_most cé#eé it was
assumed that the current wave has a null at the dibole—end indicating
a perfect ond reflection. In thefpresent analysis werhave shown that
this is not truly a necessary condition. Rather an imperfect reflectior
can reasonably'exist ;t the dipole ends creating a standing wave
Pattern of the current on the arms of the dipole. The end reflection:
can be readily determined. The resulting effect is that a full wave
of current stands on the dipole in a compressed manner. The impedance
results become modified over those for a pure sinusoidal current
distribution. A finite impedance valué of the dipole is observed
when the electrical length of the dipole is.an integer. Other
characteristics of the dipole have qualitative agreement with those
for a sinusoidal current distribution. Cne interesting feature is
observed that the antenna length.-to-radius rati; prlays an important
role in the end-reflection as well 4s in the radiation resistance
and reactance of the dipole. For a sinusoidal current distribution

the radiation resistance remains uneffected with the wvariation of

[
this ratio, rather the reactance is modified.



Simulatién of all the cha?acteristics is berformed
on the basis of computer programming which invﬁifésﬂ: the raﬁid
caleulation of current, self and mutual.impedapces among tpé
various éntenna elements in a. turristile array- . The basic
arfangement of turnstile antenna is the cross dipole in whiqh
two dipoles ;t right angles . are suppiied witﬁ Eurrentsih quadrature
phaserfor a desired oﬁnidirectional pattern, Crosséd dipole
with equal lengths having eﬁual and unegual magnitude of currents
was studied for Polarization in‘the.horizontal plane for various
electrical lengths. In evé;y caée the polarizatioh in the
horizoﬁtal plane'is unsymmetrical except fof quadrature phase

of currents with identiéal magnitudes. The .dipoles in a cross-dipole

Operating bandwidth is alsc increased. 'The assumption followed

i1t cross-dipole arrangement is that the feeding system is matched

can be realized ., The Cross-dipole antenna Zives an excellent

Ccharacteristic over several adjoininyg TV-channels.

The batwing array which‘is the heart of Superturnstile
‘antenna 4g exteﬁsiVely discussed here with and without using
shorted rings at the periphery. It 4is the firast step in forming
a highly directive antenna than a dipole, Stacking of dipoles

in the linear-array is followed by aﬁ Aarbitrary arrangement and

€Very characteristic is followed with this configuration., A
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The iﬁpedance of open ended batwing array and its corresponding
turﬁsfiling gives a great improvement in radiation reéistnace
so Ehat more faaiation is achiev;bie with a wide band o?eration
“of it. Gain is:greatly increased,#nd an hl@ost circular or

horizontal polarization is achieved.

Shorted-end batwing arrays gives a modified and renovent
distribution of current standing.én the dipcles. The concept 1is
not .outside the desired selection of distribution of current
on the elements. The transformation observed in the standing
wave current is the abrupt change intoc a cosine distribution.
The field pattern thatris observed by the procedure afore-
-mentioned iS‘Fremendously increased so that a dipole and even
an _array ofldipoles forming open-ended batwing or.turnstile
arrays have aﬁ insignificant field strength in gomparisoﬂ with
that. The gain aﬁd impedance have a tremendous improvement over
the arrangement described before so that a broad bqnd operation
may be realized; For our specimen study the band is quite

broad from 5 MHZ to 400 MHZ .

Everywhere the subject matter ié studied within two
wavelengths at the réquired operating ffequency. Arrays exceediﬁg,
fwo.wayelengths are usually suspected to support surface wave+
that may. bz subject o$ study of alfﬁture project with or without
using mo;e theory. In this context a superturnstile consisting
of several turnstile bays may df consider;hle research interest.
A rigorous treatment by‘integral equation technique or by moment
method for evaluating the curreut distribution along the dipoles

for batwing or turnstile arrays may explore further electro-

magnetic phenomenaFinally it can be said that the preseni study
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givés a thorough understanding about a turnstile antenna and

a study. of this nature is not available in public literature.



75

| i1-: CINS524 FCRTRAN Al AJET CDOMPUT=F CENTRE. DHiKA VM/Sb (2331-L32}

TOURTIdM LIST ATSET ’ Chioudotu

e L LOulu
CRILCCAY
CRI0O0OVG L
‘CRIDCOSU

B % el pel CRICZ2UunG
?tf:‘“vwfm#m{, : : CRIGGOSTD
ik i CRIGOOAU
e FILE NAME

4 : , CRIGDUSO
CROOC10G
CROCDL1OC
CRICCL2U
CRUOOL3D
CRIOOL&C
CRIGDLSD
CRICD16D
CRIOOLTO
CKIQD18)
CRIOOLSY
CALODZDG
CRZIDDcz1C
CRIDD220
& s e e R N R R AR CROD323C
a & . CRIAGH 2GS

= CRI0DZ5

CRIG526D

CROGIZTG

CRODDZH

OvE CRIGCZ25E
TURNSTIL ING < CRI5I300C
BAY : CKIJ0310
TRQOI32C

CRIDZ 330U

CROCD 345

CCKRISD 350

TRI00 A0

CRIBD0ATL

CR3I32390

. CRDOD350

% CRIGD40O
srnpdeg A bR R S e G A RN R AR R CR2I0D2%10
Kk CR3U0L20

3 . THOGO43C
t : . CRIGOG4G
& o : TRIUD«E0
o, o . - LRDODa6C
____________________ I CTRI3I=TO

MAIN PRDGRAM CROJD4 B0

PRAPERTIES OF MULTIELEMENT DIPILI5H AXRAY APPRIACHING rnwARD, SRIOD4GU

A TURNSTILING BAY TRIVDS0D

NUMBEY GF ELBMENTS=T ‘ ' LRI0DD10

EXTERNAL FUNCgFUNC1,FUNLZ ; ' CRIUCS20

DIMTHST Jh ANTIlZB);ANTZ(ZS)vU(?EI,?AI(,xvl;fItT T ewi(T) e XELT Ty CRIUI%3D

e ZUT+T1+ECZB)sF128) e 201 T s ATRITI AR TLT) CRIUIYeD
CGﬂPfo V.AIS(ZBDyllZ(ZBl.FUNC,DEU((fl-:-iAgli»xL. CHDJ:SED

.o

3NE
TURNSTILING
3AY

—_ S AOCEOOCOD O 000 AOO OO OO0 OO o0nom

k)

alansiaisksiiisiakaials
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FILE: 2375524 FORTRAN AL DBUET COMPUTZIR LEINTHdy DHAKA ’ vh/5sP

RN aNalal aNaNaNal ol

+05s5¢ 51y S2953954155+S005Ty

HTUNCLeFUNCZ29AISLOTY 9AI5Z{T) o DISIIT 19 DIS20T7)4RIETIESFoLITw LISy

*EKKQPKl;PKZ'pK3|pKﬁgPK5'PK6,PK7;UK1;UKZ.UK},QK#'UK513K6r0K7v
+PAT1.PAIZ,PAT3,PAT4,PAT5¢PAT5,PAI?.CJH!,CURS.CURB,CJH%vCUHq‘

¢ ZURSsCURTWRELGREZ 4212,

+PATTL ¢PATT 2+PATT 3 PATT Ly PATTS 4PATT 2 ATV 25514557
’!SsjvSsﬁv555!SSD‘SS?!CSSyJ;“vSCKIV1‘fF|[lJ'LlaquLo[I?tlTlli 1y

C N TRy UCC e CTT o3BTl 2002124223

oMM Ve ARTLY o ANTLZ, 0124 W e ANTKeANLyREL 9 HE2

OPINIUNIT=94FILE="0DUT* +STATUS="NEW"}

JaTaA ANTl/-33o-331.33'-33,.331-331.33'05339-503'0503!0503'-503v
*-533’-676!.b?b'ob?b!.b7b!l5761;85905510359-859-503’-5331.533!tb?b
ty 67685/

DATA ANTZ2/e¢3334503226T761e8594e503,25Tb9e854450 3y e5 7612354533 1.670
+'.85,.b76f.&?'.903..676'.55,-85,.)33,.b76,.89,-503,.676,.b,,.070

-'!-85t-83/ T

DATA D/ 334590331osby-999-331-66y-990.03457-331-bbv-ﬁa,-91‘1-32:
0065443399591 e3291a65+4004501. 329 let35+ 16989 004593394669 .0045
’9-33'-00‘15/ 7

JATA ENT/2334e5034 0576185945330 70ra85/

- DATA AT/ . 0045..0;;%,.3&;, V00654, 0065..00654.00a5/

V{0sdy]al)
Pal=3.1a)15927
§.9=0.03
=n3=000]

LUl =305.2

Lz Ta.0waLIGIOUSERP/RAS)
Ga les Tazle 55
FP—;.,‘JnvFL]AT(Nhl
Fiz2zT.ucUb

FER=Fi/ (1«32 0}
A=20%PA]*FR/A13.,0c8)
DO=0.11 '
ALP=T540
ALPR=PAI*#ALP/1B0.0
Tan=TAN({ALPR}
JeL=DI/TAA
ANILLI=0.33
ANTUZ)Y=ANT(1) +DcL

AN {3)=ANT(2)+DEL
ANTUSI=ANT{3) +DEL
Hil\du‘ﬂu-n—:z'
ANT{E)I=ANT(3}
ANTLTI=ANT (4]

Dii 5L M=1,.7 ~
ARTLEA)=LRT(1)

03 106 475,13
ANTLC(M)=ANT(2)

DO 62 M=z=l&4elB
ANTLI(M)=ANT(3)

DD 76 %=19422
0TI %) =aNTES )

U L3 M=23,.25

AT 1M =ANTIS)

D 36 Mz20427

Ay o e

{2331-L32)

CRNOJJ306)
CRIDI5TC
CRJ325¢4¢

TROCS590
CRIIIBEL
TROGGH1L
CrRI.5020
CR3I00630
CRICCBLYO
TR200050
CRIGGSSU
4300010
CrRISZo8L
Crl15GeYC
CRDIOZT70C
CRIGOT710
CROJ2T720
CR2J372C
CRIJD 140
CuZg271=.
CrnlusdTol
ZR3L3TTC
U IR IR
ChiLai 2o

CROGOE3OU

[alal
o
(W
oo
W]
[ERS]
o
[

LRILI%20
CrIO09LL
CRILDIZS

CCRDGIY3D

CKZ202340
CRID2IZD
CR22J950
CRIGD2FTE
ZRIGOGED
CROCDY99D
[hiJlLDL

,ululb
“LJJIL(h
CROUIG G
CRIAZ1 UG
CRI21057
CRI0104KD
CRIZLGTu
CRIG108S
{HIU1OQFD
ZR101150



FiL:

L
ar

64 .

46

[ 18

ol

LA s AT A A

aNFLIMI=ANTI(Y)

CANTLI(2B)=aNT(T)

D0 54 Mz]1,7
ANTZIMI=aNT{4}

J0 46 M=B,13

ANT 2 {M)=aNT(M=5)
27 545 M=14qy18
anTigvy=enT(vlin
NG Tk Mz] ge22
ANTZIMI=ZARTIM-19)
D5 48 M32342°%
ﬂ,’-]T?{M'_I:AM_TI'H—Iul
DO 57 M=25,4,27

ANT 2(M)=anT(v%-201}
AENT (28 )=aNTHUT)
= ATS{ L)
Lter=ion
GUA)=242%03

43 =3.2%0D

s )=02

Dis 1 =003)
DET)=9011
DJrEyE0L)

Gle)=n
DU1L)1=002)
D{1YY=2(3%)
JU172)=04{ 4}

Y 2} =4, 2500

Dl i=001)
De1s)=09
J01=21=0D06&)
De17)=D(13)
2{18}3=5,0%D0
DUL3Y=901(1)
G{22)=D(13)
D{211=D2(13})
Jie:zt=6a0%0DD
D{Z3Y=201}
S5(241=0D
D{25)=2(3)
J{esy=DtL}

.D(27)=DD

JizE)=201)
ALL=0.33
APPL=WE{ALL-D(1))}
APP2=WE&{ALL-D{2)}
BPP3SWE{ALL-D¢3))
APPy= Wi ALL-0( &) )
APPS=WE (ALL-D{5})
APPo=WX[ALL-2(6})
APPT=WELALL-2(T))
VOULL)=SIN(aPD])
VO{z)=SIN(APP2)
VSI3}=SIN{APP3)
VOl )=SIN{APPg)

77

BUET COMPUTER CENTE -y

1)-ii

N o

1

L

CRCO1L110D
CRIGIL20
CR3GL13C
IRILILGY
LhEOLLBG
CRIVLLBO
CRIOL1TC
CRILI13D
CROD1LI3D
CR301200
CRIOL210
LEOGLZZ
CRIOLI230
CRTUID12A2

Ch_oJlz2b%y
CR3I51303
CRIJ1315
CRIDL 3G
RO 35,

RIS I K

CR2C1 420

IRIULIEY

CRID2147)
CRIZLAES
CRI1 395
CRILI1%0UL
CRI53141D
CR3J1>20
CR3J1432
CR2G14%C
CIT1 487
CRIZ145)
CR3ICLa7T0
CRIU148BG

" LRI3149%

CROO1500
CRIG1S51D
CRC31520

CAR331530

CRZ21541
CR2Z15%D
CRZJian0
CRI&L3TU
CRIULISED

CRIG149D
CRIG160D

CRI0Llm1D
CRD001b20
CR3J1630
CR3I2Lo40
CRZJ1652



FILi:

19
51

29

39

93

LG

Gy

wE
56

9%

*

L N

255 FIRTRAN a1  HUST COMPUTER ([ &MTH: s DHAKA

78

vII3)=SINLAP?S)

Vil )=SINLAPPS) -

VI(T)=SINtLaAPPT)

DO 16 €=1.7

ANTR=ATR(X)

ANL=ANT(X)

ZJI(I—[ZO D%{ALLS(2.0%ANL/ ANTR)Y-1.12)

TALL TINTGZC(TJUNCLlyD. D'ANL,AIGI{K)yIVULHuﬂlﬁL(K})
TALL TENTGSZUFUNCZ 900 ARLyAIGZ{IK)wIWNDERDIGEZ(K) )
UKI=(VHEAIS2IKI+ W (ATSL{C)+Z0LK}/6D.0) )/ LUVEAISZLKI)-WE(20(K)}/

6

Je

J+AIGIIK)))

CONTINUE
DO 137 I1=1,7
ECI)=KR(1}

DJ 91 1=8,13
E(I}=R(2) _
03 29 1=I4,18
EQI)=R(3)

35

32 I=17422
il )=l

A0 37 I=23425

L1} =R{5}
33 33 I=20+21
Z(I)=R{b6)
E(2B)=R(T)

D

J

1

Q I:I'T

FCIY=341)
DO 7% I-=%5413
F{T)=R{I-b)

=

2O I=lqa0l8

*11)—F(1‘11]
T 1,.;3

s

FLT)=REI~-15])
59 I=23.25%
FiI)=R{I-18}
DI 35 TI=20+27
F{I =R{I-20)
q28)=17)
DO 10 I=1,2%
ANT_1=ANT1{I)
ANT_2=ANT2{1)
D12=0D(1)
REL=z({T1}
REZ=F{I).
Pl=dtANTLI1

5

2

—

1=

SINCPLY)

211:C0S(°1) ' :

¢1u(|tsr'1(

)

SThtP2)

_JC(PZJ ) ’
511 3-RELITQI1+{1.0+RELI%0L
Ylle0- RL2]~U22+I1 D*REZl*JZ

D\JJ('JJI

‘(II CRY

TINTS 2(FUNC;D.D,ANTLZ,AIG{IiuINDER'DIGlIll

vMa/Sp

(32331-1L22)

“hifJlosy
CROUL5TL
ZKOD016RD
CRID10IS
CRBC1700
CRODITLI
IRICLT2Y
SKID1T30
TRID17%U .
CRID1750
LRO2175C
CRIDLTITL
CRI31 72D
CRIJ1792
CRID1300
TEJI01812
01320
E301030

<|r1(

CIERDLL 3L

Leddlanu
TRJslE6S
CRIZLbBTS
ZR3JtsBU
CRIZLE9S
CR301%2.
CRIJLYLL
CrRO31¥cu
RIDYI 730
CRIDLyal

CRJJ1Y2D
ZRJIJ1G35
CRILZDOD
TR232210
CRI3202C
CRIG2030
CR322242
CRAZZ2030
CR3J225C
IR5JenTs
CROI203C
ZRIDZ24G9C
CR322132
CkI22112
CrRJI22L7G
Chiv2iaz
TRIDZ2162
IITie 1t D
Ny S
Civ a2l /o
CRICEL-TL
CRI02 19
ZRILZ230



79 - ' .

FILe: C33557¢ =OKTRAN AL BUET COMPUT:X CENTREs DHAKA yU/SP (3331-L02)
2120 1)=vi0Ded%aIGIT )/ HE212) S TR IVIRS T8

| TOMTT S . T YRV
1,103 i=147 ' Ch302232
D 123 J=bed - TRIVZ2240

105 FideTh=(D0.342eD) . ; T CRIZZ2230

Z{l,11=21201)
Z01,2)521202)
I(1,31=21213)
Ztl,43=212(4)

CZU145)=21 55T

Z{l,5)=2121i6)
It1,7)=212(T71}
Zi2s13=21202)
It2421=201218)
2{2.33=712(9)
2EZ2y5)=21ec01D)
fleedl=212411)
I12+5)=27124012)
It T3
AR R N
Iy 2)=LE2()
METEIERRFE RS
P Ay jes12413)
Tl345):=4012015)
I ARTE-SEFARAR IS
I(x,Ti=?12018}
I{as1)=21204)

It%.2)=21201D)
It%e3)=212(15Y)

ZTla,6)1=212(17)
TiayS)=2121021)
Me,6)=n12(211}
ey T)=L12022)
FlEal=21215)

Z{%+7)=212011)
IiSy331=212115])
Limea)=eb202))
It ey3)=212423)
I{5+b)=21212%)
P(TeTI=212123)

CRIGZ2250

CR2.2273

Crpz2éere

CROS2Z9C

CRIGZ2500L
CRJ32313
CRDO?32C
ZR122333
CRILE342
CRILZ2200
Crlizldzu
TR TS

ORIV

Flseld=ilzte)

Llbaz) =1l 12} ae
Zisy3)=2141T) Celadell
Itbya)=212821) IRI35E050
Tisen)=il202%) CROZED52
Itaes=213025) CrRIZZan.

Lo T)=7120ET)
Ty 1=2121LT)
tLTy2dEa12013)
ZiTy233=21211%)
Zlls6)z212022)
FUTaE3=212025])
;'.{7.'..)=.{l'£(2‘!)

AT TI=212LER)

*

315 1=1a1

Laou?2aiy
CETOEOHD
Thu239,
CERA2I0
CRURZTILS
TRiZJIZTZ.
T 3ael 30
Ca2221745
CR232T5D

o’ L



o

FlL:

80

- Ch1552% FIRTRAN Al BUET COMPUTER LERTRE. DHAKA

-

33 15 d=1.7

LAl T J)=Z{T,J)

CLas_ INVERTUZIAT211}
CALL MATVIZIoVI XA T)
vy=v Ol )=vVail)

yM/SP

vI-= VDllIvXAlllfVJ(ZI’XAIL)*VD(B) XAI3]+V3|4)~KQ(QI*VDIﬁ)*XAID}* P

SVILEIEXALE)eYILTIRXA(T)
IR=VV/VI

TI2=IKA2.0
721=vatL)/Xatl)
Prreyntziseatz)
72a=vLLa)l/Xal3)
FT3=ve? AT #TAN{ WEDD)
213={223%2V3)1/1275+2T3)

Tle=22T&{Z13¥C0OS(W> JblfV’ZﬂT7SIr(A ODJ) A4 Z0THCISIWE0D) +

-

Ve 2P3=SINIHEDDY)

71?=(12»:Jrz)/(7zf-zrz)_,
[N A) I I - SR ISR IES IR SR LY S FN SVHEVIY I WA WA 00 A R e B RS

P N I R B o I 3 |

LL.NTHLILT lTllz.Jl/t’fL*211/L.u)
CITN=2IN/240

05 555 4u=1,73

THZT A= 28FLIAT{Mi1-1)
TAS{a=70e5
ARG=TH Mo uPAT /1E0. - 7 7
2I=C350a%0)

SU=3IN{a=D) )
IF{SC.Z).040)5D=1,08~05
IF{.Dazdala D}CD 1.2E-0%
ELI=aNT2{1 &4
ALZ2=ANT202)e4d
AL3=AVTZ(3j¢H

ALY =a4RTela)%d
AL3=aNT2(5)ra
AL5=aNT2(5)%A
ALT=ANT2(7)%A

PL1=CD®AL]

CPLZ=C0ALZ

DL3=ZU%AL3
PL4=CD%*aLxy

PL5=CD%al5

PL3=T0%alsa

PLT=CDHALT

SL1TZustPLL)

CC2=C0S1PL2)

CU3:=00507L3)

LCH=CGESEPLs)

ccsfcoscPL5: . .
TI9=TR8(PLE)

::7-‘.| SLPLT)

i Ta50andd

2=-13%(aLz)

3=705(aL3)
&4

II’

ey ¢ Oy

wlilale)

LRI AL

e

VAR )

fa351-0

IRIDL2THG
LRI TITO

Cadoei=L

CRIJZTSC
CRG3282J35
CRIGZ251D
«RIB23:3
ZRJ12d33
CRJG2340

i

L5 T W0 I W I

[ 9 I wp T SR

B A ST VIV I A
4

1
&
:

IER AN SN
R
I EUNY
C [ S L
R

!
e N

Yrr oo g
T oA T
Uoad ot

A S )

T

r
2
<

JaL
ZRIB0E0
IRID3IG20
CRIZ23333
CRAL3CHD
CROCAUSG
CTRII3287
CR3U3GTO
CrRJI33032)
CRIS3IOSGD
CR203102
CkO03LYZ
CR30312C
ZRI1D31135

. CR303144

CRIC2LST
r*]u3l,d
e T

k133235

L5328 0
ChIL3zIU
z 3280

Dz}
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CRISSZS  TDRTRAN AL BUET COMPUTER CENTRE, DHaka ' VE/SP (4a331-1L22)
Co=CdslAls) LHD23310
C7T=2050aLT) _ ' Ck1L3320
Aal=2{t-0t CRI33333
a2=-07-22 ZRII334)
A43:CC3-23 . CKJ1335)
A4=CCa-24 . TRJ33338D
85=205%-05 ' : ' CRJIJ337)
A6=LC6-C5 . . CR33333;
a7=277-27 . © IRJJ33%3
Ix1=31IN{ALL) ' TRD13433
JKZ2=SIN(ALZ) : ‘ TROZ391C
DX3:=5IN{A_3) '

JH4=SINIALG) R ’ CAZ33+35
J<5=51N1AL5) . ’ . N o s P
Jaa=SIiNLALE) ) CRIL3450
JAT=SINLALTY : ) TRI3340y
SH1=CLUXSINEPLL) : CROJII=TU
SL2=CURSIN(PLZ) TRILALED

Gs3=CCESINIPLY)
GLa=I0%3T4{PLY)
3332 0%5TNIPLSY
335:=CO¥SIN{PLG)
S5T=CL*S3IN{PLTY
331=0K1-5331
o st K 2

CERTEAE R P I

£133&a97
CEPEPL
$3L151D
2153520

3

1-34%3
Aantuin-3540
335=3KSE-53LE
355=DK5-35356
337=2KX7-357
PL1=0e5%{L«2¢R[1))

a3

kZ2235R0
RGUJ35335
K323233

FN IS )

(IR T I S U T O I T S SR o W S IO I BN

PC2=De3%{LleDeR(2)) - : : R1U302y
PCI=DW58dd 4T¥R{3) ) , TR3JJ353D
PL4=0.5%(1a0¢R{4)) . A - o LRID3c%3
P4{3=0.37(10+RI51}} ZRJIG305D
PL5=245%{1s0+R{5)) R PR T
TPLTE0.T I LLC*RITY ) , IR333a7T
JK1=0. Elle0-3¢1)} . / TRIGA0HD
3420, (la0-%02)] 33543292
D¢H DL TEvalla0-003])) TRIIBTIoU
PLETN N “ll.3=R{5)) TRISEILD
JAEILEEEle =R (H)) MENNEY IR
LTI, avE (L. IR} CTRILAAL
VKT=2 e {1a0-307)) LTt
PRI L= LPLI=AL -0 LEBBLY/SE ' LS R
PaT T P2 az-UKEZEBRZY/SE : . _ Lol i
PaT5=(P(3FAI-0K3ELB3)/SD . LEGaNIT
PaTasiPLyrAt-UKa B4 ) /50 , L. LRIUaT:U
PaTL={PL2=A5~0¢5%BB5)/SD . . ) CR323730
PaT6={PK5%A5-0K6¥BB6) /5D - R IR35%23
PATT=(PXT+AT-QXT%BBTI/SD o CRIJ3I:1x
TUAL=XAL L) /(PKLEDKL-QK1%CL) CRIZ3:=23
TJAZEXAL2) /IPR2ZHDR2Z-QK2%(2) : . CaJC3d30
SJUE=XA13)/(PK3EDK3-K3%[3) . Co _ Cilu3B%0
1At aER i) AUPRAFDK G- KA 6 L CR3033850
o
Ll



[m]

o1

PATTN STANOS FDR PATTERN FACTGR _JE.JHZ
PLTTC STANDS FOR PATTERN FACTUOR OF THe

601
122

'82

CRISSZA FIRTRAN Al BUET COMPUTER CENTREs DHAKA

- J35=XA{5) /{PKSEDK5-QK5%C5)

“UIe=XAL{A) /I PKE®DKAE-QKELLE)

CCJRT=XALT Y/ EPRTEDKT-QKTECT)

S1=2UR1*PAT1

$2=-JR2ePAT2

S3=C JR3XPAT3

Sez_UR&GEePATG

§5=JR5%PATS

$5= 2 JR5%PATE |

ST=CUki{+PaTT

DATFL={PCLlF{-0STALL% #SEY-CIY-UKL&{SINTALLY-5D% SIVtALl'CDI)]/LW
B TT2={P¢z50ISTAL2HSEI-22)=0K2H(5IN AL, 1= 5% :‘é(AL;‘:U)))/L)
PATF-Z=tPK3I=(0S{ AL cSUY--33-JK3In (L nl ALY -SUHLTNTALS =onyYI/L J
PATT1=(PK1&‘C]S(ALQ?SD)":Q)—QKQ*KST:{ALﬁ)"Sl‘“Eh(iLw*“b)i)/
PATTH{ 24581 20SIALS®SDI-0S)=NK3=LSinlAl 2 -0k AT ARSI I AN ¢!
“ATT3:(945*I:USIAL6¢SDl-:6!-QKb*(SIu(ALu]—SJiﬁf}l&Lu*SDJP)/Lﬂ
PArr7=[3K?¥(CDS{AL?*SD]-CT)—QK?#(SINIAL1!"53$5!H(nLT*SD))J/tD
S$1=2JR1I%PATTI1

SG2=CUR2EPATTZ

S53=CJR3ISPATT3

555%=244%PATT S

§S3=LURSHPATTS

§S5=_URS%*PATTH

SST=CURTHPATTT

C5=51+S2+53454+55+504 57

[55=2551+552+553+554+555+556+ 557

SSY=I5S/7URL | !

S=.S8/2U1

SCC=5-¥rSSHM

PATTC=CLABSUSIKY

PATTN=C2BSI5]

AHKAY
LEGSS
RINL=RZesl(CZR).

RIN=236e_02)

CIIZ=NI/NIl)

IPI=CABSICCC)
ITT=CCC-velCC
CONECABSIITTY

0.2l BgRCPIFRIN
TONGTINRRIND
TROFECPIFAUNT

=

Pl
Pd:

53T CS-v#[SS
B3.=CAPSIEBT
SI=120.0%B8BBEEDL/PHL
2t ) IR 4RRBER/PUW - — -
1E(SC.LEs0az) GC=0.001
IF{GeLZaZa0) 350001
3OB=10.20%AL3312(3)
5D3C2=10.2%ALIGLOIGLY)
ARITE{(T+60L)FRReyZR¢ZINyCZINSCZR +GUH«GDBL
FJR!ATI/’quS DelXysBLEL 2. 5'1X)yZ(FF.2,1X))
EU\]rINJ‘
ST3P
END :

VM/SP {15331-L22)

TRIJ3IBLSD
CR3I>3470
CRJ338835
CRJI3383D
ZRID3ISO0
CRID3IL1D
CRJID3320
CR3U3F30
ZRIG3IF4D
TRJI3I3IFS0
CRI333%0
CRIG39T4
£3253920
C~ 32 37%0r

CRZIJDAG30
CRIDYSHU
CRIDGDES
R I VER
CrRISe1TS
CRII2IED
CrRIV4Q90
CRI04100
CRI0&110
CR30412C0
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