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- The Dipole Pulser As a Tool For Studying
the Transient Response of EMP Sensors
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David E. Merewether
Sandia Liaboratories
Albuquerque, New Mexico

Abstract

A Dipole pulser is described that can be used to check out the
receiving characteristics of an EMP sensor system set out to measure

the transient field produced by a nuclear burst or by an EMP simulator.
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II. Characteristics of a Dipole Pulser

The dipole pulsei' (Fig. 1) or its éQuivalent monopole versicn
is easily constructed from a conduit, a battery, a resistor, and a switch.
Its operafirig:cfhié.z;afc;"sé;iﬂsgéﬁsf can be inferred from a simplified antenna
model to be developed here.

. Consider the charged transmission line shown in Figure 2.

Closing the switch on the charged transmission line causes the current to
v

flow through the switch. Note that the level is To and that the pulse
o

duration is ivll, where V is the volocity of propagation of the wave.

Figure 3 indicates the changes which may be expected when the
spacing between the line is increased. Increasing the transmission-line
spacing results in radiation from the line, and the amplitude of the dis-
turbance decreases with time‘. Also note that since this radiation is
strongest at the higher frequencies, it is the sharp corners on the pulse
train which are most rapidly atienuated. |

Since the waveform shown in Figure 3c resembles that shown in
Figure 3a, analysis of the fields radiated by an antenna with assumed
transmission line currents (Fig. 3a) yields useful results. It is shown in
the Appendix that this approximation is equivalent to the normally assumed
sinusoidal distribution of antenna current. Using this analysis, the field
near a dipole in free space was computed when charged and shorted,
vielding the waveforms shown in Figures 4a and 5a. Figures 4b and 5b
show data measured in an identical situation using a monopole antenna.

These data show the accuracy to which the calculation is valid.
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Figure 2. Short Circuit Current of

Charged Transmission Line
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Figure 3. Effect of Spreading a Transmission
Line on its Short Circuit Current
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III. The Terminated Dipole Pulser

A transmission line can be terminated in its characteristic
impedance, eliminating the reflection from the switched end. A mono-
polarity current pulse results. Although an antenna does not truly have
a characteristic impedance, the same principle can be applied approxi-
mately, and a single current pulse results as shown in Figure 8.

Note that the peak current and peak field are all controlled by

the characteristic impedance Zo'

For an antenna the approximate characteristic impedance is:*
Zo = 60(Q - 2)
Q@ =24n 2h
a

& = wire radius

This formula produces the correct result fdr wires of small diameter,
but when large diameter wire is employed the formula is invalid. Figure 7
shows the results of an experimental study.

In this study, several antennas were formed from available pipe
and conduit. Charging and shorting these antennas (Fig. 1) produced the
normalized peak current recorded on Figure 7. For large cylinders some
variation in the data was obtained that depended upon the inductance of the
wiring at the antenna feedpoint. The two curves shown bracket the
observed data.

For a 2-inch diameter pipe, 1.8 ma/volt is the expected peak

current, or ZO = 550 ohms compared to 970 ohms for the No. 16 wire.

*Hans J. Schmitt,"Transients in Cylindrical Antennae,"

IEE Proceedings, April 1960
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Figure 6b - Predicted Antenna Current at Switch
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Figure 7. The relation of peak dipole antenna current
to cylinder diameter

A terminated monopole pulser was built following the theory
given here; this pulser has been extensively used in pretest checkout of
EMP. gsensor systems involving measurements of both E and B fields.
Because a trailer containing oscilloscopes and several very long cables
are involved in the measurement, a pretest check of the response
characteristics is essential. Measurements made at the pulser site using
the normal E and B measuring equipment are shown for comparison to the

predicted quantities (Figure 8).
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In making the antenna current calculation, it was assumed that
the monopole pulser was terminated; this did not really occur. (See
measured antenna current.) A somewhat larger value of terminating
resistor is suggested by Figure 7, and a larger selection would have
removed the current overshoot and the resulting late time Ez and B %
signals.

Note that both the measured E_ and By fields are smaller than the

predicted quantities; this suggests that the predicted current wave may be
too high in amplitude, or possibly that ground propagation resulted in
some loss. We also note that since the bandpass of the measuring equip-

ment is only 30 Mhz, the predicted sharp corners on the waveform (12.5

MHz fundamental) are badly rounded.

- However, we should also note that the use of the pulser here
satisfied the objective, no spurious reflections are apparent in the wave-
forms. The absolute calibration of the sensors is handled as a separate

problem.
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APPENDIX

= Transient Fields Near Thin Dipoles

The CW field produced by a thin dipole antenna is commonly
treated in most texts on antenna theory. At points close to the antenna,
the field is highly dependent upon the distribution of current on the
antenna. Ailthoughrthié distribution is not arcicurately known, at most

frequencies the sinusoidal distribution is quite accurate.

Iz) Sink(h - lz'])
1(0) sin k h (A1)

| kK = 2T W
L o
. h = length of antenna

z! = distance from the center of the antenna to a point on the

wire.

By utilizing transform methods, the field under transient excita-
tion can be determined.
The z component of the electric field produced by the current

distribution is:*

7 £ 1(0) KGRy e'JkoRz e'JkoRo
R R L) -2cosk h=—x
o] 1 2 o]
(A2)
-éo = impedance of free space = 1207,

The geometrical distances are shown on Figure Al.

" *R. W. P. King, Theory of Linear Antennas, p. 528
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Dividing through by I(0), this equation can be converted to a
transfer function between the electric field and the current entering the

input terminals of the antenna.

_ sR1 _sR2 _sRo
E (s) £ e © , e 2 coun B o c (A3)
I(s, 0) , sh R, R. R c
41 sinh vy 1 2 (o}

In the above equation the substitution s = jy has been made, converting
the transfer function to Laplace rather than Fourier transform notation.

The solution of ez(t) may be found by multiplying the transfer

function by the known I(s, o) and taking the inverse Laplace transform.

The current I(s, 0) with which we desire to use this transfer func-
tion is the Laplace transform of the transmission line short-circuit
current at the switch. Note that frequency components of this current
must be sinusoidally distributed on the line, if this equation is to yield
the correct waveform of electric field, since this is one of the assump-
tions put into the derivation of the transfer function. We must assure
ourselves that the current pulse moving up and down the line under
transient excitation is equivalent to sinusoidal distribution of current
under CW excitation.

The current at any point z’ on an open-circuited line of length h,
when the line is charged and shorted (or when a battery is abruptly con-

nected to the terminals) is shown in Figure A2.
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Figure Al. Dipole antenna
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Figure A2. Transient current observed on the antenna
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Write
4 - I3 '
I(Z’:t) = l U( - ‘IL'[)-U(‘{: --gE__—l_.z__i) -U(t - 2h + IZ ‘)
z ) c c C
: 0
- ’
+U(t-4h = )+

c

periodic in T = %

where U(t) = 0for t € 0, and U(t) = 1 for 2 0. (The unit step function)
. e 4h
For a function periodic in T = Y (t = O)*

s, z!
FI( z')

lae) &
c

1 - e .

where Fl (s,z')is the Laplace transform of the function il (t, 2")

defined by

i(t,z*)o<t<f%i

i1 (t, z")

0 otherwise

Hence we may write

_lz'ls _(&;Jz_'l)s _(Zh + !z'l)s -(gh- {z’])s

c c c c
- - +

I(s,z') = sz < = ..e4h S .

° 1-e ©

which may be reduced to
. h - ]z"
V sinh| = S
c c

2z s cosh & s (A4)
o] C

I{s,z) =

*J. A. Aseltine, ""Transform Method in Linear Systems Analysis, " p.110 .
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for input in form ert

ink (h - '
T IS Gl L (A5)
(i, 0) sin k_h

Eqﬁation A5 is the normal'ly' assurned form of the sinusoidal distributed

current on the antenna.
We may then use Equation A4 with z’ = 0 for the current at the
driving terminals of the antenna resulting from shorting a charged

antenna.

sinh-ll s
I(s, 0) = -V (1 - ¢
g z s/ \coshh s (AB)
c

Since a driving source is a step function, the input admittance to the

antenna is just

_I(s, 0) _ 1
] | Yin *V. (5)
in

h
tanh — s.
c
Re) ]

Multiplying the transfer function (Equation A3) by the current (Equation
A6) produces the Laplace transform of the field at the point P (Figure Al)

when the antenna is charged and shorted.
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which can be written

o 17 ]-e 1 - €
E, ) =732 [E] I 4hs \ R
o] ——-c—' 1
1 - ¢
R +h) R.+3h
-s{_2 -
c ¢
+ 1 e -a
4hs
A L
1 -e
. 2 2
Taking the case where Rl = Ro + h = R2 we have
( ) (R + h (Rl + 3h
5 B )
e (t)=60V_U +2/ [t ] C
Z A R \ Rl
o o

for t£ icl'-l' the second term is periodic in % thereafter, where U(x) is a

unit step function.

This is the desired result, a simple description of the radiated field ob-
served at a point on the plane of symmetry when the antenna is driven by
a voltage step (or charged and shorted). The transmitting characteristics

of the terminated pulser can also be inferred from these results.
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