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Abstract: A method of evaluating radiation patterns of antennas of any shape by ap-

proximalting the intensities of the electromagnetic field E and H is studied.
The approxzimation is made by numerical integration of the components Ag and

Ag of the veetor potential, A
Methods are proposed to calculate the eoordinates of any poinl of the antenna as
a function of its length L, electrically and photographically.

I. INTRODUCTION

1. I. The distribution in gpace of the radiation of an antenna is descri-
bed by the antenna patierns.

The antenna patterns, depending upon the physical quantity to
be described, are given in the form of the following equations.

=

E—FE(r0gt), H=Hrlst) and P=DBrogt) ()

where: E is the intensity of the electric field

H is the intensity of the magnetic field, P the Poynting vector.
Given r = const. and t = t, equations (1) become;

E—E@®,9) , H=H@,g) and P — P(0,9) (2)
or Byn1—E®), Hon—H(®) I () )
Eor 2 — E(3) , H0=rr/2 — H(o) Po—/s = P(g)

The equations which will express ‘_EE, ﬁ, P will then have the form
of equations (3).
10
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1. 2. The intensities of the electromagnetic lield are given by the
following Maxwell’s equations.

ﬁz—VVrﬁ—g?— and ﬁ— GXK (4)

Given that the quantities A, V, are sinusoidal functions of time,
equations (4) become.

E—=—VV_joA and H—-1VxA4 (5)

From equations (5) we can therefore conclude that it is possible

to find E and H should the potential of the electromagnetic field be
known in the Minkowsky space. The potential in the case of Minkow-
sky space is given by the equations:

v== [ B/ g and A= f“‘r/‘“’d (6)

. r -’me c2

which in the case of the charge and current densities being sinusoidal
functions, so that (5) holds, become:

—j2nh/r s —j2mh /T
Ve [ T4 and A= f“’ &= (D

drey 4 o r {ms c?

2. STATE OF THE PROBLEM

2.1. In the case of an antenna we can assume that the elements
from which it consists have the same cross section, so that the volume
element dt be written as: dr =sdl {s = cross section)

Given that _j LAt =1. dT

equations (7) become:

e—_]2r:?\/r - s Ie—j2n7\/r -
— = S and A=p s [, —dl ®
In polar coordinates equations (5) have the form:
ov 1 1 0 . (¥
E; =— joA; — - H, " m{ g (rsinBA,) — Y (rAo) }
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. 1 av 1 9 d :

Ea = —](&)Ae '—T W Hﬂ _— ]‘{ aq) (Ar) ﬁ-é_l‘_ (TSIHGA¢) } (g)
. 1 oV 1 . 0 0

By = —loAs — g 5 Mo = mindl g (Aol — 55 (A0 )

Since as it results from equations (6}, {7), (B) the quantities V and

A are inversely proportional to the distance r of the receiver point from
the antenna, we can omit terms inecluding Ay, Ag, Ay, V multiplied by
1/r, considering them as second order differentials.

Hence, equations (9) become:

Er = Hl‘ =0
Eo — — joAs HB:ALszn/qu, (10)
B, — —joAg Hp — —— j2r/Ao

if, of course, due to the above assumption, it is taken into consideration
that:

Ve o divA —— o (At
+ % e oy (900 | g} = SF e A
30 that:
E——jofAdy + Ape)  H—=— -] 57 {Ahi— Ao} .
i BB k0 B (ke ¢ AR B,

From equations {11) results that the preblem of the evaluation

—

of E, ﬁ, P reduces to finding As, Ac.

2.2. In fig (1) an antenna of arbitrary shape is considered, and we
want to evaluate As and Ay at the point P(X,, Y,, Z,).

We have:

—r

dl = (dxsinfcose + dvsmﬂsmcp + dzoosﬁ o + {dxcosbcosp +
+ dycosfsing — d zsm@}ﬂo + {—dxsing + dycoscp}%;
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Fig. 1

on the other hand: R.r, = Xy.x + Y,.v + Z,z = Rr, cosa from which
we get
r, cosa = Xg.x + Y, ¥ + Z,¥/R = x sin cosp +
+ v sinf sinp + z cosb (13)

Moreover, it is obvious that r =~ R —r, cosa for r; {{ 1,R;
then from (8) we get

. 1 o—ilnr /3 e—_IZT:(R-rICD!u)/)\ ~
Ag == Thmeyct II dle = 41-:5 ct fI R-r,cosa dle =
—~ 1 E—jnn(R—rIcosa) /A
— hme,d? f R 9 (14)
which combined with {12) and {13) gives
e—]ETER /A 91 ,
Ag= e —lff [ e~ 187 /Mxein0cosp + ysinbsing + zcos0)  (dxcosbeose +
TELC?
+ dycosbsing — dzsinf) (15)
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Similarly we get for Ag:

e—JB‘r:R Iy

A, = . % j‘ I g-12r /n{x81n6C0BD + yBINOSInG + zc080)  (—dxsing -+

4meyc?

dycose) (16}

3. Integration

The problem consists of evaluating the above two integrals which
generally could be evaluated by numerical integration.

Thus, current intensity as a periodic function of the antenna length
is given by

1 =1, sin 2/ (Lo — L)

X, ¥, z being functions of the length L.

The integration is made by Simpson’s methods for each one of Ag
and Ag in the cases where ¢ =m/2, § = n/2 correspondingly, using
a computer which is programmed to evaluate Eg, Eq.

4. Methods of evaluation of point series x,y,z,L

4.1. In the case of an antenna with geometrically delined shape,
regarding x,y,%,L. there is no problem.

4. 2. In the case of an antenna ol arbitrary shape, two methods
are proposed:

I[. i) We use some wire covered by white plastic, on which black
strips in every 0.5 cm are placed.

il The model of an antenna is made and photographed [rom

twe mutually perpendicular positions.

The two photos determine directly x,v,z,L.

11. i) Wire plastic covered, is wound by chromnickel wire.

ii) The antenna’s model is constructed and placed as in fig. 2.

iif) A sliding contact, D, slides on the antenna and on a XY plot-
ter we get the (R,,L) (Rs L) (Ra L) curves which can be converted to
X,Y,Z, L. The sliding contact D, excludes the circuits (1) and (0), the
points 1,2,3 being metallic rings through which the chromnickel wire
passes, supported by a spring.
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SAXALOS TOANNHS

DIMENSION X(100),Y(100),2{100},S(100)
READ 50¢S0OsN,H

H=H*2.=‘3. 1415 926

READ 404 {X{I)e¥Y({I}yyZ({I)yS(I),yI=1,N)
DO 300 I=1.N

X({1)=X{1}*%2.%3,1415926

Y{I) =Y (])}%2.%3,1415926
StI)=S{Il}*2.%3,.,1415926

Z(I) Z(I)%2.%3,1415926

L=N-

M=0

SSIN1=SINF{SO-S(11})
SSINN=SINF(SO-S{N}]

DO 100K=1s36

IF{MIZ2, 1,2

F=0

M=1

GO TO 3

F=F+3.,1415926/18.

MA=0

MB=0

IF(MA)S 6,45
FCOS1=COSF(X({1)}*COSF(F)+Y(1)®=SINF(F})
FCOSN=COSF(X{N)®COSFIF)+Y(N)*SINF(F)]
FSINL=SQRTF({1ls-FCOS1%%x2)
FSINN=SQRTF(1le.~FCOSN%*%2)

IF{MB}S9,8,9
FOIV1I=((X(2)=X{L))*SINF(F)=(Y{2)-Y(1l)}*COSF(F )}/ (S(2)=-SL]
FDIVN=(X(N}*SINF{F)-Y{N)}*COSF(F)}}/S{N}

GO TO 10

FOIV1=(Z(2)=-2(1)}/(5{2)-5(1}}

FOIVN=Z(N}/S({N)

GO TO 10

FCOS1=COSF{(Y (1)*SINF{F}+Z(1)}*CUOSF(F))]
FCOSN=COSF({Y{N)*SINF{F)+Z(N)®CODSF(F)}
FSIN1=SQRTF(1.-FCOS1%%2)
FSINN=SURTF(1l.,-FCOSN*x2)
IF{MB)13,12,13
FDIV1I=(X{2}=-X{1)1)/{S(2}=-5(1))
FDIVN=X(N}/S(N)
GO TO 10
FOIVI=((Y(2)=-Y (L) }=COSF{F)={Z(2)}=ZULY)*SINF{F)}/{S{2)Y-5{
FDIVN=(Y(N)*COSF(F)}=Z{NI=SINF{F)}/S{N)
FJl=SSIN1*FCOS1*FDI v1+SSINN®FCOSN*FDIVN
FJ2=SSINLI*FSINLI*FDIV1I+SSINN*FSINN®FDIVN
DO 200 I=2,L
SSIN=SINFI{SO~-S(I11}])
IF(MA) 14415414
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14

18

22
00

FEOS=COSF(X(I)}*COSF{F)+Y{I)*SINF{F))
ESINESQRIF (1 —-FCOS**2)
IF{MB)17,16417

FOIV=((X(I+1)=X{I))=SINFIF)={Y(I+1)=Y{ 1) )*COSF(F))/
GO T0 20 (S(I+1)=-SC(1))
FOIV=(Z(I+1)=2(1))/(SCI+1)=5(1))

GO TO 20

FCOS=COSF(Y{I)*SINF(F)+Z(I1)%COSF(F))

FSIN=SORTF(1.~FCOS*:2)
IF(MB)19,18,19
EDIVE(XII+1)=X (1)) /(S(I+1)=S(1))
GO TO 20
FDIV=(IY(I+1) =Y (1) }%COSF(F)={Z(1+1)-2{1))%SINF(F))/
FI=1 (S (I+1)-S(I)}
AL=FI/2.

BI=I/2

1IF(AI-BI)22,21,22
FJL=FJl+4.%SSIN*FCOS*FDIV
FJ2=FJ2+44%SSIN*FSIN*FDIV
GO0 TO 200
FJL=FJ142,%SSIN*FCOS*FD]V
FJ2=FJ2+42.%SSINSFSIN*FDIV
CONTINUE

FU1=H%FJ1/3.,

FJ2=H®FJ2/ 3,
FJ=FJ1%%2+F g 2%%2

IF{MA) 264,23,24
IF(MB)28,27,28

MB=1

FJJ=FJ

GO TO 7

Ma=1

FFI=SORTF{FJJ+FJ)

PRINT 70,EFI

60 TO &

IF (MB)26,25,26

FJJ=FJ

MB=0

GO TO 11

ETH=SQRTF (FJJ+FJ)

PRINT 604ETH

CONT INUE

FORMAT (4F10.0)
FORMAT(F10.04,1104F10.0)}
FORMAT (4HETH=4E14,.8)
FORMAT (4HEFI=,E14.8)

STOP

END
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Fig. 2

5. RESULTS

The antenna patterns have been evaluated for many cases of an-
tenna of Known and used shapes as well as of antennas of various sha-
pes. The results are the following :

LI

PR

a1/ 2%

=
<

1. 2 dipoles with L — A and d/L = 0,5
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. <

A2 &. Horizontel dipole
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0. CONCLUSION

The evaluation of antenna patterns is generally possible, approxi-
mately, in any case. That is effected by the evaluation of A, and A,
of the vector potential. The use of the above described method is obvi-
ous, given that we can construct antennas of various complex shapes
which are to perform with the desired directivity and gain.
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