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ABSTRACT
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an impedance loaded dipole. Numerical results are presented for an
antenna that is slowly charged and suddenly shorted at the terminals.
The impedance loadings are chosen as those on an existing antenna
located at Sandia Laboratories, Albuquerque, New Mexico.

»

RERLYDE P8-Sy




¢
¢

4o =

NOTE 104

ELECTROMAGNETIC PULSE GENERATION BY AN
IMPEDANCE LOADED DIPOLE ANTENNA

by

Clayborne D. Taylor
Thomas H. Shumpert

Mississippi State University
State College, Mississippi

15 November 1968




I ——

AFWL EMP 1-8 104-1

ELECTROMAGNETIC PULSE GENERATION BY AN
IMPEDANCE LOADED DIPOLE ANTENNA

ABSTRACT

A theoretical study is made for obtaining the pulse radiated from an impedance loaded dipole.
Numerical results are presented for an antenna that is slowly charged and suddenly shorted at the
terminals. The impedance loadings are chosen as those on an existing antenna located at Sandia Labora-
tories, Albuquerque, New Mexico.
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INTRODUCTION

The radiation of a particular pulse shape by a dipole antenna is a
difficult problem both experimentally and theoreticall& expecially if Lhe
pulse is very sharp. To obtain the desired pulse experimentally would’
require a specific voltage pulse driving the antenna. And to determine
the required driving voltage pulse may be extremely difficult. However
if the frequency response of the antenna is essentially flat then the
radiated pulse will have essentially the same shape as the driving voltage
pulse. Such an antenna was recently studied [1]. The formulation yields
the current distribution under steaay state conditions. The radiated
fields also may be determined for steady state conditions following the
procedure suggested by Harrison et al [2] . 1Im thi; paper these radiated
fields are superimposed to obtain the appropriate time history of the
radiated fields for the specific voltage pulse excitation.

Numerical results are presented which demonstrate the solution techni-
que. The antenna is considered to be slowly c%arged up to time t = o when
the antenna terminals are éhorted. The impedence loadings on the antenna

are selected as those on the "Long-Wire" antenna at Sandia Corporation,

Albuquerque, New Mexico.
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ANALYSIS

Current Distribution

Consider a dipole antenna of length 2h to extend from-z = -h to z = h
(see figure 1). The antenna is driven at the center by voltage V_ (w), w
is the radian frequency, and is symmetrically loaded with impedances Z at

points tzg along the antenna axis. For convenience, a slice generator

driving mechanism is used. Then the current distribution on the antenna

is obtained by solving the integral equatiomn

h N
S dz' T(z',w) K_(z-z') -j 4Tk Z Z, §QUz-2,) 1(z) = —j 41k V (w) 8(2)
J a = 2 2 T o
e (1)
where
K_(z-2") =(%i‘f + kz) {exp [—jk\/(z-—.z')z + az‘J/ﬁz—z')z + al | (2)

k =w , c is the speed of light
c

[

g 120m is the wave impedance of free space
The solution to (1) may be effected by using a finite Fourier series

representation for the current distribution. It is

A A M
I(z,w) = -j 4ﬂV0(w) :Ei Im cos [(2m+1)ﬂ Ei§+ C sin k(h-1lz]) ’ (3)
—z 2k
m=1

°

The constant C is chosen to expedite the solution and the expansion coefficients
are obtained by solving a system of linear equations resulting from substituting
(3) into (1) fl]. To obtain the current distribuéion on the antenna when driven
by a pulsed voltage, vo(m) is taken as the Fourier transform of the voltage pulse

A
and the resulting I (z,w) is interpreted as the Fourier transform of the current
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Figure 1: Impedance loaded dipole antenna with cartesian,
cylindrical and spherical coordinates.
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pulse. Hence the time history of the resulting current is obtained by taking

the inverse Fourier transform of I (z,w), i.e. ) il
o ki

I (z,t) =1 _ S dw T(z,w) eJot (4) ]g 5
‘/’2_.,: ~oo 1’, :
Requiring I (z,t) to be real yields ]
T (z,~w) = I* (z,u) : ‘ (5)

and using (5) in (4)
oo

I (z,t) =/ 2 S dw Re {I (z,w) eIt (6) ‘ g

T ;|

o )

Radiated Field Components _ ! &

As derived by Harrison et al. [2] » the radiated field components for a

dipole antenna with current distribution I (z,w) are

i
. |
: A A .
| H (r,z,w) = -1 dz' I (z',0w) 3 K (r,z-z') N 3
‘ ¢ 47 or ;
-t j
n i
i

A &

Er (ryz,w) = -3 T dz' I (z',w) 92 K (r,z-z!) (8) A

4k oroz h”
-h ;

h 14

A [ t 2 2 l

E, (r,z,w) = ~-j _1 dz' I (z2',w) 13° 4 | ¥ (r,z-2' (9 gl

4Tk 0z 1%
-h f
where f

2 2 i

K (r,z-z') = exp [—jk /?—z')z +r ]/ \[(z—z) + r? (10) A

The foregoing expressions hold in both near zone and the far zone (or radiation ;ﬁ

. . ‘Il

zone) of the antenna. I }*%

’ i

- ol

P
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In the far zone kr >> 1, it is easily shown that (7) reduces to
h
a (r,z,w) = +j k sin 6 _g‘ij S dz' T (2',w)e~ikz'cosbd (11)
¢ 4 R J
h
where O = tan™! (xr/z)
and R = 2 4 22
are the usual spherical coordinates. The electric field component in the

far zone is

B, (r,2,0) = ¢ ﬁq, (r,2,w) - (12)

It is noted that an evaluation of (7) -~ (9) to obtain the radiated field
components requires a more accurate representation for the current distribution
than is needed in (11). However it is well known that it is difficult to

obtain the fields near a radiator, whereas a crude approximation of the current

distribution on the radiator is sufficient to obtain reasonably accurate radia-

tion zone field components.

Pulse Radiation -

The radiated field combonents (7) - (9) are expressed in terms of the
R .
steady-state current distribution I (2,w). However the field components of

a radiated pulse are obtained by an appropriate superposition of the steady-

state components, i.e,

oo .
ch (r,z,t) =1 %dw §¢(r,z;m) glut (13)
2r -0
oo
’N .
Er (r,z,t) =1 dw Er(r,z,m) eJut _ Q14)
21 - oo
P
- 2 Jut
Ez (r,z,t) =1 \dw Ez(r,z,m) e (15)

ETIAR
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~ ~ N
where E , E and H
z Y - ¢

N
by solving the integral equation (1) where Vo(w) is the Fourier transform of the

N
are obtained from (7) - (9) using I (z,w) which is obtain.d

voltage pulse exciting the antenna.

Numerical Results

For convenience the antenna is considered to be charged slowly (time¢ constaat

T2). This voltage pulse expressed analytically is

Tlt
V() =Ve t <o
[o]
(16)
=V e—th t >o
Then
Vo(w) =.XQ. T1 + jm. N T2 - jw an
Jor wf + 1.2 w? + 7.2
1 2
and for Tl <1 . .
v (W =V T T2
w =V, .
o o 2 + ] 2 (18)
V21 w? + 7,2 w(+ T,%)

The impedance loadings of the "long-wire" antenna at Sandia Laboratorv
are used in the numerical computations. These are shown in Table 1.

The solution of (1) is obtained using the representation for'?'(z,@) as
shown in (3) wheré'M = 15 and C is chosen as suggested in reference [1]. The
result for{z (z,w) then is substituted in (7) - (9) to compute the steady-state
values for the field components which are used in (13) - (15) to compute the

radiated puise. Because of smoothness of the.functions that are to be integrated,

it is most convenient to use the Simpson's quadrature formuls.
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Impedance Loadings

Table 1:

Impedance Loading, Zy (in ohms)

Position, zg
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But the inversé_Fourier transforms (13) - (15) re@uire a special technique.
In figures (2) and (3) plots of Ez eij/kVo(w) and 27r H¢ eij/Vo(w), respec-—
tively, versus kh show generally slowly varying functions of frequency.
Because of this, in the evaluation of ‘the inverse Fourier transforms the
ranges of integration are divided into small segments where Ez eij/kVO(w)
and 2mr H¢ eij/Vo(w) are approximated by straight lines and the integrals
over the same segments than are evaluated analytically. This techniaue is
found to be much superior to a brute force method such as Simpson's rule.
Because of the ease In obtaining the far zone field components the far
electric field is investigated and is compared to the near zone predictions
in the hope that the far zone approximation may be used to obtain at least
qualitative predictions of the near zone fields. In figure (4) a plot of
rE eij/VO(w) (far zone approximation) versus kh show essentially the same

6
result as figures (1) and (2). Hence the foregoing procedure for obtaining

the invefse Fourier‘transform may be Lsed.‘

The foregoing field components are used to obtain the time histories
in figures (5) - (7). Two interesting observations are that the "rise-times"
for all three components are about the same which indicated_ the qualitative
validity of the far field épproximation and the wave impedance (ratio of

electric field to magnetic field) is near 300 Q for the pulse duration. In

obtaining these data, the parameters V0 = 1 and h = 500 ft. were used. Note

that the time in the foregoing is actually the retarded time.
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