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The first four chapters of Part 11 deal with the fundamental features

of ioniza~ion and Lliegeneral properties of

ionization process. The last five chapters

some typical detectors and their operation.

detectors based upon the

describe the construction of

Most of the detectors de-

scribed were developed at the Los A1.anos hboratory, a few at other

projects connected wi~h the development of the atomic bomb. It is not

intended to @ve a complete list of all detectors used at this project.

The ,materialcontained in Part 11 was collected with the collaboration

of many members of the Los “Alamosstaff. In particular, the authors wish

to express bheir appreciation to Dr, F. C. Chromey and Dr. D. B. Nicodemus,

who are responsible for compiling a large part of the information presented

and who contributed valuable discussion.
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CHMTER8

BEHAVIOR OF FREE ELECTRONS AND IONS IN GASES ‘1)

8.1 GENERAL CONSIDKRATIOM3

The ionization of a gas by an ionizing radiation, as it is well known, consist.e

in the removal of one

the neutral molecules

free for a long time.

themselves to neutral

electron from each of a number of gas molecules. This changes

into poEit~ve ions. In some gases tk.eelectrcns wi31 remain

In other gases, they will, more or less promptly, attach

molecules forming heavy negative icris. It is also pssibla

for an electrcm or a negative ion to recombine directly with a pos3tive ion, giving

rise to a neutral molecule. This ~.henomerlcn$however, wi13 be of importance only

in the r~gicns of the gas where the icnimtion is very dense. In an ionized gas

Rot subject to any electric field, the electrc.nsand ions will move at random, with

an average energy equal to the average thermal translatioml energy of the gas

moleculee. This is given by 3/2 kT, where k iE the Boltzswin comtint. At the

temperature of 1!5%, 3/2kT is apprcvdmately equivalent ta 3.7 x 10-2 eV.

When an electric field Is present, the electrons and ions, while still movi~g

at random through tho gast will in addition undergo a genere.1 drift in a direction
●

~rallel to the electric field. At the same time their sgitation energy will be

increased above the thermal value J/? kT.

The average ener~y of electrcns or ions when an electric field is present is

genersllymeamred by its ratio~ to the thermi agitation emxgy at 15%. It.may

be characterized also by giving the root mean square velocity of agitation, u. The-

7ik-’--
The discussion presented in this chapter follcws tc some extent that given in

Healyp R~H. and Red, J. Y!., “TiieBehavior of SI.QWElectrons in Gaseisrn.Amalgamated
RirsJess Ltd., Sidhey, 1941. This volume will be referred to in what fellows as H.R.

—-— . —

1
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*

relation betweena and u is obviously:

c(3/2 kT) = 1/2 mu2

where m is the mass of the particle under

(1)

consideration. It may be noted here that

for positive or negative ions in an electric field, the average energy of agitation

is always very close to the thermal value, while for electrons it is often consider-

ably larger. The actual value of6 in a given gas and with a given electric field

is detemined by an equilibrium condition between the energy supplied by the

electric field to the charged particles per unit time and that lost by these particles

through collisions with the gas molecules.

The phenomenon Of

above can be described

of attachment per unit

the attachment of electrons to neutral gas molecules mentioned

by the attachment coefficient~ , giving the probability

time. The coefficient~ depends on the nature of the gas

and on the energy distribution of the electrons. For a given gas and a given energy

distribution, it is proportional to the number of collisions jer second; i.e., it is

proportional to the pressure.

The

ion in a

Thus the

probability for an electron (or a negative ion) to recombine with a positive

given time interval is clearly proportional to the density of positive ions.

number of recombination processes per unit volume and uhit time Is given

by the expression

(3 xiin-

where n+ and n- are the densities of positive ions and of electrons (or negative

ions) respectively. The quantityp will be called the recombination constant. It

depends on the nature of the particles which recombine as well as on their agitation

energy.

E.2 T~E BIFFtlSIO&EGUATIONFOR IONS AND EIISCTRONSIN A GAS4

The motion of the electrons and ions through the gas, as determined by the

action of the electric field and by the collisions with the gas molecules can be

described by a di~fusion equation. In Lhe absence of an electric field, this

the followinpfcnm:

APPROVED FOR PUBLIC RELEASE
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3

~s -D grad n (2)

where n is the density of particles in question, D is the so-called diffusion

coefficient,~is the current vector or, more accurately, the density vector for

the material current, the magnitude of

second crossing a surface of unit area

of ~ times the electric charge of each

electric current. Whether an electric

which gives the net number of particles per

perpendicular to its direction. The w~uct ~

particle (+e or -e) gives the density of

field is present or not,

gas molecules are so frequent, or in other wcrds, the diffusion
+

small, that the ‘transport velocity, defined as jin, ia always

the collisions with

coefficient is so

very small comyared

with the velocity of agi~tion u.

We want now to write the expression for~in the case where an e3ectric field

is present. For the sake of simplicity, we shall assume that the field i8 uniform.

Then for any type of charged particle the average energy of agitation and the

diffusion coefficient (which is a function of

constent

The

a volume

in 8pace.

equation required can be obtiined by

element within the ionized gas. The

the energy of agitation) are also

considering the momentum balance in

total momentum of the charged ~rticlea

in the volume element under consideration is mcdified (a) by the action of the

electric field on the charged prticlee) (b) by the collisions of the charged

~rticlcs with gas molecules,and (c) by exchange of charged pmticles with neigh.

boring elementi. The rate of change of the momentum per unit volume due to the

electric field is n~, where ~ is the electric field strength; that caused by loss

~ In order to calculate the rati of exchangethrcmgh collisions will be denoted by . .

of momentum with the neighboring elements, let us

the ionized gas and a unit vector ~ perpendicular

negligible com~red with nu, and if we asstie for

pwticles under consideration

● ’ ~rticles per second cxossing

have the same

dS and moving

consider a surface element dS in

to ds. If we coneider~as

a moment that all of the charged

velocity of agitition u, the number of

at angles between 8 and @+d& with

APPROVED FOR PUBLIC RELEASE
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1/2nucosf3 SiKl~ d~

The tQtal momentum carried by these particles is, for reason of symmetry,in

the direct~on of%md has a value

(1/2 nU COS Y sino da

Integration over ~~ from O to ~1/2gives the

of momentum per unit time on that side of dS

1/3 nmd i ds.

) mu cosb

following expression for the increase

toward which the vector=is pointing

Hence the rate of increase of momentum in a volume A bounded

S has the expression

+

jl
J

~3nm2~*:- “1,3

.s 4
.

fras which it follows that the rate of change

- 1/3 mu2 grad n

by a closed surface

mu2grad n dA

of momentum per unit volume is

This expression is valid also if the c’bargedprticleq do not all have the same

velocity of agitation, provided one considers u as the root mean square velocity.

The principle of conservation of momentum is then expressed by the following equation

“=-!&!ia-ne.i?.1/3 mu2grad n . M
dt

The qusntity to the right-hand side of the above equation represents the rate of

change of the net momentum cf the charged pmticles contiined in the unit volume.

Its value depends on the value of the diffusion coefficient, while the left-

hand side of the equation contains terms (like ne-~)which do not depend on D. In

most practical cases, D is so small tit d(m~)/dt ie

terms on the left-hand side of the equation (just as

negligible compered with the agitation velccity u).

may be written as follows

negligible compared wifh the

the transport velocity~/n is

Therefore the equation above

APPROVED FOR PUBLIC RELEASE
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5

me~ - 1/3 mu2 grad n 8‘M- (3)
.-+

In order to determine M we note that~: by its nature, must be a definite function
4 A

of j, independent of whether the current which j represents is produced by a

gradient of the density or by

therefore be determined from

obtains:

<:

sn electric field. The form of this function can

Equatior&!2and 3 under the assumption~-- O. ~e

1/3
D

With this expression for ~“,Equation 3 becomes

The drift produced by the

-?) grad n + 3D no–$ (5}~& ..

electric field is best described by the drift

velocity-~~ which is defined as the velocity of the center of gravity of the charged

prticles in the uniform electric field.(1)

11)
The dr~ftvelocity~may also be defined as the average vector velocity of

All the charged particles under consideration, as opposed ta the transport velocity
j/n? which repre~ents the average velccity of tie ~rticles contained ina volume
element at a given pdnt of the gas.

Accord2ng to this definition,%is given by the equation

—*-
w- (Jj’dA)/(JndA] (6)

where the integrations are extended over a volume which contains all of the

~rticles under

volume,
J
~ grad

consideration. Since n is zerc

n ti is zero. It then follows:

~=--+j&-

or remembering Equation 1,

4
w:—

E;T

ii

+
eE

At the surface which litnita this

(7)

(7’)
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6

Equation 5 can ncw be rewritten as fellows:

J= a grad n +-k

Let us consider s region of the gas where no ions o??electrons are formed

and mne disappear by attachment or recombination, In this region the mmber

of particles of each type is conserved and the fc~llowingEquatien holds

* : ..di~ j’

which, together with Equaticm g gives

dn
T : D div grad n - div (4%)

(8)

(9)

(10)

We want to apply this equaticm to the problem of determining the motion of

a number of particles produced in a very small volume at ths time t ~ Cl. b!?themat-

ically, this means sclving Equation 10 with the condition that the sohticn should

-function for t ~ O.

axis in ths direction

~t : ~

we obtain the ordinary difi%sion

If we write Equation 10 in cartesian coordinates’

of w and introduce th5 tmmforzation

-Wt

equation without convection. The solution of this

equaticn for tke boundary condition indicnted is well known (see, for instance,

Slater and Frank, ‘Introduction to ‘1’heoretlcal Physicsn, McGraw Hill, 1933). By

transforming back to the ori.girilvariables one

expressic~nfor n:

-
n(x, y, z, t} = ~3e

whore N is the total number of particles and

finally obtains the following

(M)

(u)

Physically, the solution represented by Equation 11 indicates that the

●
~rticlos, originally contained inan infinitesimal vclume at the origin of the

APPROVED FOR PUBLIC RELEASE
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7

coordinate system, drift with an average velocity=in the direction of the positive

z axis and at the same time, spread into a cloud which becomes increasingly

diffused as time goes on. The lengthl represent the rQot mean square distance of

the Prticles from any plane through the center of gravity of the cloud at the t

time t. Equation 12 shows that~ i~creases as the square root of the time.

8.3 MEANF&E PATH.-”ENERGY LOSS PER COLLISION. MIXTURE OF GASES.

One often finds the drift velocity expressed in terms of the mean free ~th

between collisions of the charged Prticles with gas molecules. This mean free

FSth is inversely proportional to the pressure. Its value at the pressure p will

be indicated with /1/pwhere A is the mean free path at unit pressure. The

relation between i?and 4/p can be determined easily if one makes the two following

crude simplifying assumptions: (a) all of the particles under consideration have

the same agitation velocity ~j (b) the direction of the motion of the particle

after the collision is completely independent of the direction of its motion before

the collision. Under these assumptions,

(up/A ) collisions per second, in which

to (up/4 ) m~. On the other hand, each

each particle undergoes on the average

it loses on the average a momentum equal
,

particle gains every second a momentum

equal to e%thrcugh the action of the electric field. Hence, once equilibrium is

established, the following equation holds:

+
u P m ‘w+ : SE

A
(13)

or

.-s
w A 3?=A——

m u P (M)

Similarly, cne may exFress the mean agitation energy ~ in terms of A and of

the avera~e fractional energy loss per collision, which we shall indicate with h. “

●
The Frinciple of conservation of enkrgy gives the following equation:

6 (3/2 k~) \up/ A ) h = e~; (15)

APPROVED FOR PUBLIC RELEASE
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8

‘Ne kricr,cf eoursc, that nEdt~Jer C’fthe t~@ ~~n~ft~c’ns~a) an(l(b) ~ent~oned

above correspcridstc reality, However, we can always consider 1{ and h as two

quantities which are defined in terms of experlmeritalquantities by Equations 13

and 15, and are reFresentit~.veof the mcment~~

collisions● If we take this view, Lquaticn 13

momentum loss per second thrc.ughcollisions is

loss and of the energy 10SG t.hrcugh

ststes the obvicus fact that the

Froport,icmalto the pressure, to

the drif’tvelccity and, for a given Freuaure and drift velocity, it depends on the

nature of the gas and on the energy distrihtion of the psrticles under consideration.

SimflarlY ~~tior. 15 indicates merely that the energ~ lcse pr second thrcugh

collisions ie proportiorialto the pressure and that this loss de:ends cn the nature

of the gas end the ener~ distslbuticm of the particiee. #

In praotice, ~ and h can be detemlir.edas a function of c for a.given gas

by measuring%and Gas a function of E~PO Equations 13 and 1 will then Frovide

the functional relatj.cnbetween ~ and E , while I%quations15 and 1 will provide

that between h~ ande.

The quantities ~ and h are Particularly useful in connection with the problem

of determining the behavior cf electrom’ arid fens in a mixture of gases from data

relative to their behavicr in the pure comFcnents. For this purpose we will make.

the hypothesis that the energy distribution of the charged particles whether in a

mixture cf gasee or in any pure gas, is completely determined by their average

ener~ G . It wculd be difficult to justify this hypothesis except by the remark

that it seems to lead tc results in agreement with the experimental dati.

Now, let p. be the total gas pressure and let P1, p2, p3, etc., be the Fartial

pressures of the Vari(m components. Similarly, let ~. and ho be the values of 1{

and h for the mixture, let Al, ~2, ~3, etc., andhl, h2, h3, etc., bo the

values of the same quantities for the varims ccmpqrmts. If we write that We

average mmentum loss aridthe average ener~ lCSS cf electrcms cr ions in the mixture

are

t]le

equal respectively to tke sum of the average mcmentum losses nnd tc the sum of

nverage enerb~ lcesee it!the separate components, we obtair from Equationr.13

APPROVED FOR PUBLIC RELEASE
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and 15

m is the

9

the follcwing equations (aftir dividing each equation by a factor, which

same for all terms since it cnly deFends on ‘ijm, U).

poho/~~ h/A2+F3h3/~3+ ‘● ******* (16): Pp3/Al + P2 2

After A and ho have been calculated by means of
o

15 can be used to compute E and gas functicms of E/p

The dii”fucloncoefficient too may be expressed in

Equation 16, Equations~~ and

for the mixture.

term of ~ . By comparing

Equations U and 17 one ob’=ins the well-knom relation

D= _AL—
3P (17)

So far we have assumed tht the electric field is uniform. If the field is

not uniform tut doeo not vary appreciably over a distance.of the crder of one man .

free path, ne may still define an average agitation e.cergy~ ; this qua~tity,

however, as well as all the quantities which dt?Fendon C., like D, ~ , h, will var~

from pO~nt to point. The fundamentalEquaticn 8 will still hold, provided the

current produced by the gradient of !’temperaturellis negligible compared with that

produced by the electric field or by the gradient of density.

Anotl:erquestion ccmwrr.s the tjme interval between the mcment when the ions

are.produced and the moment when tkJe~ reach the equilibrium condition between ~oas

and gain ef momentum which lwds toEquaticm ~. This time is of the order of the

time between ccllisicris~/pu which, at atmcspi:ericpressure ia genemlly between

10-11 end 10-12 seconds.

For the co~venier.ce@f the reader, we list in Table 8.3-1 the ’symbou for t.ho
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Table 8,3-1

Lj8t of Symbcla - .

I
symbol Quantity Uxdt

I

u I Root mean square velocity of
agitation

6

<: Average agitation energy

w 4 Drift velocity

1? Diffusion coefficient
,

P Pressure
!

A“: Mean free ~athat 1 mm

n..

:-A

. Fractional
Collisicxl

Attachment

(-’

energy loss

coefficient

Recombination constant

cm/sec

(3/2)k’l’ : 3.7 x10-2 eV(at 15%)

an/8ec

cm2/sec

.mmHg

cm- (mm Hg)

dimensionless

see -1

cm3/sec
s

*
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8.L EXI’EF.Ib!EhTAL.DATA RELATIVE TO FREE EIWTIiOIG3

Equation 1.4indicates that the dr5ft velocity~is a function c)fthe ratio

E/p. Exper~mental determinations of the drift

relation. ‘~8 dependence of ‘~on E/p is given

Figures 1 to 6. Mmt of the

tmken from the beck by Healey

where varicms methods for the

ohtsined at Los Alamoe by the

data used in the

velocity cf electrons confirm this

for a number of different gases in

constriction of these graphs were

and Reed, ‘The Behavior of Slow Elec’mons ixlGases”t

+
measurement of w$ 6 and~ are described. Some were

methcds descritiedin Section 10.8. ‘

We wish to direct attentio~ to the dati obtained with argon-C02 mixturee and

showm in Figure 6. One sees that, for a given value of E/p, the drift velocity in

a mixture containing a large proportion of argon and a small proportion of C02 is
.

considerably greater than in either Fure argon cr pure c02 (see Figures 3 and 4).

This fact, which was established thrcwgh experiments carried out at Los Alamos, is

of con~iderable practical importance for the ccm~truct.ionof ‘fastllchambers. The

physical reason for it can he understood through the following analysis,

Inelastic coll~sions between electrons and gas molecules occur only when the

electrons tave an energy larger than the energy of the first excitation level of the

mclecule. Argon is a monoatomic gas, and the first excitation level cf the argon

atom is 11.5 eV. Hence’iripure argon; even with moderate fields, the electrons

will reach a very high agihtion energy, namely ~f the crder of 10 eV or C ~

300. This is confirmed by direct masurements, as shown in Figure 9. In C02,

however, inelastic collisions occur very frequ~ntly for small electron energies,

because of the large number of low excitat.f.cmlevels of the CC!2molecule. It

follcwe that the addition of a small amcunt of C02 to argon will reduce the average

energy of the electrons considerably (from about 10 eV to about 1 eV, with 10 per

cent C02 and E/p = 1). In a mixture containing only a small amount of COz, the

drift velocity is limited mainly by the collisions with the argon molecules. The

rnt3811free p!i~ of elt@~O&W in argon increases rapidly with decreasing energy in

the energy region between I@ and 1 e’~,a phenomenon known as the tim~auer effect.
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.

Figure 1

Drift Velocity cf ?lleclrcnsas a Function cf E/F in H2 and N2
(Townsend and Wiley; H.R. PP. 92, 93)
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Figure 2

Drift Velocity of Electrons as a Function of E/p in He and in No Containing
1 per cent of He.

(Towneend and Bailey; H.R., pp. S9, 90)
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i

Drift Velocity of Electrons as a Functicn of E/p in Argm.

.’3Townsend and Ba~ley; H.R., p, 91.
0 Los Alamoa, F ~84mm Hg
+ Los Alariscs,P - 1274 mm Hg

The Las Alamos‘~ata at,p : 86 mm Hg were obtained from .ohserva-
ticn of~-psrtlcle pulses, as described in Section 10.8. Their
eccurncy was estimated to be about 20 per cent. The data ~t p e
1274 mm Hg were obtafned by means of the pulsed x-ray source,
as described in Section 3@Cs. Their accuracy wss estimated ta be
about 5 per cent. The c!isagreenentbetween the various sets of
measurements is very striking and not easily explained, e&pecially
if comFared with the good agreement obtained for C02 with differ-
ent methods (see Figure 4). It iS pxmitde that it my be due, in
part at least, to different degree of purity of tho gases used,
eince the drift velocity ifiargon ia strongly affected by impurities.
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9

Drift Velocity of Electrons as a F’uncticncf E/p in C02
nhudd (see H.R., p.913)
x Skinker (see H.R., F. 99)
L.Los AIWUOS, p : 660 mm Hg
GLCS Ahimos, p = 305 mm ~g
< LOS /@m~, F 8 160 LEIT~g

The LHI AlamGs data wer6 obt~ined from Gbservntion of
~ -particle pulses as described in Section 10.8.
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Figure 5

Drift Velocity
A BFq from
L BY; from
X BF3 from
UBF2 from

of Electroni?as a Function cf E/p in BF
C6H N#F4, p = 379mm Hg 3

tad? ps3&3m,Hg

c6~ N$4, p = 339 mm Hg
2~r,p=~4~Hg

The data were obtained from cbserw tion of w -partlcle pulses
as described ifiSectic~ 10.8.

..
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Figure 6

Drift Velocity of Electrons as a Function of E/p in mixtures
Of Argon and C02. (The data were obtained from observation
of ~ -particle Fulses as described in Section 10.8).

.
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● Since the drift velocity is directly proportional to the mean free path and

inversely propcrtiorialto the square root of the agitetion energy (sce~quation

14) the decrease of the latter quantity caused ty the

will, in two WSJ%, result in an increase of the drift

here that the experimental values of drift velocities

as one would desire. This applies also to the values

additicn of C02 to argon

velocity. We wish to remark

are by no means as accurate

obtained recently at the

Los Alamos Laboratories. Here the pressure under which the work was conducted

made it impossible to carry out measurements of high precision when high precision

was not needed for the immed3ati objective to he achieved. It is felt, however,

that the methods

would be ca~ble

The average

of x/p. Figures

developed at bs Alamcs (seeSection 10.8), when properly aFplied,

of yielding accurate results.

agi+?+.ionenergy c , according toEquation 15, is also a function

7 te 10 give the dependence of s on E/p for free electrons and

for a number of different gases. The experimental data was taken from the bcok
L
by Healoy and Reed, quoted above.

The attachment coefficicnt~, is practically zero for H2, He, A, N, C02 if

these gases are sufficiently pure. Some experimental data on the attachment of

electrons in two of the most common impurities, namely 02 an&H20, are summarized

in Figure 11. The ordinates in this figure give the ratio CX/pw which represents

the probability for electronsto attach themselves to a gas molecule while

travel~ng one centimeter

pressure.

No reliable data on

available. According to

in the directior.of the field in the gas at 1 mm Hg of

the recombination of electrcns with positive ions are

Kenty, as quoted by

Dischargein Gases, Wiley, 1939,p. 158) the

constant for electrons in argon is

The values of~ for other gases

Loeb (Fundamental Frocesses of Electric

approximate value of the recombination

~ ~ 1o-1o 3cm /8ec

do not seem to differ materially from that
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Figure 7

Mean Electron Energy as a Function of E/p for H and N2
(Tcwnsend and Bailey; H.~., PP. 92, ?3)
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Figure 8

Mean Electron Energy as a Function of E/F for He and Ne.

(Townsend and Eailey; H.R., rp. 89,W)
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0

Figure9

Mean Electron Energy as a Function of E/p for Argon.

(TcmneendandBailey; H.R., P.91)
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-.
Fi~e 10

Mean Electron Energy as a Function of E/p for C02

(Ihx5d,Skinker; H.R., pp. 9S, 99)
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Figure 11

Probability for Electron Attachment per cm Fath at 1 mm Hg
as a Function of E/p in 02 and H O (Healey and Kirk~trick;

6Bailey and lluncanson;H.R., PP. 4, 99)
.
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●
relative to argon.

distributed in”the

.

z

It must be pointed

volume of the gas.

out here that the ions are seldom uniformly

This is especially true when the ionization

is produced by heavily ionizing particles like ~-particles. In this case, of

course, the actual density of positive ions at the place where electrons are preserit

determines the recombination rate, and this density may be considerably higher than
9

the average volume densfty, at least as long as electrons and positive ior~ have

not diffused sufficiently far from the place where they have both been produced.

The recombination of positive ions with electrons (or negative ions), which takes

place before diffusion spreads these ~rticles apart$ is cften referred to as

‘preferentialrecombinationtior ‘columnar recomhinationm.

The root mean square velocity of agitation u, the diffueion coefficient D, the

mean free path X , and the fractional energy loss per ccllisicn h can all be
●

obtained from the experimental values of w and s , as explained in Section 3* A

significant quantity is ~~R, which gives a measure for the lateral diffusion

which electrons undergo while travellfng a distance of one centimeter in the gas

(seeEquationshand 12). This quantity is related to the average agitation energy

e by the simple equation

—-- - —

(18)

where E is measured in volts

r
US k h i 2WW for =rious

per centimeter and ]~w in cut!, The values of w,~ ,

gases at 1 atmosphere (’760mm Hg) pressure,and with

E= 760 volts/cm (E/p : 1), are listed in Table 8.4-1.
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Table8.4-1

Drift velocity (w), average agitation ener~ (t?), root mean square agitation
.

velocity (u), mean free Pth ( ~./p) and lateral diffusion per CR.path ( ~“=~)

for electronsin various gases at I atmospherepressure,withE ~ %0 volts/cm

(E/pS 1). Values derived from the tables given by H.RQ

Gas w(106cm/see) < u(106cm/see)

‘2 1.2 9.3 35 0.3 “ 2.5

Be 0.8 53 a 0.5 6

lie 1.2 2U 168 1.5 12

A 0.6 287 195 0.9 u
??
2

0.9 21.5 53 0.3 3.7

C02 0.55 1.5 u 0.06 1.0

,.
“
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WSITIVE AND NE(IA

A large number of experiments have shown that the drift velocities of

positive and negative ions for a given gas and for a given pressure are quite

accurately proportional to the electric field strength.

(19)

The proportionality factor,p Is called the mobility, and is measured in

cm/sec per volt/cm (or cm2/volt sec)e For e given gas and a given electric

field, the mobility is inversely proportional to the pressure.

Tha values of -}’ for positive ions in a number of gases are listed in

Table 8.5-1. These values were taken from

Critical Tablesn {1929, Vol. Vl, p. 111).

negative ions exist, are nearly equal, but

of the corresponding positive ions.

Table 8.5-1

Nobilities and diffusion coefficients

one atmosphere pressure ( p = 760 mm Hg)

the article of Loeb in ‘International

The nobilities of negative ions, when

generally slightly larger, than tliobe

of positive ions in various gaaes at

cat!
‘2 ‘e A ‘2

o
2

CO* Air Ethaaa

./ J 5-6 5.1 1*3 1.3 1.3 0.8 1.3-1.4 1.07
(cJsec per (nag.ions)
volt/cm)

12 -- --
(10-~DCrrI~/8fMj

3 2.5-3,3 2.5 2.$

The diffusion cceffJcient D, according to Equation 78 is related to &e
.

mobf.lityfiby the following equation

(20)
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If one recallsthatkT/e : 2.5 x 10-2 volts and if one remembers that for

positiveor negativeions,C is alwayscloseto one,one can writs

D: 2.5 X 10-2,LLcm2/~e= (21)

In Table 8.5--1some experimental values of D at one atmsphere pressure are

listedalongwith the correspondingvaluesof ;~(from InternationalCriticalTables

Volume VI, p. 115). Oriacccunt of the modera~e accuracy in the measurements of both

D and/L , l!lption21 may be consideredas fairlywellverified.

The dam on the recombination of positive and negative ions are very inaccurate.

For most gases the values of the recombination constant~

2 .X10A cs13~sec,which ia about ld times larger than the

between positive ions and electrons.

seem to be between1 and

recombination constint-

.,

‘9

●
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OI%RATION OF IONIZATIONCHAME&liSWITH CONSTANTIONIZATION

9,1 GENERALDLSIGNOF AN ICNIZATIONCHAJJBI!X

The essential parts of an ionization chamber are two electrodes

kept iit different potentials And a gas which filis the space between

the two electrodes. The electrode to which the measuring instrument

is attached is called the colJectin~ electrode.

electrodo is ordinarily (but not necessarily) at

to ground potentiaJ, The other electrode, which

at a constant voltage$ Vv~ of several h~dred to

volts, is called the ~i@ voltage electrode. The

The collecting

a potential close

is ordinarily kept

several t}musand

c.oUecting electrode

is usual~y supported through insuhtors by another electrode which

is held at a constant voltwge, approximately equal to that of the

collecting electrode itself, and is called the guard electrode. This$

in turn, is connected through Insulators to the high voltage electrode.

The purpose of the guard electrode is to prevent leakage currents from

reaching the collecting electrode. Also, the Isuardelectrode is usually

so shaped as to prevent irregularitiesof Lhe electric field near the

edges of the collecting electrode. The general design of an ionization

chamber is schematically represented in Figure 1.

L& us consider the volume Mmited by the surface of the collecting

electrode, the tube of for~e passing through

collecting electrode

which is intercepted

the sensitive volume—.——.

and that portion of the

by this tube of force,

the per$phery of the

high voltage electrode

This volume w~ll be called

of the chamber. Wary ion of sign opposite to

28
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I

Figura 1

Sohematic diagrum of an ionization oharaber.
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khat of ‘thecollecti~ electrode formed within the sensitive volume

●
will reach the collecting electrode,providedd.iffuaionand

recodxinat.i?nSan be neglecte~.

9,2 ccrmANr x3mzAT10J;DIFFW0N MDWCOMMNATION
NhcIJmED

Let us assumenow that the ionixtion chamber is irradiated

with a source of ionization of ccnstant intensity, and let w,(x,y,z)

be the numberof ion pairs prbducedper unit volume and per unit”

the at the point “(x$y,z), Let n+(x,y,z) and n-~x.y,z) be the

dcnsitiee oi!positive and negative carriers, respectively: let

~ +
(x,y,z) andw- (x,y,z) be their drift velocities. For the sake

of simplicity we will assume that the negative carriers are all of

one kind, i.e., either free electrons (no attachment) or negative

ions (completeattachment),If we neglect diffusion the current

vectors for the positive and negative particles are given by

3 *+ .2 ‘-j.n’w, J=n-w (1]

If we”moreover assume that no recombination takes place, the

following equationa hold:
+ +

div j+ = d.iv j-= no (2)

The densit~ of electric current has-the expression

CT=e(~-ja)=e(rl+~+.n~-).
and from Equation 2 it follows

+
div j=(l

If we neglect diffusion, ~is ~rallel to

and it follows from Equation 1+that the total

(3)

(4)

the lines of force, “

current through any

surface intercepted by the lateral boundury of the sensitive volume

has the same value 1, This may be called the ionization current in

the chamber, We may expectI to equal the product of e times the number
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of ion pairs formed in the ohantberWr seoond:

J
I=e nodA (5)

.
A

whera A is the senuitiw volume of the ohamber. Aotually, Eqmtion 5

oan be emily shown to be a oonsequmme of Equations 1, 2 and 3.

~uppose, for insta?k,s, that the oolleotir~ ●l~.otrodeis negative.

where S is the surface whioh limits the sensitive volyme and w; .

indioatf$athe comF&’@nt of ~in a dirootion perpendicular tc this
3

surfaoe and pointing towards the outside of the sensitive volume.

Now~# M zero alm~ the lateral surface, while n+ ia zero cm the

surfaoe of the high voltage electrode whioh is assumed to be poeittwe.

!i’hiaoan be easily seen if one realize8 that the positiw ions, as

soon as they are formed, drift ●way,from the positive eleotrode and are

not replaoed by positiw. ions coming from behind this surface. For

the same reason, n- 5s zero at hho surface of the oolleo%ing elmlxode.

E?erioe,if we indioate with S- the snrfaoe of the collecting eleotrodez

we havot

whieh proves Equation 5. -
a

Thus the problem of determining the ionization current when

diffusion and recombinationare negleoted is a trivial one.

W% will d3.SOUS8next the problem of detexvnining,under the same

assumptions, the s~aee charge distribution, which is defined by

p:e (n+-”n-) (6)

“Forthe doterminaticm of.~ we must consider, in addition to
>

Equations 1, 2 and 6, the equations for tlw electric field strength

.’, . .

,.. :

. . .
. ., ...,. -., .\ -.,..- ., ..,, b
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curl E == O

(7)

(8)●
* -+ -+

and the equations which relate w+ and w to l?.

The mathemtieal problom is, in general, rather invGlvw3, However,

ft beoomes easy tc handle in the ease of some simple gerxmtries or when

the density of ioniz&tion is sufficiently sma~l so as nGt to affect

appreciably the field 8tength (nmi therefcre tho drift velocities).

Considor, for instame, a pzrallel plate ohamber. ‘tiea8sUBI.9tkat

its collecting electrode is surrounded by an appropriate guarc?electrode

so thht the eleotrie field is practically uniform UF to the boundary of’

tho sensitive YGlume. W take as a frame of refervn~e a oarteaian

coordir.atesystem with its origin on the po81tive eleotrode and its x

axis in *ho directicn of tne,electrio field. Let h eup~ose that the

chember is uniformly irradiated over the aztlve volume ~nd outside of

it for a sufficient distnnoe from its boundary ec.thtitany additional
.

electric field produced by the SF$ACOcharga is RIBG garallel to tho x

axis and ir,deperxlentof the y,z ooordiratos.

The problem then becomes one dimensional and F~uaticm 2 can ke

integrated immediately. If ?lquatlcm1 and the boundar~ conditiom at the
I

two electrodes are taken ink acumnt, ore abLain#z

n+-~x+~n+w+=noX (9)

- n-w-=n-w-=
x

~(d -x)

where d is the separation of the eleotrudes a~d w+, w- are the absolute

values of the drift velocities’.Equation 7 now becomes:

dE ~1=4~eno xw+- \d-x)/W-] “ (10)
m

If w+ and w- are known functions of E, Equation 10 can be solved, .

at least in principle.
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.
TM problem can bG nirnpllfledif we rer.lomberthab w+ la Froportlonal

● ’ Lo E and so h w- if khe negative oarrifiraare ions. In this case, by

intrGducin~ i%o’mobllities,~t+and,,~l-,EquaLion 10 baoonmt

whioh gives:

L2+ ~0n8t.=4fl~ no ( ‘2~+(d.x)
p+ ~ )

where the aonntmnt is detiern,ir,edby the cutiditiun

(11)

(13)

On the other hand, if’the negative carriers are olectrc~e, then

w- is of the order of’1!300times w+ and no large error is made by

neglecting the second term in the parentheses cf Eqmtion 10, SG that

me obtains:

eleotric field produeod by t}N9space chargo

with

Iip<<vo/d

Equation 13 .giws for EP the

Equation 10 can be o~gidertj~

mcl under Lhe assumption th~t
.
.+are the same, (w = W-=v{ ),

concii%ior.J E
P

as ccmatast,

Ik= d. Then i~+~lld W-in

In the ease of negative ions,

tho mo:.ilitiesof positive enl m?&ative ions

one obtxiirit

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



●

34

E,0 = 4Pe ~ (XZ . xti+d2/fj)

n+= no;
—
w

n- = no (d-lx)
w-

f’= ‘“o (2x-d)
W-

(1!3)

w-
“~=e. . no x

~

9.3 CON5TANi’I13NIZA’IION: DIFklJSIONAND RECCMdINATI’3NNOT.—— —-.
NM3L%JTW— . ..

If the diffusion is taken into aocrxmt, then the empreas ions for the
+ --+

curr~nt veators j+ and j- are (seo Wptfon ~.~):
-++

~=n+~ - D+ grad n+

(17)

the f011owing equation6:
4 -+

div J+-div j“= ~-,q n’ n- (18)
I
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+
Howewr, j !8 t-itlonger parallel to the lines of force; henoe the

● t.otai e.ieotriocur?eni will no longer he the same acroe8 every aurfnoo

;star.>epte?by t}ielriterelboundard of tltesensitim voiume, and the

curreut I thrcugh the measuring instrumentwill no lortgerequal the total

charge e
f
~ dA produced within &he sensitiw ‘Tol?Lne:n We unit time.

The ourrent I can be caloal(lbtide%sily if one assumes that the effacks of

reccnbina%ion rinddiffusion are SM1l so that they may be treated as

oorrectionst If, for instwnce, t}m collecting fileotrodeis negativ9, I

has the oxprassion .

of the sensitive volum~ S+is the botindary

For j+and j-wd substitute :;i~ exl~reaaiofis glvm by w~uations 17 in

which, according to our assumptiofi,r~and n-are oaloulated by disrza~arding

the o?feots of reCWJIiJhIak~oII &nd diffusior.(aeo SeO%iOri2). Sirfoen+ is,

zero at S? n- is zero at S- find ~, iS ~er~ tit S1 , w obtah:

J1=-e % dA ●e
J

. n+n-d A

A

+.jl (- ~rad n-~
J

d S+e D+(gra~3n+) dS
s- n -+ n

J_-i-o :’+ (grttiin+)n d S

%
The physical interpretation of Equ!!tion212is quite simplo. The number

vf p09itiv0 charges onterin~ the c’ollectirlg(ne~ative)eleck?ode is equal to

k.henumber of positive ions formoilin the acti~e volume (first term), minus

the numtor of positive ions which racoinblne(second term), minus the n.xnber

of positive ions whiuh dii’fusoback ho the positive oleotrode (fourth terx,

hlways ne~tive), minus (or plus) the number of poslti~e ions Whi:h diffuse
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out of (or into) the sensitive volume through its lateral boundary (fifth

term). In order to obtain the ourrent in the measuring instrument from

the number of posittve oharges entering the eolleoti~ elootrode, one

nust subtraat tho number of negativv oharge3 ~ihichdiffuse back to this

eleotrode (third tern, a .sl-waysnegative). The term e no dA, whioh
A

represents the saturation current, is independent of the voltage applied,

exooph insofar as the laternl boundary of the sensitim volume is.—

modified by the field produoed by the SP08 oharge. The other terns

dearease witn increasingvoltage. In the above oaloulation, the

hypothesis has been nmde that the reflection ooeffioimst of the electrodes

for electrons and ions is negligible, so thtitevery oharged partiale

&ioh impinges upon a given oloctrode is captured. .

Such a hypothesis

carried out ~n SeoUon

of a given sign always

aid not enter in the calculation of the ourrent

,2. In fact, when diffusion is negligible, ions

ond up on the eleotrode of the opposite sign,

even if some of them are reflectieciwhen they first impinge upon ft.

When, howemr, the diffusion i8 appreciable, a certain number of ions ,

diffuse back to the electrode of the sano sign. If SOMe Of these ions

are refleoted, the eleotria field will most likely prevent them from

reaahing this eleo%rode again. On aooount of the small velocity of

eloatrons and ions in gasea, the hypothe8isthat the refleo%ion coefficient

is negligible is probably =rified quite aacu.mtely in all oases of

praatical importanoa.
*

Let us consider now,. as an example, a parallal plate ahamber,

uniforxly irradiated over ite aative voliimaand beyond it for a

sufficient diatwme from the edge of thb oalleotinZ eleokrodee Then

the last term in Equation 20 is zsro.

.
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.

If WO UUe thO =1W38 of n+, n- given hy E~uations 1!5or 16 and

indicate with S the surfaoe of the collating eleatrode, the exprwsion

for I beoonea:

@=e nod .ep*02” d3
~w-~

+
-e D-no -eDno

.
w- ~+

The f’ractlonalvalues of the last

Of saturatio= 08USed by dii’f’l19ion&VO

txa Lerms whioh represent

expressions of the type

the laok

D/d w =C(2. !5X1C)-2/ Vo), (see Equation 20).

!!ow~is praotioally one for .ons, uhile it r#y be of Lhe order of several

hundred for electrons. Hence, in the case that the r,ogativecarriers

are eleatrons, tho eff’eotof diffusion may beoome appraoiable fcr values

of ~. of a few hundred VOlks. If, however, the negakive carrier8 are

ions, the offeok of diffusion becomes appreciable only at much lower

=lues of Vo. The fractional value of the term ~ich represontu the

racomLin&tion is:

/6’> y_
6 #w -

mwn the negativu oarriera are ions, m my take ..s2x 10
r

& and w+

=W-U1.3 E. For

second(Q* 2 x

d=l cm the recombination oorreation thuu beuoma

● With an inten8ity of ionization of one roontgen per

109) and Vo= 100 volts,the correutlon is about four

per ten+. The correction is enormously smaller when the negat.im carriers ‘

aro frm eloctron8~

..-
.

.
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CHAPTER10—-. —

OPERATION OF IONIZATIONCHAMBERSWITH VARIABLEIONIZATION

The results obtiined in the preceding section are valid not only when the

sourco of ionization is constant in time, but ~lso when its intensity varies with

time, provided the variations are sufficiently SIGW. By sufficiently slow we mean

that no appreciable change of intensity takes place in a time of the order of the

transit time of the positive ions through the chamber. This time is usually of the

order of milliseconds. We wI1l now consider the case of a rapidly varying ionization,

which includes, as a limit, the case of a large number of ion peirs being Frc’duced

sirnultnneouslyin the chamber by an ionizing wrticles like, for instance, an~-

p9rticle.

In order to calculate the current in the external circuit as a function of

time we have now to consider separately the clxqes induced on the collecting

electrode

gas, For

important

by the motion of the various types of charged particles present in the

the sake of simplicity and also because this is practically the most

case, we will assume that no atbcburent takes place, so that the negative

carriers are free electrons. Also, recombination and diffusion will be neglected.

Furthermore we will assume, for the time being, tht the main part of the ionization

is produced sufficiently f& from the guard electrode so that the charge induced on

the guard elactrode by the motion of the ions and electrons can be disregarded. The

lledg@effec~~} ‘~e’s the phenomer~ observed when the charged particles move in the

neighborhood of the boundary of the active volume, will be discussed separately in

Sectirn ?.,

Under the above assumptions, the effects of the motion of charged prticles

between the electrcxiesof an ionization-chambercan be calculated most easily and

most generally by applying the principle of conservation of energy.

38

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



3’9

Let us consider first an ~onizaticn clxvnberconnected tc a voltage supply

a thrcmgh a current meter as indicated in Figure 1, and let us assume thst tha

resistance of the external circuit is negligible so that the collecting electrode

will be permanentlyat zero voltage, while the high voltage electrcde will be at

the constant voltaga Vo. If ions and electrons are present in the gas of the

chamber9 the electric field in the chmber may be regarded as the superposition

d’ two fields, one produced by the voltage difference between the electrodes ard

described by the field stren@fi~and the potential V, the other produced by the

s~ce chrge,~ Z e(~+ . n-) and described by the fteld strength~$ and the potential

v,0 ●
The correspondingquantities for the actual field will be~ +2P , V + VP “.

The volt.s$eV satisfies the equotjoa

Q%:o

ar~~ithe boundary conditions

v: o at the

v: Vc,at the

The voltage.V
P

satisfies the eqtintion

collectir~ electrode

(2)
high voltage ~leetrods

(3)

and the boundary ccinditiom

7’ :
0 at both electrdes (4)

If we compute now the electrcstitic energy of the field we obtain

where A is the sensjtive volume cf the chamber.

The tkird inte~al cn the r~ght.hand side cen be transformed es follows
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where S is the ccwbir.edmxrface of the two electrode and % is the compment cf

2 perper.dicularto this surface.

boundnry of the ectlve volune.)

s. Hence,
J

;*;. dA : 0 and,

* 4

energies of the fi61ds represented by E and E~ , re~Fectively, we cbtiin for the

tctal electi”ostaticenergy the exFresslcn:

(5)

Electrcns and ions in the icnir.edgas move alcng the lines of force-with a

comparatively sw~ll veloc~ty, which 5s ccmstant except insofar as the electric

field strength varies from point to ~oint. Her;.:~,variations of the kinetic energy

of electrons and ions are whclly noglig~ble and Fractlca21y all of the work performed

by.the electric field on the charged prticles durjr;gtheir mot.icmis used up tQ

6vercome the ‘fristionnl forccsw represented by the co33isions with the gas

molecules, The prir.cipleof conservation of wergy can then be expressed by

writing that this work plus the variation of the electrostatic energy equals he

work y~rfcrr,edby the voltap supply. SirfceW js constant it,time, we thus

obtain the eqution

-+-+where I is the curr~nt, jn the external circuit and n+, n-, w+, #are, as before$

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



4’--,0 -

‘.; t --dive

so that cr,ecbtaine from the t~’

~ (“2 .(n+~.
J ‘P

A

llysubtr~c+.in~Equation 7’from Equaticn 6 wc fixu;lly find the folloting relaticr,

giving the extcmmd current I in terms of the !wticm of the electrcls:saridions in

the chamber

‘l’hi~ecmtic.n may be writtm as follows

I = 1++ I-

If we Introduce the notations:

o
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J
-$-4

1+=+ n+ E ● W+.&l
o

A

J

-++
1-:.-3!- n-~”w-~

V.

A

(9)

or

I+h—— ‘y--’;+ ‘.;o/J”=t

I
-+- +

1-s.
*

E“
i ‘i-

4+

‘k’ion cr electron at tho+
where Wi

‘“vi
- represent the drift velocities of the i

--++ +-
moment under consideration, while E , K are the electric field atrengtha at the

i i
place where these particles find them~elves. The summations ar~ extended to all

icnsaand electrons prwsent in the chamber. I+ and 1- represent the currents

iqduced by the motion of the positive ions and of the electrons, reapectlvely.

pointed out that, in canputing tkese currente, the values of the field to be taken.“

in.tq considerationare these which etist in the chamber when no s~ce charge ie

present. Also, it fraybe pointed out that the vectors ~flo depend only on the

gecmetr~cal configuratioxicf the chamber and are independent of

applied voit.age.

?Jewill also
I

The qu?mtltiea Q+

introduce tko ~otntior.r3

Q- (t) : J:- (t) dt

o

and Q- may be regarded as the charges induced

electrode in the tim6 interval between O and t by the motion of

[andelectrcns, respectively.

the value V. of the

(1(?)

on the collecting

the pcsit.iveiers

Ordicnrjly, for the measurement of variahl.eior.izationcurrents, the collecting

?L~ctrMQ ie cmimct~ti M grcund thrru~h a lea}. resistor R, fmd the voltage V
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C?OVelOpOdacross this resistor by the iori.izatiopcurrent is fed to the in~t of

an electronic amplifier (see Figure Z). Application of the energy principle to

this case,”under the assumption thatV<<VO yields the fo3.lowingequation forV

V+RC ~~R I (t) (H)

whor6 I i~ given by Equation 8 and C is the total capacity of the collecting

eleotrcde and of the amplifier input. If the product M is very small, the second

term on the left-~nd side can be neglected and Equation 11 reduces to

v(t) : R I (t) (12)

If RC ia very large , the first term can,be neglected and l?quat~on11 yielde

V(t) - V(0) = Q (t)/C (13)
.

where Q z Q+ + Q- and Q+ , Q- are given bylkption 10. In the general case,

Equation 21 has the soluticn

V(t) - V(0) S e-

JO-2 IONIZATIONPULSE

SupTcx3ethat No ion pairs are simultaneously

~ RC
I (t) dt (M)

produced In the chamber at t&@

tircet Z O, for instance by and -particle. If one neglects #e effect of the
+ +

s~ce charge CJ the drift velocities, w+ antiw- are known functicns of the position

antiit is possible, at least in Frinciple, to determine the motian of each positive

ion and each electron. Once this is doni, It (t) and 1- (t) can ke calculated as

functions cf time by means of F@aticm 9’. By integrating with respect to tine

one obtains the following expressions fcr & (t) and Q- (t)
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In the above equatio~ Vi (0) rePr~~en~ the potential at the point where the la

+ (t) represents the potential at the point where the itiion pair is formed, Vi

positive ion finds itself at the time t, and Vi- (t) has a similar meaning for

the ith elec:tron. The electrons have large drift velocities hence Q- varies very

rapidly with time, until all

Frcm this time on Q- has the

Qo- =.+
0

where V+ is the voltage of

smaller drift velocities.

the electrons have

constant vtilue

N..-. .

). ~
,[

~ (0) - v-q
“+

the positive electrode. The Fcsitive

Hence Q+ (t) reaches its final val~e

longer time, This value is given by

No

M
-=-.

Qo+ : * ‘i (o) -v-j

I

where V- is the voltage of the

The sum of Qo- and Qo+ iS

adding Equations 16 and 1’7and

RC

to

reached the positive electrode.

(16)

Suppoee ncw that the leak

riegativeelectrode.

of course equal to Noe2 as it -n

remembering that V+ - V- = Vo.

ions have much

after a much

(17)

be shcm by

resister R is chosen so as to make the time conetant

large cGmpared with the time of collection of the Fcsftive ions. Then, according

Equation 13, the voltage V of the collecting electrode (assumed to be zero at

t= 0) is proportimal to Q(t) 2 Q-(t) + Q+(t). Therefore it increases very

rapidly at first, unti3 all electrons have been collected, then very slowly until

the positive ions have also been collected. When both electrons and positive ions

have been swept from the chamber the voltage of the cdlecti~g electrode becomes
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Subsecsuemtly,it decays exponentially with the tiue constint RC.

A,~hmher operated under the conditions sFecified above will

pulse chamber, The advantage of an ion Fulse ch~mber is the fact

height Vp is ~r@F@rticna~ to

irrespective of Lhe positicm

that the time for collection

the tctsl number No of ions produced

be called an Ion

that the pulse

in the chamber,

where they are prcxhmd. The rain dit?advantigeia “

of the positive ions is usually of the order of

milliseconds, so that the decny constant RC must be at least of the order of 0.01

eeconda end the amplifier must FBV6 i~~ lcw frequeney cut off at a correspondingly

small frequency (see Secticn 3). This makes the arr~ngement unsuitable for fast

counting and very sefieitiveto microphcnic disturbances and to A.C~ pick-up.

For these reasons, the value of the resistance R is often chosen so that RC

is lar~e compared with the time fcr collection of the electrcns, but small compared

with the time for collection of the positive ions. A chamber operated under these

.
conditions respcmls on).y to the fast prt of the pulse; i.e., to that.part of the

pulse due to the motion of the electrcms; therefore it will be called an electron

pulse chamber. Since the time for col)ecticn of electrons is ordinarily of the

order of one microsecond, the time constant RC does not need to be larger than 10

or 20 rricroseccnds,Hence the chamber will be able to record

one another titvery short tiu.eintervals, and the arrangeme~t

to microphonics or to A.C. disturbar.ces.

pulses following

will be Insensitive

The disadvantage of sn electrofipulse chamber is that tk pulse height

de~en? not orJy cr: the total nunber No of ion pairs produced in the chambe~

Wi 11

but

also orithe position where they are prcxluced. TO a very good approti.mation,(i.e.,

neglecting tirms of the order.of w~./w-),the Fulse height can be computed by

cons~d~rlng the effect.of the mction of t>e electrons and neglecting the effect of

the x,ctionof the positive Icms altogether. Since RC is

with the time fcr collection of tk,eelectrone, the value

o then bc given by

ass’umedto be large compared

of the ~lse height will

{19)
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It is apprcqmlatg to mention here a simple device by which the pulses of an

electron pulse chamber may be made independent in-size of the position where the

ionization

elcctxodes

collecting

is produced. This device consists of a grid placed between the two

and held at an approprin~ interinedtatevoltage. Suppose that tht3

electrode is positive and that the ionization is produced between the

grid and the negative electrode. The grid shields the collecting electrode from the

effecks of the motim of ckrged ~rticles as long as they are betwaen the grid

and the high voltage electrode. The positive icns never penetrate the region

between the grid and the collecting electrode. The eMctronB howevor will penetrate

this region, except for the few which may be captured by the grid wires. While

traveling between the grid and the collecting electr%~a, each electron will induce

on this electrcde a charge equal to its own. Therefore the total charge induced

on the collecting electrode by the mot{on of the electrons will be proportional

to the number of ion pairs produced in the chamber, while no charge will be induced

by the motion of the positive icms. A practical a~plication of this principle will

be described in Section 13.1.

}0.3 IN??IUENCIlON TM, PULSE SHAPE OF THE TRANSIENT RESPONSE OF THE
AMFLIFIER, MFJ.SLREOr PLL5E HE~e&

. We have considered so f~r th6 voltige Fulse produced by the ionization current

at the Input of the amplifier, In order to determine the voltage pulse as it is

observed at the output of the nmplifier, the transient response of the amplifier

must be taken into account., In order to define the transient response of the

amplifier$ let us suppose tnaf a charges Q, is brought onto the collecting electrode

at the time t z f). This can be dcne by applying, at t : 0, a squaro voltage ~~-..

to the high voltage electrode of the chamber. The voltigej V, of the colle~tor

rises abruptly to a velue equal t,cQ/C and then decays exponentially with a time

o
constant RC, as indicated by curve (a) in F:gure 3. Let curve (b) in the same

figure represent the voltage Ve (t) at the ~tput of the amplifier as a function of
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Figure 3

Transient res~onse of ~n amplifier.

Curve (a): input Vcltxlge;curve (b): out~t voltqge.
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time. ‘fh fwctio. ~“ (t) ~ ve(t)/’Q, ~h~.h if the ~m~lifier i. lin= iS

independent of Q, Is defined as the tra~sient reeponse cf the amplifier (see also

Volun8 1, Part I, Chapter 3).

The output voltage is given in terms of the ionization current I and of the

trfinsientre8ponse ~ by the equation:

(20)

which can be considered as a generalization of Equation ~. It may be pointed out

thst the function ~i-(t) depend~ on the ck~~ac,terlsticzof the input circuit

(capacity C, resistance R) as well as on those

to the exponential function, exp (-RC), if the

The area under the curve7/(t) divided by
/

as the ‘resolving time” of the am@ifier. For

of the amplifier proper. It reduces

amplifier has infinite bandwidth.

its maximum ordinate may be defined

an exponential response of the type

represented by curve (a), the resolving time is equal to R.C.
..

Another quantity to which one often refers in connection with the transient

respcmse of an

definition for

We may ta}? it

per cent ti’90

amplifier is the “rise time”. It

the rlae time wh~ch applies to an

ns equal to the time durinC which

cer cent of fti maximum value.

is difficult to give a rigorous

arbitrsry transient response.

the voltage pulse rises from 10

It is convenient to define the transient response of an ionization chamber
,,

by the equation s

1 (t) = N08 f(t) (21)

where I(t) represents the current at the time t under the assumption that No ion

pairs are produced at the time t = O. It should be pointed out that f(t) depends

not only’on the properties of the ion chamber, but also on the space distribution

of the ionization.

The function f(t) may be split into the sum of two functions f+(t) and f-(t)

relative to the positive ion and to tho electron currsnt, which are defined as
.

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



5Q

follows:

1+ (t) : No e f+ (t)

~- (t) ~’ No e f- (t)

Conprison with EquatiCXM9gives for ~{ t) and f-(t) the following expressions:

(22)

One sees that f+(t) and f’:(t)may be considered as the averages, over all the

poeitive ions and all the electrms,respectively, of the quantitie6

*
~+

● (~fio) and -:- T (lfio) at the time tafter the ionization pulse. In tha

competition of these averages a particle which has been collected is considered as

sttll exi~ting but having velocity zero.

~ (t) of the detectingFinally one may define the transient response

consisting of a given ionization chamber and a ~iven amplifier by means of

ecnmtion

$)Ve(t) ~Noe-, (t

equipment

the

(23)

where Ve(t) represent the output voltage as a function of time in the caee that

No ion pirs are produced in the chamber at t S O. l%om l!@atiO~~ 20, 21, 23, and

considering that f(t) s O for t< O, one obt~ins the following relation

~ ‘)( (t) = ~;t - t,) ~ (\) dtl : ~it - ~)~(~~ ‘i, (24)
L, o

The conditions stated in the pwceding section for the @eration of a chamber as

an ion puke or an electron ~lse chamber may be appropriately generalized to

include the influence of the amplifier on t?m observed pulse shape by considering

the resolvingtineof the amplif im in plsea of ths time constant RC. We will
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therefore refer to a chamber as an ion pulse chamber if the resolving time of the

amplifier ia long compared with the time of collection of the positive ions and

as an electron pulse chamber if the resolving time is short compared with the time

of collection of pmitive ions but long compared with the time of collection of

electrons. As a convenient measure for the size of ionization pulses, we will use

the quantity P z =$- W. where Q is the charge induced on the collecting electrode

(Q = Qo+ 4 Go- = Noe fGr an ion pulse chamber; Q : Qo- for an electron pulse

chamber) and W. is the energy for the formation of an ion pair in eV (see Section

A,2). P is thus expressed in eV and, in the case of an icm pulse chamber, it

simply represents the energy NO I!.dissipated in the chamber by the ionizing

particle which prcduces the pulse. In the case of an electron I-ulsechamber, P

represents a fractic.nof this energy~ given by the expression

n.

PzNoWo—
Qo;o+ Qo-

For ah absolute calibratlcm cf a given c’hamheroperated in conjunction with

a given ampMfier and a given recording devics, the most direct procedure consists

in observing the pulses from a source of ~-prticles of uniform and known energy,

usually a polonium source, placed in the chamber in such a way that the whole range

of the M-psrticle is within the sensitive vclume. If the chamber is operated as

an iofipulse chamber} the output pulses all have the same size and this size

corresponds to ionization pulseo of magnitude I’equal to the

~-pn-titles. If the chamber is operated as an electron pulse

pulses, in general, will have different sizes. The relatim

energy of the

chamber, the output

between the re8ponee

of the measuring instrument and the value P of the corresponding ionization pulse

is obtaiccd by first computing theoretically the distribution in size of the

ionization pulses and then fitting the r,-mpu~d curve to the,experimental pulse

height distrltuticm (see, fcr instance Section ’.3.l).

A we convenientbut less direct methcd of calibration consists in feedhg

known voltage ~19eS$ VI, tc the high voltage electrode of the ionization chamber
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and observinp the corresponding output pulses. If we denote by Cl the prtial

capacity of the collecting electrode with respect to the high voltage electrode

and by C iti tntal capacity, t}iecorresponding voltage pulse at the input of the

asplifier 18 VF S VI Cl/’C.

According to OU??definition} tlheP value of this Fulse is given by (VIC1/e)Wo.

In other words, the si.grml obtiined by spplying a voltage pulse Vl to the high

voltage electrode of the Ionization chamber is equal b tine signal. produced by

finicnizirigPrticle which literates a chrge Q : VICI in the chamber$ under the

assumption that the chemher is opemted for ion pI.il@e3.

It will be noted th~t t~,emethod outlined raquires knowledge of W. aid of the

,,cmrt.ialcapacity Cl of the cclllectingelectrode with res~ect to the high voltage

electrode, which usually can be mm~tad quite accurntaly, It does not require

kr,owieclgeof the stray capacity, which, in general, WWM only be determined by

,:ire:t me~z-.jrenente

‘~ cc) -J..fi IYLINUOUSLY VAR~ABLE lCINIZATIi??$

Let us suppose now t?mt the t“oniztition chasber is irrediqted with a continuous

:z.u.rre of forjfzaticncl’variable intensity, eo thit a total of I?(t)dtion pairs are

prc~kced within ite sensitive volume in the time interval between t and t + dt,

If, fm the s%me chamber and fur the sane spicial distribution of tile ionization

the currenti 1+ (t) and 1- (t] have been determined in the case of an instantaneous

ionization pulse, they can also be calculated for the case under consideration beca~e

::crmtinums ionization car, alwa~ be subdivided, ideally, into an infinite number

of infinitely short ionization ~lses. By making use of tne functions f~t) and

(25)

,
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c-.,/’

l.+ reN
J

f+ (tl) d%

Io-:el?
J

f- (tl,) dtl

(u

(25’)

Equatiom 25’ acquire a simple physical meaning if one considers that, according

to Equations 22

N,,
--?~: (t) dt = j+

J
>J—1 --+

I ‘i
● Wi dt

00
,,

: +%’ vi (0) -v=
00 \r ~L J1

:.+ 1‘vi (o) - v-
0. av

and similarly

cm

[

)
f- (t) dt : + [v+ .

1
vi (o)

0“ av
o

the difference cf potential ktween the place cf Froductjoriof the ions Rnd the

yield

It follws from Eqw3t50r625~r tkmt the t.otrlicrization cm-rent is

irtagr’eemnt wfth ‘“A.tiatior,9.5. The out~ut vcitage Ve (t) is given by the equ ion
\.-..

Ve (t) : e JN (t - t+ ~ (t3) dt3

o

(2’6)

Cctmfqwrise of ECUA~iG~ Zj, Or ~n be deriv~~ fr~

into account that,p- (t) :0 fort< c.

sucdenly turr:edon to A corstant value at the
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S:-n,mcelr.tir,si:Y od} If these

the tine fcr collection of the pa itive

c613ect!cm of the T69itive ions hut
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very slow ccm~nred with the time for collection cf the electrcv;s. In the first

e jrwt~nce$ RS already pointed cut, the totil ionisutien current It ~ 1- till follcw

f.hev@r3nt40ns cf the intensity of the iord.ziijgradiation, Tn th~ second instance

the electren current I“ wjlT.follcw the chances cf the Ionizir.g rncllatjon while the
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o the center of gr$vity of the ionizat.ionfrom the ~osltive mnd frcm the negative

electrode, respectively. AISO it follcIwsfrom Eqmtfon 25s’ that if the c~mb~r

is irradifltidby a constant source of ionization so that N fcn Fairs are produced

“ per unit time, the electron and positive ion currents, Io- and 10+, are given by

tha product of eN/h times the diotance of the canter of gravity of the ionlz~tion

from the Wsitlve and from the negative e~ectroda, respectively. If, for instance,

the volume cf

ionization i~

the chamber is uniformly irracllsted,the center of gravjty of the

halfway between the pcsitive and negative electrodes. The c~’ranti

To+Snd l.” are thee identical and given by

I
4-

-I- Z1/2e N
0 0

In the case just coaidored of a sracfally unif’oxmior.izetion,the functionS

f-(t) and f+(t) have the expressione$

f+ (t] : JLSJLL .+ for t <h/w+
h’

f*(t) : 0 for t> hlw+

f- (t) = h -& ~- for t < h/w-

f“ (t) : G fcr t >h/w-

The expre~efofisfor the positive ion and electron currents subsequent to

turning on cf a constant scurce of Ionization (see Equation 47) become

~+
1+ (t) ZeA#(t. V27 t2 ) for t<h;w+

I+(t) : 1/2 B N : ~o+ for t>h/w+

1- (t) : ~~ (tcql t2) fcr t<h/u-

1- (t) : 1/2 e M for t)l’l/w-

(31}

a sudden

(32)
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x+(t) :0

1- (t) : “e N L1/2 -—
:

t + 1/2 (+ t PI
(33)

Consider fjrst. the case of N Ion pairs formed Insifintineouelyat n distani;e
o

&“clfiiti V* , After all.electrons and icns have beer,ccllectcd, ttiec},erpesG + and,>

c!-~ indvced hy the met.iofiof the pmltive lens antithe elcctrcne, renwctiv~ly, nr$~

+-
‘i”e NO log (b/r)/loE {tu’a)
o

7;e‘wantalso to cslculata the pwttive ion and clectrcn currents fcr the c8&e

o?’a ,yyiln~ric~l chamber uy,iformly irx%diated by a comtant aouroe of ionizstior.

rnw?ucing N iorj~irs per unit tiu16. Equntions 251’ rive for the case under
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Charpes Qo+ nnd Qo- fnduced on the eollect!ng electrode of a cylindrical

chamber by the mction of positive ions and electrons, respeJt.ively,
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cr. if b>>a

lo-/eN : 1 - 1/ ‘@cg(b/’a]
(35’1

One sees tbt, if b>> a $ the electron current ie mch larger” than the positiva

5on current. The sltuatlon, of COUM6, would be revm?ed if the inner ehctrode

were ne~tive instead of positive.
.

&7 EWE Fg’g’

??e have assumed, so far, that the electrcru?and lone are sufficichly far

frm tho bmm?ary of the active volume so that no appreciable charge Is induced

on the gu8rc?electrode. Whe~ the charged particlee are neer the boundary of the

active volume, whether Inside or nu+&f6e of’it, they will inc?uceR charge bath on

the collecting elec~tie and on the guard e~eetrode,and the com~tation of ~:’-

rulse can no longer he carrlerlGut ~n the simcle manner uut.lineciin SectJcm 3.. -

The theory of the “edqe effect.e~hae beer.developed for the simFle cssc tifa

prtillel p18te ch8mher, with the collecting electrode and the psrd e]eetrcc?ein

the shape of two infinite half planes ~cinlng along a stnight line (see Flpre 5).

(The case d a parali.elplate chsm?wr, in wh!ch the linear dim,exmjcnsof Uw “

electrodes arelarge compred with their se~~retioc, can be a~,yroxlu~.tee]

~uff’$ej,erlt]y well by the ii3e61.case descrjhed atcv~~o

Let us ccneider a ~oir,tcharge in the space between tl,cpl~tee,aad let us use

as cur frame of reference R carteslan eyat.enGf cocrtii~ateswi’ththe Crigic on the

plane con~inin~ the collecting electrode and the gwrd electrode, the y a>%s

perpendicular to this plane and Pssirg tk.rcughthe point ctwrpe, the z axis pmallel

and tb.ex axis p?rpendictiar to the boundary between the collecting electrode and

the .~inrdeleetrc~?e. (h’ problem consist+ In determining the surface densiti;cf

charge U(X ! z) intiucedin the (x, z) rhzmand tllen”int.ematin~this function
.

septmtely over the half plane foriringthe collecting electrde auc’over the haMO

.
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Fi.gure5
.

Diagram for the ~lculatior?s cf the edge effects.
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plane formin~ the guerd electrode. The mathemtiea 1 prccedure is

9 the cbservat~Gn that the ratio between the charge~ im?uced on the

is obviously the came for all chargee lying on a line parallel to

Therefore we may subsitute the point charge with a line charge of

simplified by

tvm electrodes

their boundary,

uniform density,

pmallel to the. z axis, calculate the surface der~lty of the induced charge for

this case,and then integrate along the x axis alone in order to determine the

total charge induced on the two e3ectrodes. The charge per unit length, of course,

should be sc chosen as to give the correct

4s it.will be shown below, this je done by’

~rtiele.

total charge on

taking it equal

the (x, z } p19ne.

to the charge e of the

The Frcblem of detwvnining the electi’icflald of a line charge between two

conducting planes par~llel to it hs been ~olve~ (see, for instance Srnyth,

%titlc and EyzMIzLIeElectxlcit.fl,YcCraw Hill, 1939, pp. P3.F4). From”the

expression for the electric field, ono finds the following expression for the

surface density of charge:

(36)

In this equat.lcn,c1is the separation of the }.latesnnd b is t.hcy-cmrdimt,ej of

the chmgs ● The . sign inilieates thet the Inducing clwrgc and tho Induced charge

bVO @~FOSi tS Si@W ● The indefinite integral ofw(x) is zot ~if!’icultto calculate

and has the follcwi.ngexpression

(7}

Let X. be the dintance of the charge from the boundary of the sensitive volume

(pnsitive ff the charge is inside this volunie). The total charge induced on tiie

(x, z) Plnne is @ven by

(x)
--ccl

while the charge induced. on the ccllecti rIFelectrode iB given by
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inve~ t.iuat.ir~

* on or &ffof a

??xpermenta of the firat type csn be carried out d th the arrangement

schematicslly represented in Fi@re 8, CK is the Icnization cimbrp w%1ch contains

n auitiblo source of = -particles. The pulse V 8t t}lecollecting electrode is

amplified electronicallyend then applied to cm of the vertical deHectin& ~lates

of R cathcde ray oscilloscope through a dehy line , which delays the pulse by one

to two microsecomie withcut chnpi ng its shape appreciably, The pulse at the

output of the amplifier is 81Go used to trigger the sweep circuit. ~ii8 circuit

provides a Fasltive scpmre pulse which is LIFplfW t.~ the intanfiifierelectrode

.

e

of the cathode ray tube , normally biased below cutioff, and turns the beam on .

for. the duration of the pulse. It aho provides a Baw-tooth pulse, wldch 18

spplied in push-pull to the horizontal deflecting plates thu~ prctiucinga linenr

sweep of appropriate speed. For each ti.particle entering tlte.chamber, a trace

representing the output voltage V* as a funct$on of time appears on the 0tJCi120flCOi*

screen, The delay line between the amplifier and the vertjcal def.lectin.. plate

makes It wseibla to study the beginning of tilepulse which otherwise could not

bo observed bacauRe of the small unsvoi,dabledelay in stmtir!.gth 8weep cfreuit.

Ve(t) j.srelated to tie fun,3tion’X (t) which describes the t.ransiantresponse of

the detecting equipnent hy Equat!on 23. If tho rise time of the amplifier is

sufficiently srall and iti resolvin~ time i8 mfficie~tly long, so that the trans~er.t

response of the ampllfier may be a~pz-oximated with a ster function (~-(t) Z O for

t< 0; JY(t} : ccnstint for t> O,)this equaticm tcgethflrwith Equ~tion 24 yields

J.

tho shape of t.h pulses

chnmber reprcseotid in
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fireco31ected A*

of the electrms,

electrode .c?fvidw?

then reria!nyractic+lly conat..ant, l’t.e tfme fcirthe collection

of ccurse, is eounl to the Aistinca of the t:%ck frcn the cc,aj.tiva

by the dr3ft vtlc.cit~of the eleetrc.n~.

ratio skdcl b equal to tinerat~o between the di~tance of the tracks frcm the

Positive arkltie negative elsctrede, rise~ctively,’if there IF no electron attachment.

Any el.ectrcmattachment Ieadinm to the fornaticm of SIUR morin~ nmgnt.iveien~ u~11

(?ecreasethe fast and inerea6e the slow mrt cf the pJi8e0
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6’?

No measurements of the electron attachment ware carried out by tho method

cv.tlfnedabove, rsinly because nc am~lifior wsa availnb19 which could amplify

withcut distortion both the slc~wand the fast ‘Xrt of the w~se. Some inf~rm!~tion

on electron ~ttxchment. however, wss obtnfne.dby study$ng the depan50nce cf the

olectroripulse en the voltage difference acrcss the ckamtw, Any chanP+ of JWIS6

}Ieight. with voltige (exce~t %t very lcw voltages at which diffusion cm reccmtinetion

may Flay some role) is a proof cf el=cti-clr.att.ac”hme~t.On the other hard, the fact

that the yu]ee he~ght ~e fnde~entientcf Lhr>vcl~~e over a wide range may be tsken

depende critically ou the crigin of the gas, w?,ich eeem to indic&te that, the ca~t.ure

deflecting plates of e cathc~e ray GseilloscoFA. Th8 6waep circujt. provides a squarm

l%aitive pu~Ee and a saw tooth vu:fie, wh:ch are used W turn on the beam c~fthe

oscillouccqw and to produce a hm’jzontel linear sweep, respectively. Tho sweer

circuit also Frovi3es a square negatiqe @se, the beginning of which am k delayed
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Figure U

Experimental Cirt%ngctme!it for testing ‘fastn clxmbere

with a mdulated x-ray source.
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current I ‘, Then the x-ray tube !s turlt@ off 8nd a cur?w:t eqwl to the ionization
@

current previowly measured Is sent tbra.@ the leak xeslet.orR by connecting i.ta

u~per end thrcqzh.another r~slst,orIi~ (R1>>R) to an Sppropr’ist.elychGserkpelnt along

tho plate resistor of the tube marked ‘ca3ibratcr1’.The xt~t of the sweeF circuit

connected to the grid of the cslikratcr tube. When the awecp circtiit5.snc’wcperated~

the delaysd negative ~ulse will turr. off the ealibr~tor tube thereby intermpting the

current throuph the leak resistor. The hej,ghtof the pulse appearin~ on the
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Figure 14.

Coirtperiscn betwce~. mm~tsc! and observed mlse ehapes
for the ~r~llel plate r}mrher reoreemted in Figure 3?,
A Co?u?ti.nt scurce of ionjzatlon is turn6d on 9t the tlw t Z !2e

Curve {1) gives the electron curre~t in thp chnmber,
cwputod fcr a drift velwi ty of 1.35 x 10L centimeters per
second (sepam tlor4of the ~lntes; 1.57 cm.). Curve (2) glwas Uce
velh~o et.t,heoutput of the am~)if Ier~ compuk-1 for a
=nlltleItc: C.Wip P8COI’M?Sof the input ti~e co.nsq$tantnnil
by t.aklnpjnto acccunt the frequancy response of th~ anwlifier.
Cvrve (3) Fives the ehservd out~t voltage (from Fi&ura 13)..
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2 inches in d~ameter snd were fllle?! with n mixture of argon 8n3 carbon dioxide

to a memu.m of 4s5 nbwnsnh~:-m. They were all connected in mnllel nnr!their
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F~nre 16 Rives (AV)Z as a function of the vcltare applies to the chambers

for two fixe+.jpositions of the ~ -r9y s_ce* In both cases, the ionization currents

rcmched tl:air8aturat!on val~~es~t abcut 4(Y3volts. These saturation va?ue~ were

0.19 Rnd 0=9+ mlcroamperw res~ectively. The dependence of @V)2 on the chamber

voltq~e shown in Figvre 16 can be undcr~tmd ‘qualitativelyif one considers that

in the c8st fn question the re~elvtnp tire % was mainly determined by the ttme

of’collection of the electrcna, since this was Icng eom~red with bo’thtlieicvut

time ccnsbnt and the time of rise of the amDllf’ier. Hence, the observed increase

of @V);? with voltipe reflect~ the lncrea~e or tlieaverage drift velc~ct.tyof

●~ectrone in the ch~tnbcr$,

Equntion 40u@y be expected to give the correct dependence of~V on I and%

but cannot be used for an accurate calculation cf~V, because of the simp2if’ying

assumption which have been made in ite derivation. Xowever, if one tikes z au

emal to the time of rise of the odtput yulseja,ndif one calculates m by 8seu.ming

that all ~rticles hnve in the” charnker a track length equal tcJthe rha~her diameter9

the caleul,~td value of (AV)2, c~lcuhted from Uuation 40, is wfthin q factor of

two of the observed value.

J.QJQ LTUI’TSOF VALIDITY W THE TI+EMJ— ..-—.—

The method devol.op& in ~ect~en 1 for the conputit,ionol’the signal ob”ained

from an icnizaticm chamber breaks down when the ionization current varies very

r8pidly with time. Two asaumpticns were implicitly made in the argument Ieating
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urment on-the electrodes on account cf tk,efjeld existlnc between t}lem. Therefore

we ccnclude tlmt.condition (1) is not only necessary, but in all rratical cases,

also euff~clent for the wljdity of the theory dcvelore?.

As we hnve setenin Cbpter 8, the drift velocities not on~y of ione but also

of free electwns are alwys very mmll compared wjt.hthe velccit> of light, This

umns thnt In the c~se of an instintanecws burst of ionization, the lonizntton current

wjll set in Suddenly

retu 80 as to insure

the thecry .fleveleped

but will subsequently mr.r with time fits mfficlently SICW

the validity of our ap~roximation. Tt follow that even tilcl:h

does not er~hle OtIe to calculate ti,e currer,t, I for a t~me of t.h

order cf~/c after the production of the ionization burst, It will rive correct

re~ults for E13 subsequent times.

.
~=Y RAPIDIY RISING IONIZATION PUM_S

The theory is inedequnte for tl.e 6017itfOn of a practical problem only in csse

one wants to calcwfl~te the si~nel produced hy a sourc~ of ionlzation,the lnten8ity

of wh{ch kee~ increasing very rapidly with time. In this case cne has to start

from the b%mell eqnat,ions, which reed~

.

(43:

(IIVz : 0

The following simplifying ~ssumptions will be made:

(1) TheelectrmnPetic~ l~al produced hytieionizatlcn lss~llccm~re,?
-=+ --+

wit},the pre-exlstlng static electr~c fields Thfs means that w+ snd w- may be

a considered IDSgiven f’unctionsof the position.

(2) Recomb!nstion and attachment are negligible. This condition becomes IeSS

restrictive as the pulse becomes faster. It means that the ion and electron

.
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?-y the equnt.ions .

+ “ C nt the roslt,{veelectrode, nrd n-ron!~fticmnthat n -- . z 0 nt the neg~five

elect”rcw?e● The values thus fcurd can then ke intrcxlucedin Equsticms43,

48 an exa~pls, let,us ccn3ider the case tk,fitth jnten6ity of the icn!~irig

rdfatjon Increaaea exponentially with time so that

Since F~uatjorls4.4are linear in n4 and n-, and sjnce the only term which de~ends on

the time emlic%tly Ie en cxconentlfllfuncticm of the time, there exist 8oluticns in

t/Twhich n+ ati n- derend on the tine as e . These solutiom satinfy the correct

Initfal conditions if we assume that n+ and n- are zero before the begirr.lcgof the

ienizstion ~lse ( t ~ .~-), TMs means thnt the cnly terms which depend explicitly

on time in WaxwSll*8 equnt.ior,e(L.qufition43) are sfpin ex~c.nent.inlfunctions cf the

tyreet~x .
+

As R ccnseouence, the vectt~rsE and ;, wkd.chdescribe the electromagnetic

tl=dfsturbaticermduced by the mlee, alf30vary uitk tirceas e , if we only assume

that they are zero before the ionization mlse begins, We conclude that, undsr the

very mjldly restrictive conditions set forth Rbove, a source of ionJ7x4tion, the

intensity of wh~ch increagea emawntlally with time, wjll always produce in an

ionization clvimtwwa si~l which exhihita the same time dependence as the intensity

itself?)
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It c.qnbe shcwn e~slly thnt~ whfle the absence of reccmblnntion is an essential
cmdition for the val~dity of this result, t>e abser,ceof attachment i8 not.

—-— .. .-— — —-— -—... ...—

In rany Fr3c+Sc91 ca5es, diffuston may be neglected. If the signal is very
. -+

short, tk.eterms c?iv(n+ v? and Slv (fi-
+
w-) In Equation 4.4may also be neglected

And n+ ~nd n- are then Ffven by the equations

t
+

n (x. Y, Zt t) = n- (x, Y, Z, t) :
J

no (x, Y, z, tl) dtl

,7

if.we sssume thqt they are both zero at the time t = O. This means that in

(45)

!l~xwell~seauations we may consider tha density of charge an zero and the density

A@ a prectic~i acrllcaticn, let UF coneidcr the followlnp problem. A coaxial

llne of infinltu length consisting of twct cc,tiductin~ cylinders 1s filled with a

gaa, eo tl~t it forms an ionization chamber. The two cylinders are at tiifferent

voltiges wjth the outer cylinder, for instance, positive,

For the deucrlpticn of the field, a cylffi.lrl~l sygt.em of coordf~tea (r,&, z)

will be used, w~th the z axis nlonp the axis of the line.

at z S @ -isIJrjiformly i@nized hy sn externnl s~ent. ,Furthermoro, let us Bssume

that the drift velocities of Ions arilelectrorw sre proportlornl to the electric

field, anfl~herefore inversely proport~orwl to the r coordinate. This means that

the rurrent c!enslty in the lonlzw? laeyer is inverfielyproportional to r, so that
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well krimn that in e coaxiel Ii!;ensde of two perfectly conducting

se~rated by an unclvqyd dielec+xic of dfelcctl~e con8tant eQua3 to 1$

equations have solutione it]which the electric %ec’terhas only an r-emponerit

the magnetic vector Ix3 only a @ -ccmpor,ent, H
@“

Er and H@ are equal

or
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The soluti(m of cur ~rc,hlem is there.fcre:

‘The current, 1, in the itwlcr tube cen be c.al.culated free the equ%tlon
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CHAPTER 11

GAS MJLTItLICATION

11,1 GEhEIML CONSIhEfiATIONS

hhen in a portion of the volume of an icv-dzationchamber, the electrj.cfield

strength exceed3 a certbin vaiue, tk.e electrons which penetrate this volume will

acquire, between collisions, a sufficient enerp~ to ionize tt,egas molecules,. Thus

more electrons will be liberated, w}lich in t~rn will produce more ionization by

collision, until finally id],electrons, whetker directly produced by tl.eexternal

ionizing agent or generated by secondary col15sion processes, reach the positive

electrode.

The

used for

clwnbers

phenomenon described above is cdi.ed l*gasnmltipiicaLionH , and it is often

the purpose of amplifying the effects of weakly ionizin~ radiations. The

to be operated with gas fitiltii;ication are usually in tli~ shape of a hollow

cylinder, with a thin wire stretched along the wis”.

with respect to the cylinder and, when t)Ie dj.fj’erence

electrodes is sufficiently large, there exists around

The wire is always psitive

of potential between the two

the wire a cylindrical region

where RU13multiplication takes pl~ce. The dianeter of this cylindrical region is

usually a small multiple of th,edidffieter of the wire. Hel]ce,its volume is very

smail compared with the volume of the chatdmr}and the probability of an electron

being produced in it by the primtwy iordzing radiation is negligib.te, The electrons

produced outside of the region where gas multipiicatiorltakes place produce, on the

average, tl.esame number of ion pairs by collision before reaching the wire. Let

us denote this number by n-l, so that n ~epreser,tsthe total number of electrons per

primary ion pair in what we may cdl t~le l~initial avalanche~~, Xn addition to the

● electrons set free by collisions, eiectrons may be produced also by photoelectric

ef[”ect,because ionization and excitation of the gas molecules by electron colii8ivfi

result in the emission of’photons.Stnco the excitation energy is alw,ayasmaller than
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*,heionization energy, when the courit.eris I“i.lledwith a ,)uregas, photo--electric

ei’ffict. can only occur on the ci~thd~. \!’iLen,

~as mixtwe, }Aotuns om~tteciby wlecules’of

of another kind, Let%be the average number

hweve:., the.counter is filled with a

one )cindt~~qybe able to ionize moimmies

of photoelectrons J)roducedper ion pair

ccnerated in the ~as (where alwaysif<<l ). Then the initial avalanche of n electrcns*

will.be accom,;aniedby the ;;roducti~nof ~n photoelectrons,which will produce a

seconti~rykvalxche of Tn: c]cctrons. The arqur,f-ntRQy be re,.etitedid one finolly

obtains

c!]mber

the fol.lowin~expres~ion for tkie tot-l number U of electrons set free in the

when one ion Fair is produced by an e>.ter~l:+la~:ent:

i.1)

The vo.ue of ~. .t?ucndson the vultf,geapplied. ihen the volt,,lfleis shYf5.-

cient.lylow so tht.tJr.<1,we say til;~tthe c)]~mcr is ooerated tisa “proport~cm~l

counter”. The numiwr U is calied the ‘gss mdtiplication’t and its value is given

by :

L!= . .

~1-~n) (1’)

This equation shcws that if n is suffi,:iuntlysmsll, M ia vracticallv e,.~ualto n,

wnich me.ms that the ‘#,otoelectiicefi’ectcan be ne~lected.

If the v~ltage is SLCh th~t 8n&l, then ~uation 1 gives 2=w, wh.,chphysi-

cally n.txmsthi,tan elec~ric bre:ikdcwnoccurs in the chamber, ~i chamber opemted

under these conditions is called a ‘Misch.mge counter(’. T)]edisch,u’gePfiybe in-

herently unstuble, or may be quenchu+ by external meann. Not much develo~~ent work

on discharge counters w:iscarried out at the Los .Qamos project. Hence, we shall

ihit our considerat.iurlsto the counters operating in the proportional refiion.

First, it should be pointed out that a proportional counter as ~efined above

is not necessarily “proportional”. In fact,thc Has multiplication is a constant,

i.e., independent of the primary ionization, oniy as long as one can ne~lect the

modification of

is the case when

the electric field near the wire ca.Lsedb$ the space charge. ibis
,

both the prhary ionizati:;n,md thieg;~smltiplica$ion we suffi- .

..
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ciontly 8fIdl. Let us assume for the E,omentthat this condition is t“uix”ilied,and

let us assume, moreover, that nc electron att:tc.nw,enttakes place. “Lienthe gas

multiplication L!,for a @ven gas, ~iil be a functi:zriof the diameter a of the wire,

of the diameter b of the cathode, of the pressure p, 01”the voltqe.Vo .icrossthe

counter. It will also depend on the haturo of the cathode, ii’the photoelectric‘

e~fect plays a role. Ifj however, the photoelectricei’lectis negligible, which is

always the case for sufficiently low values

nature of the cathode is inuwLerial}wnd all

mall distance from the wire. lienceMwill

such a way as not to alter the field at the

of tt,egas multiplication, then the

significant‘phenomenata!$oplace at a

not change, if V. and b are chan~:edin

wire. %reover, K will remain unchanged

if a and b are multiplied b~ a common factor k,,p is divided by the same factor, and

if V. is kept constant.. In fact.,by so doing all linear diu.ensii)rls,including the

mean free paths, are multiplied by the same facf;ork, while the eiec,tricfield

strength is divided t~yk. Hence ‘.IMenerr~ g~lne~ by the electr~ns between Colli-

sions at corresponding points of Lhe two counters is the same, and the number of

collisions for electrons tr:~vellingbetween

counters is also the same. it follO\!S that

ratiG V. /log (b/a) and of the product pa:

two correqxmiin(~ points of the two

Idc~n be expressed as a function os the

( v
M=M )mih’p

We want now to discuss qualiL;itivelythe time dependence

(2)

01” the pulse

given by a proport.ionulcounter. For y~[flj~licif,y, we shill assume that the

wire is grounded through a resistance R, sufficiently larce so that the

pZW@Ct RC Of this re3i9tanCC ti~l~~ the coltibineaci~pacit~C of the collectin~

electrode p~us the input of the

with the duration of the pulse.

simultaneouslyat a given ~oint

the wire, causin~ its potential

amplifier represents a ti:i.elong compared

Suppose now that No ion P:~irsare ProdUced

Of the co~mter. ‘rheelectrons will driit toward

to vary by a SUQ1l amount. ,tssoon as the

8kCGHNM ream the neighborhmd of the
wire, gas mul+.ipMcation takes place~
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Ina very short time=all the eiectrons fomed by collision will reach the wire,and

during this &e the potential of the wire wiil undergo an 8ppreCi*ble CkUWe. Jd.

.
the same time, tihepositive ions will start drifting awsy from the wire at first

rapidly, then more and more slowly as they go into the region where the field Is

weaker. Thu6 the potential of the wire will continue to change after all electrons

have been captured, first fairly rapidly, then very slowly. Hence the pulse of the
.,

proportionalcotiter way be expected to exhibit a shape of Lhe type shown in Figure 1=

The “delay” tl in the beginning o:’the puise depends of course on.the distance from
“.

the wire at which the ori.,gitdions am fozned. If this distance is of the order of
.

one cm, t~” may be expected to be a few tentihs”of a microsecond. The’t& interval “\

t. 2-- tl in,~h$ch the gas multiplication takes place and the @lect.ronsare su-bpt

away is only a small fration of a microsecond., The total time for the positive ions

to reach the cathode is of the order of a millisecond, but,lr.ostof the pulse due to

the motion of the positive ions takes place in a xtuchshorter time, while the posi-

tive ions travel in the intense field near the wire. The contribution of the elec-

trons;to the pulse is in gener:ilsmaller than the contribution of the positive,ions,
1,

bec’ausethe icnizati~n by collision takes place u:mally at a diatimce from the wire

~naller than the wire radius.

In the case that the priury ions are not produced all i~tthe same plnce, but

~fiedi8trib~ted alol~ga track of finite ~ength, the electroI)s frof~the various sections

of the tr~ck will reach’the region where multiplication occurs at various times. ‘:hi8

modifies the shape of the initial p~rt tii’the pulse in a manner which depends on’the
.“

pcA.tion and on the orientation of the track; However, the shape of tl:epulse, after

a time lone compared with”the time of collection ofelectrons, will not be appreciably

affected. A160, da long aa swcc charge effects can be l~eglectedYthe pulse shapej
.

for a given gas multiplication, will be independent of the number of prkary ions.

Usually, the time constant M, or m~re generally, the resolving time of the ampli-
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Schernat~crepresenL=tiorlof the 8h&pe of the ;.ulseof a propor-
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fier is chosen so as Lo be iur~xecou,p~redwith the tine t2 for the collection of

electrons, but short compared wit}lthe totxilLfilefor the collection of positive

ionss The observed pulse shaps will then be of the type

line in Figure 1. The pulse hei:ht will depend somewnat.

ving tij:ebut will be independent of the positicrrof Lhe

represented by the dotLed

cm t}:evulue of the r&ol-

Lrack because tliisonly

affects the shape of the initial pw”t of the pulse, as pointed out above.

@din, under the assuuptiot~thiitspace charge efl”cctscan be neglected,

time dependence of the currenttthrough bhe counter, when s continuous source

ionization is suddenly turned un or off, is iuentica.1to the time dependence

Lhe

of

of the

!&@&s of the wire uhen.a number of ion pairs is produced simultaneously iilLiie

counter, exactly as in the case of an ionization chamber witl-,outg~s multiplication

(see Sechion 10.4).

The analysis of Lhe opcr:it.ionof a proportional counter, when space chur~e

effects cannot be neglected is Iiopelesslycolflplex.

charge ieft near the wire after tho removal of ttle

near the

the size

chamber.

which ‘iS

wire, therebp decrt?asin~,the v:..III)vof the

The eft’actof the positive space

electrc,nsis to weaken the fielcl

gas multiplication, Possibly

of the effect couid be ca.iculaLedin the cztse01 a uniformly irradiated

Such a calculation, however, would have little bearing on the problem}

practically more irq>ortant,of deterioir,in~the e!”fectof the space char~!e

jn a proportional counter useo for the detection of individual ionizinl?particles,

InfMe case? the total rl~ber of ion yirs produced per second in the counter i-s

not the only factor to be consiltered. ‘file/-JiiS w,ultiplicationfor a ~~ivenparticle

will be influenced by the spuce charge produced

the counter at earlier times, as well as by the

under consideration. These two ef~”ect8require

by particles which have penetrated

space chtirgeproduced by the particle

sep-mflteit]vestigation. ‘ihesecond

effect will depend, among other things, on tlioorientation of the track, because this

determines both the length of the wire over which the space charge is distributed

ma the the interval during which the spice charfe is produced.
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In conclusion, it do~s nat seem practically possible to predicb theoreiA-

eally the conditions under which space c!]&rgeeffects start to beco.ae noticeable.

nor to describe”accuratelythe operabion of proportional counters when this occurs.
.

;iheneverpropor~ional counters are ~o be used for qua.nti.ta~ivemeasurements, it

is advisable to test their o?era~ion by thecking the uniformity of the pulses pro-

duced by particles dis3ipatin~ a given amount of energy in the counLer, and possi- “

bly by determining whether or not the gas mliLt.iplicationis independent of the

prhnary ionizatiotl.

11..2 IMPEREKNTJL VAIL%30F lW!,GAS MUITI<LiCATICN FOH VARI1)I:S.GASES ‘

It has beerishown in the prec@ng sec~ion that, for aufficiencly low values

of the gas mltiaplicabion M, this quantity, for a given gas, may be expected to

b; a function of the two variables Vo/log(b/a) and pa only. ~erefore iLwill

be possible to Calculate G’for a~~yset of value$ of Vd p, a,and b if !:has been

rreasureaas a function of V. and p with a given counLer (a and b conetant).

Akasure4mentsof t.ke“gasmulLiplicat.~on”as a func”tionof voltage and pressure

were carried out..for a number of gases in ihe following w~y.
,,

b Alpha-}#rticles from

a polonium source were introduced in bke counter and the pul.aes,after sllitable ‘
,

amplification, were ovserved on the screen of an oscilloscope. Then tae voltage

across the counter was reduced until the counLer was operating as M ionizabio[l

chamber Witlioutgas multiplication,a?idthe &din of the amplifier was increased

until the output pulses had a~ain Lhe same amplitude. l%e increase in the gain

of tileamplifier was taken as a.measure of the gas mulLiplicaLion. ‘Ibisproce-

dure WOUJ.5be rigorously correct only if the resblviligtime of the amplifier was

large co::.paredwit,hAe durat~on of the ;~.~i~es.Actually, its value was ap-

proximaLe;y lW microseconds, wh.!chis long coqxred wi~h tt,eLfiiie for the collec-

LiGn cl electrons but shor~ compared with the Lime for the collection of the

pOsitive.i@n~, ‘f’h8@rFor thus intrcxjuced,hme~er, is ~ot vq-y ~eriGu3

?m.:ausewhen the counter is used wiLhc.:tgas mulLiplicaLion. the pulse is
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mainly due to the motion of the electrons (see Section 16.bj, and when it is

used with gas fiiultiplicationjthe main part of the voltage change caused by the

motion of the :positiveions takes ,Jace in a time short compared with

seconds. Moreover, this error does not affect the

the pulse shape of a proporLionalcounter does not

multiplication.

relative values of

change,appreciably

100 rOicro-

M because

with gas

sow of the gases investigated are liqted below~ along with the references

to the figures which summrize the experL-lent&lresults. It must be emphasized

that no effort w;ismade to reach any high degree

expeririientaldata here presented:

Fig. 2

Fig, 3

Figs. A+k 5

Fig. 6

Fig. 7

Fig. 8

Fig. 9

Fig. 10

Fig. 11

Tank Hydrogen

Methane

Tank Argon

.Spectrascopic

. .

of accuracy in obtaining the

Nitrogen

Boron TrifluorLie

90% Hydrogen, lC% Methane mixture

90% Argonj 2% CQ2 mixture

W% AX’goll,lb% ~2 mixture

84% Argonl 16% Propane mixture

From an examination”of the experimental results summarized in Figures 2 to

11, one can draw the following conclusions:

(1) In f[.ostcases, the gas multiplication is, over a wide region, an

. .
approximately exponential function of the voltage.

(2) ‘Theslope of the curve which represents log M as a functionof V.

increases with decreasing pressure and decreasing wire diameter. For low ?ressures

of hydrogen,

voltage that

argon, or nitrogen, the gas

the counter is difficult to

multiplication changes so rapidly with

use. The addition >f asmall amount of
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Tank hydmge~ 99.975 pure. Wire di.~A.er 2ii* V.(l(j$’;cylinder
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Tank argon 99.@ pure. Wire diameter LJ,CJGlt~;cylinder diameter

1,56’1. Gas multipl~cation M vs volta!;efor a pressure of 6,8 at-.
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Figure 9

$X3%w:on, 2X CC)
0.010”

q F&—ture. Wm ?iiameter & = *; cylinder

diameter 2b 4 U.S7”. Gas multiplication U vs volta[:efor press-

ures of lb and 1A cm Hg.

.

.
m

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



1000

.

foc

Ic

.

300 600

10 Cm.

I
t
/
o

c
7

/

/r

/

900 !200
VOLTS

i-

0

-

1“
—

1500

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



. . ‘iii4
—

‘.

.—
.-.—
—

—

Figure 10

~ argon, 10% CO~ndxtwe. Wire aiaueter 2iJ~ L.b05V; c:llinc!er

diameter 2b = 1,5011. Gas multiplication M vs volt-e for pres-

sures of 1.13, 2.15 and 3.5 atmospheres.
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Figure 11

-on. 16% propane mixture. (fire diameter 2A ~ CI.OLJ1’l;cyiinder

dimeter Zb = 1.5tiIl. Gas multiplication M vs voltafleat a pressure

of 0.83 13trLcJsptIeres.
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KM

carbon dio.tideto argon OF of methane tcrhydrogen makes the dependence

V. at low pressures much less critici.1.

It may be added that an attempt was made to veri.f.vexperimer.tally

relation ex!ressed by Equation 2 by corn;arirt{!the c~rves of VO vs p at

stant K with argcn filled counters of different dimtisions, namely? A

~.J.lJlbll,2b = LJ.e??f;2a = 06”AJJ.f’,a = l.>bl’;A = L.UG”, ;?1)= 1.50”;

of U on

the

crm-

=

~.

I;.I.;L5”, 2b =1s50”. ~iscrt?pmcies of the order of 10 per cent were found

Lebween t-hevalues o: V. observed with a given counter and those ccrnputed

by rr@an3of Equnbion 2 from the results obtaifiedwith a counter of differe:]t

dimensions. It i3 difficult to decide whet]teror not the ob~e~ed dis-

crepancl.e3 are significant. They n.q well bv due to errors in the trma3ure-

mcnt of the wire di:xriet.cr.

‘Theshtiw cf pulstisfrom a pro;~urtiontilcolmtet”w:; investi~:,,tedby

deLer4tir,ir,L:tileintensity of current ~s a function of’time i~{rfiediatcly~.fter

A cunst-antscurce of ioniz~t~on is s~ddenly turrtedoff. For t,hist.e3L,the

pulsed x-ray equiy!.enttie3cribedin Sec. lb.8 w:~sused. ‘A%ecounter }IAfisr-f

innt?rdi:un.eterof b.75’f. Jhe wire Was U.lJIO’fin diurlet<.rij.i)d 0“ irlisn@tt,

fne x-ray beam was bd~itt,edinto the counter through :ithin brass window,

The irradiated section of the counter w~s 1.5” ~n len@Jl,

connected in the same w:iyas the ioniz:ttioncharzbershown
\

The resolvin~~tti.eof the arzplifizrwas G.8 uicro:,econds.

Some of the results obtair.cdwith

ind C02 (98% argon, 2$ CCJ2) are shtown

in ii~ure 12. The len~!thof Lhe swcup

obLtiinedwith 3W volts across the counter,

cation occurs: Llnderthese conditions, the

at which VOlt3ge no gi.f.sndtipii-

current throu~h the councer M.33
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Figure 12 ~

.’hotogr~p}!icrecords of JJUISCScf u cylindrical ch.lmbcru}lonsudden
interruption of const<intsource tif

d. wit.out /;,,smulLi ,iicdtion
t). with gas mulLiylicaLiorl
c* calibration pulse

The gain for (bj and (c) wis about
total duration of the sweep WAS 07

ioniz.,tion.

X tikes sm<illertll.nfor (.iJ. Thc
microsecorw!a.
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~~~

● 1.:{XICJ-8 amperes. Trz~ce(v)‘WAS Gbtailledwit})ID(JLJvolts ~cr@s3 the count,er~

‘itwhich volt:~gethe gas r.ult~;~licationwas about X, flivinga cu.’rentthroliztl

“-7
the counter of 0.5 xiO anp:res, Trace (c) represents a calibr~tion pulse

obt~ined by sending throu?h the ieak resistor of the counter a current of 0.!5

-7
x 10 +ucperesand tttencutt.i!wit off cl.ectrdni6&Lly(see Cecticn lb::,. ‘*”he

~;ainof the ampiifier was Gf cuurse much lower for t!]etrace3 (b) iind (c) than

it waY for trace (a). Figure 13 [fives tilecurrent ~s a function of the, as

obtained frot~the counter puise shown in tr,~ce(b) of Figure 12 and from Lhe

calibration pulse shown in mace (c). Cne recognizes that the shape of the

I)uiseexhibits the features which ~ne my expect frc.ma quaiit~tive .,nalysis

oi the operaticm of the counter, ;Jsdiscussed in Secti’.m1.

hxperiffientswere carried

at prwssurcs from 2~ cm IIflto

JJL. ho lar{;edifferences in

out Y{iti,

?6 CJTi11~,

the culse

difl”cment.value.sof the x-r~y in~cnslty

:Andof tllcmultiplicati.orlfrom 2?2to

shapes were detected.

TIE KIRK:

Ib has been pointed out in Section 1 that LYJI:height of the pulses of a

proporti.cnd counter >houiu be inl~ej.m~derltOL’the dklstanceof the icmizinl?Lrack

from the wire, provided JN electron ‘~ttachrnenttakes ~)lace. ‘~)ilsw.,?tested

experirzent~llyfor a number of gases, at pressures both above tindbelow aG-

rr,ospheri.t,The rr.easurem?.u+.s;~t>ress’~reabelow tit~tosphericwere carried out

by shooting polonium cX-~rticies p,irJlcl to the axis and close to tl]ecylin-

der or close to the wire res;~ect.ively.‘themeasurements at pressures above

atmospheric were curried out by using two polonium sources, one deposited on

the inner surface of the cyiirder, the other dcljo~itedon the wire (the range

Of the ~-partiCle3, at ttw ljress~resUsed, was small compared wit.hAhe diameter

● of the counterj. Some of tkieobserved katiog (7between the pulse heights oo-

tained with tracks located near the wall and nejirthe Wirej resjWCtiVC~~j Ore
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no

.iistedin Tdbk? 11.L-1 ulotagwith the .ittidescribing the ex!mrirnentaicon-

ditions under which the mefisureffientswere taken, The v.lue Gf p = 1 found

ltatiobetween the pul.;e

icmization produced ne.r the

prqmrtional counter.

P = pressure

2a= wire diwneter

Table 11.L.-1

heights corresponding to the sme prhiry

?fL:l>nd nc:lrthe wire, Te3;JeCtiVely, in a

. . . ..... .. . --. --. —e.- -,.-— ------ . . ... .— —-- .-..—

25L i.o

W : 1*CJ

‘3
il.(;s UtIU. I LJ.LQ1 !l*5b

I ! .,
! S.(K)QI 04J5
t I

P@ argon jb*8 dtu4 :O*W1 \lsJb ! 128 1 (),2
and lb% i i.

i $
I)ropane . i

(Colr’merci.1); i I.. . . \. . .... ... ..... . .-----

forthese ratics in the c:iseof sqon a~ndhydro~en is in ,ipr~mkit with the

fdct Jready rr.ertticmedthat nj~Appreciable Attachment IxAes place h these

gases (two Secticm 8.4; however, hyd:’ogenw~.sonly te3ted :tLlcw jressure).

The behavior cf BFj,- for which

ti%ely tnick wire are used, and

very Uiin Wire ara used, can be
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A =,, .

111

@
BE3 the electron attachment decreases with increasing E/p, while for a given

value of lii’p,it is proportional to the pressure; and (b), th:it the field

strength near the cylinder wall, for u Riven Ras nmltipiic:iticn,is weaker

the thincer is the wire.

11,5 ~,~1 h~p_j,cT$. ~(:~~lJ~j~(:I~~ (JF TI{E wI~

The centr.J wir(>of a proport.icm~lccuntcr is often connected at bot}i

enos to metal rods sufficiently thicker Ll)at)the wire itself so that no g:.is

mult.iplicatit,nt~kes plac(:;Lttheir surf~ice. The wirt: supportrr ure h this

c..m a p:irt of thecollect.ing electrde (see(a) :TiWprc$ M). In SOrne cc~n- -

tGrs, LIJV $.iremAy ce su!yw%ed ky md ir]~ulatenfrotv two metsl tubes which

fcmn~u,rci elecLrocies(see (b) in Figuro U+). Ln both cases, the electric .

field near t}leends of tl]ewire is different from the field ne,lrthe center.

The moc{ificatjcncf the field lxlsWo separate efiectti. The lines of fcmce

near the enas of the ~ire Are cot radial$ so that the ‘fsensit.i~evoiune” is

rot A r+-cttm{mlarcylinder, but has r<mq#:lythe :~hapeshown in (u) of Figuro

1~,. q ~’sensitivevolume!’we understand here the re~icn whore electrcms are

prc,duccclwhich give rise to t!;,smui~ipiication, ,,lsothe field.strength at

Lhe surface o!’the wire is weaker ]leurthe ends and re~cncs its normal value

crrlyat so~leaistunce from tljuer$ds. ‘fl\iscauses the g38 mhltil:licdt.imto
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Figure 15

End effects in a proportional counter for Lm differenL thick-
nesses of the wire 31JpnOrL. Wire diameter 0.010 inch~ cylinder
diameter 0.87 inch J E!asfilltng 22 cm d~. of H2; gas multi-
plication 250,
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proport.ions:counter are

eccentricity of the wire

that the inner and outer

but riotcoincidt-nt. The

t~ietwo cylinders may be

straight [x.rdlel filtinmt.sof infinite length, urIifornJ.ychar~’ec!}tithequal

&rido.pposite$linear densitie~ of ch:jrge, If we denote with ~ ~i,;t-~ tl.c

demaities

tive and

P F,astile

the neg:+tivefil:tmerit,res:jectively,t}le}wte:,tial.t the point

expression:

v= 2Alo&m~k (3)

where n. = r2/ r~ , ar}dk iS ~ Con.jtant.

It cen be .jh~wneasily tk,attk,eequij.xAcflttidsurf;icecorresponding to

a given v;liueof the volta~e V i.nd tllertiforeof tilepar:jr,et,err,is .-icircular

cylinder of radius:

r
‘d#%-

(h)

tr,eaxis of whjch is in tk,eplane of the two filaments at a dist>ince:

& “ ,+

111-1 (5)
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lls

from the posiltivefilaxent, In tht=above equatians, d indicates the dis-

of radii a and

“finefield between

Lwo 9traight

k’LVteelect,3C field 9Lren@.b

the

me

(7) .

I
.-
‘9

b ‘-””
~’r3.i[loifm)

l~ig(m.;m) (3)
‘.- .3

.1
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Li&<ram for the calcul~tim of the field in a ccuntcr with eccer:tric
wire.
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i+

o minus sil~nto peints o: the plane fer which ra<d.

From @uaticn 8 it foiiows

v
-r 9 d 19)

logq~a ‘ .-j

If we apply the abcwe equatiorltb points at the surface of L}N inner electrode

E-
E Rlin)

surface of the iru”er e.LectrGdcas riven by !!@.tion AU flayt~!er:Lw written as

follov:s

9= ’(-+9 (;A)

If b>> /iand under the :Iss~~pti~ri of a arch eccentri ci cy, kquat ions 11 :~nd b

yield

I

the

c.in

From this SquAtion dnd Xrom t)!e expt!ri(..t’rt;~l~y ~lett?rl:,iIWd ce’~!;aence of

);..ismultipllcation on electric fleiu streiigthat the inner electrcae, one

easily deterc.ineLhe sprefiain g:.,s c.lL.~ti,~iic~t.im~c~used by a,Eiven eccen-

tricity of the wire, For- inst..lnce, in TIIC CASE! oi a l’! cwuter \2LJ = 1 ‘tJ with

a L.UIU” wire (2;3 = b, LIO”j, L,blb” off ccnLer ( A = U. UIU”,J iqu:~tiofi11$ y:el~.s

.4
JE-8xiiJ , If the ccunter iu fiiled with liydrOLlen;.~t55”clnprf3s.;Urednd
—--

E
oper~ted at a g:.s multi:Licat,ionof abc~t itil,such 4 vt,ri:~tiutlot’the electrlc

field strength will prcxiucea change in g~s {(witijdic~tl’}r,ui’t.hc .~rdcrof (:rie

t raCKs, :~rofj~cing the SAM mmnt of
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iuiiza$ion in LhP sensitive volume of

rise to pulses of equal height, Some

!
3 proportional counter, nngffail to give

4of these reascms have alr clybeen men-

tioned and include space charge effecLs (see SecLiot:1), electrc& attachment

(see Section 4), e~ ~ffects (see Spction 5), and eccentricity rYfthe wire

(see Section 5). Other possible causes cf spread in ~ulse heig~t are inequa-

lities in the diar?:etercf the wire and oarticles of dust present on the wire,

rhese effer,t5are likely to & par~icul.arly troublesome in the case that a

v~ry thin wire is used, which ib is necessary to do in oti.erto kcsp Lhe oper-

ating vclt.agewiLhin reasona~le lim~ts wherithe gas pressl~rein the counter

is hi~h. Achally with a g~~en couriter (2a = ~’.Mlw. 2b = 1.56”, gas filling

6,g atmospheres of an argon-propane mixt.~re~polonium 3@urce on th? wire) a

spread :C t.bc pulse. h~i~ht, Cf t.bc Onier ~.cG? Fer cerltwas o!3serJeabefore

+.5PWire was cleaned. Afr.erthe wir- h.i,~‘>Qenm.l~,f!.lll~yclf?a?pdpthe S2re3d

In ?ulse height wxs r-ducwi to scout :P p.s+rcfw?.,

A typical pulse h~i~ht. distribution curve is show, in Fip.]re17. Wllilar-’

curws were obkained wiLY.reasonably morioener~cticsources of W-particles

I
. 10,7 ‘WJLi’IPLM ‘IVIRE GW;NTEI

i
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ng’m 17

Typ:cal spread i.n pu19e height for a proportional counter. fifre
i~an~ter 2.01’3 inch: cylincler d:ameter 1.5 inchj pas f’illinp 3’3 cm
-ii Jf Ha ~ 1 cm Hp of C&A cas multiplication F2(?, The experime:~L
w-i9perforrnpl by ghoct,int- a collifnatfxl beam of @-particles thr:.}[r<h
the Col.inter,im a di~~ctian perpendicular LO Lhe axis. ‘l?Leout-
pdr.puises of the amplifier were analysd by rfiems of an electronic
d~scr~xi~a+.or, The curve gives number of pulses againsL bi.39vcl-
tagt’!.‘7?,*wfjth of the pI]lseheight disiribuLion isAVj’VB=(),06.
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Yigure itl

Schematic diagram of a mui!.i,>lewire proport.iund counter. q, :%
form the high volt.~geelcctrale; b’is the collecting elect.rode.
The arrow P re,lresents the c!irectim of the be-a, of ionizinp p_m-
ticles,
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L?l

counter is schematically represented in Figure lEI. The pii W is mountcxl

rigid]y between tvl?c3creens,Sl and Sa, cf high tnmsparency. The grid “X

grounded through a resisco~ and connec%d to the input of Lhe amplifier.

The screens S1 and S2 are connected to the negative hi~h volLa~e SUP?lY.

is

The ionizing particles are admitbed into the sensitive volume of ~he counkr

thra@ one of the screens. The elecLrons liberated by an ionizing particle

beLween the screens drift toward t,hewires, in the nei~!lborhoodof which gas

multiplication takes place.

For Lestin~ purposes a counter was bvilt containing two separate elements

sf the ty~e described above.’ The details of the ccns$ructiofiare shown in

Figure 19, The tvrJsountin~ ~rids and t’hethree hign voltage screens ar~

mouni.edon invar rings and st.r.eLchedtight by differential thermal con~raction,

Collimakd beams of C4 -qarticies, from poloniun sources placed in the g~ns

A w-xiB, :w%pect.ively,can be dirscted into the counter throvgh either of two

sets or holes (0.026 inch in diameter, 0,5 inch lengLh, 2 millimeters separation).

l?~eholes normal to che plane of the wires are drilled in a row makin~ an ‘angle

of 31.5° with the 3irecLion of the wires, so that five positims of “thebeam

may be obtained between twc neighboring wir”.’s.Tne counter was filled with a

mixture cf 97 per

The shortest

counter ,~es~r’ibed

cent ar~on (99.6 per cmt purity) and 3 per cent H&.

time cons$ant of the anplifier used for Lhe tests wiLh the

above was 100 microseconds.

he ~a:]m~l~iplicaticnas a function of voltage was mess-~redat pressures

of 4 cm H~ and 29 m L%, The results are presented in Fi~re 20. At 29 cm

pressure the measurements were carried out. as described in Section 2, by

comparison of pulse heights with an3 wit!lout.gas .multtplication, At 4 cm

pressure, Lhe prima?y ionization in the counter #as too small t,opermit

ubservaticn of ionization pulses wit)loutgas miiltiplination,so that the gas

multiplication is pLotted on artarbitraqr scale (by taking b!-dfcr the 10WPS?

,’
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Figure 19

Con6truct..ionof a double multiplo wire proportional counter,
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Figure 20

Gas multiplication M vs voltage for the multiple wire proportiolml
counter represented in Figure 19. Gas filling w per cent axy.yn;3
Per cent C% at total prdsw%s of 4 cm Hg and 3(Jcm Hg. The gas muk
triplicationfor the lowerpressure is plotted on an arlxitraryscale.
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gas multipMcation which gave measurable pulses).

The vat’iationof the pulse-with the distance of the track from

the counting wires was investigatedby shooting ~-particles

to the plane of the wires, through the holes in front of the

and periodic variation of pulse hei2ht was observed as theC4

displaced with respect to the wires. The pulse height reached a maximum xhen

perpendicularly

gun A. A continuous

-partick beam was

the.X -particles passed near

passed midway between wires.

about 11

The

one of the wires and a minimum when the ~ -particles

The difference between maxifium and minimum was

per cent.

spread in pulse height observed witlnthe q-particle source in a given

was 1.3per cent ~ i. e.,it was of the same onier of magnitude as with aposition

conventional proportional counter operated urxlersti”ilarcomiitions.

The’two counti~g units h.zdone common high voltage electrode represented by

the middle screen. T& question

one of the units would be picked.

unit. ‘l’hiswag done by shooting

screens, through the holes in front of the gun B. No induced pulse was observed

was investigatedwhether or not the pulses in

up by the collecting electrode in the other

cf-part.iclesin a direction parallel to the

and if my was present it was certainly smaller than 0.2 per cent of the genuine

pulse, The experiment also showed that the sensitive vohne of each counter
,

was sharply defined by the screens and no appreciable variation of pulse height

was observed as the Cf-particle beam was moved across the sensitive volume.
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SUA17 nmbtv of iORE 3n a ch~ml’er,becnuse of the~r small specific ion~zation.

For this rea;on the eleetror ~etect.om use? fn the 10s AMmos project wart llmlt.ed

to twc caierer~es: (a) disch~rge muxters (Coiger-Yue13er counterg) in which the

nrimar? ienfzat~cm wodued by the electrcn ie lwod to in~t.iatean avalanche; and

(h) intemetfmz chemhers, by wh~ch the ionization current rrcduced by a large number

cf electrcns fs recorded.

Pecause of the small range-of electrons ?n solid matter, (3-my dc+tictore

must.hxve very th5n WRIIS, or be nrovided with thin tindowa, at least if o~e does

not wnnt to place the source ineide the counter.

GBmmn ray detectors, Insteed, mmernlly havg walls of a thickness greater then

the maxfmum rnripeof the secm?my electrcns, yet ne’ *(Ilarge as to

anwrec~nkle Sttenli!lt~C~ of the Prjmery ~radletlcm. .

In diecussiqr the reeponse of discharpe

counters record all electrons rrh~chtraverse

countwe, we may assume

thetr aersjt.ivevolume,

the c+ressureIs sufficiently high and the count~ng rati sufficiently

produce any

that these

at least if

low. Hence

these eountera Iwve rmctically l@O per cent detection efficiency for p-rays. In

li!5
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the case of V-ra.ye, the ccunt$ng yield v of a Nfscharge counter, defined as the

rat~o of the number of eeunts to the number of phc~tcm traversing the counter, is

dven by the Pmhaklllty that at least one secondary electron be prcduced by the

nhcten in t,he,~l~ and emerge from the wall intc the sene,it.lvevolume of the

c!Curlter. (F’ro?uct~cnof aecondaryelectrcmz in

The thfckness of the effective layer, !,~,, the

may emeree jnto the counter, i~creases with the

the as can ustwllybe neglected.)

hyer from which secondary electrons

“range” of the electrons, and the

nunlberof eleetrcns nroduced in this layer js rrmorticmal to 3ts thickness and

to tb~ crrFs-eeetton fer pror?uctfcriof electrcne hy if-rays in the ml] msterixl,

l?cO@ , while the ~th of the phctcn8 iD this layer is

● in the orwxite limitjr!rcase; i.fJ.,when the electrone

sc as t.che Inr,troplcsllydistributed, the yield will be

e ThiP is se ?.e~uso the t};fcknessof the effective layer,

follctinp relatian hold8

(1)

APPROVED FOR PUBLIC RELEASE

APPROVED FOR PUBLIC RELEASE



1?7

the fact that when a photon umdorgc.esmaterlnlizaticn two seccxx%ry electrons

n?% nrcc?ucea. T~~erxuwerfcalfsctcr (?.135ie chosen empir!OS]Iy fcr the best.fit

with the ener~ mental results~ .

1t may be noteP thnt,acccr?in~ t.othe assumptjon of cc,mpletescntterirqr,

the ~m~,er of ~~ectrons emerpfng from a piven surface is independent of the

orientatlen of thts surface ~n the it-r8y bean!, Her.cethe ~i+Jd Gf * counter

exprewlot. .or q given ia

the cross-sectionalarea of

7’.miy beam. For a cylindrlcal

ccwnt.er#,t.hjts axie cerpendjc!~larto tho direction of incidence, this factor ie

IX . F’;pnre 1 c~?es the calculnted yjeld ag a function of energy for a c>llndricgl

munt~r with coorer 9nA blemut.kwalla under the cc.n(lltions syfi~~fiedabave, me

twh,avjor itilcatad hy these curvee was exmeriment%lly clxw.kedby ?i.C. Peacock,(1)

?1) -
.— .,.!:—.Z=>=

W8ssnchnuette Tne tjtutx of Technology TheaieI,lQU.

;— ——.— —.—- --

AArrIi?.ter!ly,the n’~sumpt!onof comnlete scs%tering is very crude and the reason

why 1t ?eads to result9 In fnirly pood ngreeinentnith the exnerirnentalfacts ie that

~t doen not ent.?rvery critlcqlly In the conputatloriof the yie~c!of a counter If

the wallO, from which seccmflaryelectrons are emitted, present all rossihle

orlentitione to the jnrlc?ent~.r~ys, as is true in most practical cases.

Theva*iat.ionof~ tithener~and tithatmie n,,mber,asreFresentid by

F4pure 1, can be readily unAerstocxl,nt lent!tquq~fbtively, hy conaldering the

Aepen$ence of the~’a $indthe RtD on the two shove quantities.

A eomletely theoretical cletermiti~ticnof the field for a ~rallel plnte

lent+cro”nterwas sttemnted at Los A3amc\s,but these calculatlone apply to energies

hfph?r thnn those nt which Fmwtion 1 may be expected to hold.

$cme slm.nliffi~ sssurnptiom were mode concerning the energy distribution of

the

.

9econdwy d?WWiM.arfslng from We vsidmg processes. Uoreover, it IW18

. . .-
1
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.,

whnre e is the chm~e of the electron and A the volumo of the chamber. If’e i8

mensurod in elect.rost~t~cunftsP the aunntity efiE/Wo represents the number of

rer lncfdent nhoton ~cxhlced !n the RSS of the chamber.

the walls of the chamber are made of a material a~preciably different

number from the @s, then the ionlrmtlon cannot bo c~lcu~tf+d wfti
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~nrrmdmate exnresst cm for the total riumher of’ ion mire per second

chnmher 3s K ~ (V )av, where N is the number of nhotone per

T - (3]: eNq (lJ),v*

The w?ue of (* Iav my be cummtad from the epeclfic ionization of th* secondary
.

electrons nn? from tb.elr avem p IXIth1en”gthin the chamber. Tn tha computation

I+’t.lwYmtter oNerititv one FIUQt tnlfe into acecwnt the detour factor: i.%., the.

incresse fn rmth Ien@k cmsed by ~lti~le scxtter~np (sea, for !netince,H. P. der

emtami WI t.1 en d’ t$e m19, whf ch may lead to electren Sttactument,Seal!]g *x66 and
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orguni.cinsulators must be ~voided in the charriberconstruction.

“ The relation between the obsorvecloutput voltage and the number of ion piirs

per second produced in the chtimberis given by Equut.,ion1C,26

Ve (t) = e r r!(t - t~) x {Q dt~
o

where ~(t) represents the transient rcspnse ol’thedetecting equipmeti including

both the ionization chmber tindthe amplifier, The function can be rietenntnedby

moms of a pulsed %--r~ source, as described in .Scctionlf)~~.

Figure 2 rejmesents a cylindrical V-r.iy integrating iariizationchamber 2 inches

in diameter, 29 inches effective length,which has proved very useful both in

i.+bori~tory md in field work. ‘fhegas fiiling cc,nsistsof an argon - COq mixture
,.

(ge~r~ly 96 Wr cent :@gon$ 4 per cent C02J ~t a ~t~~ l~re~=lrecf about L*5

atmospheres, ~t ti~sfound tbt a sufficierltpurity of t~]egag Cm be achieved by

keeping the ch~olberunder vacuum fvr abcut 12 hollrs,filling it with the apjwopri~ite

argcn-C02 mixture thruugn a dry ice trajjand then letting the gas circulate t}lrough

A calciuu purifier heated it Ifl”c for Rboti 4 hours. It was found that this

opertitiondoes not reduce the (X)2cuntent unduly. The con3Lr.lctionof the purifier

used for this purpose, which is capable of handling eight chambers simultaneously,

is shcwn in Figure 3. Usually in the chambers thus prepired, no appreciable

electron .<tt~chrrientc;~nbe detected even after several months. The volume of the

chunber is U+1O cm3. The cap..~cityof the coliect.ingelectrode is 12.7 micromicmfaradl

The chamber is normally operated at.-2000 volts. Sat.tir&lt.ionis reached at about

-J@ volts, and with 1 grim of radium at 1 meter distance, the saturation current

was fouud to be approximately b x lb-lu amperes. The chamber was pr].rwhly.

designed for measuring ri.ipidvaritiLj.onaof the ~-rw intenatye tit it was also

widely used for static measurements.

For a cylindrical geomotry and urxkr the ,.ssumptionthat no negative ic~nsarc

formed, the fracticn of electrcm current is given by tho equ~ition(see Sectic.riiC.6)
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cyl imlrica 1 f.!by io~izn t.lonChamber (see Section 4)

(3) Brass cylinder 211o.d., l/32* wsll thickness; it represents the
high voltage electrode.

(4) 0.025W diameter ko~r tire; it represents the collect~ng electrode
and has afiactive length of 29n.

(~) and (6) Kovar pieces supporting the collecting electrode by
means of glsss ~nsulatorse These pieces are grounded during
operation of the ckxnher and act at3guard electiodeso

(?) Circuhr boles (1/2” dltineter)ccvered with a 0.W3tt brass t’oll
to admit x-ray~ into the chmber for te8ting purpoees*

(8) and (11] Couplings for tonne.>tingthe chamber to the filllng
~ysten.

(9) and (H) Needle wilves

(12) Kale amphenol connector, insulated from the end pieces by a
IUcite plstu. The pin of the connector is attached h the
ccllecthg electrode; the case is attached ta the guard
electrode (51 and to ground.
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Figure

Hot calci~~ purifier

(1) Steel end plate

(21 St4el flange

3

(3),(L! Brass cylindrical sections, l/8w wall

(5)

(6)

(7)

(E)

(9)

13rmtj rlfigs, l/4n thickness

Steel cylider, l/$i4wall

Gasket made of l/32t~co~per sheet

1/411steel rod

Brass baskeb, provided with copper screene cm the
bottom and line~ on the aic?ewith copper sheet.

(10) ~8Ck1fMe valves

The heating element (about 3U? watta power) is wm.md around
t+e steel cyljnder. The cslcium, in tho fcrm of turni 6

Wis placed in the baskets (9) by rcmving the e~ Flaw 1
and extracting the inner assembly formed by the ateel
rod (P) and the baskets (9). The connection b the F!TJF
Is msde by means of a 1“ coFper tube soldered to the brass
cylinder (L). All jolnti ~re bard Poldered,
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(5)

where a is the radius of the inner electrode and b the (inner) radius of the outer

electrode. It Is here assumed that b>>a and thnt the outer cylinder is kept at

n negative potential with respect to the collecting electrode. For tha chamber under

consideration,Equaticn 5 gives l.”/10 z ~*~$6*

Experiments were carried out to check the theoretical value of the electron

‘:urrentand also to determine the transient response of the fonlzaticn chamber.

These experiments were performed with the pulsed X-ray source de8cribed in Section

10.8 by observing the time dependence of the current subsequent to a sudden

interrupti.cnof tke x-ray been. Measurements on many ch.wnbarsof the type described

Save values of Io-/Io which were usually within 1 or 2 per cent of the theoretical

VQMM , indicating the absence of any appreciable electron attachment.

The transient response of the chamber is illustrated in Figure L. Tne curve

marked 1-/10 gives the calculated intensity of electron current in terms of the

initial totil current 10 as a function of time following a sudden interruption d

tliaradiation. Thie curve ms calculated under tic assumption that th eleetrens

in the chfimterhave a conatefitdrjft veloc$ty equal to k x 106 centimeter per

eecorx?. The curve marked 1+/’10gives the int.erkityof the ~6itive ion currant in

terms cf 10 calculated by assuoir.ga drift velocitypqwrtional to tt:eelectric.

fl.cltistrength. The curve marked V/hIo gives the voltage drop across tip leak ,

resietor R ir,term cf RIO C&lcubted by neglecting t}m contribution of the positive

ion current which can be corisiderecias cor.tant during the time of collection of

the clectrcns. This curve was calculated by uping a value of C.48 mlcrc~econdz fcr

the product RC of this resistance times the capacity of the collecting electrcde

and the ampllf”~orjnput, and by consjde~ing the amplifjer as havtr.ginfinite band

uidth. The crosses are experfi16ntal~Jjkb taken from the oscilloscope trace. The

agraement with the calculated curve i~ very satisfactory. ItapJMar8 from FigurQ ~

Wt W dhtutberMwwlhed i8 apkle of r~vr’oducir!gKjthout niuehMfmtion
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masur~ng the time dnrcndence of the Inter@i ty of wry fast x-ray

metal, porcelain and qlf.seare i]icontict with the gas. The seal

plate and tLe case is rr.edegq~ tight by means of s copper gasket.

incrwise the setisit!vi?.y,the electrcde assembly consisti of five

an example cf the rerformnco of the chnmher.

This! ixi$ecticm 5, was desigr.ed
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kaltip~ e Plate X-Ray Ionj zat.~on Chamh6r.

Dural di~ce, 1 h thick, 3 1/’2’$ in dimeter, forming the
high voltage elmtrcde. They are cont:ectedb> 3 &.mded
stem with Lra.ss a~cers. Tttet=e S ters , c,fwtIlclI tmt~ero
shown in the drtiwi~g(~ nrid7) , are ~lsced near tk.ee.ogeof
the dlticfi,at an angular distance of 12C10. Tw of th+ s tcvb
me supported hy pcrcol~ir. iwu.dq?.cr:~ (6), one. ky the crnter

piece cf a kcvar-glass sesl (9), which ~rovidee electrical
ccnr,oction to the high vc~tige electrode. Discs 1 SN. 3 have
central hole~ 5/8” in dlsuieter tc Fermlt the ~assage C? the
st-em(lC) 8uppc,rtlngdisce .?ar~.4.

(16) Corlmc ti m f cm +0s9 cre gauge
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figure 6

&cilltxcc?pe rec.>rds cf tmc x-ray ~lses from a tu?w
cpern ted Ly a 370 kjlovolt %est. jrghausc impluiie gewratw.
Totnl duraticn of the sweere: 4.4 u!icrc49eccnd8. X-MY
tutw 21 feet from the ionlz9tiw chmber.
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L4J

The brass cylinder which forms the cuter case is kept at ~ie~ vol~ge ~~i:~e the
~

t,rass cylir;dor marked (3) is @wuridd. The chamber is filled with a mixt,e of 95

per CCIJ~ argon$ !5 per ~eflt ~~~~ the argcn being pur~fied by circulation over hc~t
I

calcium before beir~ admitted into th chqmber. The to~l gas pressure is apprcximatelj

11 atmspherese The chamker 19 cperat.rdat 27CQ volts.

reepcme of chambers with gas multiplicstiun (see Seeticm 11.3), tile currer.t will

net fcJlow faithfully rfipid verifikiorh cf the $=r%y int+rmitya Therefore the most

useful applicatlc,n of the ciAx,LIer dezcrihd 8Lcv6 is i~ ccnjufJcticn with a~ integrating

c:rt.uit fc,r the mcwmremer~t of the int.egrRted ir~ter=it.y of a ~-rny yn~lne~

the cylin<cr frm ccjk~sirg hkr, it is wad,wtd. The counter is a6seu}.lod ir. the
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Gamma ray jcnizatjcn chaKb9r hit.h gas muiti[lic8ticn
(see Secticn ?)

(2} Brass erd plate 1/’4” thick.

.
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{ Ii) Neoprene .pisket
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the open end of (E). The rJeoprer;6 gaak.et {D) may be mate cf one piece or frcm a

cent.tnieter ethyl alcohol. The detaila O: the .%netructicn are sufficiently ciear
●.

frm the figure.

wk?M.~A!&QLm’:w’-KvF’LLl& UxN?Jg;.——.. ..—

Figure 11 shows the conatruetfofi of a mica w$ndc.z (3 -rhy counter. .The counter

i? prepared and sssemblad in thei fcllcmi.rig my.

The copper cylinder i8 first riattt,ed witlh 5K nitric acid, thefi rimed in

o ~ f-c~ ~~~ut j.5 Jtirtutm$aistlllad water and driad in the oven at ‘M ThcrI the

I cylinder Is oxidized on the inside by mounting it crJ tGp of a tat tub? ccn+,qlnfng

● Yb (N03)2. The test tube is heated with a gas buner until the fumes tessing through.
(.

the co~per tube have cziused its irumr surfacs to acouire .sri ave~i Vurple-b.rom ccat.

The mica #.ndou is mounted with the following t.echniqup< The cqper flange is
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Figure 10

Gmma ray cauntir (se* $ectlcn 8).

(1)

(2)

(3)

(4)

Brass cylinder, ‘7/88 in dhneter, l/3Y wII

0.005” Kovar wire

Glass inr?ulator

Kovtm.gLiss Bt%l

.
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Figure 11
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withc.ut l;eed or fuxther amplification, even through

in tAe design of the detector is based upcn the fact

whatever elect.rone are liberat6d

The voltage i? raised abcve

#

itt tie counter by cc~aic rays or Iotxl raciioactivlty.

the sprkiri~ uotectii~l during the appropriate

aqu.re .:oltnge pulse cn the dfrect current vcltige.
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o
unless they liberate electrons by strikin~ the catlode, a process wh~ch is usunlly

very ur.likely. It follows that a diOcharge will cccur only if an ionizing ~rticle

tmverses the countsr during a time ~hlch ccinckles approximately with the duretion

of the square voltige pulse. (The sensttjve time does not coincide exactly wi Lh

the duration of the pulse hecquse of the finite transit time of electrons in the

Cowlter.)

Tne dc6ign of the counters is affected by the requirement th~t it shouM

be pcssible to assemble units containing a large number of closely spaced individual

Cowltera o P1o deolp ado?ted i~ ehC~j jn Fi~we 12. TLe aounter wall is & plat.irnm

eyiinder of 0.12J” ir~.l~~e dlmeter, am! C,QC15” wall thickriess. Tt,e wire is made

of tungsten snd is C!.CQ5Wir, dimekcr. It is suFportec? by lucite caps, which are

CJhRFedSO riEti increase the ieakage iath ahmg ths inuulqting surf~ce, rhe

:ndiviGUn2 ccufiter tuhea were mcunted betweeci two lucite bars, with a spRuing of

holes prcvlded

through the

cap iB),

The unit wna ~cunted in n

t4J tile counter wire lmda were

gtis-tlglit hex, as smxn in Fi@re 13, Cmnections

brougl]t. out thrcnlgh scroxs i~erted in the top

]UCitL F?.&tee ThID counter c>lirxlc-s mm all. connected to a common lead which mas

agairI brought out through the top lucite plate.

A hot-calcium purifier was provid+ in order to stabilize tba operation of

the counter~ Uy removing impurities frm the argon filling.

The filling prc.cedure =S as fellows; The unit was first connected to a

● ,.
vacuum s,ystem and evacuated to a pre~sure of abclut 1~-~ centimeters Hg for several

INWN3, ‘N4n the pwifi8r was raised toa temperature of 350*C until the wlci~
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Gf Kg. A giow disch~ g* wa~ Pssed thrc@L, each

of the cou:lters for several minutes by rneens :Jf a spark tes ter. ‘flia unit wa#

avacumted again! arid finally filled ~i th argon to a pressure of 59 centimeters of

Hg.

‘i’heelectronic equipment used for testing the counters described above ie

scneui~ticajly represented by the block diafpm in Figure 14.

The pulser produces a square uave voltage of 45@ vclts irl amplitude w:th a

repetition

from XI to

:istwork to

rate of six per eeccmd. The width of the squara wave cqn be varied

XC mlcrosec~nl’;. Ttiis square wava is added by means of an W. ccu~ling

tln base vG3taEe applied to”tJ,e ccunter cylinder. The counter wire is

connected to ground t’hrcugh a potefitisl divider. When tha ccunter discharges, a

pulse of the order of 1(X’O volte ap~ears at the wiretsnd a pulse of the order of

:’egister. In arder to ob6erve the @lee shape, o~e-of the vert~i~al defleetin~

plates of a cathode ray tube may be connected Lo point A. A stationary Wttern

or, the scope i~ obtiir;ecl Ly using a sweep triggered by the pulser.

A nawber of teste were made on a unit corltd.nlng 50 ~nfl~vhhal counters, In

t!!ese teat-a, the squ8re wave had a width of 1X) microseconds.

FJgure 15 shows the counting Yate in an individual counter as a function of the

direct current voltnge applied to the tube, with a $-ray source of the order of cna

millicurie placed rmr the counter. This curve resembles tk,e ccrreaponding curw

for a> ordinary Geiger-Mueller ccnmter. The counting rate increases from zero to

the normal value for an irmrease of volwge, of aDout W volts. The counting rate

then remains fairly constint over a plateau of 2C0 to 2X volts width, then stirtu

rising rapidly. He stiill define as threshold voltage the voltage at which the

● counting rate is one-half normal. We shall define as breakdown voltage the voltags

at which the counting rate is appreciably abcwa n~~16
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It is obviously de6irab10 that 611 the CCUfiMV3 of 8 unit have CIOSely the

sams characteristicsBtithat they can be oper~ted from..thesame direct current

supply. Figure 16ahows threshold voltage and breakdown voltage for the fifty

individual counters of the unit used. It appears that the plateaus of the variou9

counters overlap over a comfortably wide range of voltiges. Itm~y be pointed out

th~t this result was achieved only after thorough cleaning of the counters %nd

careful centering of the wiree.

When the r-ray source is removed, the ccuntillgrate en the plateau,for u

150 microsecomls gate width, drops from a value of abcut 13 a minute to a value of

about 6 per hour. Slni:e the counters are @seal & times a second, this me8ns that

the probeMlity for a spontaneous count to be recorded when the counter is pulsed

ainoun+=to l/36C0. This background is s~j?=fc~erJtly s~g]~ fcJr~~1 FraCtica~ w~ose~>

although it seems to be somewhat higher than

local radioactivity.

The counti~g yield of the counter ttibes

counting rate witha known ~-ray source at

that e=hected frcm cosmic raya and

a known distance

determining the

ald fGU~d tO bC Of @

the order of 2 per cent. This is close to the value which can be expected if all

of the seconda”~ electrons penetr~t.ingthe tube give risa to a dischsrge.

It may be mentioned thnt pulsed ccunters can be made with metals other than

platinum for the counter mll (for instince brass or steel) and with”air inetesd of

argon as a ,gaafijling. However, in these counters the background was found to be

subnormallylarge and moreover dependent on the pist history of the counter. Hi~h

COUnting rtit#3were reCOrdOd hmediRtely after the removal of 8 strong if-ray

source; this spu.ricuscounting rate decreased gradually to the normal background in

a period of the order of a half-hour. Also the oFerating voltage was a function of th

cGunter h~story. An explanation fiorthe high counting rate after strong inadiation

may be found itithe formaticn of metastibla molecules, an effect which is apparently

minimized by the use of argon in a platinum counter.
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‘i!hreshold vo]ti~e ( “ ) and breakdown vo~bge ( O )
for 8 unit of fjfty pulsed ecmnters.
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