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UNCLASSIFIED..

ABSTRACT—

Exporitnmts on proportions.l”oountersWi$hwarZous, gas fi21i&8 .

have been carried out ;iiththo purpose of detmmining the gas multiplic&tion

aa a funotion of vQltmge and pre~m,me, and of investigating tho unifckmity

of pulao lwight tor a given primary ionization. .ItWEM found that countmrs

oan be made to operate mtisl’mtor~ly with gas multiplications up ‘to “

several hundred. Tho PUISQ height is indopondmt of the distanco from the

wire at which the primary ionization +x&&s plaoe. VO evidence tiasfound

for any spread in pulse height being introduced by gas multiplication.

The gas multiplication docreaaes noarthe end’of the wire because of tho

perturbation of the eleoiiricfield by the support6 at the wire. ‘Me
-.’

normal value for the gas multiplication 5.6only reached at a distance @

the order of 10 times the diameter of the support.

.
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INVESTU3ATION OF PROPORTIONAL COUNl%RS

A study of proportional oounbxs with cylindrical goomcdxy has

been carried out for the purpose of investigating:

h. Gas multiplication as a function of voltage and pressure.

I R. Spread in pulse heights.

0. Pulse height as a function of distanco of the ion track from the
oentral wire.

D. End ciffect~.

The countors invaetigated inolude:

1. Counters filled wi~h a hydrogan containing zaa for u~e aS hydro~en
recoil neutron detectors. \

2. Boron triflaoride counters for use as (n,%) neutron d~t~ctor$~

3. Counters with “inactive;tgas fillings.

1,2,3)
Somo data regarding gas multiplication is available in the literature

but does not provide information on all the gases and pressures which are

of interest.

‘thequestions under B and C hav~ been investigated previously

by Brubaker and Pollard4). Their mewmrements indiowb a large variation

1) M. E. Roao and S. A. Korff, Phys. Rev. ~, 850 (1941
.

2) W. E. Ramsey and M. E. Ro6~$ Phys. Rev. ~, 198 and504, (1942)

3) S. A. J30rff,Rev. Mod. Phys. g, 1, [1942)

4) G. Brubaker and Pollard, Rev. Sai. Instr. ~, 255, (1937)
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of pulse height with didxmce from the wire and a largo spre&d in pulse

heights. The present investigation does not confirm the existence of either

Of these effects.

No information on end effeote is found in the literature.

The counters haed in tho proswrk invaatigation are reprasonted

by the diagramo in Fige.1 and 2. ~ both oountero a collimated be~ of

polonium alphas could be shot into the active volumo through mica windcw8.

In ordor to minimize tho effects of.sh?aggling, the window thicknesses and

pressuree of the gas fillings wero 80 choson that the alphas completely

travermd hho counter. The pu16Q8 from the counter were amplified by m

RC oouplod linear amplifier in which tho shprtest time constant was one

hundred microoeaonds, An electronic discriminator was used to determine

the

A.

pulse height distributions.

Gas Multiplication

The gas raultiplioationis dafined

number of.’ions collected by the wire to the

by the ionizin~ particle. For a given gas,

ba a finotion of the diameter of tho wire,

as the ratio of the total

number of ion pairs produced

the gas multiplication M will

a8 the diameter of the oylinder,

b, the voltage across the countor, V, and the pressure, p. The naturo

of the oylindor nay alao influome the gas mulkipliaation if the photo-

electric effect on tho wall play8 any important role. If this ii not the

ease, all the phenomena which are significant j!orthe gas multiplication

take place within a small distance from tha central wiro (up to a fow times

tho wire radiue). Hence N will not chango if V and b are ahanged in
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suoh a way aa not to alter the field mar tho wire.

unchahged if a and b are multiplied by a common

IA will also remain

factor k, p io

divided by the same factor and V k@j oonstant. h fat%, by so doing

all linear dimension, including tho mean free paths, aro changed by the

same faotor k and the eleotrio fir31d6

ohangad ~ tho same faotor. It follom

function of V/log(l#a] and of pa:

at oorrosponding points are also

that El oan be expressed as a

M= 3d[v\log(t/a\ pal

Henoe it is sufficient to investigate the depondenoe of M on only two

variable6, for which we have chosen V ,and p.

Experimentally, the gas multiplication was measured in the

following way. Alpha partioles from a polonium source were shot acrosa

the oounter and the pulse height at the output of the amplifier was

recorded. Tbxm the voltage aoross the counter was reduced until the

counter was operating as an ionization chsmber without gas multiplication

and the gain of tho amplifier inoroased until the

the 861W amplitude. The required increase oi’the

M@8 iXdCtM’1RS a

Thio

is operated as

recorded which

measure of tho ga8 multiplication.

procedure i8 not entirely accurate

output pulaea had again

gain of the amplifier

sinoe, when the counter ‘

an ionization ohambor, only that part of the pulses is

is due to tho motion of the electrons. However, the error

mall bocau8e most of the voltage drop takes place in the neighborhood

the positive central wire.
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For low stopping powers, the pulse height wa8 too small to

measuro without gas multiplication. In these cases th~ pulse haight was

oonputed from the value obsmvod at a higher pressure by ta~sumingthat

without ga8 multiplication the pulse bight is,proportional to pressure.
.

‘fhiaia not quite correct bemuse of the variation of specific ionization

with energy for alpha particles. It may be pointed out that neither of the

~ources of error mentioned will affect the

multiplimwtion, but will only affect, in a

of this qt@&iky.

l!hographs in Figs. 3 to 12 give

rela%ive values of the gas

small degree, tko absolute vduo

gas multiplication as a funotion

of voltage for oonstant pressure and voltage as a function of preesure for

oonstant gas multiplication for the follo%ringgasea: hydrogen, methane,

90 per oent hydrogen plus 10 por cent methane, argon, 98 per oent argon

plus 2 per cent C02. The data were taken with tho oounter in Fig. 2

(a =.020”, b= 7/8[’). The beam of alpha8 i~ pasoed through the counter

perpendicularly to the wire at a distance of l/4° from the wire.

The graph in Fig. 13 gives gas multiplicwxtionas a funution of

voltage for 10 cm of boron trifluoride. These measurement wore taken

with the counter in Fig. 1 (as .010”, b= 1 l/2”) inwhioh the alphas were

shot parallel to the wire. h thi8 casa, for the absolute evaluation of

the gas multiplication, one must consider that when the oounter ia u60d as

an ionlaation chamber, the collecting eleotrodo inoludeo the supports of

the wire. in all oases, exoept for very low pressures, the limiting factor

on tho amount of gas multiplication observable was saturation of tho pre-

amplifier.

.
-
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1.
;.

I

I

From m oxamimtion of tho graphs one oan draw the following

oonolwions:
)

1) In all cases except for low pressures of hydrogen

the gaa multiplication in tho region 20 to 500 is

d

and arson,

an approxi-

mately exponential fiumtion of voltage.

2) At high pres8ures (above 1S cm) all of the gases investigated

are suitable for proportional oounters. That is, the gas

multiplication does not in(sreasetoo rapidly with voltage.

The change in voltage corresponding to a change of a faotor

two in ga~ multiplication io of the order of 100 volts.

For low pressures of hydrogen

amplification with voltage is

and argon the

SO rapid that

increase of gas

tho countorn ma

diffioult to u8e. The addition ofa small amount ofmothane

to hydrogen or of carbon dioxide to argon improvos the opera-

ti6n of the counters vary considerably.

T.nall tho mexmuroments disoussed above, the uounte+rswere filled

with gase8 dire~tly from the tank with no purification. Ths rated purities
.

are: Argon - 99.6 peroent, hydrogen - unknown, methane - 85 percent, boron-

trifluoride o 97 peroent. The gas amplification vs. voltage was measured

also with a oounter which was outgamed for 12 hours at 170° centigrado”and

filled with 22 om of oarefully purified ~drogen. Tho results do not differ

appreciably from those obtained with ordinary tank hydrogen at the same

proaaure.

No datawero txdcenwiklzvary pure argon during the present
i
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investigations. However, proportional oounters have been operated in this

laboratory with highly purified argon at 15 cm pressuro (R. W. Thompson)

and the gas multiplication was found to increase with voltage moro rapidly

than in the case of oounter~ with non purified argon.

B. Spread in Pulse Height

If one plots oounting rato as a function of bias setting one

obtains curves of the type represented in Figs. 14 and 17. We shall

measure the average pulse height by the value of the bias voltage at

whioh tho oounting rate is reduced to one half of the value on tho plateau.

The spread will be measured by AV/Vo where AV is the difference between

the bias voltage at which the oounting rate ia reduced to 75 percent and

25 percent respeotiv@ly.

NO relation has been established between the spread and either

ths amount of gaa multiplication or the pressure. We believe that the

observed spread~ am mainly due to laok of monoohromatioity of the source,

to geometrical factors m.aohas inaqualiti.osof path length of the alphaa

in the oounter and to straggling of ionization. This belief is strengthened

by the faot, that other conditions being the same, about the same aproad

is obtained both with and without gas multiplication. The smallest spreads

were obtained by plaoing a very thin and clean polonium source insido the

counter (Fig. 2, position C) so that no windowe were traversed, and the

alphas wero far from the end of their range. ‘l’haspreads AIY/Voobserved

i?ariedfrom 5 per cent to 12 per cent with different fillings. Tho maximum
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path lengths of

should be noted

the alphas in the counter amounted to

that when alphas were introduced into

6.S

t&e

oounter through windows, the spread wae generally larger. Particularly

largo spreads were obtained with old windows that had probably beaomo

dirty.

The above

c% and ~ @us C%

results on spread”of pulse height were obtained with

fillings, and pressures ranging from 10 to 40 cm.

No definite asauranco mm be given

are valid also for othor gases and

at the present %ime that these results

pressuroe.

C. Variation of Pu18e H~ight a~ a Function of Di@xince from the Virs

Sinoe the gas multiplication tabs place within a very small

diatanco from the wire, one should not expect any variation of pulsa

height wi~h distance of the ion track from the wize unless elcmtron oapture

takes plaoe. This effect, which io a priori not unlikely because of the

weakness of the field near the oylinder, would tend to make the pulse

height a decreasing fupotion of dietanoe from the wire.

Measurements on variation of pulse height,with position wre

oarrisd out with the oounter in Fig. 1. The end plate (33)oerries a

number of holes arranged along a radius, which are ooverod with a thin

miaa window. Through these hOle8 a well collimated beam of alpha
I

partiolos oan be shot parallel to tho wire and at different distances from

it, Great oaro must be tedcon.toinsure uniformity of the window since a

variation of the thickness can easily cause a difference between bias

ourves observed at various positions of the source. Actually 8evoral

APPROVED FOR PUBLIC RELEASE
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dii’f%rentwindows wore uaod as s oheck

We shall define the “edge to

upon thio source

center” rabio as

of error.

the ratio between

the avorago pulse height produced by alphas pwaing near the cylinder to

the average pulse height produoed by alphas pemsing near the wire.

Some of the results on odga to center ratio obtained withwire
.

6upport~ shown in Fig. 1 ara given in Table 1.

Table I

Gas Edge to
Gas Pressure (on) Multiplication Center Ratio

Purified 1$ 22

Tank
%

22

90%3+ plus lo~cH* 22

Wthcine U

No dependence of d.ge to

oatod by tho above figuroa. Other

dependence on the magnitude of gas

that the effecto observed might be

field by the supports of the wire.

512 .81

500 .84

600 .80

380 .83

center ratio on gas filling is indi=

oxperimenta failed to detect any

multipliowtion. Eenco it was felt

due to the distortion of tho electric

When the supports are considerably

thiokor thsn tho wire, Q6 in the measurements under consideration, the

bending of the lines of force oauses a smaller length to be eolleotod .

from an ion track near the cylinder than near the wire (see Fig. 15).

Aooordingly the wire supports were changed as indicated in Fig. 16. With

this arrangement the active length of the wire was limited by two tubes

.02~i[’in diameter, i.e. only 2 l/2 times larger in diameter than tho wiro

itself.
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\ /

Fig. 15

‘Typical

with the new w’iro

for various gases

Fig. 16
L

bias curves obtained near tho wire and near the cylinder

supports are shown in Fig. 17. The edge to center ra’cios

are given in Table 11.

Table II

Gat3 Edgo to
Gas Pressure (cm] Multiplication Center Ratio

CH4

IW’3

22

22

10

260

57

80

1.02

1002

1.00

These ratios may all be taken as unity within the accuraoy of tho experiment.
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In conclusion, no effeots of electron oapture on the operation

of tho proportional counter were deteoted for the pressures and gaees used.

D. End Effeots——

It is cu6tomary to limit the effootivo volumo of a oounter by

terminating the wire with a tubo or a rod of a larger diameter. Suoh an

arrangement, howsvor, as shown by the result8 in tho preceding section

produoes a perturbation of the field which may effect the gas multiplication

in the neighborhood of the support. This effect has boon investigatedwith

the oounter in Fig. 2. A oollimatod beam of Rlpha8 was paasecithrough the.

oounimr perpendioulurly to the wire at a distanoe of 1/4(’from tho axis of

the counter. The .010” wire was terminated with tubes made from hypodermic

needles .040n and .025” in diameter. Biaa ourves wero taken with the alpha

beam crossing the oountor at different distances from the cross-sectional

plane which oontainrsthe end of tho supporting tube. Tho averago pulse

height inoroaoes rapidly with distance from th5s pkna and reachee 75 per

oent of the maximum value at 6 mm with tho .025” tube and 8 mm with the .(I&O’

tube●

Some of tho bias curvoc obtainod for different po~itions of the

beam of alphas aro presen-todin Fig. 18. Tilec.veragepulse hoigh~ ia

plotted agains-tdistanco from the ond of the wire in Fig. 19. The larga

spread in pulse height for small values of this distanoe is accounted for

by tho finite width of the beam of alpha particles (approx. 1 mm at the

oenter wire) and by the very rapid variation of @s multiplication along

the wire.

,
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Zt may be noted that a small amount of gas

place at the .025” tube if the multiplication at the

high. With a gas multiplication of 266 at tho wire,

at the tube is 10.

The reduction of gae

uxwt l%kely acoounked for by a

support.

multiplicxvbiontakes

wire is

the gas

multiplication mar the end of

decrease in field strength due

sufficiently

multiplication

the wire is

to the

The end offecta described abovo introduce an uncertainty in,the

counting voluma of a countor. These effeots are not negligible for

practiaal counter lengths, and +xmnot bo decreased by decreasing the dia-

meter of the support because gas amplification at tho support becomms

important if ita diameter is Ieae than 2.5 times the wire diameter.
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Fig. 1, Test Proportional Counter

diamater.

eleotrodo

The high-voltage eleotrode (a)

(jlasekwar seals are U8ed a8

and for the central wire. The

is a bra8s cylinder 1 l/Z” in
/

outlet8 for the high voltage

vacuum seals are made with fuse

wire,gaakete. 14 holes, 2 mmapart are drilled along a radius of the

end plate (b): The holes are oovered with a thin mica window (O#007g/om2)

8ee.ledwith glyptal. A

inside the case ao that

through the hole (d) in

PO source carried by the plug (c) can be plac6d

alpha partioles oan be shot

the high voltage oylinder.

aoroaa the oounter

f

I
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Fig. 2, Test Proportional Counte~.—.

The high-volttie electrode is formed by a brass block with a

cylindr~ccl hole 7i8n in diameter. The outlets for tho uewhra2 wire are

kovwr glaqs seals. The kovar cylinders (a) [a) aro grounded and ciorvoas

guard.rings. Alpha particles from a well collimated PO sourse can be shot

aoroas the oounter perpendicularly to the axis and at a distance of U4”

from i%, ~hrwgha mmies ofholea (b).

window sealed with glyptal. Tho joints

that the oounter oan be baolcedat about

Them arc? oovcwed by a thin mica

are soldered with pure tin so

2000 c.
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