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Sensor and Simulation Hotes XV B

Rudiation cnd Conductivity Constraints on the Design of a Dipole Electric
Field Sensor

I, Introduction

In designing sensors for close-in nuclear EMP measuremznts, perhaps the
most difficult problems are associated with.the nuclear radiation and thne
conductivity of tae air., These are particularly ‘acute in the case of tiae
electric field probe in air. The problem of measwuring intense pulsed
electric fieldsin the adsence of this peculiar environment is, comparatively
speaking, an easy prodlem. The nuclear radiation displaces charge into and
out of tnz probe and the effects associated with the air conductiviily alter
the response of the probe to the electric field, Ii ic 2r liuortant in
sensor dssign to understand these phenomena and. tiglr cundne a.:lnts on electric
field pz'o:)e design as it is to zmderstmd such things o the ef, fective neignt
and capacitance of the pronb.

In . this note the nuclear radiation and air conductivity constraints on
the design of an electric dipole will pe discussed. (The electric [field
probe utilizing a single elament with a ground plane and often called a
"monopole" is, strictly speaking, also a dipole.) The same effects rust
also ve corsidered (althougn in different forms) in the design of the more
"exotic" (and more complex) electric field probes_, such as those using tie
Stark or elzctro-optic effects, However, all referenczs in this note will
be to tnz zlectric field dipole, Units for all quantities will dz rational-
tzed mk.3., unless otherwise stated,

II. Time-Varying Air Conductivity
First consider the time-varying air conductivity. During the rcdiation
pulse the conductivity, o, can pe approximataly related to the gawa fluz, ¥,

at ary given point Dy

o= enu(E) = e w(E) X 2.1%10°y mos _
v meter

i1

whzre e 15 the electrontc ecaarge ; v (about 1()"9 sec-z) 18 tae attachment
frequency of electrons to neutral oxygen molecules, u(E) iz tnz eleztron
mosilpty as a funetion of tne electric field strangtfz (typically adbout 1.0
reter”/volt-sec for eZectr%c fields below 10° volts/meter), n is tie elactron
density in electrons/meter”, and y is the <v-ray flux expressed in roentgans/
sec, Tnus, during the radiation pulse (assuming smuall electric fields)
-12 . _mhos

a -. 3.4 X 10 Y —'}é-r-.'— (2)

Tnis conductivity will give a conductance, G (t,E), to the electric
field dipole a3 shoun in the equivalent mrﬂmt in Figure 1, As indicated
oy the variable, t, tais .comductancz will bz a function of tims. Without
tnis timz changing conductance the signal output, V, could de relatad to
tie input signal, &h (waerez h s the effective feight of the divele!, for
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Sensor and Stmulation Notes XV B

Radiation wand Conductivity Constraints on the Design of a Dipole Electric
Field Sensor

I, Introduction

In designing sensors for close-in nuclear ElP measurements, perhaps the
most difficult problems are assoctated with.the nuclear radiation and the
conductivity of tre air, These are particularly acute in the case of tae
electric field probe in air, The problem of measuring intense pulsed
electric fieldsin the absence of this peculiar environment is, comparatively
speaking, an easy problem, The nuclear radiation displaces chargz into and
out of tne probe and the effects assoctated with the air conductivity alter
the response of the probe to the electric field, Ii iz z¢ lLiportant in
sensor design to wnderstand these phenomena and tlwiv c.ni.euints on electric
field prode design as it is to understand suct things .o the effective heignt
and capacitance of the probe,

In this note the nuclear radiation and atr conductivity constraints on
the design of an electric dipole will be discussed. (The electric field
probe utilizing a single element with a ground plane and often called a
“monopole' is, strictly speaking, also a dipole.) The same effects nmust
also be considered (althougn in different forms) in the design of the more
Yexotic! (and more complex) electric field probes, such as thosz using the
Stark or electro-optic effects, However, all references in this note will
be to tnz zlectric field dipole, Units for all quantities will bz rational-
ized mk.s., unless otherwise stated,

I, Time-Varying Air Conductivity

First consider the time warying aitr conductivity., During the radiation
pulse the conductivity, ¢, can be approximately related to the gamma fluzx, ¥,
at any given point Dy

o = enul(l) = e wE) X 2,1X ZOZS'Y mios
' ’ v meter

where e 13 the electronic charge, v (about 108 sec™l) is the attachment
frequency of electrons to neutral oxygen molecules, w(E) is tnz elactron
mosility as a function of the electric field strengtn (typically about 1.0
rmeter”/volt-sec for electric fields below 10° volts/meter), n is tne elactron
density in electrons/meter®, and vy is the vy-ray flux expressed in rosntgens/
see, Tnus, during the radiation pulse (assuming small electric fields)
-12 mhos

g = 3.4 X 10 Y g o . ’ {2)

Tnis conductivity will give a conductance, G_(t,E), to the electric -
field dipole as shoun in the equivalent circuit in figure 1. As indicated
by the variable, t, tais conductance will be a function of time. Without
tnis timez changing conductance the signal output, V, could be relatad to
the input signal, Eh (where 7 is the effective height of the dipole), for
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any 7 by either Fourier or Laplace transform techniques, One might even try

to continuously measure G_(t,E) and wunfold the output by solving a differential
equation, Hawever, the edsiest way to get cugound this problem is to make 2

as large an impedance as possible (around 10~ ohms), for example by use of

a cathode follower, Then, if the signal cable capacitance is small compared
to the sensor capacitance, C_, (as discussed in SSN VI) and if the load
conductance is small compare% to the sensor conductance

v = Eh . (3)

for all frequencies, Thus for the asswmed conditions the changing conduc-
tance G_ (t,E) has negligible effect on the dipole response,

This sensor conductance can be estimated by noting that if non-linear-
ities and bowndary layer problems (to be discussed in succeeding sections)
in the conductivity are neglected for the moment, then the dipole conduc-
tance can be calculated by replacing the permittivity in the sensor capaci-
tance calculation by the conductivity as in equation (2). This is most
easily seen in the case of a parallel plate dipole as in figure 2. Where

, 4 ’
Cs =€, 7 (4)
and
Y
G (t,E) = 0% (5)

where A is the plate area (one side) and d is the plate spacing, If we
asswmne

il
then

c, = 88.5 pf ‘ (7)
and

6 6,8) = 5¢x 107 ¥ mios (8)

Thus, for an assumed resistive Z of
Z = 108 ohms (3)

and the assumed conductance of equation (8) then the desired sensor response
given by equation (3) will be met for -

y>> § x 10° Teentgens S (10)

sec

However, there are other conditions wnder which the characteristios of
equation (3) can be achieved, First, one can calculate a time constant
from the sensor capacitance and the load resistance as

T =C7 = 1072 seconds (11)
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Thus, for all frequencies much greater than about 16 cps the sensor capaci-
tance ts sufficient (with the assumed load resistance) to make the value of
the sensor conductance immaterial, This means that the load resistamice can
be lowered to some extent without degrading the sensor response, The sensor
capactitance must still be much larger than the cable capacitance (as discussed

tn SSN VI) to optimize the high frequency response,

Thus, a first constraint or design consideration. for an electric field
dipole is that it should be unloaded, Ideally, it just samples the electric
field, drawing a minimum of energy from the field, Then the time changing
nature of the air conductivity saould have no significant effect on the
sensor performance, ‘

III, Non-Linear Electron Mobility

Next consider th%t the electron mobility is non-linear in the electric
field above about 10° volts/meter. This is illustrated in figure 3 for the
cases of dry air and air with 1% water vapor (molecular fraction), As one
can see in the figure the electrom mobility can vgry aboug an order of
magnitude as the electric field varies between 10° and 10° volts/meter,

If the electric field dipole structure is such as to significantly distort
the electric field lines in the immediate vicinity of the sensor then in

turn the conductivity will be altered in this immediate vicinity because

the conductivity is proportional to the electron mobility (at least during
the radiation pulse when the electrons dominate the conductivity) and the
electron mobility depends on the electric field, Therefore, for electric
fields greater than 10° volts/meter any dipole structure which significantly
distorts the electric field will cause the air conductivity to be nom-uniform
(Z.e., a function of position) in the vicinity of the sensor.

This non-uniform conductivity will change the effective height, h, of the
dipole, If the air conductivity were comstant in the vicinity of the dipole
the distribution of the electric field ilines would be the same as the case
of a constant permittivity, €, This is because the electric field distribu-
tion, and thus the effective height, comes from a solution of Laplace's
equation which cannot be applied to the case of a non-wniform conductivity..
Since the effective height is influenced by both the conductivity and the
permittivity the effective height can then be a function of both the electric
field and the time derivative of the electric field., This last effect can
be seen by assuming for the moment a conductivity which is nonm-uniform in
space but constant in time. Then for sufficiently high frequencies the
permittivity (essentially € _ since the collision frequency of electrons in
atr is much higher than fz‘gquencies of interest) will be important, giving
one effective height, while for sufficiently low frequencies the conductivity
will be the significant factor, giving a different effective height, This
would be a rather wndesirable sensor characteristic.

0f course one answer to this problem is to aveid significant distortion
of the electric field distribution in the vicinity of the dipole. To do
this one must first know the direction of the electric field and then post-.
tion the dipole elements so that they are perpendicular to the field lines,
One possible dipole configuration which satisfies these requirements is the
parallel plate device shown in figure 2, If the dipole elements are near to
_and parallel to a conducting ground plane (i.e., conducting compared to the
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air) then the electric field will be essentially perpendicular to this plane
and thus also to the dipole electrodes, and the effective height will be just
the electrode spacing, d, Such a dipole should not significantly distort the
electric field except at the connections to the signal cable., However, by
making the dipole elements much larger (electrically) than the signal cable
leads (and by insulating the signal cable leads to avoid electrical break-
down) the perturbing effect of these leads can be made negligible.

Thus, a second constraint or design consideration for an electric field
dipole is that it should not significantly distort the electric field, Then
the non-~linear property of the electron mobility in air should have no signi-
fieant effect on the sensor performance,

IV, Plasma Sheath Effects

A, Debye Length

A third characteristic of the sensor environment concerns the inter-
action of the dipole elements with the conducting air which is a conducting
gas whose charge carriers consist of electrons and positive and negative
ions, This tonized gas will exhibit plasma sheath effects. Since the 3
eZectgons have much greater mobility than the ions (a factor of about 10
to 107) then in the absence of an electric field the electrons can drift
to the dipole elements, leaving behind a region of positive charge whose
thickness is characterized by the Debye length, Ry, given by

e KT : .
- o Te 1/2
hy = (=) meters . (12)
where KT 1is the electron temperature expressed in electron volts, (An
approximate number for this is about 0,1 ev) As before, n is the electron
density, Thus,
. 1.7 x10°
D meters (13)

I

h

From equation (1)

n o =2.1x 100 y —Slkectrons (14)

meter

(v in roentgens/sec) and during the radiation pulse

hD « =37 eters ' (15) =
Y : -
and thus the Debye length. should be of little concerm, being small compared
to the dipole dimensions, When the electron density dies away the ions will
determine this characteristic distance, The voltages associated with this
electron depletion layer will be a small fraction of a volt and thus insigni-

fleant,

B, Charge Carrier Depletion



Traditional consideration of a plasma sheath by caleulating the Debye
length is not the only interaction of the dipole elements with the ionized
air, A more important concern is the effect which charge carrier depletion
at the dipole electroces has on the spatial distribution of the air conductiv
ity (near the dipole) and the effect of the electric field on the charge
depletion at the dipole electrodes,

As a worst case one can asswme that no low energy electrons are
ejected from the dipole electrodes by the radiation, i.e,, that the secondary -
emisston coefficient (for Compton electrons incident on the electrode sur-
face from etther side) is zero. Then the currents which can flow between
the electrode surface and the gas are conducted by the electrons and negative
ions for currents out of the electrode surface, but only by the positive ions
for currents into the electrode, Looking at the parallel plate dipole of
figure 2 (for which the calculations are easier) one can estimate these

effects,

Consider first the distance which an eleetron drifts under the influ-
ence of the electric field before attaching to a neutral oxygen molecule and
forming a negative ion, To estimate this distgnce one needs first the
relation between the Compton current density, 70, and the y current, Y, which
is

Fox 2x10%7 2®S (16)

e 2

meter

(vhere Y is expressed in roentgens/sec, as explained in SSN IX), If it

18 asswmed for the purposes of this approximate calculation that the con-
duction current density, J, is of the same magnitude as 4 _and that the gamma
flux is approximately the same as the gamma eurrent, i.e.,

J o= 2x10%y €BE (17)
meter
then relating the conduction current to the electric field as

J = oF = enw(B)g TEL ‘ (18)
: meter
and noting that the electron drift velocity, v is given by
~meters
vd = y(E) f ——— sec (19)
the drift veloeity is approximately
-8 ' :
_ . J . 2x107%y
Y4 en T Tem (20)
Then referring to equatwn (1) for the electron denszty one has
2X10""yv - 4-meters
v ———3’-15 = L6 X100 == ‘ (21)

el(2,1X107"y)



This can be converted to a drift distance, dd“ given by

Ya -4
dd * = = 6 X 10" meters (22)
v
This distance is rather small compared to the dimensions of a realistic
dipole and this distance should characterize the thickness of an electron

depletion layer next to a dipole electrode,

However, perhaps a more meaningful parameter ig the voltage which might
develop across this depletion layer, One can estimate this voltage, #D
calculating the charge, @, depleted per wnit arcz as

q = IJ gt = 2 x 107° [yae coukomds (23)
‘ meter
The voltage across this depletion layer is then about
, d '
v, = @ -Z-é = .07f¥dt volts (24)
€, _

For close-in measurements this voltage can be a significant error,

Of course there will be electrons emitted by the dipole electrodes
because of the presence of the radiation, Some of the positive tons will
alsc drift to the electrodes, recombining with electrons there allowing
some more current to flow into the electrodes, It would seem then that
these effects should be enhanced., In particular, the secondary electron
emigsion from the electrodes should be ennanced, if possible (by use of
spectal coatings), so that the secondary electron emission coefficient is
greater than one (or even much greater to de sure), Then at least during
the radiation pulse (when electronic conductivity is important) the con-
duction current in the air will not be significantly perturbed by the
presence of the sensor, During late times when the ionic conductivity
18 important (compared to the electronic conductivity) the increase in
the secondary emission coefficient, decause of the lower radiation level,
may not be sufficient to prevent the formation of a charge depletion layer
at the electrode surfaces, However, the much lower conductivities at these
times may make the voltages associated witi such a depletion layer much
smaller than those possible because of electron depletion (as in equation
“(24)).

Due to the complexities of the processes involved with the interaction
of the dipole surfaces with the ionized air it may be difficult to pin
down the details of the processes quantitatively beyond the very approxi- .
mate calculations of this section, To be safe one should then try to
minimize these effects as much as possible, Unfortunately, the parallel
plate electric field dipole of figure 2, because it obstructs the conduction
eurrent in the air (which is in the direction of the electric field and
thus perpendicular to the plates) tends to maximize these interface problems
while from the point of view of the non-linear electron mobility (in Section
III) the configuration is quite advantageous,

9



€. Wire Mesh "Parallel Plate' Dipole

Ideally, one might think that a dipole configuration which allowed
most of the conduction current to flow around the dipole conductors instead
of through them could avoid much of these problems, Such a device is shown
in figure 4 in which the parallel plates have been replaced by parellel wire
meshes of the same overall area, A, (The actual area of metal surface is
of course much less, The different hook-up to the signal cable has no special
significance other than to indicate that there are several different techniques
for aceomplishing such a connection.) If the wire diameter is much less than
the wire spacing in the mesh then most of the conduction current should Dpass
between the wires and not through them providing that the wire spacing is
much larger than either the electron drift distance in equation (22) or the
plasma sheath thickness governed by the Debye length as in equation (13) or
any other depletion layer thickness, Now, sinece the current can flow "through'
the electrodes with little perturbation the electrode potential should
be that of the air in its immediate vicinity with a difference given by
the epithermal potential of the electrons (about .1 ev) which should be
negligible, Thus, such a configuration should be capable of avoiding what
can be grouped as the plasma sheath effects while at the same time retaining
the advantages of parallel plate geometry,

D. Effect of Using Wire Mesh on Dipole Capacitance

It might be objected that by going to this type of electrode design
the sensor capacitance, C 50 will be appreciably lowered, However, this turms
out not to be the case as®caleulated: by Dr, Partridge of LASL and this author
in determining the effect of replacing parallel plates by a network of wires
in the EMP testing facility now wnder construction here at Kirtland AFB
(see SSN I for the original design considerations for this facility). This
can be illustrated by approximately caleulating the capacitance between two
"plates” of parallel wires as in figure 5 with the assumptions that the wire
radius, a, is much less than the wire spacing, b, which is in turn much less
than the "plate" spacing, d, Z.e.,

a <<b <<d . _ (25)

To calculate the capacitance per wiit area assume a charge per wnit length
on each wire, q, (of either sign as appropriate) and calculate the potential
between the two arrays of wires, Near one of the wires the electric field,
E, will be given by

volts
ersor' meter (26)

where r is the distance from the center of the wire, - Integrating this
field out to a distance equal to half the wire spacing one has a voltage
contribution, Vl’ as

VI 2n€0 Zn( a)volts (27)

E =

At about this distance, b/2, the equipotential limes will begin flattening,
The voltage, Vg, between points, b/2, away from each wire mesh will be

10
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x a_ 3
VZ (d=b) bao volt (28)

since ¢/b is the average charge per wnit area for each wire mesh, The
voltage, V, between the two meshes will then be

. - 2 .
BRI Zn(2a)+ 2%, (db) volts (29)
!
and the capacitance per unit area, C , will be
’ Fy A -1
¢ = 57 = EO ‘ Py in (LEZZ‘) + d—b} _,arads (30)
or ! & [ b 1 b _{"1 .
¢ = ~ L 1+ 7 ('_n_— in T ~1) farads (31)

while in the true parallel plate case the capacitance per wnit area ts just
eo/d, To Zllustrate with somz nwmbers let

b _
2a 100
(32)
d _
5 - 0

14
Then equation (31) would imply a correction in C of about 5%, not a signifi-
cant effect. Since the wire diameter 18 contained in the logarithm term one
can make this diameter extremely small without apprectably affecting the
capacitance or the frequency response (as implied in equation (11)).

To first order the sensor conductance should be changed with about the
same correcction factor, neglecting the plasma sheath effects arownd the
wires, Including these effects the dipole conductance should be decreased,
However, if the sensor is not loaded (as is desirable per Section II) this
perturbation in the sensor conductance should have little effect.

E, Conclusions

There are at least two general methods to get around what can be
classed as plasma sheath effects:

(1) Utilize the gamma radiation to place low energy secondary
electrons back into the air to replace those which are pulled away from
the electrodes by the electric field, To do this the secondary electron
emigsion coefficient must be maximized, perhaps by the use of a thin layer
(a few atoms or molecules thick) of some material such as might be used in-
photomultiplier tubes.,

(2) Allow the conduction current in the air to flow around the
electrode material, not through it. This can be accomplished by the use
of wire mesh electrodes without sacrificing other important electrical
properties,. This procedure is one of evading the problem and for this
_ reason perhaps more successful,

However, since these two techniques are not mutually exclusive, it may be

wigse to use both.
13



V. Compton Current Effects on Dipole

Turning now to the direct radiation effects on the dipole, the most
important of these mechanisms is Compton scattering, inm which the y rays
scatter high energy electrons (of about half the energy cf the yray) from
the air into the dipole structure and from the dipole structure back into
the air, Essentially then the electric field dipole acts as a Y radiation
detector called the Compton diode, because a certain net current, Ic,
indicated in the equivalent circuit in figure 1, is caused to appeal as a
noise signal, To estimate this current onz can look at the relationship
in air (and low atomic number materials) between the Compton current
density and the gamma current given by equaiionm (16), A certain fraction
of these Compton electrons impinging on the dipole will be cnllected and
to first order the net current deposited in any part of the Jipole structure
will be related to the Compton electron flux at that point times the y-ray
attenuation factor of that part of the dipole structure,

There are certain techniques which one can use to minimize this net
Compton current, I , in the dipole circuit (in relation to the signal from
the electric fieldd, These techniques will now be discussed.

A, Symmetrical Dipole

4 first technique which should comz to mind is that of making the
dipole symmetrical, as is shown in both figures 2 and 4. The dipoie
electrodes should be essentially identical, Then the net Compton current,
I,, would only be the difference between the Compton currents deposited
17 each of these electrodes, a reduction of perhaps one to two order. of
magnitude from the current deposited in either electrode., This techrique
excludes, for example, a vertical whip antenna with a grownd plane or <ny
other such wnsymmetrical sensor., This requires that there be signal 1-ads
into the environment but the radiition currents which these collect can be
made small compared to the radiocion currents in the dipole. It is not the
total Compton current inm the dipole which is important but the current prr
wnit electrode arza because ar increase in size not only increases I , but
also inereases the dipole ecapacitance, C., and eonductance, G_(t,E) Tto be
discussed later), which determine the voitage produced by I . In addition,
of course, the signal leads can themselves be made symmetrical by the use
of twinax (balanced shielded pair) to similarly reduce the Compton current
signal introduced at this point,

B, Minimization of Electrode Mass

Another technique for reducing I is to reduce the electrode masa
while keeping the effective electrical sfirface area a constant. Essentially
only the metal surface of the electrodes (to a few skin depths) contributes
to the electrical prcperties of the dipole, Anything else is useful only
for structural support and should be rzmoved to as great an extent as ,
possible, minimizing the y-ray attenuation of the dipole., Since the dipole
will have to be unloaded {as discussed in Section II), then for pulse widths
longer than the elecvrieal round trip transit time on the dipole and associa-
ted signal cable, essentially no current will be drawn from the dipole.

Thus, the electric structure need be no more than a few skin depths thick
at the frequency correcponding to this transit time,

14



To get a rough idea of how thick a conductor this implies comsider a
sensor-cable system with a round trip transit time,

tp = 10 ng (33)

Equating t_ to the reciprocal of the half period at radian frequency, w,
in the skih depth formula one has for aluminwm approzimately

= x s 18 .
) { 2 4/2@ Y%, (34)

WHT

TUg
or
§ = .12 x 107 meters (35)
or -3 . |
§ = 47 X 10 ° inches (36)

As one can see this dimemsion 18 extremely small allowing ome to make the
sensor electrodes extremely =1in and thus for parallel plate electrodes
(as in figure 2) attenuate the Y rays normally incident on the electrodes
by much less than one percent.

One can also compare this skin depth (of equation (35)) with the
range.of a .5 Mev Compton electron in Alwminum which is about

67 X 107° meters | (37)

Re

or
2.6 X 10~2 inches (38)

"

Re

Thus, for very thin electrodes it is possible to even make the electrodes
somewhat "transparent” to the Compton electrons, Once this point is
reached then differences in the ratio of the Compton electron range to
the Y~ray mean free path between air and the electrode material, as well
as ' vartous geometric factors should be the parameters determining the net
Compton current in the dipele circuit., The net Compton current into the
dipole structure should then be small compared to the conduction currents
in the air in the vieinity of the dipole,

There is yet another technique for reducing the Compton current
desposited in the electrodes, In considering the plasma sheath effects
(in Section IV) it was found that the parallel plate structure of the
dipole could be advantageously modified by replacing the solid plates by
a wire mesh such that the physical electrode drea 18 much smaller than
the total geometrical area encompassed by the electrode, This sare
design has a significant advantage in the reduction of the Compton current
stignal because this signal is proportional to the physical electrode area
(not the total geometrical area or effective electrical area, both of
which remain essentially constant)., Thus, by using wire mesh electrodes
I, can be reduced another two orders of magnitude,

15



A final way to reduce the mass is to simply reduce the density of the
electrode material, This would seem to have limited application beyond noting
that eonducting materials having lower densities have a built-in advantage
from this viewpoint, Thus, for example, aluminum would be preferred over
copper,

C. Utilization of the Sensor Capacitance and Condurtance

Combining the techniques of symmetry in the dipole structure and the
two techniques of minimizing the electrode mass (making the electrodes thin
and then going a step further to thin wires to reduce the conductor area)
one can perhaps obtain a Compton current signal (per unit area of one
electrode) which i1s down about 6 orders of magnitude (about 2 orders of
magnitude for each of the first three techniques) from the Compton current
density in the air, Thus, perhaps

I, = 2% 107" y4  amps (39)

Then during the radiation pulse one can compute a Compton noise signal,
V , by use of the sensor conductance and electrode area from equations
(§) and (8). Thus,

I

e - -8
Vc = WE} = 6 X 10 volts v {40)

which for EMP purposes is quite negligible, The sensor conductance is
actually somewhat smaller than indicated by equation (8), By using the
wire mesh dipole electrodes there is a correction to the conductance as
well as to the capacitance of the .dipoie, but this type of correction is
small, More important the conductance will be lowered by the plasma sheath
effects at the wires (as discussed in Section IV), However, as indicated
by equation (40) there is a safety margin of a few orders of magnitude,
After the radiation pulse, the Compton signal should be much smaller
because the conductivity will become dominated by the ions and hold wp

for some time,

Thus, the air conductivity alone is sufficient to keep the Compton
notse signal down, far below the signal level if the various minimization
techniques (and others as they are discovered) as outlined in this
section are employed. The sensor capac-tance also tends to keep the
Compton notse signal down, but only for short transients,

VI, Other Radiation Effects

In addition to the Compton current cffects, noitse signals car also be
generated by other specie of radiation, most importantly meutrons and
X rays. Neutrons can be important from at least two standpoints:

(1) The neutrons can produce y rays by inelastic scattering in some
material associated with the dipole, These Yy rays in turn can produce
Compton noise signals in the dipole, The design criterion in this case
chould of course be to use materials witi as small inelastic neutron cross
szctions as possible,
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(2) The neutrons can produce proton recoil currents in hydrogenous
materials by elastic scattering with the hydrogen nuclei, This would imply
that such materials should be avoided, particularly where they might intro-
duce these currents into the electrical stz’ucz‘:uz'e of the dipole,

X-rays are important because of the photoelectrons which they can eject
from the surface of the dipole conductorrs, Generally, to minimize this

effect one should use low atomic nwrw 2rials, Ideally, one mght think
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ma- ; th. . .ccond order-ejfect,

Jrie Compton glectrons a+ .vciatea — -t the y rays present the most signi-
Feant radiatiin noise signal problem . .ccause by proper choice of materials
thaese other ¢ffects should be minimal, .

ST, Swmmazy

Briefly =nen it does not appear impossible to build an electric field
dipole whickh L8 capable of measuring the electric field associated with
the close-in EMP, However, there are certain constraints placed on such
a sensor by the wuclear radiation and the conducting air, The adverse
effects of tne «nvironme .t can, at least under present theory, be averted

by

(1) operating the dipoie unloaded, This avoids the problem of the
time changing nature of the air conductivity,

(2) minimizing distortion of the electric field lines by placing the
dipole electrodes along two different equipotential surfaces, This avoids
the problem of the non-linear electron mobility, However, it also requires
that the direction of the electric field be known, as, for example, near
a conducting surface,

(3) allowing the conduction currents in the air to flow arownd the
dipole elements instead of into and out of the conducting surfaces, thus,
avoiding the interface problems between the air and the dipole elements,
This can be accomplished while retaining the advantages of parallel plate
geometry by the use of wire mesh electrodes., In addition, special coatings
on the electrode surfaces can help in reducing this problem by increasing
the secondary electron yield.

(4) minimizing the mass of the dipole electrodes and building the
dipole symmetrically, The combination of these procedures can reduce the
Compton notse signal to acceptable levels, A, symmetrical dipole with
wire mesh electrodes uszng a low density conductor like aluminwn goes a
long way toward minimizing the Compton signal,

(5) auoiding materials with large (n,y ) cross sections or materials
with hydrogen if these latter materials must be in contact with the dipole
electrodes,
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(6) avoiding high atomic nwmber materials to minimize X-ray effects,
It seems, however, that since so many factors come into play in this

electric field dipole design that it would be wise to ultimately subject
such adipole to some realistic simulation of these - “fects,

CARL E., BAUM, 1/Lt, USAF _
11 February 1965 ' :
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