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I, INTRODUCTION

In most of the articles and books published on the
operating characteristics of mmwuﬁlhr counters the dasta
are based on some type of eylindrical or plane geometry.
However, articles concerning spherical geometry throughout
the counter were published in 1942 by Rajewaky (1) and
iajewsky, Dormeich, and Dreblow (2). Other workers, Salvini
{3, 4), worked with a spberical cathode and a wire loop
anode, Hajewsky (1, 2) d4i1d not give the procedure and final
results of the operating characteristics of a spherical
Geiger-Miller counter. It is of interest to determine the
operating characteristics of different counter geometries to
make use of the opbtimum geometry for a particular application.

The object of this investigation is to investigate the
directional characteristics of a spheriesl wxm«ﬁ'nw
counter and to deseribe the exverimental procedures and
technigques involved in the constraetion and operation of one
such counter.



II. GENERAL DISCUSSION

A detailed description of the ﬂolm»lﬂuw discharge
1s given in Wilkinson (5). Briefly, however, the mechanism
is as follows.

When a gammma ray impinges on the tube walls or traverses
the counter gas, loniszation within the wall or in the gas may
release an electron. When s beta particle strikes the wall
of the counter tube it may, with suffiolent energy, pass into
the sensitive volume of the tube. In elther case, an
electron enters the counting volume and in its travel through
the counter gas csuses primary lonization of some of the gas
within the counter. The electrons released are accelerated
toward the anode and at a point close to the anode produce
further lonization. The ionization builds up rapidly in this
manner and cazses an avalanche of electrons approaching the
anode, This is referred to as the Townsend avalanche., The
primary avalanche begets secondary avalanches principally
from the photo electrons produced in the lonizing event. All
of the secondary avalanches are initiated near the wire as
shown by Stever (6) in his experiments using small glass
beads on the wire,

The ionization takes place very near the anode since the
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energy imparted to the avalanche and hence the probability of
fonizing further molecules is proportional %o the electrie
field. This can be explained by the following equation for
the eleotric fleld around a spherical anode inside a spherieal
eathode:
Ew a0 L
(rgory) v

where r, 1s the radius of the snode, ry is the radius of the
eathode, V the potential difference between the cathode and
the anode and r 1s the point in question. When Fy<< T, the
emquation reduces to: |

Ew 32

Thus the field is not appreciably affected by changes
in cathode radius. Also the maximum field is ;E- whereas
for the oylindrical counter the maximum field is ;;;-25&—- "
Thus it would be expeoted that a higher voltage would .
be required for the spheriesl counter than for the
eylindrical counter.

Por the initial discharge to originate a second avalanche
it is necessary that W(1)€ > 1; where € is the probabllity
per ion, of any avalanche, that another avalaneche will be
generated by a photoelectric process and N(1l) is the number
of ions produced in the first avalanche., This is a m«nwv
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but not a sufficient condition for a secondary avalanche to
be generated since the avalanche i1s a statistical phenomenon
and may be broken off at any point due %o statistical fluece
tustions. When N(n)€ < 1 the discharge terminates. At this
time avalanche production becomes a convergent process be-
cause the reduction of the fleld immediately surrounding the
anode 18 reduced by the positive ion sheath, The entire
production of the avalanches takes place in a fraction of a
misro-second.

During the production of the avalanches a positive ion
sheath is produced around the anode, In the short time of
the discharge the positive ion sheath can be considered
stationery. The positive ion sheath then moves toward the
cathode. In counters containing pure gases, the mnlﬂv&
fons will reach the cathode and combine with electrons {rom
the metal of the cathode., Thore are two possibilities of
producing electrons when the positive lons reach the cathode.
The first is that the difference between the ionization
potential of the fons and the work m&&m‘ of the cathode
releases a photon uhich in turn may release a photo electron,
and the second is that the lons may release an electron
directly from the cathode. In the above type of counter some
type of external gquenching eircult is necessary since there
is no internal guenching.

In this investigation it was declded to build a
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self-quenching counter. In general, a counter may be made
self-quenching by adding an impurity to the prineipal filler
gas, such as argon. A polyatomic gas such as ethanol, or
other organic vapor, or a halogen is often added as the ime
purity. EKorff and Fresent (7) explained the guench mechanism
a8 follows. The positive ions, in traveling from the snode
to the cathode, collide with the impurisy molecules such as
ethanol, The ethanol molecules have an lonization potential
of 11.3 voltas while the argon atoms have an ionization
potential of 15.7 volts. Thus bthe difference in ionization
potentials transfer the energy to the ethanol molecules. The
othanol molecules reach the cathode and are neutralized not
by photon or electron emission, but by disscelation. There-
fore, those tubes having organic vapor as the impurity have a
finite 1ife. Tubes filled with a halogen, however, often
have a longer life since the atoms recombine to form a
halogen molecule.

Other organic gquench vapors such as methane may be used.
However, methane is far down the dissociation chain of a sub-
stance such as ethanol and therefure will bave a shorter life
than ethanol.

A typieal tube filling might be 90 mm. argon and 10 mm,
ethanol, According to Spatz (8), the tube filled with this
mixture would correspond to a 1ife of about 1010 counts with
a dissociation of 109 atoms per discharge.
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The input to the electvenic scaler is V = # where V is
voltage input, {§ is the charge or the mumber of ilon pairs
formed per discharge times the charge o, and € is the
capacitance of the counter. Typical values of the pulse
height are O.i«40 volts depending on the partiscular design
of the counter.

It iz impossible to predict the exact musbor of lons
released in the avalanches and the nusber of ilons formed in
the primary ionizing event because both processes are
statistical in nature. Normally however, it is expected that
at least one ion will be formed when & beta particle goes
into the sensitive volume of the tube. Thus 1t is expected
that the counting of beta particles will be about 9835
efficlient. '

It 1s desirable in some applications to obtain a tube
that is non-directional and & bube that will give polnt
counts.

The normal eylindrical counter and the plane counter are
directional %o some extent and give line activity and plane
o of this Lavestigation is
to determine the directional characteristics of a spherieal
Gelger-Miller tube.

aoctivity respectively. The purpo




I1X., REVIEW OF LITERATURE

In 1937 Trost (9) discovered that by the addition of a
small amount of vapor of certain organic compounds the dise
charge of a Geiger-Miller tube was quenched. This diseovery
led to the elimination of the external electronie gquenching
sircuite and to the development of the self-guenching tubes
that are in use today,

Mont gomery and Mentgomery (10) pointed out the major
difference between a self-quenching counter and an exter-
nally quenched counter. In an externally gquenched counter
secondary electrons are formed at the cathode when the
positive lon sheath is neutralized at that point, whereas
there are no secondary electrons from the ﬁu‘-wmnm ,
tube. The secondary electrons result in a second avalanche
giving continuous discharge. '

Korff and Present (7) explained this phenomenon by use
of the predissoclation charscteristics of a polyatomiec |
moleeules The polyatomic molecule usually predisscciates
before releasing the excitation energy by radiation whereas
the monatomic molecules gannot predissociate and thus re-
radiate the exeitation energy. The excitation energy of the
monotomic molecules is radlated as photons and the photons
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are sbsorbed by the polyatomic moleeule.

According to Korff (11), the photons emitted by argon
range from 10704 to 790% wavelength. Rollefsen and Burten
{12), found that ethanol has a continuous absorption speotrum
below a wavelength of 20008, Therefore, all the excited
photons will be absorbed by ethanol.

Spats (B8) found evidence of decomposition of alechol
vapor in a fast counter. This can ocour both by lmpaet by
the monatomie moleocules and by photo-dissociation. These
dissoolated products are present in the counter as free
radicals that may or may not recombine with some otheyr .Mt.m
¢al to form a complex organie material, Some products of
disscoiation are in m a guenching agent. This will
ascount for the life of the aleoohol vapor being longer than
the life of methane as the organic constituent in the
counter. However, the longer chain hydrocarbon should not
be too complex because of the desired mobility of the mole~
cule and because the longer chain molecule that is formed
will deposit on the elsotrodes.

Spatz (8) found that the flatness of the platean for
the Gelger-iMuller tube was dependent on the amount of aloohol
vapor present., He found that an aleohol pressure of 5% gave

a flat plateau and a 10% aleohol pressure gave & slope of
2.,0% per 100 volts. Spatz further found that the counter
filled with aleohol wvapor had an order of magnitude longer
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gounting time than counters filled with methane.

Kajewsky (1) bullt a spherical tube in 19542 with
basically the same design as the tube in this investigation.
However, he used bakelite for the wall material and carbon
for the cathode, lajewsky reported good results with this
tube but gave no data to support that elaim.



IV, EXPEAIMENTAL PROCEDURES

Ae Construsction of Counter

The counter was constructed of standard materials,
Pigare 1 shows the important comstructional detalls of the
second counter tube used.

The firast tube tried was one constriocted by a previous
student with the following basie differences from the tube
shown in Plgure 1. The 1/16 ineh dismeter snode wire was
extended to the center of the counter with a nickel ball on
the end which was obtained by melting e small amount of
nickel on the end of the anode. The glass sleeve extended
to 1/8 inoch from the nickel sphere on the end of the anode.
The nickel ball was not smooth and 1t wes ilwmpossible to
correct the deficlencies and hence another tube was con~-
structed.

The anode of the second counter was constructed in the
following manner, A S-mil tungsten wire was attached to a
1/16 inch dlameter tungsten wire. A ball bearing 1/16 inch
in diameter was annealed, then drilled with a amall hole teo
the center of the ball bearing. m tungsten wire was then
erimped on the end, placed in the hole in the ball bearing
and soldered in place in such a manner that the ball was 1/8
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Figure l. Cross section of spherical Geiger-Muller tube
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inch from the end of the heavier wire. 4 glass sleeve was
then placed over the heavier wire to the end of that wire.

A standard 50-ml. spherical flask was used for the shell
of the counter. A 50-mil wire passed through the wall of the
flask to the inside then through the wall again to the oubaide
of the flask wall, an end was left protruding to act as the
sathode connection to the counter. This is shown in Pigure
1.

The anode with ti®» metal ball on the end was then introe-
duced into the flask with the metal bdall in the center of the
inside volume., Both the cabthode and anode were then carefully
sealed to make a vaouum tight seal,

The neok of the tube was then out off and a vacuum stop-
cock and taper attached to the glass sphere. This was done
for ease in filling and changing of the filling.

The inside of the counter tube was next silver coated by
standard teohnigues with great care to prevent the silver
solution from coming in ocontact with the anode thereby pro-
ducing a short eircuit with the cathode, The inside of the
tube was then carefully dried and washed with acetone before
teating the tube. The tube was then checked for short cire
ocuits before evacuating snd filling.

It was found by measurement that the wall thickness of
the tube varied from 320-400C ng/ﬂa with an average thickness
of 360 mg/em?,
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Be The Vacuum System

The vacuumm system shown in Pigare 2 was used both %o
prepare the counter mixture and %o evacuate and fill the
counter tube.

The system was a standerd manifeld system conalsting of
& mechanical forepump manufactured by W, H, Welch Hanufaso-
turing Company. The diffusion pump was manufactured by
PMatillation Products, Inc. Figure 2 shows the diffusicn
pump could be connected and disconnected at will from the
main vacuum systen.

The pressure gauges used were a standard meroury
manome ter reading from 0«90 om. Hgs and s piranl gauge. The
pirani gauge was manufactured by Distillation Froducts, Ins.
and read pressures from about 1 om, Hg. down to leas than
one misron.

Ce Preparation of Filling Mixture

A flask fitted with a glass taper and a stopoock was
evacuated to below one mioron, flushed out with argon to a
pressure of 4O om. Hg. ten times and then filled with 99.8%
purity argon. A flask was next fitted with a taper and
filled with 100% ethanol. The alechol was then de-gassed by
placing the aleohol under low pressure for 10 hours. These



Figs 2o Vacouum equipment

A, HNizture flask
By Gelger<iMuller tube
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two flasks were attached to the manifold. The flask whioh
was to contaln the mixbure was then evacuated and flushed
out several times with aloochol vapor then with argon. The
aleohol vapor was then introduced into the mixture flask to
the vapor pressure of the alcohol at room temperature (4 to
LS ome Hge)e The stop cook was then closed from the
sleohol flask and argon introduced to bLring the pressure to
ten times the vapor pressure of the aleohel vapor. This
gave an alechel vapor pressure of 104 of the total pressurs,
This was allowed to met for 2l hours to assure complete
homogenelty of the mixture.

The Gelger-Miller tube was evacuated to one micron for
2l hours to permit any gas that might be dissolved in the
surfaces of the tube o be expelled. The tube was flushed
out five times and filled to s pressure of 10 om. Hg. from
the mixture flask,

Dy Test Eguipment

The tent equipment was wsed ae shown in PMgure J. The
BOUrce wWas @ cob0 source plased 72 inshes from the center of
the tube and collimated by the use of lead briscka. The tube
was plaged in the collimated gumma beam and rotated to
varying angles in 30° inorements in a horisontal plane, As
shown in Pigure 3 this allowed the snode to be rotated to all
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Figure 3. Plan view of the test equipment for determining
the diregtional characteristics of a spherical
Geiger-Muller tube
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possible orientstions in relation to the gamma beam. A
plateau curve was obtained and the tube was then operated on
the plateau through the remainder of the runs as the tube was
rotated., Ten-minute runs were made in taking the experimental
data.



Ve HEESULYS ARD CONCLUSIONS

The first tube used was comnected %0 the counter and the
voltage incressed with a 0e® source placed next to the tube
to obbain a plateau curve. Upon reaching 650 volts the tube
went inte continuous discharge without a count vefore this
point, This voltage wes very low for continuous dischearge
oonsidering the type of tube, The resson for the discharge
was beosuse of spurious discharges caused by a rough anode
and smode lead.

Great omre was used Iin the construction of the second
tube to insure proper operation. The tube was filled as bee
fore with 10 em. Hg. pressure. 7The tube started to count at
1050 volts with a very short platean extending about 4O
volts and had a relative plates slope between 0,52 and
0,776 per 100 volta, This indicated that there may have bLeen
an lmpurity in the counting gas that may have come either
from aly leaking into the tube through the stopoock or some
{mpurity introdused in the filling procedure. The plateau
curve is shown in Pigure § and the data in Table 1 of the
Appendix.

The counting rate for varying positions of the counter
tube 1s shown in Pigure 5 and in Table 2 of the Appendix.
The counting rate for varying positions did not vary more
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than one atandard deviation exeept at one position of the
sounting tube. This might be expected from the statistical
nature of the measurements, Hence the tabe is none
directional as predicted.

The tube should have use as s dose rmeasuring device or
to measure the absolube activity of solutions.

The slope of the plateau and the short plotean could Le
corrected by changing the pressurss and composition of the
£illing gas.



Vi. SUGGESTIONS FOi PURTHER STUDY

It is suggested that this design of tube be further
investigated to determine its characteristics. Charactere
istios such as dead time and geometry fsotors should be
determined. Changes in filling pressures, mixtures and pere
centage of the orgsnic phase should be investigated. In this
manner an optimum wixture for this particular design could
be developed.

There is a place for such an instrument particularly in
dosimetry. It 1s further suggested that sn effort be made
to reduce the thiskness and increase the uniformity of the
tube wall so that both beta and gamma rays may be more
efficiently eounted. The researcher must, however, be
prepared for a number of disappointments before a tube
satisfactorily operates and he should not attempt the
problem if his time 1s limited.
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Table 1, Data for determination of plateau curve

el ~ W -
1050 1543 10 k3
1075 1768 10 176.8
1100 2001 10 200.,1
1125 hoaz 10 koz.2
1150 13156 10 1315.6
175 37795 10 371945

10 8722.6
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Table 2., Data for determination of directional characteris«
ties using a voltage of 1090 wolts

Position Net Time  Counting rate  Std. devs

(degrees) counts (min.)  (e.pem.) (oopome)
0 2083 10 208.3 b
30 2151 10 215.1 Ut
60 2007 10 200,7 4.8
90 210l 10 210.4 .6
120 2082 10 208,2 26
150 2038 10 203.8 .5
180 2123 10 212.3 2.6
210 203 10 2034 4.5
240 2095 10 209.5 “leb
270 2019 10 201.9 .5
300 1980 10 198.0 248
330 2084 10 208.4 b
Background 40O 20 20.0 1.0
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