IN109 °

SC-RR-T1 0857

TABULATED RECEIVING AND TRANSMITTING
CHARACTERISTICS OF CYLINDRICAL ANTENNAS

George A. Stelgerwald

Electromagnetlc Effects Divislon
Sandla Laboratories, Albuquerque, New Mexico 87115

Published - January 1972

Abstract

Monopole and center-driven dipole cylindrical antennas can
be electrically represented by a current generator of magnitude
equal to the short-circult antenna current and & parallel impedance
equal to the open-circuilt antenna lmpedance. In thils report,
tables of antenna 1impedance and short-circuilt current (with antenna
height and incident field normalized out) are provided over a wide
range of frequencles and antenna "fatrness" characteristics.

Using these data and the equivalent clrcult, the CW trans-
mitting and recelving characteristics of dipole or monopole
antennas can be determined over the frequency range covered, and
translent response can also be calculated.
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Tabulated Recelving and Transmitting
Characteristics of Cylindrical Antennas

Introduction

One of the fundamental problems in antenna theory is to
determine the receiving and transmitting characteristics of mono-
pole and center-driven dipole cylindrical antennas without end
caps. It is common practlce to represent these antennas by an
equivalent current source in parallel with a source 1mpedance.
The values for this equivalent circuit (to be examined 1n more
detail in the next section) are determined by the short-circuit

antenna current and the open-circuit antenna i1mpedance.

The short-circult current 1s calculated in this repvort for
an incident plane-wave fileld with the electric fleld vector
parallel to the axis of the cylinder (Figure 1). This value 1s
then normalized to a "transfer function" by dividing by the
magnitude of the electric fleld and the helght of the antenna.

Although current transfer functions and antenna impedances

have been previously tabulated, 1,2

this report provides a new
tabulation based on present state-of-the-art theoretical formula-
tion and numerical analysis techniques;3 As a result, more
accuracy is obtained (within approximately one percent); and

data are presented for a large range of "fatness factors"

(2 = 2 &n 2h/a = 5 through 20) and frequenciles (koh = 0.05 through

#
18.35, depending on ).

The use of the tabulated data to derive recelving character-
istics 1s explained 1In the next section, follcwed by elucidation
on cbtaining transmitting characteristics.

*Noté that in the expressions above h is monopole length or dipole
half-length, a is the cylinder radius and k_ 1s the propagation
constant, w/¢c (the ratio of radian frequency to the speed of
propagation).
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The results are applicable to dipole or monopole antennas
over ground planes because of the stralghtforward relation between
the two. As shown in PFigure 1, 1f the load impedance of the
monopole is half that of the dipole, the load voltage of the mono-
pcle 1s equal to half the load voltage of the dipole, ©OT

Voo (monopole) = 1/2 Ve (dipole)

and

Z, (monopole) = 1/2 Z

A (dipole)

A

Therefore, the short-circult current of the monopole and dlpole
are equal. These relations make 1t possible to apply the
tabulated data cof a dipole to a monopole antenna problem.

Recelving Characteristics

The recelving characteristics of dipole and monopole antennas
can be obtained by using an equivalent circult involving the

current due to the exciltling fleld, the antenna impedance, and the
lcad.,

The equlvalent circult for a loaded dipole 1s shown in Figure
2 where (Isc(w)/hEinc) is the normalized short-circult current
transfer functlon of the antenna exclted by a plane-wave electric
fleld, and ZA(w) is the input impedance of the antenna.

-0 o
E(w)I T +$ T+
Isc(w) (35) ZA(w) V_  (w) ZLOAD(U) S (w)
ine L

: l o 4 o l-

Figure 2. Equlvalent Circult for a Loaded Divoule




The load voltage, VL’ for a dipole of half-length, h, when
‘excited by an arbitrary electric fleld, E (w) is:

T c(w) zA(w)zL(w)

vy (w) = -E(w)h h;inc Z,(w) + 2 (w)

(1)

and vL(t) is found by taking the inverse Fouriler transform of (1).

Therefore,

FG)
I (\/2Z, ()2 () \]
_ *2 sc A L
v (t) = o I, E{w)h —ine ZA(w) T ZL(w) sin wt dw
JO J
o [~ Isc(w) ZA(w)ZL(w)
= = Rg E W)h —pin ZA(u)) T ZL(u)) cos wt dw
‘0

Figure 3 shows vL(t) for several values of resistive loading
where E(w) is a unit step, h = 1, and = 10. Normalized time,
ct/n 1s used, where ¢ 1s the speed of light. Figure 3 reveals
the hlgh-impedance character of the dipole.

Derivation of the Far-Zone Fileld from
the Recelving Characteristics

The far-zone transmitted fleld due to antennas can be obtailned
by applylng the principal of recilprocity to the recelving character-
1stics. The technique 1s explained 1n thils sectlon. '

Assume that a dlpole antenna 1s excited by a distant polnt-
dipole source located at r = r', 8 = 7/2 (Figure 4). The {:)
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open-circult voltage observed from 1 to 2 due to the polnt-diponle {:)

source 1is

2
_ 2b
V(@) = = [ EC.qf
1

where Eb is the inclident plus the scattered fleld at the dipole
antenna. Assume now that a unit-current source Wa excltes the

dipole antenna. By the reciprocity the_or'em,u we can write:
> >
fﬁb-ja dv = IEa-?b dv

where E? is the field at the polnt dipole source due to the
dipole antenna source yé, and the integration 1is over the volume

containing the sources.

For unit sources

1
.
{ Eb°d2 = fﬁa-é(r - r')gz dr = Ea(r')-gz /
2
so that
2
= - b. - _PAro1y. 2 = _m@(nt
Voo (w) = ‘ E°.q% E(pt) a, ES(r")
1

But Voc(w) can be obtained from the receiving characteristics,
so that

Isc(w) b

Ey(w) = = |22555]7, () EY ()

hE

(3 ENY

10



and

wy
b _ 0 -Jkor
Binc(@) = Jd mr @
where E?nc(w) is the field due to the unit point dipole source
&b, Ho 1s the permeabllity of free space and ko = w/c. For a

dipole antenna current input not constrained to unity, we have

w) wH

I, ¢
Ej(w) = -I, (@)Z,(w)h h;gnc ) 17

(o}

r

where EZ(w) 1s the electric fileld at distance r from the dipole
antenna and where r 1s in the far-=fleld reglion.

Summary

Tabulated values of the transfer function(Isc(w)/hEinc) and

Za(w) are provided in the Appendix. The tabulated values are
for @ = 5, 6, 7, 10, 15 and 20, where 2 = 2 &n (2h/a), and a 1s
the radius of the antenna. ko was computed to the largest value

consistent with reasonable accuracy, and w was normalized to koh-

t

Z = h
le e-%
a .
Iin h\\\ >/
a
2 ! Ef
fb = §(r - r')Ez
X
"2 = =h

Figure 4. Geometry for Far-Zone Excitation
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Appendix

The following tables 1list the computed values of the
normalized transfer function, Isc(kathhElnc), in milliamperes/
volt, and transmitting antenna impedance, Z(koh), in ohms. The

values of 2 = 2 &n(2h/a) considered here are 5, 6, 7, 10, 15,
20.

Preceding each list are plots of the magnlitude of the
transfer function and impedance. Note that changes in the data
from one value of 2 to another are small and thus errors
encountered from using the tabulated data near the exact value
of @ will be small.
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