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ABSTRACT

A co~pute~ized study has been carried out to determine

the ~haracteristics of a turnstile antenna. The analysis is

based on standing wave modelling of the current distribution on

the constituent dipole elements of a turnstile array. In such

modelling of the current distribution it is assumcd that traveling

wave of current and voltage al~ng the dip61e array will exp~rience
•imperfect ref~ection .t the terminations so that a standing wave

pattern of current wil,l be formed which "i</.lbe modified OVer

the conventional sinusoidal;, current distribution based on the

assumption of open circuited ..: terminals •. The resulting ei'1"ect

is that a full wave stands on the dipole arms in a compressed

mariner without producing a null at the terminal. This gives a

finite impedance result for one-wavelength and multiple-wavelength

dipoles calculated by the indue-ed e.m.1~ method. The characteristic

impedance of ttle dipole is calculated froID trallsmission line

analogy which follows fro~ biconical .pprox~wation of cylindrical

di'poles. The antenna-length' to radius ratio is found to be an

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

a controlling factor i-or the terminal reflection.

-As a preliminary step to turnstile antellna a cross-dipole
arrangement has been studied as• turnstile

•
array. when the dipoles in the cross are fed in phase quadrature

a circularly pol~rized field is obtained. If the phase difference
ois other than 90 • the circular polarization will be di.torted

•
~tld when the dipole currerlts are in phase a null is observed in

••
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e,

the midway between the cr6ss-dipo~es. Unequa~ strength of ~

currents in the cross-arms wi~~ resu~tn,'in an e~liptic po~arization. ~iJ/

Before advancing to a turn~t{le array'a ,linear dipo~e

,array in the form of a pair of batwings has been studied. The

broadside field pattern is founato be great~y intensified over
, .

that of a single dipole with slight modification in the input

impedance. Two such arrays were crossed in phase quadrature to
obtain the resulting turnstile characteristics. An approximately

•circular field pattern with increased gain is observed. When the

ends of the dipole elements in the,turnstile array are shorted

by peripheral rings, the antenna characteristics are found be

greatly improved. Improved gain over ~ very. broad-band is the
salient feature of the antenna.-The computer proaram deve~oped

e

for'studying the characteristics of a turnstile

readily used for designing a turnstile antenna •

•

•

•

•

antenna can be
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• CHAPTER 1

GENERAL INTRODUCTION

Hi.torical Re~iew

Turnstile or batwing antenna is named after its

construction like a turnstile Composed of a pair of batwing

like structures. At the present time, super-turnstile

antennas [1J invented in the USA are most widely used all
•

over the world for 'communication in the very high frequency
(VHF) ranges.

This antenna was invented by R.W. Masters [1J . It is
called a batwing antenna in the USA and "eineschmetterlings _
antenne " in Germany in view of this shape. They are popularly

used because of very high tolerance to wind velocity due to

trussing construction. and the most important is their capability
of wideband operation.

In 1961, Ports and Rohrer [2] wrote "The antenna which
has become the most popular for VHF television broadcasting

purposes is the superturnstile or batwing antenna". This antenna

came into use with the opening of the commercial television

broadca~ting in 19q8. At the present time over 75 percent of

the antenna used for VHF TV-transmitting purposes are super-
•

turnstiles •

•
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 antenna, or a

•,
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•

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

traveling wave.

Berndt [3J tried to evaluate the desired ,modelling

where every description was only qualitative and mere guess

work, thereby lacking exactness. Sato and Kawakami [4J and endo

et ,.:1. GJ tried to explain the characteristics of a turnstile'

antenna by using simultaneous equations of on~ degree with

,22 unknowns, assuming that the current flowing in each conductor

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

not very satisfactory from the stand point of rigorousness.

calculated the"t alNext Kawakami [6J rigorously

characteristics of the batwing antenna using the Moment Method

proposed by Harrington [7J and conduc ted some physical experirnents.

Whenever moment method is proposed Kawakarni,Sato and Masters [6J
deals with the Garlerkin method where the antenna current is

•developed using triangle function. The Garlerkin method can saVe
comp,utati,on time because the coefficient matrix is symmetrical,

and the triangle function is widely used because it presents

a better performance in calculation and accuracy etc. for an

antenna element without sudden change in antenna current.

In fact, tremendous involvement of calculation in all the

references cited ~bove is attributed to the scarcity of well

defined current distribution functions for the straight dipdle
•
elements in a turnstile array •

•

•
I
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•

In this thesis we first under took the task of

obtaining the current distribution of a straight dipole

antenna and applied it in the subsequent calculation of
the properties "f a turnstile arr.ay.

1.2 Present State of Art of the Research Topic

[8] .

antennas the analysis of Batwing
Like other array

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 deviation

caused by the following factors. (i) Effects of size,shape, and
proximity of conquctors. (ii) Effects 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 the skin effect

re~istance of conductors. (vi) Effects of proximity between the

dist~ibution was first discovered by pocklington
antenna terminals. The sinusoidal approximation of the current

has some difficu~ties when the cylindrical dipole antenna is

adjusted for integer electrical length. Though many of the

like sinusoidal distribution, investigation for an appropriate•
distribution or current .0" the antenna is advancing. Optimum

t1""oretica] designs o.fsUIl"led~:o"l"",nen""" ox Datwing '.r

-Later the sinusoidal distribution proposed by Schelkunoff [9]

•
tranmitting companies or agencies follow the crude approximation

I



•
superturnstile antennas are yet to be investigated. But by

synthes~s procedure some companie5 or agencies .are approaching
towards ~he desired methodology and proper theoretical base.

1.3 Objective of the Research

The objective of this research is to study the

characteristics of a turnstile array. Throughout the analysis

in the incoming chapters it has been tried 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 anterinas were studied by

standing wave modelling of the current distribution. The

standing wave modelling approaches have touched the straight

dipole antenna with a brief' sequence su~h that cross-dipole

and turnstile arrays have got appreciable consumption for
_principal analysis and evaluation •

•
The impedance functions are evaluated by the induced

.electromotive force(EMF) method. From the very conceptual

study of straight dipole antenna, the properties arid characteristics

of batwing arpays could be readily speculated. Chapter 3 offers

the properties of a cross dipole antenna that consists of two

. ,

•
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•
simple straight dipoles operated in quadrature and forms the

basic unit of a turnstile array. The omnidirectional or

horizontal polarization' 11
1S, we defined in this chapter •.

In chapter - 4 the turnstiling of dipole array is contemplated

with theoretical modelling and numerical basing developed by

the computer program for rapid inversion of a higher order

impedance matrix. The shorted ring is an important element

in the batwing arrays that highly increases its gain as well

as radiation resistane_e rather than 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

line analogy applied to a cylindrical dipole 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 tile conduction current with

the displacement current at the dipole ends. This resolves the

,infinite impedance behaviour of the dipole when its length

approaches an integer multiple of a wavelength as is observed

with a sinusoidal current distribution •

•

•

•

•
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PROPERTIES OF
STANDIr>G WAVE

2.1 Introduction

CHAPTER 2

A STRAIGHT DIPOLE ANTENNA BY
MODELLING OF THE CURRENT DISTRIBUTION

applied the biconical transmission

Among the most common radiators is the dipole which

consists of a straight circular cylindrical conductor excited

by a voltage derived from a transmission line or directly from
a generator. Inmost cases the exciting source is at the centre

of the cylindrical dipole yielding a symmetrical dipole •.The

most important property of a cylindrical dipole is its current

distribution. The current distribution received considerable
studies. Schelkunoff ~~

line analogy to cylindrical dipoles and observed that the current

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

impedance when the length of the antenna is equal to an integer

multiple of a wavelength. A large number of papers [1~~~9J
were published on the treatment of this infinite impedance

ca~trophe with the sinusoidal current distribution. In their

analysis. they always assumed perfect end-reflection and tried

to obtai~ finite impedan~e results at one wavelength or multiple
•

wavelength resonances. However, there is no justification of

.ue1ng so much concerned with the perfect end-reflection. Because

Maxwell's equations keep allocation for displacement current at

theterminati~n of conduction current for maintaining the continuity

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

•



the voltage and current waves along

7

•
the dipole. This concept leads-to the present investigation

on the standing wave modelling of the current distribution
assuming imperfect end-reflection.

2.2 Transmission Line Analogy Applied to Dipole Antennas

By transmission line analogy a dipole radiator is assumed
to be a typical form of transmission line where the load is the

surrounding medium. In conventional analysis of transmission
line, we think in terms of a current flowing in the conductors,

equal and opposite in the two conductors if measured a} any

given transverse plane, and a vol tage dift-erence existing between

the conductors. The transmission line, when it is unflar,ed, the

fields are guided by the parallel conductors bounding them and

hence no leakage of energy by radia~ion is assumed to take place.

lfhathappens is that energy travels along the line from the SOurce

to the load. In a transmission line flared at one end as 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 longe~ confined but is stored or radiated in the surrounding

medium. Time-depe~dence in most p~actical situations are concerned
entirely or at-least partially with-ejwt variation. With such

jwt .•t-e var1a 10n suppressed

a lossless transmission line are solutions of telegraphisfs
equations and given by
•

V(Z) Ae jK(L-Z) -jK(L-Z)= + Be

and I(Z) = ...t.: [Ae jK(L-Z)_Be-jK(L-Z)]Z
0

••••••

......

2.2(1)

•
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is the characteristic impedanc~ of the transmission

8

•
Where Zo

line. A and B are magnitudes of incident and reflected voltages.

L is"the length of the line,K is the phase constant determined

by the distributed inductance and capacitance of the line. In

the forms given above the generator is located at the point Z-c
and the load is at the point Z-L.

A
/"

"\//"
I' E

,, 1
L I
t

i ,
/

.1.;". t:

B
( a )

I •
ZoO

•

.L--~•..,I
Z=L

Fig.
( b)

2.1(a)
(b)

( c )
Tra-nsmission line flared to form an antenna,
two wire line and-(c) a dipole

•
In terms of thE refiection co-efficient due to discontinuity at the

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

I(Z) •• I~ [(l+flsin K(L-Z)- j(l-'pJcos K(L-L.~ •••••••

•
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•

Iihere I
m

and f? = B/A is the reflection coefficient.

In terms of the load im~edance ZL,

p Z -Z= L, 0

ZL+Zo ••..•••••• 2.2(q.)

For ~n open end

form
f= 1 so that equation 2.2(3) takes the

I(Z) = 1m sin K(L-Z) .. .. .. .. .. .. .. .. ..

•

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

liehave seen that unless the transmission line is

shorted or opened a cosine distribution invariably exists

with th. sine distribution in the standing wave pattern of

the current distribution. This mOdelling signifies itself an•
imperfect end-reflection as a result of which the reflection.•
Co-efficient can be assumed other than unity. The methodology
of the determination of the refleciion Co-efficient is

demontrated as follows. liehave the electric field E in terms
of scalar and vector potentials as•

• ••••.•••.•• 2.3(1)

•
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•
Where, E , electric field

~ ' scalar electric potential

A, vector magnetic potential

z

T
A

-

20 P(r,e,'Ill

L

I
r

e
~ y

I

+--9l I
I

rs' I
II) Ie

/ L I

L I
I

X 20
B

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

•
For an isotropic homogeneous medium the

•related by Lorentz's gauge,

two potentials are

• 'i/o A

•

= . .

•
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•
For a specified current dist~ibution i the vector magnetic
potential is given by

A =
dv ........

v

Where E 'S electric permittivity of the medium
}( I~ ma"gnetie permeability of the medium
k = wfff.

r is the distance between the source point and the observation
point. In rectangular Co-ordinates

.......

Here (x , y , Z ) is the source point and (x,y,z)' is theo o. 0

observation point. Assuming that the curr,nt .is flowing along
. t th Co-ordinate systemthe axis of the antenna.and referr1n& 0 e

in Fig. 2;2 the Z-directed vector magnetic potential is given by

_jKyx2+ 2 2y +(z-z )
,..{( [L I(Z)e o .

dZ '.' 2.3(5)AZ= 7;ff 0Vx2 2 Z )2-L + y + (Z - 0

•

Where L is the half-length of the dipole antenna and I(Z) is
•

the current distribution. With the help of equation 2.3(1) and
• 2.3(2) the Z-direct"'d

electric field can be written as

........

•

2.3(6)
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•
Substituting the current distribution defined in equat10n

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

••••••

\(here•
-jkre 1
r
1

.•. 2 cos kL
.-jkr
e 0

r
o

ro
kL

Ok 1.•.(Z.•.L)( ~.~
2 2

-jkre 0sin-2k

- jkr 1
1 ) e
~3

F2(r,Z)=(L-Z)( ~- .•.
r
1
2

r

r
1

ro

= yx2 .•.y2
= Jr2 .•.(Z_L)2

=~ r2 .•.(z .•.L)2

= ~r2 .•. Z2

The axial electric field can be readily used to obtain the

potential difference between the two ends of the dipole as

V
AS = V(L) -V(-L) = ...... 2.3(8)

•

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

•
. .....

•

•
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Where and are the integrals

F (a,Z) dZ
1 ..

....... 2.3(10)

The terminal loading can be defined as

.......

where I(L).is the tip current of the dipole

Again ld
1 -p .......

The characteristic impedance Zo of a cylindrical dipoleis
given ~y [20]

2LZ : 120(ln -- ~-1)o. a .......

From 2.3 (9) , 2.3( 11) and 2.3( 12) we have,

: -j60 I~

K. GOK. II+ 'Z--- 1
o

....... 2.3( 14)

....... 2.3( 15)

•

sin K(L-Z). At high frequencies where

I(Z) : - j 1m cos K(L-Z). Thus both sine

I(Z) - I- m

At very low frequency KL~O, so that f: 1 • That means at low
frequencies

KL -j)0G', p: - 1 i. e.
•

•

•



1,0, 0 •"'" =c :c::::

II '33333
----..

/,,a .-_____ l.b. .-, 25 0.00 .-a /

, 0-75m /

+"' !\\XR~ (rl
L I /

0:8r. I /

"- 1/ /
Im( l') /

/'•• \ / I'" \ /\ / II- \ .\ / Ez \ \ /w 06 \ \ .-
u \ \ / I-, / ZLL \ , .- wU. \ , /,
W \ -... -' u
0 \ - ---- - u.U \

U., - -- wz , - -0.• ,
' "- -0.6 0.0 , /' -...

u;:: , - ,-... -'-u -...- -- Z-:l' W -- - - 0-' - -... u. -------- ;::w u

'" W
-'

~

0.2 -0.8 "-w- '"
t

~-IOOf.
50 100 150 200 300 350250 40 •

-FREQUENCY IN MHZ- •

". 025 0.50 075 100

-- ELECTRICALLENGTH

'.25

-¥- -
150 1.75 • 2.00

Fig. 2.3 End refLection coefficient versus frequency char~cter~stics of a
.,

cylindrical dipole antenna "

.'



•

1'°1 \ (\ n ~o
R. iPl

O.B

0-z
0-

~-
Z

u Cl.

w

[;:-
~

lJ.. E 0-6
lJ..

w- -04 t:i -
0
u -

oc..

0-

U _

z-
Q '"

z E
tJa:

Q-

l/\ ~! 04
-06 ~ t...•

0.2 -0.8

•

Fig. 2.4 End reflection coefficient versus length to r_dius
characteristic of - cylindrical dipole _ntenn_ for

1000

•

o
200 400 600 BOO

2L
- -a

1200 1400 1600
1.0

•
r_tio (2L )

a
f= 300 MHZ

•

•

<



16

•
and cosinB distributions are simultaneously involved in a
r'ealistic current dis tribu t ion.

The reflection Co-efficient given by equation 2.3(15)
has been numerically calculated performing the integration

by Gauss Legrendre method [2~ • Fig. 2.3 shows the behavior

of the end reflection with respect to the opeEating frequency.

of the dipole is an important factor
, 2LThe electric length A

so that the end reflection has a gradual change with the
variation of 21./;-' .. . 2LIt is observed that fJ)r~:O.5. the end

reflection tends toward unity indicating a sinusoidal current

distribution. The wide variation of end reflection occurs in
between 2L = 0.5 to 1.75.

7\
So far the length to radius ratio of the antenn~ is

concerned the reflect~on 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 )

a is plotted in Fig. 2.4.

Current Distribution of a Cylindrical 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 what is observed is only a change of phase. If the

length of the wire is long, on the other hand the amplitude of•
the wave as it travels alo~g the conductor would decrease due

to two reason~: (1) the radiative loss along the length of the

•
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•
conductor and (2) the dissipative loss due to skin effect

which also increases as the length of the conductor increases.

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 dipole is calculated by equation 2.2(3). The numerical
results are plotted in Figs. 2.5 - 6. The results suggest

that for short antennas i.e•.2L/l\~.25 a triangular current
,-,

distribution is satisfactory. 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. 2L2.6 for ?\ = 1 a full wave stands on the antenna in a

•

compressed manner.

2.5 The Field Pattern of a Straight Dipole Antenna

The radiation pattern of an antenna is a graphical

represe~taxion of the radiation of the antenna as a function

of direction. When radiation is expressed as field strength,

the radiation p~ttern ~s a field strength pattern. The coordinate
system generally used in the specification of antenna fi-eld

pattern' is the s~herical Co-ordinate system (r,e,<p,), The shape
of the radiation patternis independent of r, as long as r is

chosen sufficiently 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 given by

I(Z) = I~ G 1 + p)sin K(L-Z)-j (1- f )cos K(L~Z~

......
For the far field consideration,

- dEe

_jkr
i30ke )L= - sina

r --L

jkZCOSe
I(Z)e

.....

dZ

Using the current distribution described in 2.5(1),
the field pattern of the cylindrical dipole an"tennais given by

j60 I= m
r ........

Where ( )- -1-+f?- - Cos(KLCOS6) -- CosKLP -8 =. - J-2 - sin a 1- P-2- •

Sin KL-Cos a S'n("Lc.ose)
sin e

.......... -

e is 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

\~~Iwill give the actual magnitude of the pattern •
•

•



21

•

------- --
o

900

2,0,,,
1-8

,,,
\

\
\

1-2 H

-- - ---

0
0

z

_100

-----

o-20

1-2

_800
/

--/
/

/
I,

I

_900

2p 1-8
\,,,,,

T
+L
1

Standing wave distribution

Sinusoidal distribution
L ,0-75 m

fcf ,33333
a ,0.00,5m

Fig. 2.7(a) Electric field pattern in the E-plane for a straight
cylindrical dipole i-or 2L/?\ = 0.5 ilnd 1.0

•

•

•



22

•

" , 2L
"'......--T ' 2.0,,

\
\

I
I----_ ..• /

,
"

- - ,
/' ,

\
I

I
/
/

///[ ?f'20

2l. '1.5

1.25 1.50 1-751.0

,,,

Hf

z

0.75

333-33

,0.0045m

o

l.
2L
Q
a

o
-20

T
L

t
1

---

/,

/'
/'

/
/

/

\
\,,,

"" "

2.0

I
I
I
\ /" //---- -

o-80

o
-90

2.5 2-25

Fig. 2.7(b) .Electric field pattern in the E-pl.me for a staright
cylindrical dipole considering the imperfect reflection
at the end

•

•

•



pattern has two leaves up to

in the field pattern increases. For

the number of leaves beeolDes 2m and

23

•
Figs. 2.7(a)-(b) describe the plot of the magnitude of the

field pattern of the cylihdrical dipole using standing wave

current distribution. For compari.son, field patterns fo.r

sinusoidal current distribution are also shown with dotted

lines. The field pattern is ...symmetrical about the antenna

axis. For sinusoidal distribution of current the field
2L)\ = 1 i.e. upto where the

antenna length becomes equal to one wave length. When the

length of the antenna eXQ'eds this limit, the nUluber of leaves
2Lm = ~ = 1,2,3 •••• etc,

2L .for m = ~= 1.5,2.5,3.5 ••etc.
the number of leaves will be 4m. Eor standing wave modelling

of ~Urrent distribution, there is the tendency of creating

leaves with the same sense except for one-wave-Iength dipole

where the number of leaves are six. _~nong six leaves, four
leaves are very weak. The general tendency is that

when m = 2L
/I 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
\

design efficient coupling networks that will give maximum

.power transfer or in abstracting the maximum amount of.

receiving energy available from the antenna. In electromagnetic

•

•
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wave propagation tile notion of impedance has been extended

to include the ratio of transverse components of electric

and magnetic fields. The antenna is the devi.ce. 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 expmine
critically the notion of impedance so that the meaningful

expr.essio~ involving both field and clrcuit quantities can be

derived. The input impedance of a long cylindrical dipole may

b~ calculated by the induced emf method. Applied to circuits

this method consists of assuming a ce~tain current Claw,
computing the voltages induced by the assumed current in the

various parts of the circu'it t and then s.u~lIming these back-

voltages around the circuit to determine the voltage that

must be impressed at the input terminals to produce the

assumed current. The induced emf method was originally

introduced ~2J for the computation of radiation resistance.

But since it deals with the radially near fields of the

antenna, it can also be used to ealculat'e mutual impedance
between antennas and the reactance, of a single antenna.

Using the standing wave model of the current distribution, the

dipole input impedance by definition is given by,

•

Z. (0) =
1

1
1(e) • •1(0) r-L •I ( ) dZ

•
......... 2.6( 1)

•'.
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•
Substituting .for EZ' the axial electric field derivea in

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

z. ,=l.n
•F(a.,Z) C (Z) dz = R +jx ••••••

Where C(O)

cU.)

= -j(l- P)cosKL +(1+ p)SinKL

= -j (1- P )Cos K(L-Z) +( 1+ P )Sin K(L-Z)

Fig~ 2.8(a), (b) and (c) show the impedance results calculated

by 2.6(ll Wh~n the length of the antenna becomes one wave_length

or a multiple of wave_length the input impedance becomes infinite

for sinusoidal distribution of current. But the standing

wave current saves t~e problem from s.uch catastrophic

results giving f~inite valu'e-s 01- imped.o:l.nce -.t thes~ reSOllilces

of the antenna. The resistive part of the input impedance

has contributions from all physical mechanisms that giv~rise

to a loss of energy from the antenna. In this case it is

th~ radiation resistance of the dipole. The antenna length-to-

radius ratio,2L/a plays an important role in determining the

impedance of the dipole as can be observed from comparison of
Figs. 2.8(a) ,• (b) and (c).

•

~ussion .

The description that has been presented in the previous

articles a~e the properties of linear antennas having

considerabl. dimension. We have Concerned about the straight

cylindrical dipole. The investigations were carried out by

•
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• CHAPTER 3

PROPERTIES OF A CROSS - DIPOLE ANTENNA

..

3.1 Introduction,'

Cross Dipole is an elementary arrangement radiating

continuously in all directions and there is no direction in

which the radiation would equal zero. If an omnidirectional

pattern is desired at short wave, two dipoles at right angles

to each other are used and they are fed ~'ith [juadrature phase

currents. This results in an approximately omnidirectional
pattern in the horizontal plane. Among the non-directional

multi-unit antennas, mention should be made of the turnstile

antenna utilized in telecasting stations. At VH~' such turns~iling

OL 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 horizontal E-field polarization due to the

fact that the sources of interference on ultrashort waves

are industrial installations of all kinds which interfere

.' with an electromagnetic field having mainly vertical polarization •

•

•
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•The dipoles in a cross-dipole arrangement are excited by

seperate ~eeders connected in para11el. Moreover, one feeder

is a quarter wave-length longer than the ..o.ther ensuring a

90° phase difference of the currents.

3.2 Field Pattern of a Cross Dipole

A cross-dipole antenna cosists of two radiators 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 fe~der in the connection to one antenna known as
a qUarter wave lOop. In any direction'S' from the axis o£ a
small dipole at a distance point 'P' the field magnitude

is propertional to sin e
is proportional to cos e
constant independent of e

and that due to the quadrature dipole

The resultant is therefore a

• That is we get an all round

horizontally polarized waVe from a small cross-diple.

Moreover, the two dipole fields being at quadrat~~_e,there

will}no mutual coupling between them.
t

Let Os assume the currents through the dipoles are of

standing wave distribution having maximum stengths 1m_
1

•
and a phase difference 0< • Then by considering the first

•

dipole as reference the current distributions of the two dipoles

can be given as

I
1
(Z) = I~.L[( + P ) sin K(L-Z) -j (1- plcos K(L-ZQ1

•
I~2 E c~s K(L-Z)] -j C(and I2(Z) = 1 + P) sin K(L-Z)-j(l- p) .e

.. ••• ).2(1)

•
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•For the first dipole the electric field in the far zone at a ..

po int P (r, e, <:p ) is given by,

........

iVhere the pattern factor Pt( e ) has been derived in 2.5(3)
may be repeated here,

~ Cos(KL Cos e)-Cos KL= 2 ----Sin e j d 5inKL-Cos e Sln(KLLose)
2 Stn e

................

similarly the electric field of the second dipole in

zone at P(r,e,~) is given by ,

the far

e-jkr J>~( e ) e-j ex: ........

\,here
e )- 1..zL _C_o_s_(__K_L_5_i_n_6_)__-_C_O_s_K_L__ ;

p2 ( - 2 Co s e " i::.f..- 5inKL-Sin e Sin(KL
2 Cos 6

5insi

........

The total electric field observed at the point per, e, f) . is

given by ,

Let us define

•
- jo(e ,

and

•
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•

Since the half-wave leng1h dipole pattern is slightly sharpe~

than that for a small dip.d,ethe 6- plane pattern of the

cross dipole with half-wave length element is not quite

circular but departs from a circle by about ~ 5 percent.

Starting from the in.phase current distribution, the

achievement of rotating and a horizontal polarization,
unifor~ in all dil'ection field patterns are approached by

a fractional step of quadrature phase. Fig. 3.1 - 3.3 indicate

the field pattern of a cross dipole fed in phase-quadrature

under ma~hed condition. For a comprehensive study we have

considered the field pattern for various electrical lengths

of the dipole. The result~ arising from the feeding 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 o .90 phase dtfference

under mismatehed condition i.e. I f I
m
1

ID
2

In both the

cases when or 1m2 > 1
101

, the polarization is
elliptic rather than circular. Fig. 3.4 shows the field

distribu~ion when the dipoles are fed in phase. Null is observed

at e = 1350 and at e = - 450 measured from the axis of the

referen~e dipole. With the increase of phase difference

Thus thefield patt~rn is obtained

this null portion is filled and finally for a phase difference

of 900 a symmetrical
• field term is controUable by adjusting magnitude and phase.

of the currents in the two dipoles forming the cross dipole •
•

•
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3 •3 ",f,-m-,p,-e_d_a_n_'_c_e__o_f_a__C_r_o_s_s_-_D_i~p_o_l_e_

In order that the currents on the half-wave length

dipoles be in phase quadrature, the dip?les may be connected

to separate nonresonant lines of unequal length. Impedance,

matching is an important feature in the antenna engineering~

The mismatched line will cause a standing wave on the feeding

c.able so that maximum transfer of energy is restricted. In our

analysis the feeding s~stems are assumed matehed with the

radiator so that maximum transfer of energy is availed.

Suppose, for exampl,,:,that.the terminal impedance of a dipOle

in a cross arrangement is 100+jO ohms~ Then by connections

100 - ohm lines, as in the schematic diagram of 1"ig. 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 transmitter, the entire transmission line system
is matched.

Another method of obtaining quadrature currents is by

in series with one of the dipoles [23Jin troduc iug reac:t:anc e

Suppose, for example, that the length and diameter of the dipoles

in Fig. }.5(b) result in a terminal impedance of 100 _ jl00 ohms.

By introducing a series reactance{inductive) of + jl00 ohms at

each terminal of dipole 1 as in Fig.3.5(b). the terminal impedance

.ot: this dipole becomes 100 +jl00 ohms. With the two dipoles

connected in parallel, the currents are

• V
100+j100 and 12 = V

100-j100
....... 3.3{ 1)

•
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..
Where y = impr~ssed emf;

11= current at terminals of dipole 1

12 = current at terminals of dipole 2

so that a 100 - ohm line will ~e

So that i1 and 12 are equal in magnitude, but 12 leads 1
1

by 900.

The two impedances in parallel yield
. 1
Z = -- = 100 + jO. '(

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

100 ohm

( a )

1000hms

p

50 ohms

Half wave dipole-l

Series reactance-

F

F
Half wave
dipole- 2

( b )

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

The impedance of a cross dipole for the SW~ of current

distribution is described in Fig. 3.6_ The crossing of .dipol.es
reduced the' impedance with.a value that is almost the fifty percent
of a single dipole •

•

•

•
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3.4 Discussion

In order to obtain a low SW"R over a 'considerable

band~width, the cross dipole ,described above has to be.',

modified in the next chapter to fDrm a turnstile antenna.

When the two~.feeders are connected .either in series or in.

parallel', the variation of the input impedance with frequency

is reduced compared with the input impedance of a single

element. This antenna has excellent characteristics not

only over 6 MHZ of one TV channel, bu~ also over several

adjoining TV- channels. Its various characteristics has been

investigated exhaustively, exploring the frequency range

from 5 }iliZ to 400 MHZ on purpose to clarify its characteristics.

A further modification of cross dipole will stand the analysis

in a physical reality and will be discussed in the next

chapter •

•

•
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CHAPTER 4

BAT~ING ANTENNA ARRAYS AND THEIR TURNSTILING

4.1 Introduction,

The antenna which has become the most popular for

VHF television broadcasting purposes iB the super tur,nstile,

or batwing antenna. This antenna has got extensive use with-
the opening 01.' the commercial television broadcasting field

in 1948. At the present time, over 75 percent of the antennas

used Ior VHF transmitting purposes are superturnstiles or

batwings. The turnstile antenna radiator consists of a welded

l' k J: t I I at 900ramewor- 0- s ee po e interval~. This cOIlfiguration
is referred to as one bay. The antenna radiators are a d~velop-

men t of the standard dipol e. 11' the ,a.rms of dipoles are

•

enlarged at the end or made cone-shaped, the bandwidth is

greatly increased, with no sacrifice in the radiation. It is
possible to further increase the bandwidth oJ: the antenna by

paralleling two ~uarter~wave stubs at the feed point. Some of

the characteristics oJ: the batwing radiator, which is the

heart oJ: the turnstile antenna system are theor~tically

calculated here by the induced emI method and transmission

line analogy. A complete feature of using a shorted_en~ ring

around- 'the array 01 dipoles is- described.'A tremendous gain

in every respect is available with this structure. In order

to give still better bandwidth characteristics and uniform

current distribution the batwing structure is sometimes

considre.d as a solid sheet construction. An antenna having

solid sheets of material for radiators w6uld offer high

wind loading and difficulty in mounting. In order to overcome
•



theae difficulties and still maintain the bandwidth, the

sheet construction is maintained and a sufficient number

of horizontal bars are utilized to provide esse~tially

the Same electrical characteristics. This arrangement gi•• s

a VSliR of about 1.1 or less Over about }O percent bandwidth,

which makes it convenient as a mast-mounted television
transmitting aritenna 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 obtain a field intensity approxi_

mately equal to the maximum field from a single half-wave

dipole with the s~me power input. For decreased beam_width

in the vertical plane the superturnstile bays are stacked

at intervals of about II. wave-length between centers.

4.2 Characteristics of a Linear Dipole Array Forming a
a Batwing Structure.

Arrangement. in a straight line of more than two elements

•

become much more significant after it is studied as a two-element

array. It may be regarded as the first step in forming a more

highly directive antenna than a single dipOle. A Multi-element

array, having every element driven from a parallel line are

considered to ~orm a batwing array under the construction

like a pair of batwings. Fig. 4.1 indicates the geometry of a
Batwing array. The linear elements are arranged in the yz
plane and are fed by a transmission line shorted at the ends

•

•

•
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is ge"tting the si-gnal direc_tly from"so..th~t every antenna

the transmission line.

7 t.Z ./

P(r,e.~)./
,,

6 3 I6
I
I,
IS ,
I,
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I16 IS I11 J
I

----- Y

1
II
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1
L" II II rs.

~ I 117e

I
,x

I
I I
I I
I I °3"

II °67 °S6 °1S °12 °23 II .~I -, •

Fig • !j.1. The basic 7-element Batwing array
•

To determine the volta-ge applied on each dipole, we are to
consider the voltage wave along the feeding line

• V( y) " V+ ejk« -y) V -jk (e .,. y)
4.2( 1)+ e ........

•

•



Where e 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 length e then• •

imposing the condition V( e)

equation 4.2(1) becomes,
= 0, we have V =-v

+
and hence

V(y) = Vo Sin K( e -y) ........
l,here V = '2 jV ,is the maximum value of the impressedo +
voltage.

When .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 addition upon the mutual

impedance between the given ante~na and each of the others.

Using the emf method and. SI"M of current distribution on each

element the mutual impedance between any two straight
. ..,cylindrical d1poles land 'j' of length

given by
, L.'
t

and 'L I,

J
is

z.. =Z ...
1J J1 = 2

•1.(0 ) • I . (0 )
{ J r

Lj

E. Z(D •.
t tJ

o

•,Z)I .(Z)dZ •..•4.2 (3)
J .

Where, Ii.(0) I G 1+fi. )Sin KLi. j<t-f: )Cos KLJ= mt -
2 l

Ij (0) = I~j [(1+fj) Sin KL.- j <t-~ )Cos KLJJ• J j

Ij (Z) I [< 1+fj )Sin K(L.-Z)-j(l-P.)Cos K(L-Z0= 2!.J.
• 2 J . J J

•



and z) =

46

. I .
m~ F • z' (0 .. -, Z)
j8lt wi:. . L lJ

Pi and F
j

are the end reflection coefficien~ of the elements

i and j respectively. Substituting these results in the. equation

4.2(3) we have the generalized expression for mutual impedance

given by,

Zi..J = Z .. =JL
j60

•
K. Ci.(O).Cj(O)

•F • 1..(0 . . , Z) C . ( Z ) d1. .
L lJ J

....... 4.2(4)

Where Ci.(O) =(1+f!. )Sin KLi.- j( 1-(1 )Cos KLi.

C/O) =(1+f1 )Sin KLj- je1-fj)CoS KLj

C .(1.) =( l+.D.)SinK(L .-1.)-j( 1-f. )Cos K(L .-1.)
J IJ J J J

F ; Z (0 '. 1.) =K( 1+p.. )F1 ( 0.. Z) +j (1- f. )F2 ( 0 . j. ,1.)
~ LJ, L. LJ. L. ~

t
The input impedance of the overall system and the current in

each element are calculated in the following manner:

The applied voltages in each driving elements are,

from 4.2(2),

V
1

='V Sin K(f -0 11)
0

V
2 = V Sin K(t -0

12
)

• 0

V = V Sin K(f -0
13
)

3 0

V
4 = V Sin K(f-014)

0

• V
5 = V Sin K(e -0

15
)

0

VG = V Sin K.(t -0 16)
0

and V • = V Sin K<l-O _) ...... 4.2(5)
7 0 1f

•
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Let the corresponding currents at the feed points of the

various elements'be 11,12,13,,'14,15,16 and 17,respectively.

Applying kirchoff'~ law we, can write,

......... +Z17 17

.......... +Z27 17

The above simultaneous equations may be written in matrix
notation like,

V1 r 11
V2 Lz] I '

l 2= .........
V7 17

and may be solved by the mat~ix inversion method,

V
1

~2
V~

I

.. .. .. .. .. .. .. .. 4.2(8)

\ihere [z] -1 is the inverse of the impedance matrix [z J
given by

•Zl1 Z12 ....... Z"l
Z= Z21 Z22 .. •. .. •. .. .. •. .• 227 ...... • 4.2(9)

• 271 272 ........ Z~7J

•
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To find the overall_-input impedance we have' to know the

overall current drawn from the supply cable. It is to be

noted that the feeding cable will carry the radiating

,current as well as the transmissio~-line current al~eady

fed to each dipole.

\{e can write,

... . . . ..
- Wher e I = total driving current- from the supply cable

ITr=transmission line compoQeqt. of current

I = dipole or radia"tion component of current.r

Whatever 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,

i.e I
r

='V1I1 + V I '+ V3I3 + •••• 01+ V7I72 2

11
V2 V_ V7= + I + ~ +
V1 2 v;:- 13+ ... . v;:- 17 . ....

The radiatiqn component 0,£ current ttJay h,e reg.arded as t'ile

principal contribution to the input impedance. As we are

mainly concerned about radiation, the input radiation impedance

Z may be written asr

•

Z
r = V

1y-- =
r

.....

Transmission line has a great influence on the effective

input impedance when the ends are short~d, the terminal
•

loading, ZL = O.

•



Taking into consideration of the loading on the feeder by the
different dipole elements, the input impedance of the array
is given by, Z.

. 1.n

Where Zl= V1
~

. .
Zi2CosKD12+jZOTSinKD12
ZOTCosKD12+jZi2SinKD12

ZOT is the characteristic impedance of,the feeder.
V2

Zi2 =Z2 I I ZT2 ' Z2 = r;-

.......•

ZT3 = ZOT ZiqCosKD3q+jZOTSinKD3q
ZOTCOSKD3Q+jZiqSinKD3q

VqIn the present Case, Ziq = Zq = ~ = 0

• ZT3= jZOT tan (KD3q)

The characteristic impedance of the feeder is given by [2q] for 2a« d,

d
a ........

Where a = radius of each copductor of the feeder
d = separation between the conductors

We have taken ZOT = 300 ohms.
o

Referring to the geometry of the dipole array of Fig. q.1',taking
~the driving point of the dipole array as the phase center, the
radiation field at the point 'P' due to all the antenna elements
iOst;ivenby,

E .91.

7
= j60~, '," Imi

, r.
• 1.
1=1 '

-jkr.e . 1.

,
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IIhere,

~
r-D11Sine Sincpr1

~
r-D Sine Sin1r2 = 12 .

r
3

¥ r-013Sinl:'} Sinep

~
r-D14Sinlj Sin4Jr4

r
5
~ r+D15Sin(j Sincp

~
r+D16Sinlj Sintfr6

r
7

?t" r+D17Sinlj Sin cp

£(6) is the pattern factor of the ind~yidual dipole defined as,~

= 1+f;.
2 •

Cos(KLiCosel-cos KL
i

Sin e -j 1-{';
.J.

2

SinKL.-CoseSin(KL.cose)
J. 1.

Sin e

The far field consideration will cause

r. ~
1. - r and the phase factors beccme

jKD12 SineSin <p= e

• S3 = eJKD13 SingSin<p

S4 = ejKD14 Sin6Sin qJ

S5 " e - jKD15Sin6Sin til
- jKD 6SinGSin tilS6 = e 1

57 -jKD 5in(1Sin f= e . 17 ••••••
•
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The resultant far-field at the point P due to all the antenna

elements is given by

.. .. .• .. .. .. ..

! •••••••

etc. are the respective pattern factors andWhere Pl, P2
51 ' 52 •••••• etc are the respective phase factors defined

in 4.2(17). Iml I ••••• etc are the respective maximum
, "m2

currents in the dipoles and can be evaluated as follows:

II' I2 ••••• etc are the feeding point currents in the

dipoles.

Therefore at ,the feed paint t

L Imi [( l+Pi) SinKL. -j (l-f. ) COS KLJ=1 2 1 1

i ..e .• I 2L
mi = 1

(l+(-'i)SinKL.- j (l-Pi) CosKL.
1 1

..... 4.2( 19)

The pattern factor of this batwing array can be normalized with

the maximum current on the first dipnle,

• P 5 •••• 4. 2 ( 20)7 7

o

•

In order to obtain a radiation pattern with

polarization in a horizontal plane the array should radiatj

in the broadside with <p= O. Tqe phase" factors then become

unity and the resulting field pattern is given by
p( G ) Pl+

Im2 P2+
1m3 I= P3 + ......-+ m7 P7 4.2(21)• .. .....I I Iml ml ml

•
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Let us assume the dipoles in the batwing array. are equally

spaced and a.complete feature of the length of the dipole

are determined from the half-angle oftap.ering- made at

the center dipole. If-L1 is the half-length. of the center

dipole, the length of the other dipoles are given by

L2
: L1+ AL : L5

~3 '" L1+ 2dL : L -6

L4 '" L1+ 3ilL : L7 4.2(22)........

Where AL '"

D :.separation between two consecutive dipoles

~: half-angle of the tapering of the array.

A convenient method of measuring the directive

properties of an antenna is to define a gain function,
G( e, <p ), where e and 9 are the colatitude and the azimuthal

angles respectively of the associated spherical Co-ordinate

system. The gain of an antenna i:s~def-inedas the ratio of

the maximum radiation intensity at the peak of the main beam

to the radiation intensity in the same direction that would

be produced by an isotropic 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 is

•
given by,

G :

•

.......

•
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Where s(e,~)~s the rad~ated po~~r density pattern and W ~s
-the average power rad~ated by the antenrta. :

w' ~s given: by

1 [ '. il- (.z 1 Q.2(2q)111 Re h' J..•. watts ........= 2" r• watt/m2and S(e,q»= ¥.z"\. Re (E e .E9 - E .Eq> ) ••••• Q.2(25)
,~

~ is the intrinsic ~mpedance of air,
~

= 12011: ohms and,

E e and Elf are respect~vely the theta and pha~ components

of the electric f~eld at far distance from the antenna.

there is no phai-polarization, so
that the gain function reduces to,

•
G = (lm1Pe) •

I;.
•• f) ••••••

where R = R [z] is the rad~at~on res~ance and Poe ~s ther e r,
pattern factor ofth~ ~rr~y. The gain ~n dec~bels may be denoted
by Gdb,

Gdb = 10 IO&10(G )max
W}lere G is the maximum. gain occuring atmax

.........
oe = 90

•

Using the above equations the properties of the

seven-element batw~ng array were numerically calculated.

F~g.Q.2 descr~bes the f~eld pattern of a batw~ng array in the

honzontal plane of polar~zat~on. The array ~s operated at a
•

certain frequency say 150 MHZ for model study, where the

ga~n ,has an apprec~able f~gure. The fi~ld pattern of a s~ngle

dipole operated at the same frequencyisalso depicted with

broken l~nes for ,comparison. It is observed that the batwing

array has got almost three times more intensified field strength

at 9=900, l~comparison w~th a simple dipole. Fi~. Q.3 indicates

the impedance and gain variation for a batwing array.

'.
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The analys~s ~s carr~ed out for a frequency range from

5 MHZ to !too MHZ. The g••~n ~s almost constant upto"the

frequency 175 ~lliZ and then has a stop-band between 220 ~lliZ

to 300 MHZ. Above 300 MHZ the ga~n ~ncreases sharply and

then occup~es another w~de bandwidth.

!t.3 Character~st~cs of aBatw~ng Array w~th the Ends Shorted
by a Per~pheral' R~ng.

A thellll'eticalestablishment of a ,batwing array' having

all the dipole elements shorte'd in the per~phery is not ava~lable

with a sp~cif~c modell~ng. A shorted-end ring placed over the

perimeter. is mot.iv-.ted :Lor ,improvement 0.£ the mechanical
and electrical characteristics of the antenna. when the ends

of a dipole are shorted by a wire the terminal voltage ~s

assumed to be zero. By the use of transmission line concept,

the standing wave voltage and current on the dipole may be

written as,

and

'K(L-Z) -jK(L-Z)V(Z) = AeJ ~ Be

A jK(L-Z) B -jK(L-Z)
I(Z) = e - e

Zc
........

where
'Zc is th" characteristic impedance of the dipole; A and Bare magni-

tudes of. 'the incident and reflected voltages r~spectively.

When a r~ng is used, the ends of the elements are shorted so

• that their. term~nal voltages will be zero, ;.e.

•
V(L) = 0 .......

•
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Approaching to-a single dipole we may apply the condition

4.3(2) into 4.3(1), so tha~

B = - A, ........
Substituting 4.3(3) into 4.3{ 1) ,we 'get

I(Z) = I. CosK(L-Z)m ., ",', . .! 4.3(4)

Where Im
2A
Zc

, the maximum value of the current on the dipole.

Therefore when a shorted-end ring is used in the periphery of
the array the only standing wave current on the elements
will be ••cosine wave enhancing the charge accumulation towards

the ring. Using the cosine distribution described in ~.3(4),

the axial electric field compon,,"L of a, dipole is given by

j I
= 4 T\mwf F 2 (r , z.l.

where .lli-
2r
1

1
+ --
r3
1

-jkr
) e 1 + (Z+L).

•

=Yx2+ 2r y
=Vr 2 (Z-L) 2rl +

=Vr 2 (Z+L) 2r2 +

ro =Vr2+ z.2

1+----
r :J
2

-J' kr -2--KsinKL) e 2 '

-jkre 0

r o

Using the emf method and ,ihe distribuiion the mutual,
h d' 1 Ii' and 'JOt is givenb t any two straig t 1pO esimpedance e ~een

by

•



Z .. = Z .. =1J J1
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2
•

I{O) • I j (0) . ('
o

F 'Z(D ..1 1J
•, Z)I. (Z)dz •• ,. 4.3(6)
J

where Z. = Z .. = mutual .i.:mpedance betwe~n the i th.' and the1j J1
j th element.

1. (0) = Imi CosK1-.1 1

I. (0) = Imj CosKL.J J

Ij(Z) = Imj CosK(L.-Z)J
D. = separation between the i th and j th element1j
L. 1-. = ha If-leng th of i th and j th element respectively1, J

Substituting the above results in the equation 4.3(6) we have

the mutual impedance for the precribed 9istribution,

Z .. = Z .. =1J J1
j 60

Cos KL. Cos KL.
1 J

........

Z) Cos K(L.-Z)dZ
J

Using the similar procedure described in chap.2, we have the

theta cumponent of the electric field at far distance from

the ;ntenna of a single dipole,

•

. n -jkr
Jle

211: r I .m1
- Cos e Sin(KLLCos & )

Sin 9
••.. 4.3(8)

where 1= 1207t intrinsic impedance of air.

The pattern factor of the dipol~ is .defined as

SinKL.
1

- Cos€> Sin(KL. Cose)
1

Sine
....

•
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The pattern factor of the batwing array with peripheral ring

can also be normal,ized -in the like manner ~'''.as~,'equation

4.2(20) and for horizontal polarization, it is given by

1'( e) = l' +1 P2 ~ •••••••. + p-
I

'.......

~Ilere 1'1' 1'2 •••. etc are the pattern factors of the respective

dipole,
1m2 ••••••• etc are the maximum currents on the dipoles.

•

A tremendous increase of radiation happens when a cosine
distribution stands on H1e antenna elements. ~'ig. 4.4 shows

the field pattern of a batwing array with a peripheral ring.

In comparison with this pattern, the pattern for a single

dipole with the same operating frequency is negligible. This

intensification of the field strength will cause more radiation.

Fig. 4.5 describes the impedance and gain variation for a batwing

array with peripheral ring. 'Here the radiation resistance is.'resonably increased c~using greater radiation. The resonance at
210 NHL. will not cause a.ny serious affect on the radiation.

High ..gain' is observed over a wide' range' of x'requencies from 5 MHL.

to 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 arculld a tubular steel pole at 900 intervals •

•
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This conCiguration is reC.rred to as one-bat Ced in

opposite pairs in order to.improve the circul~rity. In addition, the

~~rays_ are Ced_ in phase quadrature, commonly referred to

as turnstiling. The isometic view oC one turnstiling bay is

shown in Fig. 't.6. Thlis requirement demands that the antenna

be fed by two transmission lines, which must- be kept electrically

similar in order to ensure the p~~per current and phase relat~on-

ship. The pair of_radiators array are ref~rred to as "north-south"

and "east-west~ to denote the two groups oC radiator~ which are

Ced by separate 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 batwing arrays constructing the tu~pstile

antenna are identical in all respect. The id~ntical single

radiators carry equal currents but in phase quadrature. ThereCore

Cield pattern for a single batwing array will also be in phase

quadrature. The total electric Cield pattern Cor a single bay

turnstile antenna is given by,

p ( a) : PNS ( a) _
jPE\W( El ) ...... 't.'t( 1)

\Where •PNS( e ), field pattern of the north-south pair

and j = ~

), field pattern-of
(east-west) pair

the quadrature

\We will study here the two cases of array furnished with and
•

without shorted end rings at the I""riphery. The field patterns

•
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for b••twing ••rr••y withput, peripher ••l ring' are discuss'ed in

art 4.2. Using the s••me rule followed.by equation 4.4(1). we

m••y derive the field pattern of' ••.cross-batwing array i.e. a

turnstile ••rr••y without shorted_end ring ••t the Periphery.

Fig. 4.7 describes such a p••ttern "lmost circul ••rly polarized,

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

at 275 MHZ and may also be obtained asa gopd and,resonable

p••ttern over a wide range of operation. The g••in of such a

b••y is quite reson ••ble and more improvement follows from the

single batwing array discussed in article 4.2. Fig. 4.8 indicates

the impedance and gain vari ••tion of a turnstile arr ••y without

ring at the periphery. A good and resonable radiation resistance

is observed ••fter 250 MHZ, where both "re increasing linearly

urto 325 MHZ. After 325 MHZ radi ••tion resistance decreases
but gain increases.

A partial tre••tment on the Use o~ end ring is established

in the art. 4.3. The ring at the ,Periphery is used to enhance

the radiation and that is observed when the current distribution tux

to cosine 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 ••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 has no contribution to the field in the

bro ••d-side.'A simultaneous treatment on the gain and impedance

•

•
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characteristics of turnstile antenna with shorted rings at

'peri'plie,ry,-,are discussed --inFig. It. 10. The sp'ecified'selection

and arrangement of radiators give a,very high and resonabl'e gain

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

1t.5 Discussion

In this chapter, the characteristics of turnstile antennas,
are analyzed theoretically with the aid of transmission line

•

analogy applied to each dipole element. To increase the horizontal

plane directivity, sevaral turnstile units called bays can be

stacked at about one wave-length intervals in order to obtain

a very low SWR over a considerable bandwidth. This arrangement

is called a "Superturnstile" antenna. Batwing or turnstile do

not have a satisfactory impedance characteristics when mounted

in front of a screen or tower face. A disadvantage of the turnstile

antenna is the multiplicity of connections required in the antenna.

Four points of connection are required at each bay, one to each

batwing and hence more for Superturnstile antenna where several
bays exist. This multiplicity of connections can result in

5ubsta.ntial repair time in case of trouble with the antenna.

The study of Superturnstile antenna is limited here upto a single

bay turnstile. The super turnstile antenna offers a convenient

means of obtaining maximum effective radiated power for VHF

television broa~ cast station. It 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-transmitter output to the two

antenna feed Lines by seyera1 methods. Tho standard method

is to- feed theftlutpu.t'S..of the auraL ,and visuaL-transmitters,

through'a bridge dipL~xer. The output from the dipLexer is

fed through two transmission Lines to the antenna. From the

anaLysis of a turnstiLe array given above it is evident that

very high gain with considerabLe radiation resistance can be

obtained by properLy designing the antenna. The,peripheraL

ring shorting the tips of the dipoLe -eLements improves the

antenna characteristics considerabLy •

•

•

•



CHAPTER 5

GENERAL DISCUSSION AND CONCLUSION

In the above a theoretical analysis has been carried out

for determining the characteristics of a turnstile antenna. The

basic unit of any array antenna' is the dipole antenna which st~11

requires a-rigorous study. As the current distribution of a cylin_

drical dipole antenna became a controversial issue the theoretical

base for a.dipole array remains controversial. In the past various

numerical techniques were developed for studying the salient features

of the current wave on a cylindrical dipOle. In most ca~es it was

assumed that the current waVe has a null at the dipole-end indicating

a perfect e.nd reflection. In the present analysis we have shown that

this is not truly a necessary condition. Rather an imperfect reflectiol

can reasonably exist at the d1pole 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 ~he dipole in a compressed manner. The impedance
results become modified over thOse for a pure sinusoidal current
distribution. A finite impedance value 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 distr~bution. One interesting feature is
observed that the antenna length-to-radius ratio plays an important

role in the end-reflection as well as in the radiation resistance

and reactance of the dipole. For a sinusoidal current distribution

the radiation resistance remains uneffected with the variation of
•
this ratio, rather the reactance is modified •

•

•
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Simulation of all the characteristics is performed

of current, self and mutual.impedances among the

on the basis of computer programming which :fnvorves'
cal"'!A1ation

the rapid

various antenna elements in a. turJstile array The basic
arrangement of turnstile antenna is the cross dipole in which

two dipoles at right angl~$.are supplied with currents in quadrature

phase for a desired omnidirectional patterh. Crossed dipole
with equal lengths having equal ~nti unequal

magnitude of currents
was studied for polarization in the horizontal plane for various

electrical lengths. In every case the pOlarizatioh in the

horizontal plane is unsymmetrical except for quadrature phase

of currents w1th identical magnitudes. The.dipoles in a cross-dipole

or turnstile arrangemsnt are excited by separate feeders connected

in parallel and hencs a reduction of input impedance is observed.

Therefore the gain over a single dipole is increased and the

followed
operating bandwidth is also increased. 'The assumption

i,l cross-dipole arrangement is that the feeding system is matched

with the antenna so that maximum transfer of energy and low SWR

over several ~~joinin~ TV-channels.

can be realized. -The crOSS-dipole iilutenna gives an excellent

characteristic

which is the heart of superturnstile

periphery. It is the first step in forming

is extensively discussed here with and without using

The batwing array
antenna

shorted rIngs at the

a highly directive antenna than a dipole. Stacking of dipoles

in the linear array is followed by an arbitrary arrangement and

specimen study has been produced here and an optim~zation can be

••chieved in v••••ious way~ of changing the geometry of the array •

~very characteristic is followed with this configuration. A

•
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The impedance of open ended batwing array and its corresponding

turns~iling gives a great improvement ~n radiation resistnace

so that more radiation is achievable with a wide band opera~ion

of it. Gain is greatly increased and an almost circular or

horizontal polarization is achieved.

Shorted-end batwing arrays gives a modified and renovent

distribution of current standing on the dipoles. Treconcept is

not.outside the desired selection of distribution of cur~ent

on the elements. The transformation observed in the standing

wave current is the &brupt change into a cosine distribution.
The £ield pattern that is observed by the procedure afore-

mentioned is' tremendously increased so that a.dipole and even
an array of dipoles forming open-ended batwing or turnstile

arr_ys have an insignii'icilnt field strength in comp~rison with

that. The gain and impedance have a tremendous improvement over
the arrangement described before so that a broad b~nd operation

may be realized. For our specimen study the band is quite

broad from 5 MHZ to qOO MHZ

Everywhere the subject matter is stQdied within two

wavelengths at .the required operating frequency. Array. exceeding.

two .warelengths are usually suspected to support surface wave.'.

that lIIay..\);o subject Q' study or a future project with or without

using mode theory. In this context a superturnstile consisting

of several turnstile bays may of considerable research interest •

A rigorou..s treatmeilt by integral equati.on technique or. by moment

method Cor evaluatirlg the currelJL distribution along tIle dipoles•
for batwing or turnstile arrays may explore further electro-

magnetic phenomen~Finally it c~n be said that ~he present study
•



•

gives a thorough understanding about a turnstile antenna and

a study of this nature is not ~vailable in public literature •

•

•

•



75
I .i I j. QRTRA'J AI ~JET COMPUT~~ Cc~TRE. OH~KA

','"

c.f\,:!JJJllJ
Ll<. ;LOL;ZU
CRIJGG030
Ch.DOO()'tLJ
CR:JOc-050
CRJOC)lJoO
CRj.:J:lli7iJ
::RJGOORu
CRJuOu9U
CRJOCIOG
[ROGGIIO
CRJOC12J
(R(I00130
CRJOOI'0
CRjODll50
CRJOJlbD
[RJOOI70
[RJOJI8J
CkJ00190
C,,~OO!.OO
CR:OO:::IG
CkJ0022':J
CF.J~J23~
CRJGG,~;'C
...: f.. ::'0J.: :'1,
:F-.'.:O:':2hJ
CI':-::OJ27('
C.H.O;jJLij~
CRJCC2;'(/
CR.]:)J 30:",
CkJJ03lG
:R.OOJ.32G
C~::JO:; :nlJ
CKOC:) 3;::"
Ck:JJJ.15:J
': K.JOC,,j~G

:::R:::'OO.17, ..
~R.JJJ)>ll)

Cf.:.~OCi.y;O
CR:JOJ40J
CRJOJ"tlG
CRJ~O ..•2U
Cr" ;]OJ •.•}(;
CF-JOJ";C
:F..JQO't':lJ
::1'000.:,6:::
::RJJJ47~
CROJ'J'1-B~
:kJJO,9J
:k]Q~"Ou
Cf.:.JOJ':>l;)
CRJOCj2U
Cj::.Ji)J:;.:~J
Cf,]Q]':i"rJ
C j,:[)) J 5 ~,:)

,0' E
TUIC-,S TIL II<G

HAY
:::,':

**

--------------------------------

** FILE NA~E *~

::=';.:. CRuSSl4 ~d:

**

-----------------------------------MAl N PRDGRAI~
P~QPERTIES OF MULTIElEME'JT OIP]l~~ A~~AY APf)RO~CHING rO~AROS
A TURr~ST.ILING BAY
'U"'lbl>< jF El'S-McNTS'::::"7
EXTERr~AL FUNC,FUNCl,FJNC2
';).1 "I t: N,:.l .J i'i. '" NT 1 ( 29 ) , ANT 2 I 25 ) , D ( 7.8 I • l A, I ., , i .!,. I , Z [ t 1 , 7 ) , 'I ~l ( 7 ) txt, I 1 j ,

.- 1.( 7 ,1 ) ,c. ( 28 ) , F ( 2 8 I , ZC I 7 ) , AT f{ In. 'A:; T I -, )
Cl4:-lPL~X IJ,AIS,(281 ,l12(2t!J,FLJ.\(,O!t~(:.; 1., ,~A,l: .xt.,

JNE
TURNSTILlNG

BAY

[

C
C
C
C
[

C
C
C
C
C
C
C
C
C
C
C
C
C
C
r
C
L

I

L
C
C
C
C
t'
C
C
C
C
(

C

c
C
C
C
C
C
C
C
C
C
C
[

•

•

•



FILe:- :,)55l4 FDRTRA~ Ai
76;

BUET Cmot'PUT~~_ (~I\:I Et:, D!tfl.KA

•

[

[

[
[

J,
[
[

[
[

c

01

106

20

63

+ Cs. S .'S 1 , S.i::: , S3 .54 , 55 , So , S1 •
'. ~U~: 1 , F:) I'll C2 , AI ~ 1 ( 7 ) ,A I :; l:: { 7 ) t DI :; 1 1 7 ) , 0 i :;21 7 ) , R I 7) ,E. F , [ I I , l J J ,
+CKK,PKl,PK2,PK3,PK4,PK~tPK6,PK7,UKl,UK2.UK3.0K4,QK5.JK6,QK7,
.PATl.PAr2,PAr3,PAT4,PAT5,'PAT~,PAJ7t(JRl,:IJ~2.CIJR3,C~R~,CU~~,
':U~~tCUR1,REl,R~2,~12,
+ PAT T 1 , PAT r 2, P ATT 3 , P A.TT 4 , P:'" T r 'j • PAT r '; , ? ,"..T 1 .,. • S S 1 • S S 2
+ , S S 1 , S S .:,• :; S5. 5 S .:> , S 5 1 • C S S , S S "1, S CK, '/1 , l.~., f. i 'J , L .i j , I 1 2. • I I.~ , LT 1 •. ~1 '.j ,
':/l~,(Z~,CCC,(TT,~~T,~ll,IZl,113
:. .•.•jV,r-1U;; ...;. Ar~TLl ,Ar~Tl.2,;)12, rI,'\~Tk.A\lL.kE.l,KE2
JP~N{UNIT:9,FILE='OUT',STArUS='NEW')
JAT~ ANTI/.33,.33, .~3, .33,.33,.33,.33, .5J3,.5(j3,.503 •• 503, .5[':;'

•• ~J3,.61b,.b7b,.blb,.blb,.~lb,'.85,.85,.a5,.B5,.503 ••SJ3,.5J3,.616
",.b7b,.S51
DATA. ANT2/. 33, • I) 0 3 , .676 •• 85 , • 503, • ~ 7 b•• e 5, • 5:: 3, • tJ 76, .05, • S) 3, .676
",.85, .6-76.,:..-.1t5-,.503, .616, .!::l5,. 55,. 5J3,.6 76,.85,.503, .616,. ti5, .616
.",.85,.a5.1
D~T~ O/.JJ4S,.33,.5b,.99,.33,.66,.99 ••0J45,.33 ••66;.S~,.9~,1.32,

".OO~5,.~3,.99,1.32.1.65,.0045,1.3~,1.65,1.98,.0045,.33,.6b,.OO~5
•.,.33,.00451
)hTA h~T/.33,.503,.b76,.85,.5Q3,.67o,.8~1
J~T~ AT~/.OO~5,.OG~5'.JC~5,.D045 •• 0U45 •• G045,.J0451
v:.:{u.o,}.:J)
rU=3.1.1S927
~:_O.::::J.:;:;
:".l\:,::;).;.~l
I.UI"==3u:J.J
Z :: J == t.: 7 ( .• C,,;,A.L:l G 1 DIS E PI R A~ )
'u 1/: ('J:.l,S:;
f. h :: ':. •. ~ C ,J .-; y: F L J A T ( !"II J I
F?.::22"7.0i:-Ub
Ff;,K.=f-h./ll.::Ji:Jb)
.=2.0.rAI'FR/(3.0c8)
DD=O.ll
ALP=75.0
ALPR=PAi~ALP/180.0
TA~=rA~(ALPR)

L L = lJ.D/J.AA
.1.'~i Ill=U.~3
:"'\iTI.2.)::A\JT( 1) •.DC:L""I (3)=ANTI2)-DEL
"TI")=A~TI31 -DEL
;":'jli.::;,;:;"~~;:2)
ANf(b)=ANTI31
ANTI7)=A~Tl41
JI~ Sl M=1,7
M!T 1 (>1) ==l.,'HI 1)

0:": l~Jr; ~::~,13
A.\j f 1 ( 11) = A:< T ( 2)
QO 62 ~=1lf.,18
A:HII.~) =ANT( 3)
DJ 26 '-;::19,2:2
:':,Tl-tv,j::t,\lT(;)
::',~ :'-,3 ~=23,25
tl."r.i ('-1I::A\lTC5J
D~j _it: "1=2b,27

•

•

CRf1JJ56J
CRJJ)j7C
CRJ:JJSgC
:'f\tlu:;S9:J
Cf-(,J:J)bC:
::'RDGCt:l':
CRJ"'::io28
:1',]00630
CRJOCb~9
:RJOO~5Q
:RJGCt>t>O
:~DOOo7(j
CRJ.J:o~L,
[r..J;JOc9~
CRJa:700
:RJG0710
CRD)J12D
CR:J))730
C"J:)J140
(!{:::8J7~'~
(r-,JJJ7CL
:i,,~:;y,7C
::":)jrJ7>lC
C;"_~J:"'.j-(' )u

r.~J(jU:jl]U

r. I' ~i,..": l

c (...

CR1:iJS7C.
CRJJ_Jd-~::
(RJO:1,j}w

C~,J:'-J:;:J}
[k)l)091:...

CKJ::"J~?~
Ck:J0:''j~.J
Cf'.J:'J:t40
CRJu29:':O
[RJ~)9"O
Cf.:.:JGJ:.t10
:RJOJ9S0
CkDG099:;
C!:~ilJr..:2l~
t: 1.: ':: ~ 1u 1[j
:: F.]:" 1 C t. '"
r. HUlJ Il, "L;
~KJ:;;ll..l<t(.
[OJlDS]
[R)OlQ;O
~K.:J:'l.;.ru
cr •.,:"IG10flQ
c ;.ChjlO7'J
:i{J:Jll:JJ



i~II : :: ~-'

77
l.,:.:T.~,A', Al SUET COMPUTeR CENTf< ~t IJ'i .. ',,1 .' "1 ". r' I " 1

64 _

46

?D

,7

•

r,!,~' II M):::A>~TI~)
A'<T1 ( 291 ~ A~T 1 71
aJ~4M::l,7
AHZl M'~'NT(~)
JO 46 "'l;:e,13
ANT t. (M);:; pH ("'I-b)

)]::..? ~~;:1'T,1=
A..••r;' ( v,l ::: t.. ;.T ( v: i I I
:JJ :'"J '''::1-J,Z2
.\ ..~1 2 ( ~ll :::A,'H ( '1- 1 :,) )
)G !;,~M;:23,2S
".'.,r :;I ~ \4 ~ = A !\) T I \A _ 1 ,j I

DO ~7 M=2!J,Z7
~~T2(~)=Ai~T(~-?0)
t.~l 212f:)::::.\l;( 7)
~;I I ) ::::.,:-"'{ 1 1
f. ( ? J :: i.'Jf1
1.J(31:::2 .•J~'.l)
:.1( 4'J = j. J ~ ~ n
DI~,I=UJ
I)t:,I:::OI~)
DI71~,)l' 1
')1"I~JIII
C I ~} ~ .J:','

~.ltl,~I=[JI:,,1
DillJ=::(3)
J(I,I'11(41
[dl j)={f.~;::DiJ

)ll,I~Jlll
DIVI~D'J
)ll'I~DI41
Dll71~D( lJl
J(181~5.0.D,J
D ( 1 :; ) =;)( 1 )
D(ZJl~DI131
~(?lI~Jll:;1
:JI2~ )=6.J:::OD
[HZj)::)(.l.
J(2't)::00
JI251~J(3J
J(2SI~D(11
OI271~DD
Jl20l~Jlll
AlL::O.33
APPl~~*1 ALL-DC 111
APP2~W'IALL-D(Z)1
APP3~~'IALL-D(311
APP't=h'~q ALl-.,)( <."
APP"~~.I'lL-J(51)
~PPo=~~(ALl~)(6'l
A.'?7~~<'l ALL-JI711
VO(l'~SI~lApoll
VO(2)~SI~IAPPZI
VJ(3)=SI'I'(APP31
VOI.)~SIN(APP41

•

Cf'.C;)lllU
CKJ01120
CkJLil13C
:R)~ll;'J
c. '" [.;] 1 l:):.J,
[RJ(JllDu
Ch:'Ol110
CRJOl130
CRQilll'lU
CRJ01200
CRJOl210
[kDul~2j
CRJu123G
:P,~:Jl?'t:J
C.K'" J 1 ':- ••.
C k : ~ 1
C~::I_! ..:"1,.,
[: 1-, ,_, I .. '.
:...E _...:1,: 'i u
CRJ'::'130:J
: F::lJ 1 'H :J
(R~j:':'l"~t'~
::'j-<:i~,l )-~J

:, ,:.., :; ~ 1 j!.. ;

[k))! .1:,j

:RJULbG
CI<:'J[.17J
::'iCI) 1 )r"'J

(t-<'.~_[j1 V--?,J
CR.:J:Jl'"tOG
CkJJl"lJ
CRJJl'ZO
CRJJl!'~::;
CR::JIJ.;.;;:
C~JJl;:-:J
CR:"J'::1 't:)j
~KJ01't1C'
:RJOl ••B:J
:RJ:::149:':'
CR0015Dil
CRJ015l:J
CRC)1?2J
Ci'JJlS30'
:R:J154)
CRJ:";l:'>:J
CR:::<, i j:::.J
CR:!v.-l'J7u
CR::;01:5EO
. CR:'ul"j9J
. CR:C;1600
CRJOlblO
UJOlbZO
CRJJlb30
:RJJ1643
:R:JID5J

•



78

..

16

19

91

29

39

93

96

"](5)::Slll,J{AP~5)

Vlj(:») =S}'..;( t.PP~) .

YJI71=SINIAPP7)
DO 16 (=1,7
A.NP.=ATR(K)
'<NL=ANTI()
lJ ( ( ) = 1 20 • J "l AL ~ ~ ( 2 .0" • NLI '.NT R )-1 • j )
: "L L T I ~ T G Z C =- J ~C 1 ,::l. 0., A Nl • A. I G 1 ( K ) , I \J LJ= f{ , n 1 r, l ( K ) )
: ALL T I \j T .:; 2: ( FUN:: 2 , 0 • 0 , 4 i,L , ~ 1 GZ ( K) t I :~ D t: I. , [) 1 G2 ( j() J
< ( K j = 1~"I ;2 I K I + W* (A 1:; I I <l + ZO ( K I / 6J. J I 1/1 1V' A I ~21 K) ) -.* (l0 I K II

.bO.:J+AI:;lC K)>»
~ONTI NUt
DO P 1=1,7
E1I)=Rlll
OJ 91 1=9,13
E1II=R(2)
DJ 29 1=14,18"
EIII=~DI
J:; ::;2 I~l J,22
~ t I J ::,~ ( •.• l
.)0 3:t .1=2.1,25
=II)=Rl,1
::),] ~3 1=20.27
=II1=Rlo'
EI2B)=RI71
DO ;9 1=1,7
FII)=R(II
DO 9;' I.::r;d3
FIIl=R1I-bl
): ';'9 ! ::I'niB
,..:I I ) ::.:1-.( j - ill
.:.:.. ,~~ J' 1,'0.22
F(IJ=R{:i-.i:")
J ::'9 I::23.L5
FtI)=RII-IBI
OJ =J6 !=2t)f27
FII1=RII-2JI
=( 28)=<.171
00 10 !=1,.n"
ANT-I=ANTllII
ANT-2='NT2( II
DI2=OIII
<El== II I
<E2=FIII
?l=-i~:A~rLl
:H::5I:\I(Pl)
Qll=COSIDII
•..•i:.= rJ:- A \ T L,~
:.i,:,:::) I ~,J( (2)
W~?:::JS(P2)
C 1 I = - V:' I I. J - R El ) * Q II + ( 1 • D+ REI I • UI
:JJ=-~~II.~-RE21.UZ2+II.D+RE21.J2
:~~(=:[)-".:J:;(::JJJ
Ji2=<:IPlK(
CAl_ TI'H~21 FUNC+O.D.A~fL2.AIG(1 IdNOER.DIG( III

+

:FOJlo':>u
CRC'Jl:J1L
:KQ:>lbBJ
[RJJlo9j
CRD01700
CRDOI71J
:,,)CI7Z;)
: n:Jl 730
:RJ017!tU,
CR)J1750
CRDJ I 700
Cnol77o'
:F..JJI7S)
CRJJl79J
CRJQ180u
:>:JJlol~
:r;')Jl ..:l2J
:~.:JJl~3'J

.-' ::: 1< ] j I .i - ~

Ci'.:1 J 1 c ': L
:KJjl~6:::
CRJJlb7.J
:RJ)lt1~O
CRJJlS:';;";
:RJJl~::J:'
CRJJlttl:'
CP.JJl~;:J
::f-.~~;l ~'O
:;::r:,:;:J 1 ~~..:
:: i-:JL.19< L
:. ,-,:-..,1 .., D. ..!

C~tJJ 1',7 ~
CRJJl'i~O
:RJJl9'1J
CKJGC:OOJ
CRJJ?JIO
CRJJZ;"ZG
:R.JJ203G
CR.J)ZJ!tJ
CRJ:lZ030
[RJj2JSG
:;'S)2J7J
CRS.JZ03:
:KjOZ09C
Cii.J:JZIJ':
CkJJ211J
[kJJZl.' :.
ChJJ2i.3~'
CI<.JJ21'i:;
. k '.:'~1 .: ,J

'.J 21 .
c j, :~:: 1 : '.,
ChoJG2'i-r:.,
Cf\J0219~
:RJiJ22JO

•



°OKTRAN Al
79

HUET CO:-1PUL: ~ C t-l\lrr;,t: t D~iAKt,

•

I,

I L ,

l121 I ):: .•.•*bD.:>*A,IGI r 1/(' ..••~"~121
,\IT J :'.J:~

.1 lJ31:::1,7
::J~ 1:;3 )::1,7
II),!).:(:).],).)

lll,1l=l12111
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I( 2 ,? l=l12(8'
l( 2.;\)::,7.12(9)
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t(~,SI=l12(ll)
ll?,~>I::,11!'.(l2)
IP,71::'1.::t131
l ("',•~)- I 1 ,~( 3 I
!. ( .) t ? 1:: II .c (9)

.~ I ~" J J :: / 1 2 ( 1 ;. )

.' ( ~," I :- .' 1 Z ( 1 S )
!.lj."I=llt.(l~)
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l.(-'.,7)::112(1~)
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ll",31=1121IS)
l(4,4l::l12(l~)
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.'.I'-l-,-f)=llZI221
! (~,11-=?12( 5)
I( S,2)=llZ( 11)
lIS.31=l1ZIIS)
Ll~)t~I=LILILJ)
llo,ol=1'12(23)
1.15.0)=lI212"1
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{1~:t?):.:'I~:112)
Z( ~,:.) =ll.::.(17)
lI.S,4)=!..l?.t21J
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l(~,,':,J=.'.1~:(2~1
!.(j,7J::olI.dZ7)
1t"!,11=712(71
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1(7,31=?1211SI
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/.(7,:')=-'112(2.5) ).
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)J 15 J;;;1,7
lAII,JI=llI.J1
CA~_ i~VfRTIIAt7,II)
C.::'LL ~.'ATV( ZI,VJ,XA, 71
vv=,OIII.VJlll
V r = V'J f1 ) * X At 1 ) •. V) ( 2 ) (::X a. ( 2 ) •. V 0 ( 3 J (,.:X A ( 3 J •. va ( 4 J * x 0.. ( 4 J •. VJ ( 5 J * X A ( 5 J +

+VJ!bl*XA(bl+vJlll*XAlll '
lk=vV/VI
:l'.=lk12.0
UI=nIII/XAIII
Z!- ? :;-V (, ( 2. II X ~ ( .2. I
II )::V.,( -lI/X4(31
(T3=V:,!Jr~TA~I~*OD)
III = ( Ll3. H31 / Ill"' l nI
l~~=lJT~(113~[OS[W(:DDI+V~IJT*SIr;I~~DD»/(lOT~CJS(~~O01+

•. V:,; l i 3 ',' S I \j ( w~DO) )
7 I ! :;;(? 1 ~ ;, l T 2. ) / ( Z 7 ;, .•. l T ('. )
;']1 =l:...Jr;:llI2~C~S( ..:':':J~} •.\i'~.ZJT::'5I:;( .~: i-,:)ll/.ll.CT'::~]SI\.;".):~l f-'J
"',' ~_:.::'~:.I'~I~-::}))l
:... \ = I I.! l~: 1r 1/2. j J II /..~ 1 .• Z'l 11 L. ~ Co )
=IJ\F<~r\lIL.O
..~)~~:)~,~. ''1'1=1,73
T H:.: T ••••= :: • J ;: r L ) A T ( M j,'- 1 )
T"1:':1 A:::jJ.:J

1". F\ :.:.= T i-I': r tI ~: p ~I /1 b 0 • - - -
:)=CJ~( .\::.:.tJ)

5j=S l~l":ul
IFI50.o,.0.0150=1.0,,-0,
IF(:~.:J.O.~)CO~1.)E~J5
t.Ll=tt\fZ( 1 )::,.
A.LZ=r.'~f2.(2);::rJ
AL:I~A\jT2t jJ~lIt

AL-1=4,i~r.::{ ..,.l~rJ
ll,L3=tt,'JfZI5):<t'I
U;=<NIZ!'''.,
AL1=A~IZI7".
PLI =CO~ALl
PL2=::O~4L2
llL3=:O:';AL3
PL;'=CO:';AL't
PL5=~D~A.L5
PLS=:U::-4Lb
DL7=CO~ ..•.L7
::l.1:-:iJ~(PL1)
[(2=<051 PL2)
::C.3= ::OS( ;JL3)
__C[ ;"~'COS (f) __!t)

CC5=COS( PL5J
::!:l~:OS( PLb}
::1=~1.;\1 PL1I
C'l=:':J~t ..•.L!}
::2~:JS( ALZJ
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C7:;:'J~1 AL 1»
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A.2=:::2-:Z
03":0-:3
A't-=::'t-:4
45=::5<5
A,6=[C6- C5
41=::7-:7
)Kl=51~14Lll
JK2=5I~IAL21
i)'(3=SI'J( A_3)
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:;:;7=(t:J~5IiII(P!.-7)
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.3L~:>::DK~- ::;:'6
3:?,J=)<7-:;~7
P<l=O.5'11.)+Rllll
P(2=O.S;{1.O.R12JJ
PO=O.5'H.ll'>RI31I,
P<4=O.5:':( 1.O.,U4»)
P.<5=J.5:t( i.O"R( 5)
P(S=::>.:;;'t(l.O"Rtbl)
P(I=O.",;II.O+,171)
JK1=O.~'V'11.O-R( I) I
;)<2:::.~'~V;':(1.O-;(2)J
J(joC.:':'V':'11'.O-tI311
.J I( ;- :: [ .• :i .;,V':: ( 1 .• J - K. I ~ ) )
)(..)=::-.:' ::J~'( 1.0-:<.( iJll
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Pol, f-')::: ( P(:; ,;:A5 - U( 5*UBS) iSD
p,r6=IPKS.AS-OK60BB61/50
PAr7=IP<I'Al-QK70BB7j/5D
:J~I=~4111/IPK1'OK1-QKl.ciJ
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C i-:":;::" ~ l:. 1";'

Cf.'.:J;[;j,O
[f.,)J!.t:';;:J
:':':;J4)~':;
:F.JG':'iJt:.J
Cr.J)o:,.J7"".J
CP.JJ;J'.J
CRJO't09J
CR]O; 100
CRJD411CJ
:::'RJO~120
:RJO'tl)O
CRJJ4-11-J
:RJ04150
CR)0;.16G
[I:,)J""170.

CI\-Jc..:...lcu
:, ...:JO:'19U

,-,' ,_ , _ ~ ,. I

:RJJ3d=.J
CRJJ3d70
CRJJ38BJ
CRJJ3B9J
:RJ039DO
CR.)J3~lJ
CRJD39ZD
:"Ju3~30
:RJC;394'J
:'JJ3950
CR)J_?,:;~'J
[1-\:0::''170
C.;);J39~j
C..: J:::} rJ...)~

6J1
122

[
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:U~b=XA(bI/IPKb'DKb-QKb'Cbl
:J~7=XAI7tifVK7.DK7-QK7~C71
SI=:UR1'PATI -
SZ=:JR2OPAfZ
S3=: UR30PA T3
S,=:UR'OPA r;
S5=:JRS',:°ATS
S::>::.:jl<s~:DA.ro
Sl::.:!.Jk-(';:P4Tl
? A f r 1 = I P ( 1 'I : DS I All * S [; I - Cl 1- Q Kl* I S I 'd ALl.} -50", I ~ I U (,S D} I } / C0
D .•..r r? :::( D ~ i:'. ';: ( CJ S ( A L2~' S P I -: 2 ) - :JK 2 ::: ( S I \ ( III., ) - S ,; -:' ': 1 ' I (4,L ':' SUI.) ) Il )
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S S 1 ::.:. ,J Q 1 f:: ? to. TTl
5:;?::CUR2~:P6,TT2
SS3=:UR3'P.ATT3
5S!t=:J~4-*PArr4
SS5=:UR5"PATT5
SSS=:!JR~*PA.Trb
SS7~:Uq~PArr7
CS::Sl+S2+S3+S4+S5+So+S7
[S5::SS1+SS2+SS3+SS4+SSS+SSb+S57
SS~=:SS/:URI
S=:S/:UH
S[(=S-V'SSM
PATT:=:AIJSIS:KI
PATT~=C.BSI SI

( PATTN STANDS FOR PATTE=tN FACTC1..r.t....,.D..E.JH':: AH.KAY ~_~-
[ Pt..TT[ sr~\JDS FOR. PAnERN FACTLJR OF THe- LPGSS ..:..RRAY
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fi3:::CAPSI GBTI
~:=IZO.J"DBB'UDU/P~C
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IFfjC.L::_u.j) GC=O.OOI
IftG.L:.:J.OJ :;=:1.0J1
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;D3:=lO.J'ALJG1DtGCI
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-1
- l
- l
- I
-11

1?/O'./S1

-2 •• 42l1fdC','.2
-l • .t298}i:I0010
-1,.2j2314"~b4
-1 •• 336D387115
-l •• 42 877'}.;,003
-1 •• 5C~571'\931
-l,.'i41:F)21C5J
- 1 •• 5 I) 3 77 62 B 36

DArETI ~T:;2

c SUgROUTINE FOR ~AIN PROGRA~
5 U3R:OUT.Tr~E T I~TG2 [FUl, Xl, Y-2. II IG. INOER. DT (; I
COMPLEX 'FUl,AIG.DrG,TE~p,SUMl.SUM2
Dr~Er~SIDN K6~[b~).W64(641.~321J2J
DATA R64

l/.~999824304,.99ge72B8Bl,.99959819~7, .99909BI2SU •• 9ge31S6353
B,~997296259~,.9957241047,.~938319632 •• Q9l~?~7212 ••?8e6847~15
C,.9B53114996,.9~l53l1496 •• 97714l5l46 •• 972l026747 •• 9666378516
0,.9604912687,.9537300064, .9463428584 •• '-J 3H 3203918 •• 9296543'37'+
E,.12G34JC255,.9103711570 •• 8997448993,.8BB45Q2329,.B765134l~~
F •• 8639079382 ,•~ 506444948, .8:"6 72 5 '93:i Z •• 3 22 1'5625"4 •• 80 69G 3 ') 320
:;,•79108" 9338 ,•7h 595 669 2 •• 7'574839664, •73')7560444 •• 72 142 30854
H, .7)24962065 ,.682987431l, .6629096600, .~422766425, .62l10294b7
I,.599~C39302,.577195710l,.55449513~6 •• 53L3197436,.5076377575
J,.4836180269,.459l300l20,~4342437493 •• 40B979~212,.3833SQ3242
K, .3574038378,.3311353933, "3045764416 •• 27'(7,+98220,.250678 7'3J 3
L, .2233866864,. 1958975027, .1682352516 •• 1':"042423J2 •• 1L2488943 5 L
~,.84~540~OO~-L,.56344313J~~-l •• 28Le404895r.-l ••U/
DATA Wbl,

l/.5D536J~51q=-4,.L8073956+5E-3,.3777~60403E-3,.6326073L9~~-3
2 •• 9383 6984a5E- 3 •• 1239524) 83F- 2•• 16~ Il42 86'5f.-2•• 210d81 524oi-Z
3, .2 5b8 764q~4E- 2, .3U5 7153" 1JE- 2, .3';. 1?:d92. 184c-2,. 411l5C Yi79F--Z
l".4~71u50372E-2 •• 52491Z3455~-2,.58'f3~4;B76c-2 •• h4'5190OG5Jr-2
5,.7072 489995E-2, •77J 33 75233F.- 2,. 83~2j 3 3 7'542.-2.•• >3'H~9275 78'.I::-Z
6,.9641177730E-2,.lJ2971Lb96E-l,.1015S733~<~~-1 •• l16l572J32~-1
7,.122758JJ56E-l,.12~348316bE-l,.1)5ql51181~-{,.l~2~G.d773fE-l
8,.1489364166E-l,.lSS3677556l:-1,.1~173218'}:-1 •• 1~8U193~57~-1
9,.1742193)16E-l,.180322163qE-l,.lR~JlB~8~6E-l •• 192l99OSl2E-(
1•• 1 'H 95 4 95 G5E- 1••ZO 3 577 550 ~E - 1 , • 20 90 ~ 8 51 't ') f;- - L•• 2 14 Je 98 0 a 1::- l
2 •• -21 '1563 6031E-t ••224 Sl2 6583".::-1 •• 229l.09:.l, 2 3£.:-I•• 2 34Ub7 77'5()C_(
3.~2385405211E-l,.2~Ze215502E-l,.24~9J5247~t-! ••Z5QJe5n965c-1
4, .254" 5 7699 7C - 1••2S79162698 F. - ( , • 2 S 1 l'i6 ,3J H E - 1••2b l, l 74 7 'it. uf - I
5 •• 2669662293E-l ••269S274~67F.-l ••27l3S~l323~-1,.211q4b051.6=-l
6••Z757974957E-l,.2774373218E-l,.2737725l~BE-l •• Z79~q2IE2nE-1
7,.28D7645579~-1 ••28l3884?92F-l ,.2817~3L9u3~-1 •• 2HI88~l41~~-11
DATA \-IJZ

1/.3032214818;:- 3, .l265lS6556E- 2, .25' qo; .n9':>
2 ••61l55J6e22c-2 •• 822J007957E-2 •• 1D4q~2~6'9l
3•• L 5':'067<;':;4 7~-1 •• 17~7B55157E-l, .205'J',2J3'}Z
4,.25869679J3E-l •• 2848675475E-l, .3107}5')lll
5,.36Jb443279c-l ••3843981J25E-l,.437155l0tZ
~,.~49t45316S~-1 •• ~n81355~9~f.-l •• 48564330~l
7•• 51 '5S32 S)q'5E-l •• 52 8JG.94679[:- 2 •• ? 3:tO')f.C;'?Jf.
8 •• S5481405~3~-l ,~5597843651~-I,.5h2776.]qa3
X"~,='.S'::{Xl+X21
X:D=.5~'(X2-Xll
SUIH=(O. ,0.1
SUt12=10 •• 0.)
K=l
,J =0
lJQ 10 I=l,b3
OX=R64( II':<:<D
rF~-1p=FUl(X~1-nX I ~FU'-[XM"'OX I
5U'11=SU.\\l'l1t~(I 1';:T::~P
1r:(K.:;r'.JI~11 rr": 10
J=J"'l')U;12=SUc'2 ~ ',.j 32 ( J) '::T~.'\p.
o(=-K
TEMP=FJZ(Xf1J
SUMl=SUMl~W6"(6~J~T~MP
SUMZ=SUM2+w32(321~rEMP
.\IG=xD?<5UI1l
JI~=X:O~ISUMl-SU~21
~NO=R=G
~ETUP.NcNOIV 3~J~-FD-479 )-B

OO~1OOJ2
JJ) 3
OJJIt

00J6

J::>JS

OJ37
0))8
JJJ~
OJlO
0011
0)12
OJ 13
00 (4
OJ15
OJ1~

, 0) 1 7
GDIB
0)19
0020
J021
0022
0)23
OJ24
OJ25
OJ26
0027
OJ28DJS FJ~TRAN

S:ALA~ MAP ~-.....~..
. ---

DJS FJ~TRAN IV 360N-FD-479 3-8 FU\lC DA rE 19/04/87 TIME PA:;E '
.00::> L
00::12
O:lJ3
Oll0l,
OJJ5
00) 6
0007
0008
000;
OJi J
0011
0)1.2
OJ 13
OJL'+
'0)15
0016
OJ 1.7
0)13
0019
J)2J
~Od
OC,22
GJ 2 3-
OOZ'+::J25
JJ2!JOJ21
)028
OJ29
OJ3::1
0031
0032

COMPLEX FUNCTIO~ FU~C(11 .
COMPLEX V.Al,A2,AJ.Fl,F2,F3,F4,REl,RE2,F5,F6,F7,CJl,CNJ
[OMMON V,ANrLl,ANTL2~012.W,ANTR,ANL,REl,~E2PQR=ANTll-l
RRl=OI2~DI2+PQR~POR
~l=S{JRTfRP11
PW=Z"'ANfLl
RR2=OlZ~Ol2+PW?<PW
R2=5IJRTl RRZI
KR3=D12~Ol2+l~1
i3=SURTIRR31
Al=-II~n''::Rl
A,2=-V(tW:<R2
A3=-V'::W~R3
F1=CEXP(AIJ/Rl
F2=CEXP{A2)/R2
F3=CEXP(A31/R3
4KLl=w(':Ar~Tll
P=CQS(t.!<Ll}
)=SIr.I{A<;Ll)
f- " = ( F 1 ~F Z - 2 • G(':r~F 3 I :: I 1. 0 ~ f;; E II (:;s
;::.:Dl)!J.~; ( I.O/RR.l.V~' •• /R 1) -.'Fl ~r.;';(l.'J)P'U .'1'::1//1.1,: I "'F2-i' .:~~~'..!" )';'~'\
:'~='I':'( l.u-RE11::F'J. -.
F7=F ••.•.F6
••;:=',~:::( ••~!TLi-ll
:\=5IN(A,<:t)
C=CJSf~R.J
-:.J Z = - V '.:. ( 1 • a - R E:2 I':':: + ( 1. ) .•.tl.E 2 J :: B
:NJ=CONJGI CJl J
FUNC=-F 7.'CfURETURN
ErW

•



OJS FOHRAN IV
OOGI
GOOZ
OGO 3"
J OJ 4
OJJ5
00J6OJOI
00J8
0009 ..
OG10
0011
OJiZ
0013
0014
0015
OJ 16
0011
OJl3
GJl9
0020
OOZI

84, ")

300N-FO-.,79 3-8 FU.,Cl DATE
:OMPLEX FUNCTION FUNCIIZI_ ..
COMPL EX V, Al ,AZ,A3, F 1 ,F2,;- 3COMMON V,ANrLl.ANTL2,012,W,ANTR,ANL,REl.~E2
ZLl=ANL-l
RRl=ANTR"ANTR'lLIOZLl
Rl=SQRTIRRIIZl2=ANL+l
RRZ=ANTRoANTR'lLZOZLZ
RZ=SQRTIRRZI.RRl=4NfRcANTR+Z*l
Rl=SQRTIRRZIAl=-V*W*Rl
A2=- V(:W~: R2A3=-Vr::W~RZ
Fl=CEXPIAII/Rl
FZ=CEXPIAZI/RZ
F3=CEXPIA31/Rl
P=COS IWOANllFUNC1=Fl+FZ-2.0~P*F3
RETURN
ENO

19/04/31

COMPLEX FUNCTION FUNCZlll
COMPLEX V,Al,A2,A3,Fl,F2,F3,~3,H4,H6,H7,'i8,H9.HlOCOMMON V,ANTLl,ANTL2,DlZ,W,ANTR,ANL,REI,REZlLl="ANL-Z
RR1=ANTRo'NTR'ZLloZll ~Rl=SQRTIRRlI
llZ=ANCFZ
RRZ=ANTR*ANTR+ZlZ*ZlZ
RZ=SQRTIRRZIRR3=ANTR*ANTR+l~Z
R3=SQRf{ RR31
AI=-VOWORI
AZ=-VOwoRZ
A3=-V;'::H*R3
Fl=CEXPI All
FZ=CEXPIAZI
F3=CEXPIA31/R3
P=ANl"W
Q=SINIPI
H1=2. or::W~'Q
T=Rl"RIORl
;Z=l.OIT
;3"V.W/RRlHct=H2+H3
U=RZ.RZ.RZ
>t5=1.0/U
H6=V.W/RRZ
H7=H5+H6
.H8=Zll.H4.Fl
.;9=ZlZ.H70FZ
HIO=Hl'F3
FUNCZ=H8+H9-HlJ
RETURN
END

! "
DJS FQ, TRAN
ODJl
OOOZ
00G3DOD;'
00J5
0006
OJJI
0008
0009
OJlJ
0011
OJlZ
0013
0014
0015
OJl6
OJi 7
0013
OJ 19
JJ20
OOZI
0022
0J23, on~
OJZ5
0026"
00Z7.

..OJZ8-,~"_..__"
0J29
OBO.
JOH.
OJ3Z.OJ33
OD3~

IV 36JN-FO-479 3-8 FUNCZ DATE 19/04/87 T U1E

•

•

•

•



GOJ 1
0002
DOD}
0:]0;'
C005
::J):JS
OD07
OJJ~
JJ]:j'

OclD
0011
OJl2
0)13
OJ1;'
0)15
Ojl6
0017
OJ13
0319
OJtJ
) 0 21
OJ 2 2
CJZ3
0)24
002::
0)2.:>

'. '. 0) 2.7

•

c

10

30

40

2J
10)

11:1

,:,\ T f

SU3RfJUTH:r:': TU ;J~TAI\l I\jV;~q:;E or: 1\ ".'.P:IXSU['RIJUTr~JE r'~V~~T(l~,N,lr,
:)I1-1ro\jSI(]'~ l""(7 , 1 •.•) ~1.II (.7)
COi.':PLEX l;', ll. P
;-1::Ii. f,J
:-1z::n-+. 1
::10 10 Lf::l, 'Ij

)'J 1[} L J :: ',',i l' ,~

l ~(L 1 l' L J ) = ( Q • (, l' 0 .•~. )
'jJ eo K;;:l.!'.j
12 =K •. ;.,j

~6(KtI21=( 1.J,Q .•u)
IJO IGG LJ=l.:',1
J2=LJ+l
C1=lA(LJ.LJl
JO 4G l::l~lt
lAILJdl=It..ILJd liP
DJ'IGO LK=l,,'J
DO lor; LI=J2.!'1IF{LK-LJIZOtlO~,20
l A ( L K t L I ) = L A ( L K , L I ) -l A, ( L J t L I ) ::' Z !~ ( L 1", • L J )
CHJrr~J'JE .
uO llC 1=1,'1
OJ. llC J::.'~Z,'.1
LJ=J-N

..~'Il'J1,~~..3 1 :: l A { ! , .J ,
',,_ I r-,l'j

eND.

t ';/{jL./,="7 T I '-117

(

L'}.:.2.23

DOS FORTRAN IV 36)N-FO-479 3-8 MAIN~G~ DATE 19/04/87 TIME

OJ II
0002
00 a 3
0004
0003
0005
0007
OOB
00J1
0010
001l

- ..- -e _

C SUBROUTINE TO MULTIPLY A MATRIX BY A VECTOR
SUBROUTINE. ~ATV(lA,VO,XA,NJ
Olf~ENSION Z'l7.7J,XAI7J.,VOI7JCOMPLEX ZA,SUM,XA
~~ 7
DO q 1::1,\1--
SUM~IO.O,O.JJ

-~ JJ 11 K-=l,N
11 SUM=SUM+lA(I,Kl.~VO(KI
9 XA(I}=SUt1RETURNEND

•

•
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