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Abstract

This note studies the effect of approximating a biconical source feed on a
linear EMP simulator by using N source gaps having uniform field distri-
butions and being suitably located in the source region. One method for
positioning the sources and determining their firing times is discussed,
and numerical results for the radiated fields for various numbers of

sources are presented and compared with the exact hbiconical results
reported in SSN 110, '
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I. Introduction

One method used for producing pulsed electromagnetic fields for the
purpose of studying the effects of nuclear EMP on systems is to employ a
linear antenna with a pulsed driving source. As is well known, the high
frequency behavior of such a simulator is dictated primarily by the struc-
ture of the antenna source region (and of course, upon the internal structure
of the driving source), whereas the low—frecjuenc;f behavior is mainly
dependent on the total length of the simulator, as well as the presence of
impedance loading along the structure, In the time domain, this implies
that the early time response of the structure is dependent upon the source
gap and the late time response is dependent on the loading and overall
length.

As the nuclear EMP is a fast rising waveform with a slowly decaying
exponential-like tail, it is desirable to construct the EMP simulator to
produce fields having similar characteristics. The low frequency/late
time behavior of such simulators has been studied by a number of inves-
tigators, and will not bé discussed here. In this note, the early time
characteristics of the simulator will be treated. As a result, it is possible
to neglect the finite length of the simulator and consider the source gap to
be located on an infinitely long, perfectly conducting cylinder of radius a.

In order to produce a fast rising radiated field, it has been shown(Z)
that the biconical antenna is a suitable structure. In applying this to the
linear EMP simulator, one method is to use the biconical geometry for
the source region and connect it to a cylindrical ahtefina, as shown in
Figure la. The driving source of Vo volts may be positioned at the com-
mon apex of the two cones, One difficulty with this arrangement, however,
is that there may be substantial arcing within the relatively small source
region since the value of VO will be quite large in order to produce a large

EMP,




One possible way to overcome this difficulty is to locate the driving
sources on the extension of the cylindrical boundary over the biconical
source region in such a manner that the radiated field is the same as that
obtained from the biconical launcher.

In a previous note, Barnes(l) has computed the fime dependent
radiated fields from these equivalent sources on the surface of the cylin-
der as shown in Figure 1b. In actual practice, however, it is difficult to
specify a continuous distribution of equivalent sources on the surface,
For this reason, the structure treated by Barnes is difficult to realize
physically.

As an approximation to the continuous distribution of equivalent
sources, one could consider locating N cylindrical sources or bands hav-
ing a constant electric field across them in such a way as to closely
resemble the biconical field (Fig. lc). As the number N increases, the
radiated field will approach that computed for the biconical feed, but with
much less possibility of air break-down as the impressed voltage Vo is
applied over a much larger region.

The problem of transient radiation from a single finite source gap
or band with an assumed constant electric field has been discussed in a
previous note, (8) In this note, the results for the single band are com-
bined to yield an approximation to the radiated field from the biconical
source. The effect of varying the number of gaps, N, is studied and the
results are compared to the case discussed by Barnes which is the limit-
ing case as N — .

It should be pointed out that the results to be presented in this note

may be applied to other types of EMP simulators, such as TORUS and

other hybrid geometries as long as the local geometry in the source region

is approximately straight.
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The biconical source and various approximations,
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II. Formulation for the Single Finite Gap

The point of departure for the analysis of the antenna with N source
bands approximating a biconical feed is to develop an egcpression for the
field radiated from a single finite source gap as outlined in SSN 159,

Consider an infinite perfectly conducting cylinder of radius a and a
finite source gap of width A centered at z = 0 as shown in Figure 2, At
time t = 0 it is assumed that a voltage of V volts is impressed over the
gap. It is then desired to compute the radiated field EG at some angle ¢’

The method to be employed in treating this problem involves using,
as a Green's function, the time-domain radiated field for a slice genera-
tor exciting the antenna. By integrating this solution over the distribution
of equivalent sources on the finite gap, the total solution can be determined.

(7)

In a paper by Papas, the far zone time-harmonic electric field,

EG , produced by a delta-~gap source on an infinite antenna is given as
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Ee(r s8,w) =

with an assumed time dependence of e‘wt. Here V{w) represents the phasor

voltage across the delta gap, H(2) is the Hankel function of the secondkind,

0
k= w/c, andr , a, and 9 are the parameters defined in Figure 2,

To determine the time domain radiated field from the delta gap, it is
first noted that for a step voltage of Va volts across the gap, the frequency
domain excitation is V{(w) = Va /jw. Changing to the Laplace transform vari-
éz)(—jz) = (2j/1r)KO(z), Eq. (1)becomes
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able s, where s = jw, and noting that H

Ee(r ,6,8) =
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- delta gap with
voltage Vl5 = Eodz

Figure 2, Infinite Antenna With a Finite Gap




Transforming Eq. (2) into the time domain by the inverse Laplace

transform, one obtains

s(t -r /c)

(3)

= 1
Ee(r ,6,t) 2r sing sme 27 f sK (sasm(e)/c) S
c-

By closing the path of integration at infinity and taking into account
the branch cut of the modified Bessel functlon K along the negative real
axis, IL.ec and Latham( ) have shown that Eq. (3) can be expressed in
térms of the integral
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for 7= {ct = r)/a > ~ sing. In this expression, I isa modified Bessel
function, The evaluation of this integral thus provides the radiated elec-
tric field as a function of the normalized retarded time 7.
It should be pointed out in passing that Eq. (4) is not a strictly
rigorous solution to the problem of radiation from a slice generator on
the infinite cylinder. In obtaining the time domain response by the inverse
Laplacé transformation technique, it is necessary to know the spectrum of
the electric field accurately for all frequencies. For any finite observa-
tion point r, it is always possible to find a low frequency Wy such that
Eqg, (1) is not valid since r is not in the far field, In the time domain,
this implies that the very late time results of Eq. (4) will be in error,
This effect is discussed by Latham and Lee. “,3) _
- To determine the transient radiated field from the finite gap of
width A, it may be assumed that in the gap there are an infinite number
of slice generators, each of voltage Vé(i) = Eo(z)dz. For convenience,
it will be assumed that the electric field distribution over the finite source
gap is a constant, given by E_ = V/A. Substituting this into Eq. (4) and
integrating over the source gap gives the following equation for the time

dependent radiated field
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where U<Ct_r + sine) is a unit step function introduced to account for the
causality requirements inherent in Eq. (4). From Figure 1, it is seen
that § and r vary with the coordinate z, However, certain approxima-

tions can be made which are as follows:
1. 9=6 /

2, r~r’ (except for r in the exponential)

/ . .
3. r= Jr + z -2r'z cos @ ::r' - zcos @ (for r in the exponential)

Utilizing these approximations in Eq, (5), the normalized radiated electric

field becomes

ct-r’ +z cosg’ ,
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With the definition of the normalized retarded time 7 = and
zcosg’ ,
p= (7 + -—;——)csce , Eq. (6) becomes
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Eq. (7) becomes

/

rE : Al2
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This equation defines the far field transient radiation from an infinite

antenna with a finite source region, having a uniform field distribution.

As mentioned in SSN 159, it is possible to derive asympotic forms
for both the early and late time behavior of the radiated field, These will

not be repeated here.




II. Approximation of the Biconical Source Field
by N Discrete Sources

Consider the biconical source region on the antenna as shown in

Figure 3, where the parameters eb’ 6,0 2 h and Vo are defined. As

discussed by Baum, (2) the time dependent electric field radiated from a

biconical antenna has the expression

3
V (t)f
- ¥ __o o A - (10)
Eb(ro,t ) rosineb [} for 8b< 6 <76,

with the retarded time t = t - ro/c and f_ = {2 In [cot (eb/2)]}—1.

The tangential component of the electric field as evaluated on the
extension of the cylindrical surface between z = h and z= -h is then given
as
(11)

- . . A
EZ = Ebsmeoz .

Noting that r will be 6n the surface of the antenna, Eq. (10) becomes

A
. _‘_f_f_,_,_U( _l\/-__z2+a2> (12)
z Vg +a2 ¢ .

for a step driving voltage Vo(t) = VOU(t).

The next step is to approximate the electric field in Eq. (12) by a
series of N finite source gaps, each of voltage V = VO/N as shown in
Fig. 1b. In SSN 84, Baum describes one possible method for positioning
the N sources on the cylindrical surface over the gap, by dividing the sur-
face into a number of equipotential bands. For the N sources, he defines
M = 2N bands over the source gap. This requires 2N + 1 individual z co-

ordinates and following SSN 84, they are given by

(13)
z = asinh[%. sinh'l(h/a)} n=-N,...0,...N
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Figure 3. The biconical source region,




This relation defines the division points within the source region. Notice
that the difference between the points increases near the ends of the region
= 0 are always fixed,

at z = £h, and also that the values of z =+hand z

+

The positioning of the N sourcesjiipends upo(r)l whether N is even or
odd, If N is odd, the sources, all having the same voltage V and width A
are centered around z forn=0, £2, £4...£(N-1). For N even, all of
the identical sources are centered around z, for N=£1, £3...£N-1, In
both of these cases, it is noted that the maximum size of A that can be
employed is equal to 2z1, or z, depending on whether N is even or odd,
Figures 4a and b show the positining of these sources,

From Eq. (12) it is noted that the tangential electric field over the
source region does not turn on everywhere at the same time. If the source

of the biconical generator turns on at t = 0, it will be assumed that the N

source gaps turn on at a time such that the uniform field within the gap is

tn=\/zi+a2 /e . ‘<14)

This equivalent source turn-on time is indicated graphically in Figures 4a

and b,

To find the radiated field from the total collection of gaps, it is then

first non-zero at a time

necessary to sum the individual contributions, taking into account the dif-
ferences in turn-on times of each source, and the differences of transit
times from the sources to the observer. From Eq. (9), it is seen that
the contribution from any particular source, as observed at an angle I

first occurs for t such that

ry., A o
(t-c>+-2—ccoseo+asmao—0, (15)

where r is the distance from the center of the gap in question, and the gap
field turns on at t = 0, The observation angle § ° in this note should not be
confused with the bicone angle in SSN 110, The bicone angle here is referred
to by eb'

For the observation being made at 90, as shown in Figure 5, it is

noted that the distance r from the center of the nth gap may be referenced

-11-
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to ro by

n =r, - zncosa0
(18)
where z, is the location of the center of the gap. Considering the nth

source gap and accounting for the turn on time t , Eq. (15) yields

I'O zn A (1 )
a 7
- - — —— — i
p t + P cosg + P cosg +—sing >0

for the relation defining the time t at which the first effect of the nth source
is observed in the far field. Using the deflnltlon of the retarded time
t" t-r /c the normalized time T = ct /a and the definition of t in

d. (14), the normalized turn-on time for the nth source is

z, 2 7A éosgo ’
Tn= 1+ ?) - (zn+?) a Tsmb, . (18)

The total radiated field may then be obtained by summing all of the
contributions from the gaps as determined by Eq. (9), and this result is

expressed as

r B (9. T) © (N-1) rE (6 ,T-T )
Vo v
n=-(N-1)
odd n or
even n

U{T -T))
n

where it is assumed that the time dependence of EB in Eq. (9) is expressed
in terms of T = et Ja, and V=Y /N

In the application of this formula, it is necessary to specify the source
gap size A. One possible way, which shall be employéd in the numerical
study presented in Section IV, is to use the maximum A which can be put into
the source region without having an overlap, This is given by A = 221, for

¥

N odd and A = 7‘2 for N even,
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IV, Numerical Results

Using the procedure outlined in Section III, the radiated field from
a finite number of discrete sources chosen so as to approximate the time
dependent field radiated from a biconical source was calculated for vari-
ous numbers of sources. Figures 6 through 29 show these fields for
bicone angles § b= tan'l(a/h) =,8,,6,.4, and .2 7/2and for observation angles
. 6,=1.0,.8,.6,.4,.2,and .05 7/2. For each case, there have been
1, 2, 3, 4, 5, 8, 10 and 15 sources considered, Note that these radiated
fields are presented as a function of normalized retarded time T = ct*/a
=clt -r [c)/a. |

In addition to the fields produced by the discrete sources, Figures 6
through 29 show the radiated field from the biconical source as computed
in Ref. (1). It is seen that as the number of source gaps increases, the
curves from the discrete array tend to converge to those for the bicone
source,

For observation angles g .- 7/2, it is seén that the contribution
from each of the N sources results in an infinite respdnse in the far field
when the effect of the source is first felt at the observation point, This
effect is discussed in Ref, (8). '

It should \be remembered that the source gap size A has been chosen
to be the largest possible for the number N, as described in the previous
section,

These curves are briefly summarized in Figufes 30 through 33 where
the maximum overshoot, 8, between the two curves is plotted for various
values of 9 o and 6 as a function of the number of sources. Note that these
curves are plotted as continuous functions, but they are really defined only
for integer values of N, The cases for § o~ 7/2 have not been plotted, as
the spikes in those curves are infinite, thereby yielding an infinite value

of 5.
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Final summary curves are presented in Figures 34 through 37
where the normalized turn-on times of waveforms radiated by the dis-
crete array of sources is plotted. This turn-on time, denoted by To’ is
defined as the normalized time at which the first effect of any source on
the antenna first reaches the observer. Note that this comparison is
done for only the illuminated region of the source, defined by 90 > Qb’
This implies that the bicone field turns on at T = 0. As in the previous
curves, these times are defined only at integer values of N, the number
of sources, but have been portrayed as continuous functions for convenience.
In general, the turn on time of the discrete source field is a negative
quantity compared with the bicone field turn on time.

As seen from the curves of the radiated field, the case of 0, = /2
is quite different from the other cases. The turn-on time for these is
positive in general, for N even, and for odd values of N, the turn-on time
happens to be at T = 0. As a result, the curve for this particular obser-

vation angle is dashed on the summary curves.
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Key for Figures 6 through 29

60 (in units of #/2) ~———

1.0 .8 .6 .4 .2 .05

_ .2 Fig. 6 7 8 9 10 11

6y, {in 4 12 13 14 15 18 17
units of

7/2) .6 18 19 20 21 22 23

.8 24 25 26 27 28 29

Figures 6 through 29 present the time dependent radiated field from
the biconical source, as observed at various observation angles 8, and
for various biconical angles 8y The above chart shows at a glance where

the data is presented within these curves. -
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