1228 J. SPACECRAFT

VOL. 7, NO. 10

A Gas Density Detector for Use in Space

W. K. MEesarsiaN,* K. Ramamurtr,* W. P. Trower,T anp D. 8. Worrani
Virginia Polytechnic Institute and State University, Blacksburg, Va.

Sy
[y

We have investigated the suitability of radioactivelyéinduced currents in ionization cham-
bers and proportional counters and of breakdown currents in glow tubes as a monitor of gas
density for use in meteoroid detection in space. The ionization chamber using an alpha
source of moderate activity (<1 mCi) has a small maximum current <1 gamp at a few hun-
dred volts. However, the dependence of current on gas density is approximately linear at inter-
mediate densities (~1 to 760 torr at 25°C), and thus the ionization chamber might find
application as a hole size detector. The proportional counter using a similar source provides
currents up to 100 pamp at ~1 kv, but the dependence of current on gas density is not mono-
tonic, which complicates the interpretation of these readings. The glow tube gives currents
~1 mamp at moderate voltages (~200 v) and thus is a promising “on-off”’ gas detector. Op-
timum parameters for construction of a coaxial glow tube were found and temperature and

mechanical stability tests were conducted.

Introduction

POSSIBLE meteoroid detection device is a gas-filled,
thin-walled cell which evacuates when punctured. Such
a detector can be operated in two modes. As an “‘on-off”’
gage, it indicates a puncture if the gas density falls below a
preset threshold. As a hole size gage, it measures the time
rate of change of the gas density. We have constructed an
on-off gage in which a radioactive source produces particles
that ionize the gas between two electrodes of a gas detector
(Fig. 1). The resulting current, detected in an external cir-
cuit, is a complicated function of the gas density and the other
parameters. This device must be rugged, small, and light,
with rapid response, have no moving parts, and have a rela-
tively large current output when filled with gas and negligible
current when evacuated. Here we describe the theory and
construction of such a device operating in the ionization cham-
ber, proportional counter, and glow tube modes.

Theory

When a charged particle from a radioactive source loses all
its kinetic energy by collisions in a gas, it comes to rest. The
total distance it has traveled in coming to rest is called the
rarige R, and is obtained by integrating the differential energy
loss —dE/dx of the particle in the material!

E dE
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If R is less than the interelectrode spacing d of a gas detec-
tor, then the number of ion pairs n; produced in the detector
volume will be the same for all values of R regardless of varia-
tions in the gas density. However, if B > d, the n; produced
by the charged particle along its path will be
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where w is the average energy loss per ion pair. The de-
pendence of n; on the density N of the detector gas is in gen-
eral complicated for R > d, but is approximately linear under
some circumstances. Since the detector current of ionization
chambers and proportional counters is a function of n;, we see
that the current varies with detector gas density only when
R > d. This observation is irrelevant for glow tubes, because
their running current does not depend on n;. The values of
(—dE/dz) and n; for alpha particles are typically several or-
ders of magnitude greater than for beta particles under other-
wise identical conditions.? Gamma emitters are not of in-
terest for our purposes since the probability of photons inter-
acting with matter is small compared to charged particles.
The positive ions and electrons recombine at a rate given by

dn./dt = dn,/dt = —an,n, « N? 3)

where n;, and n. are the number per unit volume of positive
ions and electrons, respectively, and « is the coefficient of re-
combination. Since n, and n. are both proportional to ny,
their rates are proportional to N2if n;is a linear function of N.
After their creation, positive and negative atomic ions ther-
malize locally (in space) with a temperature close to that of
the surrounding neutral gas atoms. An electric field e super-
imposes on their fast random thermal motions a slow drift
velocity vy toward their complementary electrodes, given by

vy = pie/P )

where w4 is the mobility of positive and negative atomic ions,
respectively, and depends on the charge and mass of the ion
and on the nature of the host gas, and P is the gas pressure at
standard temperature.

Free electrons lose their kinetic energy primarily in collisions
that excite gas atoms. The energies of the lowest-lying ex-
cited states of monatomic (i.e., rare) gas atoms are typically
~10 ev, so that free electrons quickly thermalize to an average
“agitation energy’”’ E, of 10 ev. However, the electrons do
not attain a velocity distribution which is Maxwellian. Note
that the free electrons will be much “hotter’ than the atomic
ions or gas molecules (for which kT ~0.025 ev at room tem-
perature).

Superimposed upon the agitation motion of the electrons is
a drift veloeity v, about 10% larger than that for atomic ions.
By a simple theory,® v, = ere/m, where 7 is the mean free time
between collisions. Assuming that all electrons have the
same rms agitation velocity u = (2E,/m)V?, and recalling that
their mean free path A, is ur, we obtain

Ve = ehe/mu = ere/(2mE.)"? 5)
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One can decrease E,, and thus increase v., by roughly a factor
of ten in rare gas detectors by adding a few percent of a poly-
atomic gas which has excited rotational and vibrational states
~1 ev above its ground state. Also, A, is increased by the
addition of such a polyatomic impurity, because a quantum
mechanical phenomenon called the Ramsauer effect,* which
causes the total cross section for the scattering of electrons by
rare gas atoms to have a minimum at ~1 ev. Preferred poly-
atomic gases are Ny, CO,, and CHs.  (In contrast, Q,, Hy0,
NH;, HCI, or SiF4 could capture an electron and drastically
reduce its drift velocity.)*

Operational Modes

The various operational modes associated with the current-
voltage characteristics of the basic gas detector (Fig. 1) are
depicted in Fig. 2 (Ref. 5). The ionization chamber and pro-
portional counter modes are not self-maintaining (current
ceases in the absence of ionizing radiation), but in the other
modes radiation is needed only to initiate the electric discharge
and an external resistor (R in Fig. 1) is used to limit the cur-
rent. In what follows, we discuss the three modes which
appear to be best suited for use as a gas density detector to be
flown on a spacecraft.

Tonization Chamber Mode

The ionization chamber® 4 is a low-current, low-voltage de-
vice that has been utilized in commercial radioactive ioniza-
tion pressure gauges. The mechanical construction usually
employs a parallel plate geometry (Fig. 3). The guard ring
makes the electric field between the electrodes more homo-
geneous by minimizing edge effects, and it allows one to ignore
Jeakage currents through the insulators. In the ionization
chamber mode, the only ion pairs present in the gas are pro-
duced by the bombarding radiation. The region 0 to B of Fig.
2 describes the direct current (de) operation in this mode with
a radioactive source of constant activity. From 0 to A, not
all the ion pairs are collected, because the small v, and v,
allow many ions to recombine or diffuse out of the sensitive re-
gion before reaching an electrode. In the saturation region,
A to B, all the ion pairs are collected by the electrodes, as v,
is sufficiently large to make recombination negligible. Space
charge effects are not always negligible.?

The expected current of an ionization chamber is easily esti-
mated. For a 1-mCi alpha source whose energy is 5 Mev, we
assume that 2.5 Mev is lost on the average by each alpha
particle in the sensitive region of the chamber and that w is
always on the order of 30 ev. Then the number of ion pairs
produced is 3 X 10'2 sec™. Since each ion pair contributes
one electronic charge to the external current in steady state de
operation at saturation, the resulting saturation current Isar
is 4.8 X 1077 amp for a given gas density, independent of the
kind of gas used. For alpha sources of 5 Mev energy with
activities <1 mCi, the currents will typically be <10~ amp.
Tt is difficult to obtain physically small alpba sources with ac-
tivities of 1 mCi, and our experimental maximum eurrent was
~3 X 1077 amp, which would be difficult to detect under the
constraints of flight conditions.
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Fig. 2 Typical current vs voltage characteristics of a gas
detector at fixed gas density.

Proportional Counter Mode

Proportional counters® are usually designed with a coaxial
geometry, to take advantage of the large fields near the central
electrode.  The magnitude of the electric field €, at a distance
r from the axis of the counter is

e = V/rin(b/a) (6)

where ¢ is the outside radius of the inner conductor wire, b is
the inner radius of the outside cylindrical conductor, and V is
the voltage across the counter. Cylindrical guard rings are
often used with this geometry. Close to the center electrode,
which is maintained at a positive polarity, e, becomes large,
and electrons produced by the ionizing radiation can them-
selves attain sufficient energy between collisions to ionize gas
molecules. The many photons given off in an avalanche pro-
cess can in turn eject electrons from the container walls and
gas molecules. If y(«1) is the average number of photo-
electrons produced by one ion pair in the gas, then the initial
avalanche due to one primary electron produces ny photo-
electrons, and the latter multiply by the factor n before collec-
tion at the anode to give a total of n2y electrons. These elec-
trons then produce n*y? photoelectrons which multiply by »
to give ndy? total electrons before collection, and so on. Hence
the total multiplication M is

M=n+anty +avr+ ... =2/(1 —ay) (M

if my < 1. In the limit that ny <1, we see that M = n.
Thus, the condition for a ‘“proportional” counter is that the
output current of the counter is proportional to the number of
primary electrons produced by the ionizing radiation if photo-
electron production is negligible. We have ignored recombi-
nation, electron attachment losses, and space charge effects,
which is legitimate for Jarge electric field, small ionizing radia-
tion activity and n not too large. Asny — 1, M becomes very
large and the counter becomes nonproportional. Atny = 1,
M = =, and a self-maintaining discharge is established (e.g.,
Geiger-Miiller mode, glow tube mode, ete.). This depends
not only on the nature of the gas (on n) but also on the photo-
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electric properties of the electrodes (on ). Values of M up
to 104 can be obtained, but operation becomes unstable when
ny -1, 1.e., when n is large.

The current-voltage characteristics with fixed gas density
and constant radiation activity in the de operation of the pro-
portional counter mode are shown in Fig. 2. The current is
the product of the equivalent ionization chamber saturation
current and the multiplication factor. If the applied voltage
V is sufficiently large, M, and therefore I, is an exponential
function of V, which is approximately proportional to N.?
At N ~~ 1 torr, where A, is large, n is large, and M varies rap-
idly with both V and N. The addition of a small amount of
CO; or CH, to a rare gas in the counter smooths out these
variations by lowering F.. Since multiplications of 102
t0 102 are reasonable in proportional counters, and since typi-
cal ionization chamber saturation currents go up to 10~7 amp,
proportional counters give currents up to 10~* amp at voltages
21000.

Glow Tube Mode

The cold cathode glow tube” is usually constructed with a
coaxial geometry or with two parallel conducting rods. The
device typically has a low current («1 mamp) due to residual
ionization at low voltages, but breaks down to give currents
~1 mamp at some striking voltage V,. The tube is usually
operated in the normal glow discharge regime (E to F in Fig. 2)
at a running voltage V. somewhat less than V,. Cosmic rays
are a natural contributor to the residual ionization necessary
to start (but not sustain) breakdown, but external light and
radioactive sources are much more effective. Small amounts
(~1 uCi) of *H or ®Kr are sometimes added to glow tubes so
that their characteristics will be maintained when operated in
the dark. To be self-maintaining, the glow tube must produce
new ion pairs in the gas at the same rate that they are collected
at the electrodes. The chief mechanism occurs when positive
ions reach the cathode and neutralize by combining with an
electron: the ions eject extra electrons from the cathode sur-
face which then contribute to the electron avalanche and inter-
electrode current. This process depends on the properties
of the cathode material and surface as well as those of the gas,
and is usually stronger than photoelectron production.

The glow tube has a large space charge such that most of the
voltage drop oceurs in a small region near the cathode occupied
by relatively many positive ions and few electrons; the rest of
the interelectrode space has roughly equal numbers of positive
atomic ions and electrons. The current density J (current per
unit area of cathode surface) in the normal glow discharge
regime is approximately a constant. Referring to Fig. 2, the
amount of glow spreads from a small part of the cathode (at E)
until the entire length of the cathode is glowing (at F); the
glowing region has a fixed J (J « N?%/ and the unglowing
region, negligible current. Thus, the area of the cathode cov-
ered by the glow is proportional to the total current through
the tube.

An approximate rule, Paschen’s Law, states that at fixed
temperature and with parallel plates, ¥, is a function of P-d
for a given gas and cathode material and surface. (For vari-
able temperatures, one reads ‘“‘gas density’’ for P.) V,islarge
at both high and low gas densities, passing through a minimum
in between. At high densities, A, is small, and electrons do
not usually acquire enough energy between collisions to ionize
gas atoms and produce an electron avalanche. At low densi-
ties, the paucity of gas atoms makes the production of an elec-
tron avalanche improbable.

V, and V., are reduced in so-called Penning mixtures, in
which a small amount of impurity gas is admixed to the host.
The impurity gasis chosen so that it is energetically possible for
a collision between a metastable host atom and an impurity
atom to return the host atom to its ground state and to
ionize the impurity atom, thus increasing the ionization in
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comparison with a pure host gas sample. The more nearly
equal the two energies, the more probable it is that this trans-
fer reaction occurs. This reaction is possible in an electron
avalanche because the atoms, in addition to being ionized, are
excited to metastable atomic states which have a long lifetime
(~1072 to 107* sec) compared with the mean time between
atomic collisions (~1071 sec) or the mean time for radiative
de-excitation (~1077 to 107" sec). A Ne (99.5%)-A(0.5%)
mixture satisfies the aforementioned requirement, since the
energy of metastable neon is 16.6 ev, while the ionization en-
ergy of argon is 15.8 ev. This effect is also observed in a
He (99.5%)-A(0.5%) mixture because the energy of metasta-
ble helium is 19.8 ev, but is most pronounced in the Ne-A mix-
ture, where a minimum in V, and V, occurs with argon con-
centrations between 0.1 and 19,. At lewer concentrations
there are too few argon atoms, whereas with higher concentra-
tions, electrons begin to ionize directly so that the tube be-
haves more like an argon device.

The effect of the cathode material and surface are also im-
portant. Acton and Swift® report the variation of minimum
running voltages V,mi» for Ne (99.5%)-A(0.5%,) mixtures
with various cathode materials: BaCO; (565 v), evaporated
potassium (62 v), evaporated magnesium (79 v), sputtered
molybdenum (84 v), sputtered nickel (113 v), and unsputtered
nickel (136 v). The results for He (99.5%)-A(0.5%) are
roughly 209, higher for each material. The minimum striking
voltage V in is about 20v higher than V,mi» for both Pen-
ning mixtures. The dependence of V. and V, on the cathode
material is not as noticeable at high gas densities (Pd > 500
torr-cm at room temperature). They report that high purity
gases, careful construction, and diligent out-gassing techniques
are critical in obtaining stable, optimum performance.

The positive ions bombarding the cathode can eject atoms
as well as electrons, causing the deposition of cathode material
on the walls of the devices (sputtering). The rate of sputter-
ing is roughly proportional to N3 (Ref. 6).  Furthermore,
sputtered atoms tend to absorb gas molecules (even the rare
gases, but at a slower rate) on their way from the cathode to
the walls, thus reducing N, speeding up the sputtering, and
eventually destroying the tube. However, at low sputtering
rates, these processes are beneficial because they clean the
cathode surface and preferentially absorb impurities in a rare
gas glow tube. Many commercial glow tubes are ‘“‘pre-aged’”
by running them 24 hr in the abnormal glow discharge region
(F to G in Fig. 2) at twice their normal glow current density,
and then 24 hr at the rated normal glow current density.
Tubes with the cathodes and gases thus cleaned up have more
stable operational characteristics. It is worth noting here that
Al, Mg, and Ba do not sputter as readily as do Mo, Ta, Ni,
Cu, and Ag.®

Experimental Procedure and Results

The voltages (=109, accuracy), currents (5% accuracy),
and pressures (+0.19, accuracy) reported here were produced
and measured with standard electrical and vacuum equip-
ment. For the ionization chamber mode, we used a parallel
plate configuration that allowed variation of d and A (elec-
trode cross-sectional area). A radioactive foil was fastened to
an electrode by sandwiching it between the flat side of the
plate and a thin (~+% in.) annular brass piece (cutout area
< area of the foil) screwed flush to the electrode. The coaxial
proportional counter consisted of a copper wire central elec-
trode along the axis of a brass tube, the wire being supported
at each end of the tube by a glass-to-metal seal with a tubular
inner conductor to which the wire was soldered. A conformed
radioactive foil was held against the interior wall of the outer
electrode by a small wire spring clip. Two kinds of glow tube
electrodes were used. Commercial neon glow lamps were
stripped down to their two, parallel, eylindrical, barium-stron-
tium surface electrodes. Coaxial devices similar to the pro-
portional counter design were also constructed. The vacuum
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chamber was flushed several times before filling with the test
gas. The impurity gas was admitted first to a low pressure,
and then the main constituent gas was admitted to a high
pressure, the ratio of the two pressures giving the relative
amounts of the two gases.

For the radioactive source, a particle emitters produce sev-
eral orders of magnitude more ion pairs than do 8 or y emitters
of the same activity, and radiation shielding problems are
minimized since the range of alphas is much smaliler. The
‘radioactive source should have 1) sufficiently high energy so
that its range exceeds the interelectrode distance, 2) a half life
T2 long enough to provide adequate activity throughout the
duration of the spacecraft’s mission (~2 yr), 3) a half-life
short enough so that great amounts of material or excessively
large surface areas are not needed to get an adequate activity,
4) a daughter nucleus that is stable so that a unique activity is
present, 5) sufficiently low penetrating power so that a mini-
mum external radiation hazard exists, and 6) availability in a
form which can be easily inserted into the detector. For de-
tectors with d < 1 em, 5 Mev alphas satisfy condition 1 at gas
densities less than that of STP.2 Conditions 2 and 3 require
that 2 < T2 < 10* yr. A foil source is the most convenient
form to place inside the detector.

We have chosen 2¢1Am, a readily available foil source which
has energetic alphas (5.44 and 5.49 Mev), a 458-yr half-life,
and reasonable specific activities (~250 uCi per cm?). 2%Ra
has gaseous decay produets, a lower specific activity (since Ty
= 1600 years), and 8 and v activity which is hard to shield.
18Gd and 2°Po have acceptable properties but are not readily
available in any form. 2¥Pu foils are acceptable, but are not
in commereial production. We also considered the use of 39A
or ¥Kr as a combined § source-detector gas. This would
avoid the problem of mounting the radioactive source in the
detector, but the radiation hazard is not negligible. One cm?
of 3%A (®Kr) at STP has an activity of 70 mCi (1.5 Ci), which
yields a specific ionization roughly equivalent to a 200-uCi
(5-mCi) alpha source.

Radiation in some form (e.g., light, radioactivity, ete.) is
necessary for the most effective firing of a glow tube. Because
the detector is light-tight, the inclusion of a weak radioactive
source is helpful, but one need not worry about aforemen-
tioned conditions 1 and 3. A small amount (~1 uCi) of A
or 8Kr could be added to the glow tube gas, or a small piece
(~1 uCi) of radioactive metal like ©Co or $*Ni could be sold-
ered into the detector.

Tonization Chamber Mode

Paralle] plate ionization chambers were tested by varying
the gas, gas density, voltage, radioactive source activity, elec-
trode area, and interelectrode distance. Figure 4 shows I(V)
data for a A-He mixture at three pressures with a 250 uCi
241Am foil source. The onset of saturation occurs at higher
V's as P is increased. Figure 4 also shows I (P) data for the
A-He mixture and air at 175 v under otherwise identical con-
ditions. The curve is linear in the middle and begins to bend
over slightly at higher pressures because of the onset of re-

Table 1 Data taken at room temperature with the
configuration and source of Fig. 4¢

I, 107% amp ISAT, 107 amp VsarT, v
P,
torr:
Gas 700° 1 650 450 80 650 450 80
A 41 0.22 40.5 34 7.3 250 250 125
A(90%)-CH4(10%) 40 ~0.1 40 34 7.4 200 180 125
A(90%)-C02(10%) 40 0.28 40.5 34 7.5 250 150 80
A(90%)-He(10%) 38.5 0.3 39 31 6.5 250 150 125
He 10.8 0.15 10.2 7.3 1.5 100 50 40
Air 28 0.15 ... e e e

@ Values for N3, Hz and CHs are ~30, ~10, and ~40 (10~% amp), respec-
tively.

b Measurements of I were taken at 174 v. Isar and Vgar are defined in the
text.

A GAS DENSITY DETECTOR FOR USE IN SPACE

1231

V, volts
.10 100 1000 10,000
T

VOLTAGE CURVES
P = 650 torr T
OGO O000-0C

10 =
w
i
Q
(s
£
i=}
=
0° - .
PRESSURE CURVES
90%A - 10%H
[
4
IO_IO | |
| 10 100 1000
P, torr

Fig.4 lonization current vsvoltage at three pressures and

ionization current vs pressure at 175 v for A(909,)-He(109)

at room temperature. I vs P is also shown for air at 175 v.

Configuration was two circular parallel plate electrodes

(each 1 in. diam) spaced ¥{¢ in. apart. Source was a single
250 uCi *'Am foil mounted on one electrode.

combination. At low pressures there is a residual current
which is not conducted via the gas, but is caused by electrons
and other ions produced at the walls and electrodes by the ion-
izing particles. Figure 4 shows that the dc operation of ioni-
zation chambers is insensitive to the gas used, a fact further
documented in Table 1. The saturation current Isar is the
constant value of I for saturation of the ionization chamber at
a given pressure, and the saturation voltage Vsar is defined as
the lowest voltage at which the chamber is still saturated at a
given pressure. Note that all the gases used in Table I have
identical characteristics within a factor of 4 under the same
conditions,

Numerous measurements were made by varying these con-
ditions, from which we learned 1) the guard ring was un-
necessary, 2) there was no dramatic change in I when we var-
ied A ord (at constant electric field and N, the n; produced by
the radiation was approximately proportional to the volume of
gas between the two elecirodes), and 3) the variation of cur-
rent with different 24*Am source activities was roughly propor-
tional to the source activity. To determine the maximum
current obtainable under relatively optimum conditions, two 1
mCi 2#1Am foils were attached to each of two large electrodes,
one 2.88-in. diam and the other 3.38-in. diam. Our maximum
measured current was 2.8 X 1077 A for pure argon at 1 atm
and 300 v with a 1 in. spacing. This is in fair agreement with
the predicted value, and gives a practical upper limit for this
type of device with moderate source strengths.

Proportional Counter Mode

Measurements were made on a coaxial device having a cop-
per wire central electrode (0.005-in. diam) supported at both
ends by glass-to-metal seals in a 1%-in.-i.d. brass tube 2 in.
long. A 100 pCi ?#Am was clipped to the inside of the tube.
Guard rings were determined experimentally to be unneces-
sary. Figure 5 shows data for pure argon: at voltages below
100-200 v we note the familiar ionization chamber behavior;
at ~200 v, multiplication effects cause I to rise sharply, at-
taining M > 10* at higher voltages. No attempt was made to
determine the quantitative dependence of 7 on ¥V and P. An



1232 MESHEJIAN, RAMAMURTI, TROWER, AND WOLLAN

0 -4 T

070 4
O 657 torr
O 296 torr

06 L A 96 torr B

20 torr

w 1077 4
e
@
£
o 1078 L =
—
1079 L B
10710 Ly B
o
o™ L 1 L

! 10 100 1000 10,000
V ,volts

Fig.5 Current vs voltage for pure argon at room tempera-
ture. Configuration (see text) was coaxial with a
100 pCi 24*Am foil source.

important observation is the cross-over of the four curves be-
tween 300 and 500 v. This indicates that above 500 v the
current [ increases as P decreases from 657 torr to 20 torr; at
still lower P, I will decrease. Since the variation of I with NV
at high voltages is not monotonie, the readings from such a gas
density detector could lead to ambiguity unless it were care-
fully calibrated.

Figure 6 shows data using pure argon taken at Jower
voltages, where there is no apparent multiplication at pres-
sures ~700 torr. Note the current maximum near 4 torr at
400 v, caused by multiplication at lower gas densities where A,
becomes large. This effect was drastically reduced when 109,
CO, was added to the argon, because E, was lowered. How-
ever, there was still some low-pressure multiplication above
300 v. We did not investigate the effect on the current of
variations in the tube geometry and the foil activity.

Glow Tube Mode

Extensive tests were made in order to determine the opti-
mum design for a glow tube gas detector. Preliminary data
on some prototype detectors are shown in Fig. 7. Here two
parallel, cylindrical electrodes (5%-in. diam and %-in. long,
spaced ~%-in. apart) with a barlum-strontium surface were
inserted into a He (999,)-A(19,) mixture and tested for
breakdown as a function of pressure. In curve 1 in Fig. 7
note that V,mir is 165 v at 20 torr, which was very near the
value measured for pure argon (Vmin = 160 v) at 20 torr.
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Fig. 7 Striking voltage vs pressure at room temperature.

Curve 1: two parallel, cylindrical electrodes from a com-

mercial glow tube, using He(99%)-A(19%). Curve 2: co-

axial device (see text) with the central wire negative, using

He. Curve 3: same gas and configuration as curve 2 ex-
cept that the central wire was positive.

The other tests were performed with coaxial devices using a
brass tube (-in. i.d. and 3%-in. 0.d.) and a nickel wire central
electrode supported dlong the axis of the tube by a glass-to-
metal seal at one end. Curves 2 and 3 in Fig. 7 show data for
a deviee 1 in. long with a 0.020 in. diam Ni wire, operating in
pure He. The central electrode is negative in curve 2, and
positive in curve 3. Curve 3 crosses curve 2 at ~185 torr.
The lower V, values for the positive central electrode at P >
185 torr suggest that photoelectron production predominates
over electron production by positive ion bombardment of the
cathode, a fact which might be of use at high filling pressures.
We did not observe any difference in the behavior of coaxial
devices containing helium and a He (999%)-A(19,) Penning
mixture, probably because of gas contamination.

By varying the dimensions in order to minimize V,, consis-
tent with minimum size and weight, we made numerous tests
which led to the final design for the prototype gas detector,
shown in Fig. 8. The Electrical Industries, Murray Hill,
N.J., Type 4AS-40T-SX, compression-type, glass-to-metal
seal used there has a 0.025-in.-diam Ni wire passing through
its tubular central conductor to which it is soldered. Some
¥Co foils (~% in. square by 0.005 in. thick and weighing 6
mg) were irradiated with thermal neutrons in the VPI reactor
to produce ®Co. Each foil had a measured activity between
0.32 and 0.37 uCi after irradiation. ®Co has a half-life of 5.3
yr, and decays by emitting a 8 particle (314 kev maximum
kinetic energy) and two «y rays (1.173 and 1.332 Mev). After
a foil was installed in a detector, the measured radiation out-
side was 3 to 4 mrem/hr (a luminescent wrist watch dial
~1-2 mrem/hr). The cobalt foils were too large to fit in the
gg-in.-1.d. brass tube, so a J-in.-i.d. brass sleeve was used in
combination with the brass plug to hold the foil in. The
sleeve is not a necessary feature. All joints were soldered
with pure tin solder. After construction each unit was care-
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Table 2 Striking voltage and current at various pressures using pure helium.
A 46 kilohm resistor was in series with each tube
Unit 1 Unit 2 Unit 3
(4 Polarity) (— Polarity) (—Polarity) 100°C 22°C 0°C —195°C
P, torr Vov I,ma Vs,v I ma Vg,v I,ma Vg,v I,ma Vyv I,ma V,v I,ma Vgv I, ma
200 300 2.4 270 2.1 250 1.8 270 1.2 270 2.0 260 1.6 340 1.8
175 280 2.0 260 1.7 230 1.4 240 1.0 260 1.8 230 1.1 300 0.90
150 270 1.6 250 1.6 210 1.1 235 0.90 250 1.5 210 0.80 310 1.2
125 230 1.0 210 1.0
100 200 0.52 200 0.80 200 1.0 210 0.50 220 0.80 190 0.45 300 0.90
75 210 0.60 190 0.40 170 0.60
50 180 0.28 180 0.54 180 0.80 250 0.60 210 0.60 210 0.50 280 0.70
25 230 0.60 180 0.24

¢ Units 1 and 2 were tested at room temperature; the polarity is
tures; the central wire electrode had negative polarity.

fully cleaned and washed (both inside and outside) succes-
sively with dilute nitric acid, distilled water and acetone.

Calibration data for three units constructed in our final de-
sign are given in Table 2. The units, designated 1, 2, and 3,
were not heated and outgassed at high vacuum before testing
in our bell jar system (unlike commercially-produced glow
lamps). The measurements for unit 3 show that there was
no great variation of ¥V, between 0° and 100°C, but that V, did
rise by 50 to 100 v at liquid air temperature (—195°C) com-
pared to room temperature. Comparison of the data at room
temperature for the three units gives an idea of the variation
in characteristics from unit to unit. If the applied voltage
was kept constant and the helium pressure was slowly lowered
(at fixed temperature), the current remained constant within a
factor of 2 or 3 from 200 torr to 20 torr, and then dropped fairly
rapidly to an extremely low value at <15 torr.

Mechanical stability tests were conducted on unit 1. Tt
was installed in a calibrated vibrator and subjected to oscilla-
tory vibrations for 5 min with each of the following maximum
accelerations (frequencies): 3 g (18 Hz), 34 ¢ (500 Hz), 14 ¢
(1000 Hz), 1 ¢ (10,000 Hz), and 1 ¢ (20,000 Hz), where g
is the acceleration caused by gravity. The performance of
this unit showed no operational effects resulting from these
tests.

One device was constructed exactly like unit 1, except with-
out the ¥Co foil. With the central electrode negative, V, was
'50-100 v higher than in unit 1 at helium pressures between 25
and 100 torr at room temperature, but was the same at 150
torr. The striking voltage rose if the unit was left in the bell
jar at a given gas pressure. The rise was ~40 v in 4 hrand
~100 v in 10 hr for the unit without a %Co foil, whereas the
unit with a ©Co source showed a rise of only 40 v in 10 hr.

Unit 2 was tested with pure neon and gave similar charac-
teristics to helium: ¥V, was 190-200 v for neon pressures be-
tween 25 and 100 torr at room temperature. Hence our de-
vices have roughly the same characteristics for helium, neon,
and He (999%,)-A(19%,), in disagreement with theory. Thisre-
sult may have been caused by outgassing from the walls of our
vacuum system.

Concluding Remarks

Qur theoretical arguments and experimental results for
ionization chambers are in agreement in giving maximum sat-
uration currents ~10~-107% amp for reasonable radioactive
source activities (~1 mCi alpha source) at several hundred
volts. Sinee such low currents are difficult to detect for a gas
cell under flight conditions in space, we cannot recommend
ionization chambers for gas density detection. However, we
draw attention to the approximate linear dependence of the
current on gas density at intermediate densities, a fact which
could be of use in a hole-size detector if such small currents
could be easily measured in space.

that of the central wire electrode.

Unit 3 was tested at four tempera-

Proportional counters provide currents up to 10™°-10—
amp at voltages ~1000 v, both of which compare unfavorably
with typical glow tube characteristics. The proportional
counter is the least attractive candidate for gas density detec-
tion in space.

The most promising detector operates in the glow tube
mode. Currents ~1 mamp at voltages ~200 v are attainable
using helium at filling pressures of 50 to 100 torr at room tem-
perature. These devices can function at temperatures be-
tween —195° and 100°C, but their striking voltage is 509
larger at —195° than at room temperature. They withstand
well the strains from vibrations. This device appears to be
useful as an ‘“‘on-off” type gage, but may be applicable for
use in hole-size detection. 1. McMaster of NASA Langley
Research Center, Hampton, Va., has informed us that a hole-
size detector based on the variation of V, with gas density is
feasible, and that laboratory prototypes are operational.
However, calibration for this latter application would be com-
plicated unless one could eliminate the change of the glow tube
characteristics in time which we observed. Our striking
voltages increased 209 to 50% if the device sat in a bell jar
chamber for 10 hr. More carefu] cleaning and outgassing of
these devices may help solve this problem; addition of a ®Co
foil source (0.34 uCi activity) reduced the effect in our work.

Finally, we indicate some possible improvements. Ceramic
seals having better vibration and temperature characteristics
than glass-to-metal seals may be better suited to the rigors of
a launched space environment. If an easy means of welding
or soldering molybdenum can be found, this material may
prove to be superior to nickel for the central electrode. A
0.006- or 0.008-in.-thick Ni or Mo tube should prove to be a
better material for the outer electrode than the thicker brass
tube used in our prototype glow tube device.

References

! Trower, W. P., “Range Energy and dE/dx Plots of Charged
Particles in Matter,” UCRL-2426, Vol. 11, 1966, Lawrence Ra-
diation Lab., Univ. of California, Berkeley.

2 Bethe, H. A. and Ashkin, J., “Passage of Radiations through
Matter,” edited by E. Segre, Experimental Nuclear Physics, Vol. 1,
Wiley, New York, 1953, pp. 166-357.

3 Rossi, B. and Staub, H., Tonization Chambers and Counters,
MeGraw-Hill, New York, 1949, pp. 1-243.

4 Fulbright, H. W., “Ionization Chambers in Nuclear Physics,”’
edited by S. Flugge, Handbuch der Physik, Vol. 45, Springer-Ver-
lag, Berlin, 1958, pp. 1-51.

5 Druyvesteyn, M. J. and Penning, F. M., “The Mechanism of
Electrical Discharges in Gases of Low Pressure,” Reviews of Mod-
ern Physics, Vol. 12, No. 2, April 1940, pp. 87-174.

¢ Acton, J. R. and Swift, J. D., Cold Cathode Discharge Tubes,
Academic Press, New York, 1963, pp. 1-351.

7 Glow Lamp Manual, 2nd ed., General Electric Co., East Cleve-
land, Ohio, 1966, pp. 1-13.



