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FOREWORD

This study was conducted by Northrop Corporate Laboratories,
Hawthorne, California, in accordance with contract NAS2-4143, "A Study
of an Electric Field Measuring Instrument," covering Phase I and Phase Il
of a program to build a flight model of the cesium ion beam electric
field meter. This report is the final engineering report for these two
phases and has been assigned NCL 67-39 as a company report number.

Dr, William I, Linlor, Chief, Electrodynamics Branch, NASA/Ames Research

Center was the Contract Monitor.
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ABSTRACT

The feasibility of employing a cesium ion beam electric field meter
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of cesium ion sources. The first source used radiant heating, the other
electron bombardment heating. Excellent results were obtained with
these sources attaining a sensitivity for measuring electric fields of
0.03 volts/meter, Methods for attaining sensitivities of the order of
0.01 V/m are presented together with a preliminary theoretical investiga-
tion of the processes pertaining to the production of cesium ions in

the ionizer. Also, an electronic-readout system design is presented

so that all aspects of constructing a cesium ion beam electric field

instrument have been studied.
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SECTION 1.0

INTRODUCTION

Traditionally, electric field measuring devices that have been used

15253 the stratosphere,®

to determine the electric field in the atmosphere,
or the ionosphere® utilize the field machine, the potential probe, or

some modification of these devices. In general, these instruments have
very low sensitivity. Palmer® describes a vibrating disc-type field

mill particularly suited for spacecraft measurements designed to measure
the magnitude and direction of the electric fields from 1300 Volts/meter to
1,300,000 V/m. Gdalevich® has flown an electric field meter on rockets
into the ionosphere reporting measured values of approximately 50 V/m

to several hundred V/m. The sensitivity threshold of his instrument was

6 V/m with a maximum measuring error of 40 V/m; however, the electric
fields at the surface of the rockets in their experiments were determined
to be larger than the ambient electric field by a factor of 100. Thus,
electric fields of the order of 10™% V/m are reported to exist in the
ionosphere. Cole and Sellen’ report using an electron emissive type E-
meter to successfully measure the electric field on a spacecraft during

the Ion Engine Ballistic Flight Tests of the Air Force Project 661A Series
in 1964, This emissive E-meter determines the electric field by its

effect on electron trajectories. The design of Cole and Sellen is reported
to measure on its most sensitive scale a field strength of 100 V/m to

within 10 V/m.

In space8 it is desirous to measure fields as small as 1073 V/m
to 10™® V/m, although potentials induced on the vehicle due to photo-
electric electrons, impinging plasmas, etc.,, will beset the experimentor
with major difficulties, It will, nevertheless, be necessary to construct
an electric field measuring instrument with greater sensitivity than has

been reported to date,



Low energy charged particles are easily deflected by small electric
fields and, thus, satisfy the requirement of high sensitivity. A study
was conducted under NASA contract NAS2-2895, "Feasibility of Using
Radioactive Sources to Measure Electric Field Intensity in Space," to
determine the applicability of using this method for space applications
including the use of radioactive sources to supply heat®, Both electron
beams and heavy ions were considered since, for the same energy, they
are equally deflected by electric fields. However, electrons are orders
of magnitude more sensitive to magnetic fields than heavy ions, and for
space this effect must be minimized. This fact, together with the recent
advances made in cesium ion engines for electrical space propulsion,
caused us to place greater emphasis on a cesium beam deflection type
instrument. The study showed that a cesium beam device offered great
advantages including greater sensitivity for measuring an electric field
in space. Consequently, a program was initiated under NASA contract
NAS2-4143 to test this premise in the laboratory. This report describes
the Phase I and Phase 11 effort performed under this contract; however,
for completeness, a brief summary of the theory of the cesium ion beam
electric field instrument is presented in the first part of Section II.
The latter part of Section II considers the conditions for emission of

cesium ions from the ionizer channel,

Two cesium ion beam sources (one radiant heated and the second
heated by electron bombardment) have been designed, fabricated, and
tested. The design and fabrication of these instruments are described
in Section III. The successful operation of these sources, together
with the experimental data and analysis, are given in Section IV,
Pertinent facts on these investigations are summarized and a discussion
on the potential of this device for measuring small electrical fields
in space are given in the last section of this report. Included in this

discussion is a design of an electronic system for reading out the data.
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SECTION 2.0

2.1 CHARGED PARTICLE MOTION IN THE ELECTRIC AND MAGNETIC FIELD

When a charged particle moves in electric and magnetic fields, it

is acted upon by a force given by the Lorentz equation.

F=q(E+rxB)=mt (D
where

F = force vector

q = particle charge

E = electric field vector

r = position vector of the charged particle

B = magnetic induction

m = particle mass

Equation (1) has been solved under the following assumptions:

(1) the electric

particle are

and magnetic fields acting on the charged

uniform over the volume through which the

particle moves;

(2) the electric

and magnetic fields are constant or slowly

varying in time.

These assumptions are not very restrictive, consequently, the general

solution provides a realistic set of equations for studying means of

measuring the electric

field in space,



Studies have been performed under a NASA/Ames contract No.
NAS2-2895-2, using the general solution. The study considers devices
with and without large local magnetic fields. In the analysis, a beam
of charged particles is placed in a coordinate system as shown in Figure
1. Positioning the beam in the x direction and assuming a transit time,
T, small compared to the period of the cyclotron resonance frequency,

i.e,,

20
T < (q/m)|B| (2)
x(T) = L=3% (q/m) Ex, T® + V, T (3a)
y(T) = Dy = % (q/m) (Ey - By Vy) ™ (3b)
2(T) = Dy = % (g/m) (Ez + By Vy) T° (3c)

where L is the distance between source and detector and Dy and D, are

the deflections in the y and z directions.

The E; component of the electric field can be made dominant by
placing the beam close to the surface of the vehicle. From equation (3c),
it follows that the magnetic field will contribute significantly to the

deflection, D,, unless

o]

z |Ee| (4)

Vel T [2 (a/m) v, ]2

-

8] <<

When the magnetic field is sufficiently low that the inequality given
in equation (4) holds, the deflection in the z direction is given by
equation (5) where q v, is the potential energy of the ions.

E, I?

D=D, = o (5
Yo

A beam deflection device for measuring the electric field in space
can be optimized against the effect of the magnetic field by using a

low energy beam of heavy ions. Low energy, because from equation (5),
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‘the deflection sensitivity increases as v, decreases; and heavy ions
because the inequality given in equation (4) is easier to satisfy

for large values of m. By using heavy ions instead of electrons, the
large increase in mass offers a great advantage for working in a magnetic
field without loss of sensitivity in measuring the electric field. This
latter statement is true since the deflection, D, of equation (5) is

independent of the particle mass,

Cs ion beams are, therefore, ideal to consider since they are of
high mass, low ionization potential, and the technology for handling
them is well known. The ability of a Cs ion beam to measure the E, can
be seen in the following calculation. Typical values for the parameters
of the system are assumed and the maximum disturbing fields that can be

tolerated for any given electric field are determined.

Two systems are designed with the following parameters:

(a) (b)

L= 1.0 meter and 0.3 meters
Vo = 10 volts
(g/m) = 7.17 x 10° coulomb/kg

For these values, it can be shown that

V, = 3.81 x 10° m/sec

X
(a) (b)
T=L/V, = 2,62 x 10 sec and 7.36 x 10°°
(a) (b)
D = (2.50 x 1072 nf/volt) E, and (2.25 x 107% nf /volt)E,

The deflection is given in terms of the electric field in Figure 2.
Equation (6) gives the limit of the magnetic field that can be tolerated

by the instrument.

B= (2.62 x 10°* sec/m) E, X allowable error (6)
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Assuming that the allowable error of the cesium ion beam measurement is

ten percent, then

- -5
Biax = (2.62 x 107° sec/m) E, (7)

Figure 3 shows a plot of equation (7).

Calculations concerning the beam deflection show that if very small
electric fields are to be measured, i.e., 107 volts/m, then it is
extremely important that the source be capable of producing a very fine
beam at the detector and the detector be capable of sensing very small
deflections = 0.001 cm, Also, measurement semsitivity increases
with decrease in particle energy; therefore, a low energy beam = 10 volts

is desirable.

If electron beams are to be employed, the effect of the magnetic

field on D would be increased by

L
% 133 x 1.66 x 1072% | *
2 —_ =

(mcs/me) = [ 9.81 x 1025 = 500 (8)
Thus, a Cs ion beam can operate in magnetic fields 500 times larger than

an electron beam,
2.2 CESIUM ION EMISSION¥*
2.2,1 Phenomonological Comments

Cesium ions are evaporated from a hot surface having a high work

°  The operational

function and provide a convenient source of heavy ions.®
characteristics of many cesium ion sources have been investigated both
theoretically and experimentally by many experimenters. However, the flow
of cesium through a heated channel leading to ion emission at the down-
stream end is a much more complicated problem than the usual vapor flow
problem, The usual flow analysis is a vapor phase analysis in which

the flow is due to the gradient in vapor density through a passage of some

simple shape.

*The theoretical approach employed in this section is due to Dr,., A, T,

Forrester.
8
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When flow also occurs via a second phase, a surface absorbed layer,
not only does flow occur in each of these phases, but the two phases

are coupled to each other through the absorption isotherms. This problem

10 =-12 la

has been solved to various degrees of approximation. One analysié
has taken into account the formation of a plasma inside the channel, but
this only becomes significant at very high temperature (T > 2000°K), At
the temperatures involved in ion source applications (T < 1500°K), one
obtains high ion emission for low surface coverage by cesium, or high
electron emission at high coverage, but there is no coverage where the

emission densities of electrons and ions are sufficiently close to form

a plasma of interesting density.

Of particular interest to this program is the effect of electric
fields due to the varying contact potential on the heated metal surfaces
of a channel through which Cs vapor passes. Although Forrester ® has
noted their effect, an analysis has not been reported in the published
literature. The effect is illustrated in Figure 4. The variation of
vapor density, P, and the associated density, 8, of the absorbed
fractional monolayer is shown in (a). When © is high, the work function
of a cesium coated surface becomes low so that the work function varies
inversely with the surface coverage (except at high coverages which are
not of concern in an ion emission situation)., The variation of the
work function ¢ is also known in (b) in a conventional type of electron
energy diagram. If temperature and electron density within the metal
is assumed constant, the Fermi level is everywhere the same. In (c)
the electron energy is converted to a potential which illustrates an
electrostatic field in the direction of flow. If this is large enough
it can have an important effect in increasing the flow of ions from a

channel.
2.2.,2 Space Charge Limitation

It is necessary first to consider the space charge problem since
this provides the limiting conditions on ion densities. In our case,
we shall consider a static problem, one in which the surface coverage 9

is constant. The situation is illustrated in Figure 5.

10
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The basic space charge equation is Poisson's equation,

o
<

S
|
nI‘D

(9)

Electron densities in the vapor phase are completely negligible at
temperatures of the order of 1500°K or less and Cs surface coverages of

the order of .0l or less.

Equation (9) can be written

v qn

E;; = — E; (10)

where q is the ion charge, and n is the ion density in the channel, but

it is required that n vary through the channel according to the Boltzmann

relation
(v, - Ng
n = n, exp __Q—ET__— (1)

where n,, V, are values of the ion density and potential at the surface.

It will simplify the analysis to change to dimensionless variables

(V—Vu) g
7 = kfo (12a)

and

A= yla (12b)

where 2a is the channel width.

In terms of these, Poisson's equation becomes
H

2
d_g= _ 4 & ng exp (— 1) (13)

€5 kT

[a 8

13




The condition for neglect of space charge effects on the motion of

charged particles is

N<<1 (14)

In this case, exp (- ) ~ 1 - 1 and (13) becomes

<
F--¢a-np (15)
where
2
¢ - T (16)
(o]

Equation (15) is an elementary differential equation with the general

solution
N=1+Aexp (QA) + Bexp (—QM\) an

The boundary conditions for determining the constants A and B are

N=0atax=1 (18a)
o - (18b)
™ OatA=0
which lead to
1
A=B= 2 cosh Q
and
7= 1 - cosh GA (19)
- cosh Q

The condition (14) for low space charge is that 1) be everywhere << 1, which

is met if < Ll. Mpay T M\ = o occurs at A = 0, therefore,

14



=1——1—— << 1 (20)

At Q= 1, n = 0.35. This is sufficiently small for the assumption exp
(—y) = 1 — 1 to be valid and provides a reasonable limit to the onset
of space charge as an important consideration. Thus the limit of validi
of the neglect of space charge is determined by the value of ny = npay
satisfying

€ & nyey _
€ kT 1 21)

Converting n, to the variable usually tabulated, the ion flux Vp Per

unit area per unit time is

vp = ng \/kT/Zn m (22)

which leads to

_ € KT 3/2
Pmax = 21 qm (q. ) ér (23)

where m is the mass of the charged particle, T is in °K, and Vmax 1s in
ions per sec per unit area, so that the area units are the same as the
units of 8. T must be of the order of 1000°K for the application here.
At T = 1000°K

_ (4,74) (10%)
Ymax < &

(24)

If contact potential variation fields are negligible the current
output corresponding to this limitation is ig = 2 a q vy, Per unit
length of slit., Equation (24) leads to

1.52 x 10~*°
a

amperes/cm

15
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If a = 0,005 cm, then iy = 3.034 x 10~® amperes/cm, which is small
but adequate, It is to be hoped that the effects of electric field in
the capillary will be to increase this a great deal, It is important to
note that decreasing the channel width, a, increases the total current

output,

Before leaving.this, it should be noted that the effect computed in
the next section will reduce space charge in the channel at the same
time that it increases current. Therefore, the neglect of space charge

may be valid out to greater values of Lo than given by equation (23),

That assumption is, however, not being made.

Electric Field Computation

The electric field at the ionizing surface is given by

For ion emission, § is always small so that %g is a constant, Vb',
evaluated at ® = 0. For tungsten, V' is — 10,679 and is independent

of temperature.

The value of d6/dx at the ion emitting end of the channel can be
related to 8, at that point by matching to the front face solution.
This process is illustrated in Figure 5. On a plane surface where the
fraction of evaporating particles returning is negligible, the solution
for 8 is an exponential decay with a diffusion lemgth, §. The derivative

at each point is 8/§.

The value of @ and its derivative must both match the front face
values, so that d8/dx = 8,/0 just inside the channel. The derivative
(8o/6) is not necessarily constant inside the channel, but as a convenient
first order computation, we will assume this to be the case, at least

over the depth of the channel from which appreciable ions emerge.

Effective Depth of Emitting Surface

At ion densities corresponding to P, = 107*° particles/en®. the

mean free paths are very long compared to the channel thicknesses, and

16



the average time t for a particle to cross the channel is easily calculated.

In this time the particle is caused to move downstream by the electric
field a distance of_(ﬁg) t®, as illustrated in Figure 5. Consider that
all ions emitted over the length x < XM are emitted ions.

Since all variations in transit time and all initial velocities are
neglected this is only an approximate treatment, The exact solution can
be written down without very much difficulty, but this solution should
provide valuable information on a first order approximation, provided
it predicts a current large compared to the random current from the end
corresponding to 8o, i.e., as long as

8o (25)

uP(eo 5 X) dx > a vp (8,)

Transit Time Calculation

The average value of (lluy) for particles emerging from the surface

is given by

o«©
(lhj j; %; vy exp (% m vy?/kT)d vy
Vylay

0o
L 2
fo vy exp (=% m v3/kDd vy
This leads through tabulated integrals to an average transit time of

t=2a (—1—)=a L m (26)

Current Calculations

Since the electric field is given by Vb‘eoﬁ

86 (27)

17




The emission from the channel is therefore given by

Xn 85
ig = 2q v (e + —-—% dx (28)
fo Pl o
or )
&+ 5 *n
ig = 2qg: va (8)dg (29)
(o]

Equation (29) permits studying the current output of the source design
considered in the present program. A more exact solution has been
effected, but further studies involving an evaluation of equation (29)

and more exact solutions will have to be performed in the future.

18
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SECTION 3.0

DESCRIPTION OF THE EXPERIMENT AND DATA ANALYSIS

A cesium ion beam electric field measuring instrument consists of
the cesium ion source, detector, and electronic readout system. 1In
addition, the experiment performed to test this device utilizes a pair
of deflection plates for ion beam calibration and diagnostics. The
experiments are performed in an 18 inch diameter by 30 inches high
metal screen-covered bell jar, using a Veeco VS 400 vacuum system.
Figure 6 shows the physical layout of the experiment.

Cesjum atoms evaporated from a hot tungsten surface or other
similar metals with high work functions leave the surface as ions.*®
The evaporation of cesium from hot porous tungsten surfaces is presently
being successfully used in contact ion thrusters as an efficient and
reliable ion source. The design constraints, however, for a cesium
ion source used to measure electrostatic or low frequency electric
fields are considerably different from those of an ion thruster
principally because in the former, low currents ~ 10”2 amps and a well
focused beam with a very low accelerating voltage, ~ 10 volts, are
required. In addition, these sources should be capable of operating

at a power of a few watts,

The first cesium ion source employed in these studies under Phase I
of this program is a radiant heated source, i.e., the ionizer is
heated by the radiation from a hot filament. Figure 7 is a schematic
of this source showing the ionizing region only. The ionizer is formed
into a thin slit approximately 0,004 inches wide, formed by flattening
a 3/16 inch diameter, 0.015 inch wall tantalum tube around a thin shim,
The cesium ion beam exiting the ionizer is thus in the shape of a ribbon

which permits small deflection measurements with currents higher than

19
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would be obtained with a pencil shaped beam. Tantalum is used here
because of its ductility, machinability, high melting point, and high
work function. Cesium is fed to the ionizer through a 1/8 inch
tantalum tube., Both this tube and the ionizer are electron beam welded
to a common connector, tantalum being used here for all three parts to

eliminate any welding problems,

The heater is a 0,015 inch diameter tungsten - 3% rhenium wire in
the form of two semicircular coils connected in parallel surrounding
the ionizer. Nickel parts are used to support and provide current to
the heaters. In general, commercially pure nickel is used for interme-
diate temperature service because its high thermal conductivity and low
coefficient of thermal expansion minimize thermal distortion. The low
temperature components are made of stainless steel., Precision sapphire
balls are used to provide thermal and electrical insulation and to insure
that the original alignment can be reproduced on reassembling the unit,
Figure 8 is a top view of the assembled source,

As part of Phase II, a second cesium ion source was constructed,
based somewhat on the experience gained from testing the radiant heated
source, but designed principally to test another method for heating the
ionizer. The radiant heated source requires a relatively large filament
which, because of heat shield limitation, raises some external components
to relatively large temperatures resulting in considerable heat loss,

The new design replaces the coiled filament with two straight 0.005

inch tungsten - 37 rhenium wires suspended between two nickel posts

with one wire on each side of the ionizer. Electrons emitted from the
filament are used to heat the ionizer by bombardment to provide localized
heating on the desired component. Also, an additional radiation shield
is inserted around the filament to reduce heat leakage and which is also
electrically connected to repel electrons toward the filament and ionizer,
This component is referred to as the counter electrode. Thus, in this
design, only two components are heated to a high temperature; the filament
and ionizer. Figure 9 is a cross sectional scale drawing of the electron
bombardment heated source (EB source). Figures 10, 11, and 12 show

photographs of the EB source components in various stages of assembly.

22
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Both sources have provision for electrically heating the cesium
reservoirs positioned at the bottom of the cesium feed tube. The
reservoir for the EB source also had provision for water cooling since,
in the experiment previously performed with the RH source, the heat
conduction to the reservoir was too large, causing excessive flow of
cesium to the ionizer. Additionally, the tantalum feed tube diameter
for the new EB source is reduced to 0,015 inches inside diameter to help
reduce the cesium flow rate to the ionizer. The accelerating electrode
is a molybdenum slit 0,015 inches wide aligned 0,040 inches above the
ionizer. A unipotential lens is supported at the top of a stainless
steel cylinder for focusing the beam at the detector. The detector
consists of a resolving dual slit plate positioned in front of an
insulated collector plate. The two parallel resolving slits are each
0.030 inches wide set 0.100 inches center to center apart. Two large
stainless steel plates are positioned 2.2 inches on either side of the
ion beam to serve as deflecting electrodes. The deflecting voltage is
balanced with respect to ground and is adjustable from —25% through
zero to +25% of the supply voltage. The supply voltage itself can be
varied from O to approximately 40 volts. This arrangement provides
great flexibility in taking the experimental data in that very precise
small changes in the electric field can be made over a large range of
values, Figure 13 is a photograph showing the test assembly outside
of the bell jar.

The current to the collector plate is fed through a Keithly
amplifier and the output is displayed on an X-Y recorder. By
automatically varying the voltage across the deflection plates, the
beam is correspondingly deflected across the two slits producing
collector current peaks as a function of deflection voltage. Deflect-
ing a single narrow beam across the dual resolving slit results in
two separate current peaks., Figure 14 is an example of the data taken
with the RH cesium ion source. 1t can be observed that the ion beam
produced by the source is a single peak superimposed on a broader but
less intense beam having a complex structure. Actually, the data in
Figure 14 has the best resolution of all the data observed with the

RH source, and was taken with a source input power of 31 watts. Data

28
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taken at a lower input power showed three distinct current peaks each
of which were separated into two peaks by the detector slits. As the
power input and ionizer temperature were increased, the intensity of
the two side peaks decreased relatively to the center one. The two
outer cesium ion beams are probably due to an excessive cesium flow
rate to the ionizer covering the tantalum tube élit edges with cesium
which, when evaporated, generated the two side beams. On heating the
ionizer, the cesium coverage of these edges were reduced lowering the
cesium ion currents originating from these regions while, at the same
time, the inner walls of the slit become more effective in producing
cesium ions and this increases the intensity of the center beam, Since this
source did not have provision for cooling the reservoir with water,

the minimum cesium flow rate was determined by the heat transport along
the cesium feed tube and this was excessive. The RH source can produce
a copius supply of cesium ions as was verified by increasing the
accelerating voltage to 600 volts and observing a total current output
of 2 x 107® amperes. The accelerating voltage-collector current
relation obtained in this manner obeyed Child's law approximately,

establishing that the RH source was space-charge limited.

The two principal peaks in Figure 14 represents the passage of the
main peak past the dual collector slit, The abscissa of Figure
14 is scaled in terms of turns of a ten turn potentiometer and each turn
represents a change in the electric field of 8.84 V/m, Consequently,
the peak separation of 0.35 turns represents a change in electric field
of 3.1 VM. Solving the deflection equation Cequation (30)) for L, the
effective length of the deflecting field can be computed

L= 4_;‘,_13_ (30)

In this equation, p, is the accelerating potential, D is the beam

deflection and E is the electric field intensity. For the data in

Figure 14, v, = 20 volts, D = 2,54 x 1072 meter (0.1 inch), and E = 3.10 V/m
so that L = 10 inches. This is somewhat larger than expected since the
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distance between the equipotential lens and the resolving slit is only
9.5 inches., However, there are several reasons for this discrepancy

which are discussed in the last section of this report,

It is interesting to compute the expected electric field directly
from the measured deflection, assuming the electric field is effective
for 23 cm, the length of the deflection plates. In this case, an
electric field of 3.84 V/m is anticipated.

A large improvement in beam structure is obtained with the EB source
in that the beam is sufficiently well focused to produce two distinct
peaks as the beam passes the resolving slits as shown in Figure 15, A
special mechanical shutter was installed to permit a remote interception
of the beam in front of one slit, Data taken with one slit covered with
this shutter is presented in Figure 16, verifying that the two peaks are

indeed a single ion beam being deflected across the two slit,

A similar analysis to that performed for the Figure 14 data can
be made for these data. Here the peak separation is 9.99 V/m when the
accelerating voltage is 21 volts. This gives an L = 5,76 inches and
an E = 4 V/m, There is a large discrepancy here and it is opposite to
that obtained for the previous case. In this case, the electric field
across the deflection plate appears to be high by a factor of 2% or
the electric field between the plates has an effective length of 637
of that of the deflection plates. Data were taken at other accelerating
voltages using the EB source and the same large relative error
persisted; consequently, the data indicated some error associated with
the deflecting plate voltages. A post data inspection of the equipment
was made and it was discovered that a lead to one of the deflection

plates had been severed. Thus, an error factor of a little more

‘than two in the magnitude of the electric field is understandable,

When the accelerating voltage is changed, the beam becomes defocused
and it takes a few hours for the system to be brought back into equilib-
rium and focus. Consequently, considerable time was used in taking the
first set of data with the various sources, After taking the first

set of data with the EB source, the filament opened terminating the
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experiments. The discovery of the broken wire to the deflection plate,
as stated, was made after the experiment had been terminated and,
consequently, a rerun of the experiment could not be made within the

alloted schedule,

Previous data taken with the RH source showed that the calculated
deflection of the beam agreed with the measured value within 107, i.e.,
data taken with the RH source., This being the case, one turn equals
3.54 V change in the electric field. Since the center of the peak can
be defined to 0.01 turns, this instrument can attain a precision of
0.035 volts/meter, This is by no means the maximum capability of this
instrument, since there are many ways to improve the precision of this

device as discussed in the last section of the report.

The power consumption of the radiant heated source varies between 25
watts and 50 watts, the better data being taken at the 50 watts power input.
The EB source operated between 12 watts and 22 watts with the filament
utilizing 7 watts alone. It is anticipated that the 7 watts to the
filament can be greatly reduced by using different heater materials and
a ribbon shaped filament to provide more electrons at a lower filament
temperature., Replacing the nickel filament supports with thinner
molybdenum studs should reduce the heat leakage from the filament, By
this and other methods it is believed that the EB source used in these
experiments can be modified to give accurate electric field data when

operating near 12 watts.

The shape of the curve shown in Figure 16 is gaussian except at
the very low currents providing a simple means for determining the
actual beam shape.

Let

xz
Y = Yo exp —E? (31)
represent the actual beam shape. Then the current, I(D), &2s measured

for any beam deflection, D, is
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where x, is half the slit width (0.015"). The data of Figure 9

represents I(D) where

D°
D) =I,exp~ (o2

2 o, (33)

and g, = 0.187 turnse An analysis of the data shows that for the actual
beam

o = 0,145 turns.

The parameter g is related to the beam width at halfemaximum,

X, by
X2
0,5 = eXP—T or g = 0.849 x,
It follows that for the beam prior to entering the resolving slit

X, = 0.171 turns = 0.015 inches.

Thus the beam width at half-maximum is equal to the width of one of the

resolving slits,
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SECTION 4.0

DISCUSSION OF RESULTS AND CONGCLUSION

There are difficulties in obtaining the electric field in space
because of the perturbing effects produced by the vehicle itself.
However, the more sensitively and accurately one can measure fields
at the surface of a vehicle, the more accurately one can infer the
unperturbed electric field. The cesium ion beam electric field meter

appears to provide a very promising approach to this problem.

In addition to the prospect of increased sensitivity and accuracy,
with respect to such instruments as field mills, it offers the interest-
ing possibility that perturbations may be avoided in some cases. This
might be achieved by sending the ion beam through a portion of space
relatively far removed from the vehicle by having the ion source and ion

detectors on two separate extensions.

These speculations are somewhat beyond the scope of this program
which covered the demonstration of the practicality of using an ion

beam as a sensitive field sensor, This has clearly been established.

In the flight instrument, an electronic data readout system is
required to provide a data link with the satellite or rocket. The one
presently proposed i1s that shown schematically in Figure 17. A set of
deflecting electrodes is incorporated as an integral part of the
cesium ion beam source to center the beam on a single slit, The ambient
electric field is determined by measuring the woltage applied to the
deflecting electrodes to maintain the ion beam centered on the detector
slit. The circuit is a two-mode, self-adaptive, closed loop control

system, The two modes consist of a proportional mode for beam finding
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and a rate mode for locating the center of the beam. The system operates
in the proportional mode only during system start up, or in case some
system transient results in loss of the beam. Otherwise, as explained
below, the rate mode operates so as to track the beam. In the propor-
tional mode, a periodic sweep generator (SG) drives the deflecting
voltage supply (DVS) from one extreme to the other. The system switches
to the rate mode when the collector current exceeds some large fraction
of the maximum beam current. In the rate mode, the collector current

is sampled for one-half of a sampling period, the deflecting voltage

is incremented by a small amount, and the collector current for the
second half of the sampling period is then compared with the sampled
value for the first half period. The result of this comparison changes
sign when the increment shifts the ion beam past the center of the
resolving slit. The value of the deflecting voltage at this instant in
time is the value representative of the unknown electric field. Each
time the comparison changes sign, the polarity of the increment applied
to the deflecting voltage supply is also changed so as to continuously

track the unknown electric field.

The best data taken with the RH source (Figure 14) did produce two
resolved current peaks that were superimposed on a broader but less
intense current background. This background current is due principally
to an excessive cesium flow rate to the ionizer. As a consequence,
the exit port of the ionizer was flooded with cesium, allowing the two
edges of the ionizer tube to become a source of cesium ions. By heating
the ionizer to a higher temperature, the extraneous sources were minimized

resulting in the data picture of Figure 14,

The effect was eliminated with the EB source where the cesium flow
rate was reduced by water cooling the cesium reservoir and by greatly
reducing the diameter of the cesium feed tube connecting the reservoir
to the ionizer. The inside diameter of the cesium feed tube is only 0,015
inches, and if pure cesium is used in the reservoir, some reduction in
tube diameter may be required. A better approach may be to use some

additive to the reservoir which essentially decreases evaporation of
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cesium at a given temperature. Cesium absorbed on charcoal, "cesium-tin
mixture", or some cesium compound that dissociates at 100°C or above

may be satisfactory.’“L Operation of the cesium reservoir at a higher
temperature is mandatory for a flight instrument since the reservoir will
operate at a temperature equal to or greater than that of the space-
craft temperature. Designing smaller ID feed tubes into the system can

be achieved, however, without great difficulty.

The deflection of the beam measured with the RH source is approx-
imately 10 to 157 greater than expected. Although a complete experimental
analysis for the data has not been made, a total error of this magnitude
can be expected. The voltage readings themselves have a probable error
of + 5%,and the contact potential and space charge effects at the ionizer
exit can introduce uncertainties in the value of the ion energy to account

for the remaining error.

The data taken with the EB source exhibits an almost perfect
gaussian shape. The noise current is almost all generated in the collector
current (probably by piezoelectric effects in the dielectric of the cable
connecting the collector plate to the amplifier). By increasing the
collector current thereby increasing the signal to noise ratio, the
ultimate sensitivity of this instrument can be improved since its
sensitivity is determined by the peak signal-to-noise ratio., The
electronic circuit for the flight instrument maintains the beam centered
on the detector slit by finding the point of zero slope. Even at the
peak signal to noise ratio obtained with the present EB source and
associated electronic circuitry, the beam center can be determined to
within 0.01 turn or approximately 0.002 em, This results in a measure-
ment of the electric field to a precision of 0.035 V/m. Further improve=-

ment in the precision of the present device can be made by:

1) decreasing the width of the ionizer slit,
2) increasing the cesium ion current to noise ratio,
3) increasing the length, L, the distance the beam travels

exposed to the field,
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4) using different focusing techniques,

5) changing the accelerating voltage.

Theoretical studies show that for a current limited source,
decreasing the width dimension of the slit, all other conditions remain-
ing the same, will actually increase the current. The change in the
work function of a fractional monolayer cesium covered surface leads
to the formation of an electric field in the slit channel which
becomes part of the accelerating voltage. This effect, together with
the beam broadening effects of thermal energy spread, space charge, gas
pressure, and residual angular aberration determine the degree to which
the beam can be sharply focused on the detector slit., The ability of
the lens to focus the beam jnto a small slit increases with increasing
accelerating voltage since the thermal effects will be minimized;
however, the beam deflection sensitivity is reduced. Nevertheless,
some improvement in sensitivity may be gained here, particularly

if longer beam paths and different focusing methods are investigated.

The EB source offers the greatest advantage for use with a flight
instrument because of its lower power consumption and faster start up
time. An actual flight source should be smaller than the lab models
presented in this report and will operate on considerably less power,
Nevertheless, filaments with greater electron mission efficiency at
lower temperatures should be investigated. 1t is anticipated that an

acceptable instrument could be effected that operates on 5 watts or less.

In conclusion, sufficient information has been gained during
this program to design a lab model of a flight instrument that will
measure electric fields of the order of 0.0l volts/meter in space.
However, it will be necessary to study, (1) methods for reducing the power
requirements through improved filament design, (2) techniques for reducing
cesium flow rate with higher reservoir temperatures, (3) operational
methods for optimizing and building the electronic readout system, and (4)
environmental tests with prototype instrument before a flightworthy cesium

ion beam electric field meter can be constructed.
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