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PREFACE

The author wishes to acknowledge the many helpful discussions he
had with other members of the MRC staff regarding the research presented

here. Bob Marks used the SEMP computer code to generate the SGEMP results
presented in Section 2,
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SECTION 1
INTRODUCTION

The advantages of using electrical techniques to excite a SGEMP
response on a full scale satellite have been noted by several authors in
the past few years!~®. The main advantage is that electrical testing can
be done at ambient pressure and thus does not involve a large vacuum tank
and all the expense and inconvenience associated with vacuum testing. The
second advantage is that the equipment needed to do the testing is readily
available. Electrical testing can only approximate the response that would
be generated by an actual exposure to x-rays so questions have arisen as to
how realistic an electrical test would be.

Because of the important role that we expect electrical excitation
to play in future satellite hardness verification testing we have been evalu-
ating the realism of the more promising test configurations. Previous workers
in this area'!~® have determined that the most realistic simulations are
achieved with either a hard wire direct drive or a capacitively coupled
drive. Both techniques can produce a realistic simulation of the fields
and currents on the back or unexposed surfaces of a satellite. But they
both do a poor job of simulating the fields and/or currents on the emitting
surfaces.

In this report the results of a SEMP code!® calculation of x-rays
incident upon a cylinder 3 meters high and 3 meters in diameter, at a fluence
of 10"3 ca]/cmz. are presented. The x~ray pulse peaks in 7 ns and is
characteristic of a 2 keV blackbody. In addition to the usual surface current
plots we also include results of the electron cloud motion, the electric
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and magnetic fields in space, the surface electric fields, and graphs of
the electric lines of force from the cylinder to the electric cloud. This
additional output enables one to visualize much more clearly the SGEMP
response of a satellite.

Next we try to duplicate this response with a capacitive drive
and a direct drive. The same extended graphical output used for the SGEMP
calculation is presented for these calculations too.

By seeing how the fields vary over the whole body at a given time
one can gain a better intuitive grasp of the limitations of the various
drive techniques than is possible from the usual time history plots of sur-
face current. Because they contain so much more information than time
plots, spacial plots require more time for the reader to absorb and can be
confusing to readers not use to working with them. We feel the added
insight into SGEMP is worth the risk of confusing some readers. We do
apologize for requiring the reader to continually refer back to previous
results but there was no practical way to avoid this.
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SECTION 2
SGEMP SIMULATION

The geometry in the SGEMP simulation is that of a right circular
cylinder 3 meters high and 3 meters in diameter. One end is exposed to the
incident x-ray flux. The emission surface is considered to be aluminum.
The geometry is identical to that of case D3 in Reference 12. The x-ray
spectrum is also the same, namely a 2 keV blackbody that rises linearly
for 7 ns, is constant until 16 ns, and decays linearly to zero at 50 ns.

Results at a fluence of 10'3 ca]ories/cmz are presented here.

The location of the electron cloud is shown in Figures 2.1 and
2.2. The projection of the cylinder onto a plane has a square shape. The
axis of the cylinder is vertical and the symmetry of the electron cloud
about this axis is apparent in the figures. At 25 ns the cloud is concen-
trated near the exposed face of the cylinder (the bottom surface in the
figures). Charge densities higher than 10'6 c0ulombs/cm3 exist within a
few centimeters of the surface. The density falls off rapidly away from
the face.

The Teading edge of the electron cloud is almost 2 meters away
from the front of the cylinder by this time. It will be shown later that
at 25 ns the surface currents are well below their peak values which occur
at about 10 ns. The peak currents are driven primarily by electrons which
have moved only a few centimeters.

In Figure 2.2 we see that the electron cloud has expanded and is
moving back along the side of the cylinder. The x-ray pulse ends at 50 ns.
The total charge in the electron cloud is less than 75% of the total at
25 ns because many electrons have returned to the cylinder. The peak

densities near the front face are down about an order of magnitude from
the earlier values. 7
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Figure 2.1. Magnitude of electron charge density.

The bottom frame in Figure 2.2 shows the electron cloud at 100 ns.
The cloud has moved back the whole length of the cylinder but has not yet
completely enclosed the back of the cylinder. The cloud has grown very
diffuse with only a few 10'8 coulomb/cm3 density contours scattered around
the front of the cylinder. The total charge is only one-third of the peak
value which occurred at 10 ns.

The difficulty of simulating the electron cloud with fixed con-
ductors is apparent when one sees how the electron cloud moves. Initially
the cloud is concentrated within a few centimeters of the exposed face of
the cylinder. At later times it is more diffuse and extends several meters
from the cylinder.
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Figure 2.2. Magnitude of electron charge density.

9




m v = T =

A

Further insight into how the electron cloud drives the currents
and fields on the cylinder surface can be gained from Figures 2.3, 2.4, and
2.5 which show the electric lines of force around the cylinder at the three
times used above.

The lines drawn show the direction of the electric field. The
presence of a spatially distributed charge makes it all but impossible to
make the spacing between the lines proportional to the strength of the
electric field as is usually done when only charged surfaces are involved.
The only way a line of force is terminated here is at a point where both
the radial and longitudinal electric fields go to zero (or at a grid boun-
dary). So in fact, where the lines are most concentrated the field is zero.
One can still obtain a feeling for the relative strengths of the fields on
the surface of the satellite. We chose to start field lines so that an
equal amount of surface charge is between each pair of lines. Thus, the
Tines are most closely spaced near the corners of the cylinder where charge
tends to concentrate. The spacing between lines on the front face increases
near the axis. This is because the electric field is nearly constant on the
front face and so the total amount of surface charge in a given Ar decreases
at small radii.

For these examples a charge of 10'7 coulombs is between each field
Tine on the surface of the cylinder. Recall that the problem is cylindri-
cally symmetric and what we refer to as lines are really cylindrical sur-
faces. We are seeing cross sectional cuts of the cylindrical surfaces and
the field lines on the left side of the cylinder are part of the same surface
as the corresponding field 1ine on the right side.

At 25 ns the charge is obviously concentrated on the front face

of the cylinder. The lines of force terminate on the symmetry axis about
45 cm from the front face. At this point the electric field is zero.

10
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Figure 2.3. Electric lines of force. Lines show direction of
E-field. 1077
of cylinder between each pair of field lines.

coulombs of charge are on surface

E-longitudinal changes sign at this point and E-radial is zero everywhere
on the axis. There are 12 intervals on each side of the cylinder which
means that there is about l.2><10'6 coulombs on the side of the cylinder
and it is concentrated near the front face. There are less than 2><10'7
coulombs on the back at this time.

1




S Time = 50 ns

o ” T P T ' T

ri‘ [/

Ll
.
We
PR

4
= i

20

-
=

,":”v“ j i / "
\ : 15/, ‘i / £
\ S / i
N . /
. ~ L Pl
T,
~\ = - o
/
Y,
i
\\\?‘\\ : 1 1 1 AR

-6.0¢ -4, 00 2.00 Q.00 2.00 y.o0 6.00

METERS SEMP 1@%*%(-3)

-4.00
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By 50 ns the point where the E-field goes to zero has moved out
to slightly more than a meter from the front face of the cylinder. Charge
is still highly concentrated on the front face but not as much as at 25 ns
The total charge on the side is about the same as at 25 ns shakes, but is
more evenly distributed. Note the high concentration of charge at the
corners of the cylinder.
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The 100 ns results show the charge much more evenly distributed

over the surface of the cylinder than before.
face is most apparent.
mate a total charge of 1.Sx10'6 coulombs on the cylinder at 10 shakes. The
strange behavior of the field Tines near the lower boundary of the grid is
due to a coding error in SEMP which effects the late time results.
been fixed.)

By counting intervals between field lines we esti-
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One could conceive of an arrangement of conductors to simulate
any one of the above field line configurations. The problem is that no
simple arrangement of fixed conductors can simulate them all. One could
place a conducting plane 40 or 50 centimeters away from the bottom of the
cylinder in an attempt to fit the 25 ns results. Or, one could move the
plane further away to fit the latter times better.

For systems of interest one is usually most interested in fitting
the early time peaks. At the fluences of interest the early time surface
currents are driven by the electromagnetic radiation from a thin layer of
electrons. As we shall see below, it is possible to reproduce the surface
currents generated by these fields without reproducing the large electric
fields seen on the front surface of the cylinder. In fact, we have found
several realistic drive configurations which reproduce the surface currents
reasonably well, but none which can duplicate both the surface currents and
the large electric fields on the exposed surface.

The previous figures showed the direction of the electric field.
The next two figures (Figures 2.6 and 2.7) show its magnitude. The most
interesting results are at early times when there is an electromagnetic
field radiating away from the edges of the large and nearly uniform electric
field on the front face.

At 5 ns both components are easily distinguished. The radiated
fields form concentric curves centered on the bottom corners of the cylin-
der. The radiation starts at the corners because the transverse gradients
of E needed to produce a magnetic field are largest there. The sides of
the cylinder only see the radiated field at this early time. The radiation
field also expands across the front of the cylinder. It is already masked
by the much larger (in excess of 30 kV/m) electric field on the front sur-
face. But as weak as it is, the radiated field is the source of the surface
currents on the front face.

14
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The uniform electron emission on the front surface sets up an
electric field that exceeds 30 kV/m at 10 ns. Even though the field is
very strong it is confined to such a thin region that it does not couple
well to the rest of the cylinder. One can think of it as a capacitor.
The rest of the cylinder only sees the fringe fields, not the strong
fields between the plates of the capacitor.

By 10 ns the radiated fields have expanded well up the sides of
the cylinder and extend further out in space. The contour values at the
front of the cylinder are difficult to read because they are so close to-
gether. The problem is further complicated by the fact that the electric
field goes to zero on the axis between regions where the field is so strong.
The contour routine is not able to resolve this effect very well.

By 15 ns the electric field reaches the back of the cylinder.
The 3 kV/m contour is reaching further up the side of the cylinder. By
20 ns the field is taking on a more static appearance. There are field
concentrations on both the back and front corners of the cylinder. One
can also see the reduced field just below the region of intense electric
field near the front more clearly at this time.

One might be able to reproduce the large electric fields at the
front surface of the cylinder with an electrical drive of some sort. For
example, one could put the cylinder a few centimeters from a ground plane.
However, this would produce an electric field which was essentially constant
between the front of the cylinder and the conducting plate. There does not
seem to be any way to reproduce the large gradients in the electric field
normal to the front surface with an electrical drive. If there are antennae
sticking out of the exposed surface these electric field gradients will de-
termine the coupling of energy into the antennae. If they are inaccurately
simulated the coupling will be in error.
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The next two figures show the strength of the magnetic field in
space at the same four times. Because of the symmetry of the problem there
is only an azimuthal component to the magnetic field. A positive magnetic
field goes into the paper on the right hand side of the cylinder and comes
out on the left hand side. Initially the magnetic field is positive every-
where. The 5 ns results show the expansion from the front corners of the
cylinder. Field strengths between 3 and 10 amps/m occur near the corners.
By 10 ns the wave has moved 3 meters up the side of the cylinder. The
fields at the front corners are at 10 amps/m (the E contour). The circum-
ference of the cylinder is 9.42 meters so the total current at the corners
is in excess of 90 amps.

The 15 ns result in Figure 2.9 shows that the field has expanded
around the back of the cylinder and is radiating outward with a nearly
spherical shape. A "hole" has appeared below the cylinder. The "hole" is
a region where the magnetic field is negative. The magnetic field becomes
negative on the front of the cylinder because there is a reversal in the
sign of the spatial electron current there. After 10 ns more electrons
are returning to the front surface than are being emitted. This negative
spatial current results in a negative magnetic field.

The magnetic field at the surface of the cylinder is proportional
to the surface current. Where the magnetic field is negative the current is
flowing towards the axis. Note that the surface currents are only negative
on the front face. Charge is still flowing from the front face and up the
sides. There is just a redistribution of charge on the front face as more
charge flows from the corners toward the axis.

By 20 ns the only clear remnants of the initial E-M wave left
are at the back of the cylinder. The complex contour pattern below the
cylinder is being driven primarily by the spatial electron current. The
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Figure 2.10. Location of points on cylinder for time plots.

region of negative magnetic field inside of the A contour is farther from
the cylinder now and is larger in extent. There are still small regions of
negative magnetic field at the front surface near the axis and near the cor-
ner. Tne peak fields are down to 3 amps/m.

The previous graphs have shown the spatial variation of E and H
at various times. Next, the temporal behavior of these quantities is examined
at various points on the surface of the cylinder. Figure 2.10 shows the ten
points labeled A through J around the cylinder. The locations are only
approximate since the E and H fields are carried one half cell from
one another and from the surface of the cylinder. This is a distance of
7.5 cm in the longitudinal direction and 7.9 cm in the radial direction.
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Figure 2.11 shows the total surface current in amps flowing on
the surface of the cylinder. The upper graph shows current at points B,
C, D, and E which are on the front half of the cylinder. The lower graph
shows the current at F, G, H, and I which are on the upper side and back
of the cylinder. The current at points A and J 1is identically zero
since they are on the symmetry axis.

The peak current is largest at point D and decreases smoothly as
one moves toward the back of the cylinder. The decrease in peak currents as
one goes back is due to charge being left on the surface of the cylinder.

If one neglects the small contribution of returning electrons, the difference
in the area under each curve on the unexposed surfaces is the surface charge
accumulated between the points.

On the exposed surface we would expect the radial current to vary
roughly like the radius squared for uniform emission since the number of
excess electrons which need to flow past a particular radius goes like the
surface area. The build up of charge on the corners of the cylinder causes
some deviations as do the return of electrons back to the surface of the
cylinder. Points B, C, and D are at radii in a ratio of 5:9:11. The curves
C and D fit the r2 rule fairly well but curve B is about a factor of two
lower than one would predict by this simple rule.

Some of the effects noted in the magnetic field contour di-cussion
are seen very clearly here. At 10 ns the currents reach a maximum and are
positive everywhere. At 15 ns the currents on the front surface (points B
and C) are negative. At 20 ns the currents are negative at C and positive
at B. The currents are "noisy" on the front surface after 150 ns. There
was a corresponding randomness seen in the 20 ns contour values. Note that
the current at D always stays positive even though the current on the
front goes negative.

22
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Figure 2.12 Surface-normal electric fields for SGEMP simulation.

The surface-normal electric fields are shown in Figures 2.12 and
2.13. The fields on the front surface were so large that we had to plot
them on a different scale. They peak at 56 kV/m at 10 ns. They are
quite uniform across the face of the cylinder. Curve A 1is a bit more
jagged than curve B since the particle statistics are worse near the
axis.

Figure 2.13 shows the surface-normal fields on the sides and back
of the cylinder. Note the scale change from Figure 2.12. The field near
the front corner (curve D) shows the concentration of charge near the
corner. It still peaks a factor of three lower than the fields on the
front though. The fields on the rest of the cylinder are in the 2 to 4 kV/m
range.
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Figure 2.14 shows the charge in coulombs on each of the cylinder
faces from 0 to 100 ns. The total charge is also shown. It can be
calculated two ways. One is to add up all the charge in the electron cloud.
It should be equal in magnitude to the surface charge. The other way is to
integrate E-normal over the cylinder. If the code is working well the two
methods should agree. They do agree within a few percent in SEMP. We
think the slight discrepancy is due to round off errors in calculating the
| currents generated by the 20,000 or so particles emitted.

This figure shows clearly the large surface charge initially
generated on the front surface and how it decays due to the return of elec-
*
trons back to the cylinder. At late times the charges are almost propor-

tional to the surface areas (1:4:1) indicating a fairly uniform electric
field. This is consistent with the electric lines of force graphs we saw
earlier.

Now that we have a fairly detailed description of a cylinder's
response at a moderate fluence level we will see how closely we can mimic
it with direct and capacitive electrical excitation.

* The late time oscillations are an artifact of the code. Note that
the time scale is not the same as on the other time plots.
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SECTION 3

CAPACITIVE DRIVE

The first step in making an electrical simulation of a SGEMP
problem is to decide just what to simulate. It is not possible to dupli-
cate all aspects of the real case. Historically people have concentrated
upon reproducing surface currents. Since we know from previous authors
that the currents away from the emitting surface can be reproduced quite
well it seemed reasonable to duplicate them as best we could and then see
how the other parameters deviated from the SGEMP case.

Figure 3.1 shows the currents generated with the capacitive drive
simu]ation.* The points are at exactly the same locations as in the SGEMP
simulation results shown in Figure 2.11. The results for points F, G, H,
and I are remarkably similar if one allows for the shift in the time base
required for the signal to travel from the pulser to the cylinder. The
results for points B, C, D, and E are not as close but even they are reason-
able. In both cases the current is zero on the axis and increases as one
moves to larger radii. In both cases the largest current occurs at point
D which is Tocated on the side of the cylinder near the front end. Also
the phasing between the signals is the same with the corner currents rising
first and then the ones closer to the axis and further up the side rising
later. The most noticeable discrepancy is in the peak current at point D.
In the SGEMP case the current peaks at 96 amps and here the peak is only
65 amps. We could, of course, raise the driving voltage and get the cur-
rent at D up to 96 amps, but then it would be too high everywhere else.

- The details of the drive geometry are shcwn in Figure 3.4.
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Figure 3.2. Surface-normal electric fields for capacitive drive simulation.

The problem is that the current just does not drop off as fast as one moves
up the side of the cylinder as it does in the SGEMP case. This effect has
been noted before?.

If one compares the electric fields the differences becomes more
apparent. In Figure 3.2 we show the surface-normal electric fields at
points A, B, and C on the front of the cylinder. The first difference
one notices is that they are negative. The front of the cylinder has a
negative surface charge. Also, the magnitude is greatly reduced from the
front surface E-fields generated in the SGEMP simulation shown in Figure
2.12. There the peak field was 56 kV/m and here the peak magnitude is
only 10 kV/m (note the difference in the scale between the two figures).
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It is a fundamental characteristic of a capacitive drive simula-
tion that the normal fields be negative over part of the surface. The total
charge on the cylinder is zero so if there are regions of positive surface

charge then there must be regions of negative surface charge.

Figure 3.3 shows the E-normal results for the sides and back of
the cylinder. A comparison with Figure 2.13 shows that the fields on the
back of the cylinder are in excellent agreement. The normal electric fields
on the side at point E, F, and G also are in fairly good agreement. The
curve at D which is on the side near the front corner is completely dif-
ferent. In the SGEMP simulation there is an electric field approaching
14 kV/m. Here the field drops to 300 V/m after 20 ns. '

This is a fundamental characteristic of the capacitive drive
simulation. If the surface charge is positive some places and negative at
others, it must be zero inbetween. Just where the transmition occurs
depends upon the size and location of the drive system. In this simulation
the zero point is near the corner of the cylinder — a point where charge
tends to accumulate in the SGEMP case.

The small amount of charge on the cylinder near point D explains
\why the current at point D is only slightly larger than at point E. The
difference between the currents at the two points can only be due to the
build-up of surface charge. In the SGEMP case a large amount of charge
was located between points D and E while here the surface charge is
very small between the two points.

The overall electric field configuration is shown in Figures 3.4
and 3.5. The results shown here are to be compared with Figures 2.3, 2.4,
and 2.5. The capacitor plate is positive with respect to the ground plane.
Field lines from it either go directly to the ground plane or enter the
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‘ Figure 3.4. Electric lines of force. Lines show direction of
E-field. 1077 coulombs of charge are on surfaces
between each pair of field lines.

cylinder on the front surface, come out of the positively charged sides and
back, and then go to the ground plane.

The field line on the back half of the cylinder look very much
like those from the SGEMP simulation. The big difference is near the front
face where the weakness of the electric fields is apparent in the capacitive
drive simulation. Instead of field lines being concentrated near the front
corners they almost seem to be going out of their way to avoid them. This
is most apparent in the 100 ns result.

The geometry of the capacitive drive system is also shown in Fig-
ure 3.4 The capacitor consists of a ground plane and a conically shaped
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upper plate which is driven positive with respect to the ground plane. The
conical shape reduces the ringing seen when a wire and a thin disc are used.
The upper plate is connected to a wire one centimeter in radius which runs
through a hole in the ground plane to the pu]ser.* A plate the same radius
as the cylinder was selected so that the cylinder would be excited from the
corners as it was in the SGEMP case.

The pulser generates an output voltage given by

5e-0.]75t + ]04 Yolts

V = 2.3x10
where t is in nanoseconds. By using a time dependent drive voltage it
was possible to use a large isolation resistor and yet not transfer too
much charge at later times. A real pulser has some internal resis:ance
which drops rapidly as the pulser breaks down. This effect was modeled
with an internal resistance given by

R, = 3000/(1+t/2)%) ohms,
where t is in nanoseconds.

A fixed load resistor of 450 @ was placed in series with the
internal resistance to provide isolation at later times.

It is informative to compare the magnetic and electric field
strength contours for the SGEMP and capaciZ?ve drive cases. Figures 3.6
and 3.7 show the electric field contours. These are to be compared with
Figures 2.6 and 2.7.

* The pulser is not shown.
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At 5 ns the wave launched by the conical plate of the drive
capacitor is just about to reach the cylinder. At 10 ns the fields move
up the sides of the cylinder and also into the gap between the plate and
the front of the cylinder. The fields on the sides look very similar to
the fields in the 5 ns SGEMP results. The results in the gap look the
same so far as the radiated wave goes but the strong uniform electric
field is absent in the electrical simulation. Fields between ten and
thirty thousand volts per meter occur near the drive wire but the fields
in the gap are only about ten thousand volts per meter.

The 15 ns result shown in Figure 3.6 compare with the 10 ns of
Figure 2.6. Results at the back of the cylinder are very close but the
3 kV/m (contour D) does not extend up the side of the cylinder as it does
in the SGEMP case.

At 20 ns the electrical simulation again agrees well on the
back of the cylinder with the 15 ns SGEMP result. The weakness of the
field on the side of the cylinder is shown by the appearance of the 1 kV/m
contour (C) at the corner. The contour routine can not resolve the point
where the electric field goes to zero since the magnitude of E 1is large
on each side of the zero point. At 20 ns the zero point is about 25 cm
up the side of the cylinder according to the numerical output.

The corresponding magnetic field strength contours are shown in
Figures 3.8 and 3.9. At 5 ns the wave is just leaving the conical drive
plate. By 10 ns the currents are well up the side of the cylinder and are
just reaching the center of the gap below the front face of the cylinder.
The largest contour touching the cylinder is the 3 amps/m contour (D). The
cylinder has a circumference of 9.42 meters so currents of between 28 and
94 amps are flowing up the sides of the cylinder at 10 ns.
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By 15 ns the wave has reached the back of the cylinder and the
D contour is almost 2/3 of the way up. This compares very well with the
10 ns SGEMP simulation. The agreement is equally as good between the 20 ns
electric simulation and the 15 ns SGEMP simulation. There is even a region
of negative magnetic field on the front face in the electrical simulation,
although it is not readily apparent from the contours.

As a final point of comparison we examine the charge on the various
surfaces of the cylinder and on the plate of the capacitor in Figure 3.10.
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The top curve shows the total charge on the capacitor plate, while the

other curves show the integral of the magnitude of the surface charge on
the cylinder. The same vertical scale is used as in Figure 2.15 but the
time scale only goes to 50 ns here. The sum of the curves for the side
and back of the cylinder add up to the value of the curve for the front

of the cylinder. Before charge is induced on the back of the cylinder the
front and sides have equal amounts of induced charge on them. The charge
on the front surface is negative and the charge on the side is almost all
positive.

A measure of the efficiency of the electrical drive is obtained
by comparing the total induced charge (considering magnitude only) with
the charge on the capacitor piate. The charges on the cylinder add up to
about 1.ZXI0'6 coulomb which is about 60% of the charge on the capacitor
plate.
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SECTION 4

DIRECT DRIVE

As in the case of the capacitive drive simulation our criterion

for a good simulation was how well we could fit the surface currents on
the back of the cylinder. Figure 4.1 presents our results for points C
through I which run from the front corner, up the side, and around the
back of the cylinder. The points are exactly the same as used in the two
previous simulations (see Figure 2.10).*

The amplitude of curves F, G, H, and I agree very well with the
SGEMP simulation. However, the pulses are somewhat wider than either the
SGEMP or the capacitive drive simulations results. The direct drive curves
oscillate a bit more at late times than the SGEMP results. The capacitive
drive curves did also. The fine scale oscillations are probably an arti-
fact of the computer code.

< The curves for points near the front of the cylinder do not agree
well. Curve E agrees fairly well in peak amplitude, but is too wide.

Curve D is way down in amplitude as it was in the capacitive drive example.
Curve C, which is on the front face near the corner, is completely different
than was seen in the other two cases. It is larger in peak amplitude than

D and is very wide. Also, it starts rising about 2 ns before curve D does.

The discrepancy in the current on the front surface is even more
apparent as one moves closer to the drive wire. Figure 4.2 shows the cur-
rents at point A and B.

*  The details of the drive geometry are shown in Figure 4.5.
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Figure 4.2. Total surface currents for direct drive.

Point A is located 1 cm from the axis at the edge of the wire.
Roint B s located about 75 cm from the axis. Curve A measures the
current on the drive wire. Since it is the source of all the charge on the
cylinder the area under curve A gives the total charge on the cylinder.
The current at point A 1is essentially zero in the other cases.

This is the main disadvantage of the direct dirve simulation. It
concentrates current near the drive wire (or wires). The current is almost
uniform across the face of the cylinder in the direct drive simulation.

In the other simulations it drops off like rz or faster.
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Figure 4.3. Surface-Normal electric fields for direct drive simulation.

The presence of a large current on the front face does not neces-
sarily imply a large electric field. For example, the normal field on the
surface of the cylinder must go to zero very near the wire if the wire is
perfectly conducting. The drive arrangement used here minimizes the extent
of reduced normal electric field near the wire. In fact, it enhances the
electric field near the axis of the cylinder. The details of the drive
configuration will be given below.

Figure 4.3 shows the normal electric field on the front for the
direct drive simulations at points A, B, and C. Point A 1is located
7.5 cm from the axis (one half cell) and 6.5 cm from the wire. The
normal field has to be zero at the edge of the wire, but it grows large
very quickly as one moves away from the wire. The fields at points B and
C are much smaller.

The electric fields over most of the bottom surfaces are much
smaller than the 56 kV/m fields in the SGEMP simulation. The direct drive
simulation does have fields of the correct sign however.
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The normal electric field on the side and back are shown in Figure
4.4. Note that the scale is different from that of Figure 4.3. These re-
sults are to be compared with Figure 2.13. Curves E, F, and G are close to
the SGEMP result. Curve D, which is near the front corner, is about a factor
of three smalier than in the SGEMP case. It is much better than in the
capactive drive simulation where the field at curve D was down to only
300 V/m at 20 ns. HNote that curves B and C on Figure 4.3 would be
slightly above curve D if plotted on this scale. The effect of charge
concentration at corners is shown by curves D and G reaching higher
late time values than curve E and F which are near the center of the
side.

The results on the back of the cylinder agree very well with both
the other simulations. Note that the corner point, H, reaches a higher
value than the more centrally located points I and J.

Figure 4.5 shows the electric lines of force at 25 and 50 ns.
The cylinder is charged nositive with respect to the ground plane. The
conical shaped conducior is also at ground potential. The pulser voltage
is #iniied between the back of the cone and the 15 cm long wire connecting
it vo the front of the cylinder. The conically shaped conductor between
the puiser and the ground plane reduced the ringing observed when a wire
was used. The back of the cone is one half cell below where the electric
fields for point A are calculated. This greatly enhanced the value of
the electric field calculated there.

Direct drive excitation is more efficient than capacitive drive
since no energy is wasted between the plates of the drive capacitor. As a
result the drive voltage in the direct drive simulation can be reduced.
The Tength of the voltage pulse was reduced in an attempt to reduce the
width of the surface current pulses. For the direct drive the pulse voltage

was
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v = 1.5x10%79-25t 4 2 5x103 voits,

where t is in nanoseconds. The same internal pulser resistance and
isolation resistor values were used for both electrical simulations.

As one would expect from the time plots, the electric lines of
force agree with the two previous simulations on the back half of the cylinder
and disagree on the front half. The field lines concentrate on the corners
which is an improvement over the capactive drive but the fields are weaker
which negates much of the advantage of the improved topology. The enhanced
electric field near the top of the grounded cone manages to gather enough
charge to show a Tine of force there in the 50 and 100 ns figures.

Figure 4.5 showed the direction of E in space. In Figures 4.6
and 4.7 contours of the magnitude of E are plotted. At 5 ns a wave is
being launched from the drive wire at the back of the cone. Fields in
excess of 10 kV/m are located near the wire. At 10 ns the fields are propa-
gating up the sides of the cylinder. They reach the back at 15 ns. They
are slightly ahead of the 10 ns SGEMP results at this time. The 3 kV/m
contour (D) shows the enhancement at the corners. The wave is just reach-
ing the axis at the rear of the cylinder in the 20 ns results. The fields
around the cylinder are generally in the 1 to 3 kV/m range at 20 ns which
agrees with the SGEMP result everywhere except near the front face where
fields in excess of 10 kV/m occur.

The magnetic field strength contours are shown in Figures 4.8 and
4.9. The principle difference here is the strong magnetic field near the
axis of the cylinder on the front. Instead of the magnetic field going to
zero on the axis it varies like 1/r as one nears the drive wire. In spite
of the completely different magnetic field configuration on the front face
of the cylinder, the fields on the side and the back are very similar. In
particular, note the 3 amp/meter contour (D) in the 20 ns result. A very
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similar contour is found in the 15 ns SGEMP result and the 20 ns capacitive
drive result.

The surface charge on the three faces of the cylinder and the
integral of the drive wire current are shown in Figure 4.10. They are to
be compared with Figure 2.14 which has a different time scale. At 50 ns
the direct drive has only delivered one third as much charge as was on the
cylinder in the SGEMP simulation. The discrepancy at later times will be
much less because the charge in the SGEMP simulation drops a factor of
two between 50 and 100 ns. Initially the charge on the front face is the
largest but it never approaches the 3.6><10'6 coulomb peak charge in the
SGEMP simulation. Eventually the side, which has four times the area of
the front, acquires most of the charge. It reaches a final charge about
one half as large as that in the SGEMP simulation.
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SECTION 5

CONCLUSIONS

It is clear that both direct drive and capacitive drive excitation
techniques can reproduce the surface currents and electric fields generated
on a simple structure by a flux of x-rays in regions far from the exposed
surfaces. We have tried to point out the fundamental nature of their limita-
tions near the exposed surfaces. Some of the discrepancies noted were not
fundamental. For example, the charge on the face of the cylinder in the
direct drive simulation can be increased by bringing the cylinder closer to
the ground plane. Clever arrangements of conductors around the cylinder
could also change the results to look more like a particular aspect of the
SGEMP simulation.

Some things can not be changed however. There will always be a
region where there is a negative instead of a positive surface charge when
a capacitive drive is used. There will always be a line (or lines) on
which the surface charge is zero. Different drive geometries can vary the
location of the regions of poor agreement, but they can not be eliminated.

The direct drive technique will always have large magnetic field
concentrations near the drive wire. The intensity of the effect can be
reduced by using multiple wire drives, but only at the expense of increas-
ing the area over which the simulation is bad. For example, a limiting
case of multiple drives would be a hollow cylinder, say a meter in radius.
The magnetic fields near the surface of the cylinder would be down a factor
of 100 from those near a wire with a radius of 1 cm. However, there would
be no fields, electric or magnetic, inside of the hollow cylinder.
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Which electric drive technique is better? It is not clear that
either one is always better. It is important to understand the strengths
and weaknesses of each one. The particular application and practical con~
sideration will probably dictate which one to use.

For applications we are familiar with, the capacitive drive seems
to offer several advantages over the direct drive. The ability to drive
currents on a satellite without being physically connected to it is important
when real satellites are being tested. The unrealistic concentration of
current at the drive point (or points) in a direct drive simulation could
also be a problem with real satellites.

The reader should also note the high driving voltage we were
using — 230 kV in the capacitive drive and 150 kV in the direct drive.
These high voltages make it possible to use reasonably Targe isolations
resistors of 450 Q. The high resistances in turn made it possible to
get fast rise times with wires of reasonably small diameters. If such
high voltages were not available it would be necessary to drop the isola-
tion resistance and thereby increase the coupling between the pulser and
the system being excited. Such high-voltage, fast rise time pulsers are
pushing the state-of-the-art, but could be built.
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