
 

DESIGN OF GRID IONIZATION CI-IAM IlERS ' 

R\' O. B UNEMANN! T . E. CRANSHAW,s AND J. A. I - I AR\,EY~ 

Abstract 

Conformal representation theory i. applied 10 a grid ionization d,amber 
having plan" para llel cle.::trod~ to give formulas "wl,,1 in design. E~pre"5jo ns 
are obtained for the incfficienc)' of grid shidding of the cie<;lron coll<'<;tor, the 
spread of pulse size caused by the induced effect of po.itive ion,. and the pro­
portion of electron. conec(l~d by the grid. The throry was verified Ly experi. 
ment. The width of the polonium a-particle line al half-max;"""" was reduced 
10 50 kev. or about] % of the energy by the Use of a suit"blc grid and operating 
voltages. The corresponding .t"ndard deviation from all causeS wa. 22 10",-" 
made up of 2 key. resulting from induced effect of positive ions. aoollt 17 kev. 
from noise in the amplifier. and 14 kev. from 5tr.aggling of ionilatioll. thickness 
of sour<;e. and other efI.-.;u. The spread cause<1 lor positive ions can therefore 
be alntost completely eliminated by a grid. 

Introduction 

'" 

i\lany experimenters haw' u,;ed the number of ion pairs produced in the 
track of a charged particle in a gas filled ionization chamlx:r to indicate the 
inilial energy of the 1)'1rlicle. The simplest charnbcr contains two plane 
parallel electrodes with an electrostatic field applied between them. that is. 
a high voltage electrode. and a collecting electrode that is cunnectt..oJ to a 
suitahle amplifier with a high resistance to ground. \Vhen an ionizing 
particle spends its energy in the gas between the elect rodes the ions are collected 
and a pulse is fed to the amplifier. The risc time of this pulse depends on 
the oriclH;>tion of the track in the chamber and the mobility of the com­
ponents of the ionization. and its dccay 011 thc timc constant of the capacity 
and leak resistance of the collecting elect rode. This decay is usually arrangecl 
to he vcry long. and a short time constant later in the amplirler determines 
the output pulse duration. White this is frequently rC(jllin .. oJ to be short. the 
short timc CQnstant must be made about 10 times longer than the risc time. 
T his cond ition is nccessary to prevent the variation in rise time due to diffcrent 
track Ol"ientations from affecting the output pulse amplitude. 

T o pcrmiJ. the usc of a fas t amplifier by speeding up the ratc of risc it is 
necessary first to lISC as a filling a gas that docs not form ncgativc ions by 
electron attachment, e.g., argon. The negat ivc component of ionization then 
travels to thc CQlIector entirely as electrons. which have a high mobility. 
Howevcr the positivc ions. which have a mobility less by ,\ factor of about 1000. 
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induce a charge on the collector of the opposite sig n. The po ten tial of the 
colle<::tor will rise rapidly, as the electrons arc colk-cled, to an intermediate 
value given by the collected charge minus the induced charge divided hy the 
capacit)'. a nd then rise slowly as the positive ions arc removed, to the full 
]>Olentia!. The induced charge depends on the orientation of the track in the 
chamber. If the induction effect of the l)()Silivc ions can be eliminated the 
collector will attain its final potentia l immediately the cle<:trons arc collected. 

The use of a grid to screen the eleclron -colil'Cting electrode from the cffl,'Ct 
of the positive ions was SURgcsted by O. R. Frisch (4). In such a thrl'C­
elect rode chamber the electron I)u lscs are nearly proportional to the ioni~al ion 
in the tracks. The pulse consists of a rapid rise of the order of I !JSCC., ,mel a 
fall determined as before. T hese fast pulses arc more easily amplified linearly 
than those from a two-electrode chamber. A band width can be chosen 
that is more suitable for reducing the noise level. eliminating microphonics, 
increasing the permissible counting rale, and decreasing the building up of 
slllall b."lckgrollnd pulses. It is desirable to screen the collecting electrode 
as effectively as possible and at the same time to avoid the collection of 
electrons by the screen ing grid. 

The prl$Cnt p."lper contains a theoretical and experimental studr with the 
purpose of selecting a suitable grid and the proper operating voltages on the 
elcctrodC1l. The success of the arrangement is fina ll y appraised by Illeasul"ing 
the "line width" obtainable using a thin cr-p."lrticle source. 

Th eoretica l An alysiS 

(a) PreliminlJry $la/emen/ 

A grid, G, shown in Fig. I, is placed in front of the c1ectron-collecting plate P 
to shield it from fields induced by the positive charges created at Q in the 
region A toG by ioniza tion of a l)3rticle. It is collvcllient to define the electric 
field as the positive gradien t of the potential, with the positi\'e direction of the 
lines of force accordingly in the direction followed by e lectrons. 

The efficiency of the grid shield ing is measured by the extent to which the 
charge induced on P, or the number of lines per unit area ending there, E p , 

is indei>cndent of the field Eo. We define 

dEp 
(f - dEo' for V,. - Vo "" constant, (1) 

as the "inefficiency" of the grid, and calcu[ate it asa function of the two goome­
[rical ratios ri d and P/d (Fig. 1) . The results are shown by Equation (14) 
and Fig. J. T he charge induced at P by a unit charge created at Q is then 
calculated in terms of (f and the distances AQ and AG (Equation (15». 

The proportion of electrons collected by the 1>late is roughly equal to the 
proportion of lines that by-pass the grid , as electrons diffuse along the lines of 
force at the pressures prevailing in an ionization chamber. (This was an 
initial assumption and is justified by the cX IX'"rimcntal work.) This proportion 
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is calculated in terms of the grid geometry and potentials (Fig. 4), and con­
d itions arc derived for wh ich all the lines by-pass the grid (E<lImtions (2 1) 
and (23». 

(b) Gentral Me/hod 

For the purpose of calculation it is convenient to replace the grid by a 
fictitious conducting wall of thicknen I held at a potential VJ that differs 
from Vo by an amount fl. V depending 011 EQ and E/' and the gri(1 geometry 
(see lower part of Fig. 1). 
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To calcula te I, .6 V, the stagnation points (in the hydrodynam ica! sense), 
and numbers of lines, conformal rCI)re5entatioll theory is usW (5). The 
number of lines passing between the x·axis aud a gCllcral poillt in (he x-y 
plane is denoted by U, the potential by V, and an analytic func tion of 1: = 
x + iy is constructed to form the complex (]uanlity W :, U + iV. T he 
grid wires are simulated by line charges and line dil)()les placed along their 
axes. Nonuniformityof the field is neglected at P and Q. T his assumption 
is permissible when thcir distances from the grid exceed the pitch of the grid 
wires. 

(e) Line Charges fndu ced in Grid Wires 

EQ lines per unit a rea arrive at the grid, and Ep Jines I>cr unit area leave it. 
Hellce l:J.E - Ep - Eo lines arise from unit area of grid or (l:J.£)d lines from 

, 
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a unit length of each wire, implying a line charge density of (a E)d/ 41f units. 
T he comp]('X potential function associated with unit line charge is 2i log z, 
out to represen t the array of line charges prooucillg a field pcriexlic ill y the 
function sinh 1fz /d must be used as argument of the logarithm in place of t . 

Now the equi]Xltent inls derived from the t ransformation 

IV _ 2i log sinh :s (2) 

are approximately circular in the vicinity of :; - 0, ±id, ± 2 id, etc" and the 
mean value of the [>Olentia] around an C)(3Ct circle of radius r (lhe wire radius) 

is 2 log ;. Hen~ the complex IXltential 

IV!, _ ~; di (log sinh ~s _ log ; ) (3) 

takes account of the line charges induced in the wires when the grid is at 
zero potentiaL For large positive and negative % the potential is given 
approximately by 

1'1. _ A2E ( 11:1 _ ~ log 2;r) + O(r1..-1'"I!I). (4) 

The deviations from uniformity in the field arc therefore small even when 
Ixl is of the' same magnitude as d. 

(d) Ulle Dipoles indued in Grid Wires 

A uniform field E induces a dipole of iutensity 4E,' at the center of a cylin­
drical conductor of radius r. It is reasonable to expect thaI the dipoles 
induced in the grid wires have the intensity 4Er, where Ii - (E,. + EQ)f2 
is the mean of the distant fields on the two sides of the grid. 

The complex potential funct ion for line dipoles of unit strength, one at 
each wire position and all orientated. in the x direction, is the derivative with 
respec t to :; of the unit line-charge fun ct ion, i.e., 2 i(7r/d) coth 1f:;/ d. In 
accordance wilh our expectation, we use as a trial fun ction 

IV/) _ - EM(1f"/d) colh n / d, (5) 

and show that when 
mean field, VIZ., 

combined with the potential fun ction representing the 

IV. _ i£l, (6) 

it yields 1:1 - r as zero equipotential. Neglecting terms of order r, 

- ( ") -W/) + WI\" = iE .z -;: _ - 2E, sin 4>, (7) 

which is rcal as required. (The angle 4> is measured from the x-axis.) 
Similarly I: ± ,lid I - r for n - 1, 2, . .. can be shown to be lCro equi­
potentials. 

J 
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(e) Complete Potenlial Function 

T he combination 
(8) 

makes Illl = r, III ± nidi"" r equipotentials with V = VG , and therefore 
satisfies conditions at the grid, It also yields correct values Ep and E Q for 
the field at large IXlsitive and negative values of x. T he function IV yields 

for large 
and (10) 

and 

v 
v 

VG + l(aE) + Ep(x - !I) 

VO + l(6.E) + EQ(x + !t) 

positive and negative values of x respectively. 

d 
-= 211" (!P' - log p). 

d 
= 211" pi 

(9) 

(10) 

In Equations (9) 

(11) 

( 12) 

(13) 

l\'lore exact analysis reveals additional even powers of p in the formulas 
for l and I. beginning with 

and 1 (d) , 
- 12 211" P respectively. 

These terms enter when, in order to make the equipotelltials at the wires 
more nearly circular, quadrupoles are considered. The ratio li d is plotted 
as a fun ction of rid in Fig. 2. 
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FIG. 2. Cu ..... "I lId aJ a 1"~'lio~ l1j rId, which i. 'o~t'ellit~1 for cal'"lati~g the in­
effi.cie~cy" of avid. 
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(j) / PlejJicifmcy of Skidding 

T he inefficiency (J' can be obtained by differentiating the relation 

"" pEr + 1 (~E) - (p + /)Ep - fE Q .. constan t , 
giving 

Cf dE,. I d ( d) 
"" dEQ - P + I - 2r p log 2'1" . 

(14) 

Curves of oonst;mt f1 arc shown i ll Fig. J. It is ~n that u can be mad e 
small_and the grid efficient either by choosing a grid-lo-collector d istance 

.. V /' 
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1// V ~ V 
v:: V , ., ~ ~ .. " 

, 
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F IG. 3. C .. rws 11/ '"'u''' '''' ;Mffic~"'iu <I of , .uts. 

large COm llared to the pitch or by choosing the wire radius comp.1rablc to 
the pitch. I t will be seen la ter that the second alternative is inadmiS!< iblc 
(Equation (23» , 

(g) Charge Induud 01 P by Chargll Crt(lled at Q 
From Fig. I 

Vo - VA mE .. + qEQ - l (a £) 

mE ... + (q + I )Eq - fEr constant. 
T herefore 

mdE" + (q + l)dE Q - ME,. .. 0, 

which with the relation 
dE,. - rrdEo, 

yields charRe induced at P dE,. 
crealed Q - d(E~ Eo) charge " ... AQ 

a + 1(1 . ) 
~ rr ~ · 

A G 
(15) 

1 
I 
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(lr) Frac/u," of Lints In/erupted by Grid 

The real p."lrt Vof the function W can be used to determine the number of 
lines leaving Q that arc intercepted by the grid . On the !,:rid wire where Izi = 
, we obtain 

V - -¢(AE) 2~ - 2il, sin ¢. ( 16) 

The stagnation points (5, p. 108), Le., the po ints on the circumference where 
lines cease to enter aud instead leave the grid, occur where V is stationary, 

i.e .• 

Therefore 

cos ¢ -

au 
iJ¢ - O. 

(AE) d 
-2£211'"' · 

(<lE) 
2pE' 

(17) 

The number of lines collected by each wire from the field Eq is gi\'eu by the 
difference of V between the two solutions of ( \ 7) going ,·ja ¢ - T. This 
difference is 

l1U - 4£, Isin ¢I - 2 IT - ¢ I (AE) 2: 

- 4Er 1 - --=- - 2(AE) _ cos- l ....", . - ~ (~~. d (~~ 
2Ep 211'" 2cp 

(18) 

The number of lines collected by unit area of the grid is AV/ d, and the 
ratio between this and Eo represents the grirlloss A: 

(19) 

The proportion of lincs that end on the colk<ctor rather than the grid, 
- A. is plotted as a functiou of Ep/EQ for three valu('S of p in Fig. 4 over 

the range where the squarf" root and the inverse cosine arc real. \"i~ .• 

l-p<E,, < I + p. 
I+p Eo I-p ('O) 

The cuds of the interval correspond to the conditions where the stagnation 
points unite and slip off the wires in the direction of the weaker field . For 

Ep > !....±...e 
Eo I - P 

all lines by·pass the grid, and I - A _ I. For 

E" < !..-=-..e 
Eq 1 + p 

all of the balance between Eq and EI' is collected by the grid, 

, -Eq - EI' 
E, alld 

E, 1 - A =_. 
E, 

(21) 

(22) 
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Since Vo differs from Vo, Ep/E(J is not strictly proportional to the grid­
plate potential difference (or fixed V (I - VA . Deviations from proportionality 
are of the order of rI. In particular zero grid.colk'Ctor potential difference 
corresponds to E,,/EQ = Cf. The origin must be shifted to lhe right by an 
amount (J' in Fig. 4 if the abscissa is to become a mOTe accurate measure of the 
grid-collector potential difference (broken line). 
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FIG. 4. Fmc/;'", of jj~lS f.om c(J.lhodt IIw.1 t.w. o~ d«t.on collulo. is ploliM {l/[(J.i~sllhe 
fidli ralio epjEQ. the l)1"gin musl beshifltd by rT if (V p - I'(])/p is used f(Jr £". (p -
21r./d). 

(i) Condition on Poltll/wl Differences for Zero Gri<! IntercePtiQ/I 

Condition (21) applies when all lines by-pass the grid . If this condition is 
satisfied in the absence of positive charge at Q. then it will certainly be s.1tisfied 
in the presence of such charge. Hence a sufficient condition on VA. VP• and 
Vo can be derived on the assumption that there is no charge at Q. Substitu­
tion for Ep and E Q then gives the condition: 

Vp - Vo >- p + pp + 21P. 
Vo VA ,... a ap Up 

(23) 

This must be balanced against the condition that (]' (or lip) should be small for 
efficient shielding (Equation (14». 

Experim ental Investl~ation 

An experimental investigation was undertaken to test the main results from 
the theore tical analysis and to indicate what lower limit in width of an 
a-particle line might be real ized in practice. 

(aJ Ionization Chamber 

The ionization chamber consisted of two parallel plates. 10 cm. square ami 
about 6 cm . apart. mounted on insulators inside a cylindrical vessel. The 

I 
I 
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gas was argon. usua lly at a pressure of 3 atm. A grid 01 parallel wires could 
be mounted 1.43 or 0 .67 cm. in front of the colfector. Two grids were tested; 
one consisted of No. 38 copper wires 0.20 cm. ap..ut, and the olher of No. 36 
copper wires 0.091 em. ap.l.r!. A negative potential of 1200 v. was applied 
to the cathode, which pnxluced an adequate field between the electrodes for 
e lectron collection. 

Sources of a·JXlrt icles were made by evaporating a solution of polonium 
210 on gold foils. T he source, covered hy a collimator consisting of t in. holes 
in a 1/32 in. aluminum sheet, was plaTed aga inst tho.: cathode. Without the 
collimator the distribution .of I)ulse si~cs was not symmetrical ahOllt the 
maximum and had a tail on the low energy side. T his distortion is attributed 
to a.particles that had traveled approximately in the plane of the source and 
lost energy in irregula ri ties in the source or in the backing foil before being 
sca ttered into the gas. 

The electronic equipment for the measurement of pulse si7.e has been 
described ( I ). T he ionization pulses at the collector were fed into an amplifier 
designed for low noise and high stabili ty of gain and then into a cutoff 
amplifio.:r that subtracted a pred etermined voltage and ampli fied the remainder. 
The output pulses were electronically sortl-d into groups according 10 height 
by a pulse anal}':!;er (3). In this way the " line" containing the pulse heights 
could be expanded to show its shape and thereby to ~'ield quantita t ive informa­
tion on width at half·maximu lJI or a lternatively on the sta ndard deviation 
from the mean. 

(b) Collection of Electrons by the Grid 

The first point considered was the J}()ssible collection of electrons by the 
grid. T his is undesirable for two reasons. ( I ) T he pu lse size a nd the sign a l. 
to-noise rat io would be reduced. (2) The fract ion of electrons collected 
might depend somewhat on the track orientation, and thus an addi t ional 
cause of spread might en ter. 

Fig. 4 shows the fraction of lines from the cathode wh ich by-p.1ss the grid 
and end on the collecting electrode. If the electrons diffuse along the lines 
of force these relations a lso give the fractions of charge reaching the collecting 
electrode. Fig. 5 shows two curves of obscrvl-d pulse size plotted against the 
ratio of the fields on the two sides of the grid. Figs. 4 and 5 are in good 
agreement, part icularly at the upper end. For this region the field lines arc 
nearly straight in the chamber. For vcr)' low potential d ifference between 
grid and collector the field lines have considerable curvature, and agreement is 
not as good. T he pulses are larger than those calcu lated: this suggests that 
electrons stip off the fie ld lines and reach the collector. T he in tercept for zero 
potential difference between grid and cotlectOf" is greater than (I. I t is seen 
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in Fig. 5 that a voltage can be chosen for the grid at which it does not collect 
electrons. The cham ber is ordinaril y operated under this condition . 
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lated !,om tnt"'Y. 

(c) SprMd of Pulst Siu 
Table I and Fig. 6 show the results of a typical run with IXlloniunl a-p .. ,rticlcs. 

The distribution of pulses from a signal generator is included. The distribu­
tion of the a -rart icle pulses is approxima1e1y Gaussian having a standard 
deviation s, . Five causes of spread may be noted: ( I) thickness of source 

Pul"" analyzer 
channel No. 

, , 
3 

• , , , 
• 9 

W 

" 12 

" " " " " " " 

TABLE I 

a _particles, counts 

o , 
2 
2 
• • • • • W 

20 .. .. 
'" '" '" .. 
" , 

Artificial pul~, countt 

2 

" " ". 
'" 66 
20 



1 
I 
I 

B/JNEJfANN F.T AL.: DESIGN OF (;RI1) I O.V/Z,InON CIIAMHF.R$ '" 
material, (2) straggling of ionization, (3) variation of rise til1l ~ of the electron 
pulses, (4) noise of the amplifier, and (5) induced effect of positive ions, as 
described in the introduc tion. The last item will be refcrn:d to as spread 
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FIG. 6. Typi<:al diJlribuli(lN$ oj pulse sius for polan;"", a _p.;,lidts and artificial pulses 
(Grid No. 1 ), ONe c/ul"nd .pacing ,m pulse (m(liyu, ;. equa//o 15 kao. 

caused by the chamber. The observed standard deyiat ion s, is assumed to 
be associated with the separate standard deviations s,. s" $" S., and $. from 
the above ca uses respectively by the formula: 

51 = vs: + )~ + s; + s! + s: . 
In the present experiments $" $;. and $, always occur together, while s. can 
be obtained by using artificial pulses. It is intended to compare the values 
of .t. obtained from measurements with the various grids with the theory. 

(d) Sprwd of Pulse Size Dlle 10 Coomber 

The distribution of pulse size will be examined, the cITed of orientation of 
the a-particle track being taken into acrount. Noting that the induced 
eITect of (he positive ions depends on the f,rst power of 711 (Equation (15)). 
the idea of center of ionization may be introduced (similar to center of mass in 
mechanics) . The eITective range R. measured from the source of the a -particle 
to the center of ionization in the track. is evaluated from the Braj,.'g c urve for 
a single polonium a -particle. T he perpendicular distance from the center of 
ionization to the cathode may be taken as the value of 711. 

T he centers of ionization possess a distribution of ill'S for a point source of 
a-particles at 0 in Fig. 7, without a col!imator, having limits zero and k 
If N a-particles arc emitted isotropically, the nUlntJ.cr making angles between 
o and 0 + dO with the normal is 

27rN~ sin OdQ N. 
- Sill OdO Ndm ----
2 2R 

, 
• 
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Thus, the dis tribution of In'S is rectangular (extending from m 0 to m ... R), 
giving a similar distribution of pulse sizes. T he maximum pulse size is that 
for which m _ 0 and the minimum is that for which m "" R. In the abscnce of a 

, 
rIG. 7. &~'u at po,,,, 0 unils Ct.-partklts of d~diN! ..... 'e ii: "WJSII , td'rDm 0 10 un/us 

(If ", .. iMl;"" ill Ira.du. 

grid the fractional width of the pulse di,tributiOIl is equal to R/(sep .. 1ratioll of 
electrodes), Fig. 8 shows pulse distributions observl,.>(j without a grid. T he 
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FIG. 8. ObJerwd diJlribul;o,u of a-partide pul.u in iO .. ;..,lio .. c/oamber will""'1 a , rid. 
Separation 0/ tltc/rode. "'" S.9 em. AriON p,(ssure WIlS Z aim. Eff«1 of ,uI/imalo, is I."",,.. 

effective range R was calculated to be 1. 15 cm. in argon at 2 atm .. and the 
separation of electrodes was 5.9 em. Thus the expected width of the I)ulsc 

distribution of polonium a-particles without a collimator is 1,. 1/ X 5.30 ., 
Mev. - 1 .0 Mev., in fair agreement with that observed (Curve I, Fig. 8). 
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When a collimator is used the d istribution of pulse size is changed. as shown 
in Fig. 8. The collimator cuts off the largest pulses. which must corne frorn 
the t racks making small angles with the cathOlIc , since the induced effect of 
the positive ions is least for these tracks. The width at 60.7% of the 
maximum is reduced by the factor 950/ 530 = 1. 8. The calculated reduction 
is about 2.5. Since neither distribution is Gaussiall, the first being recto 
angular, and the second nearly triangular. the exact value chosen for the effect 
of the collimator is rather arbitrary. The standard deviation when the 

collimator is present is about ~ (530) kev. This may be related to the energy 

5.30 Mev. of the polonium a-p..'lTtide as follows: 

Standard deviation = t(5~/) 5300 kev. 
1 

= :2 (530) kev., 

where/is the collimator factor. Using R = 1.15 em. it is found thatf = 2 O. 
It will be seen later that with a good grid shielding the collector the spread 
due to the chamber is not as large as other spreads. T herefore the distribution 
of pulse size with a spread due only to the chamber may be assumed Gaussian, 
and the collimator fa ctor 2.0 carried over into the corresponding standard 
deviation. 

(e) Shielding by the Grill 

The standard deviation of a pulse distribution was estimated by threc 
methods (6, pp. 134-153). (1) The width of the peak was measured at 
60 7% of the maximum. (2) The mean square deviation was obtained from 
the histogram and Sheppard's correction applit,>(!. (3) An ogiyc plot, such 
as shown in Fig. 9, was used. The last method appeared most reliable. For 
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the data in Table I the standard deviations arc t . 5 and I . t channel widths of 
the pulse analyzer respect ively for the a -particles a nd artificial pulses. 

Table I J summarizes the experimental results for four different grid a rrange­
ments. The inefficiencies ($ were calculated from Equation (14). The 
standard deviations arc the averages of live determinations in each case. 
The small variations in s. observed for the diffenmt eXlX'rimenta l a rrange­
ments are in approximate agreement with the expected effects of changing 
lhe capacity of the chamber. 

Grid No. 

, , 
3 • '0 

TABl.E 11 

STASD,U~ DIlVI"T10S5 IN PULSe l>ISTR'II UTIOSS 

J. - l tandard deviation for ",_particle pul5'eS 
J, _ Itandard dev;a tk,n for artificial I,ulses 
I channel spacing - IS kcv. 

v X 10' S" channds St, channeb vs! - sI, 
channels 

8 . 73 , " , .08 0 .92 
18. 5 , 

" 
, ." >.09 

383 , .65 , .05 I. 27 
78.4 I. 74 , " , " 78 4 240 , " 2.U 

, Isl- sI. kcv-

US 

'" 19 . 1 
20 .2 
32.0 

G,idNo.l: r _ 6 ,J5 X 10"', ... "" -0091, .... , ,, _ IAJ, ..... AG _ 4049 , .... ,;;( - 0 77 
, .... (Q rtO" QI J QI .... J>ra.~r~J. 

Grid No. Z: r " 6.J5 X 10-', .... ,<1 _ 0 091 e ... " p _ 0,67 em" , IG .. 4.9;'m" Ii: .. 0 77 ''''. 

Grid No. J: r " 5 .J4 X 10-' un. (Itlire 'Oillcd "'~Ih Aqulldat), " .. O.ZO ,m., p - J 4J ( m .• 
AG _ 4. 49,,,, .. R _ 0 .77 ''''. 

Grid No. 4: r" 5.J4 X 10-·' ..... <1 .. 0 ZO, ..... " .. 0,67 , ..... AG .. 4 .9Jon., R .. 0,77 , .... 

Grid No. 4a: SQmt aJ No.4 u«fX IMI Ii: .. J U 'm. iN Q't"~ QI Z Qlm, prtss~r(. 

For the a-particle pulses 

$, - V$:+ s1 + s~ + s: + S~ • 

and for the artificial pulSCll 

T herefore 
vsf - s~ - V$! + sf + s: + s~. 

T he squares of the standard deviations s., s;. and s" caused by the thickness 
of the source, straggling of ionization , and variations in risc time, should form 
all approximately constan t qualltity, independent of the grid. The standard 
deviation s. caused by the chamber is CXI>ectcd to be 

uR 
" - "/,,(.;;-:;+:-,,,(,:-, -=-;;.l") 5300 kev. - I'} X 5300 key. 
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from Equation (15) and the effect of the collimator. Owing to the finite 
extent of the electrodes and the proximity of the wall of the surrounding 
vessel one might expect s. to be merely proportional to this expression. 
Although the constant of proportionality turned out to be approximately 
unity, at first proportionality but not equality was assumed. The measured 
quantities VS~ - s~ given in Table I I were set equal to Va + b'1t. The 
best values o( the parameters a and b, assumed to be constants, were obtained 
by the method of least squares, with the following result: 

Va =vs: + sf + s~ = 14.3 kev. 

Vb = 6030 kev. 

T able III shows that a satisfactory fit or aU experimental data was obtaIned. 
T he predicted shielding by the grid is verified, as shown by Vb = 6030 kev. 
being approximately equal to the expected 5300 kev. or alternatively by the 
agreement of Columns 5 and 6. T he discrepa'ncy involves f directly, which 
is difficult to estimate owing to the asymmetry of the pulse distribution, as 
pointed out above. 

TABLE III 

STANDAIlD DEVIATIONS CAUSI!D IW CnAN:DI!Il 

Grid '1 X 10' v'~.kev. v'$: + $: + s! + $:. kev. '" key. (leas] '1 X 5300 kcv. 
No. (DbselVCd) (lea.t squal"e$) squares) (thCQry) 
--, 3.74 13.8 14.5 22 2.0 

2 7.19 16.4 15.0 U 3.8 
3 16 .25 19 .1 17.3 9.8 8.6 
9 30. 3 20.2 23 . 2 18.3 16. 1 .. 45.3 32.0 30.8 27.3 24.0 

The following consideration shows that the standard deviation s. is relatively 
small. This cause of spread in pulse size is the variation in electron collection 
limes due to different orientations of the tracks of the a-particles. The band 
width of the amplifier used was defined by the usual two t ime constants of 
smoothing and differentiation. which were adjusted to be 5 and 50 /-!scc. 
respectively. The collection time is not known with certainty, but a rough 
measurement was made by decreasing the time constants of the amplifier to 
1 and 10 /-!sec. There was no appreciable drop in pulse amplitude, which 
indicates a collection time of about 1 IlSCC. With time constants of 5 and 
50 Ilsec. a variation in collection time between zero and 2 /-!scc. would intro­
duce a lolal spread of only 4 kev., which is much smal1er than the spreads 
introduced by saurce thickness and ionization straggling. 

(f) Limi/alwns on Standard Dnrialwns 

The standard deviation from all causcs on the pulse distnbution of polonium 
a-particles was found to be as low as 22 kev. when a suitable grid was placed 

• 
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in front of the electron collector. The corresponding width of the tine at hatf­
nmxirnum was 50 kev. or about t% of the energy of the polonium a-particle. 
The standard dC\'iation caused by the induced effect of the positive ions was 
found to be as low as 2 kev. when a carefully designed grid was used to shield 
the collector. This ca use of spread is now negligible, and further decrease in 
line width can be effected only by attention to other causcs. 

Through the use of artificial pulses the standard deviat ion caused br noise 
in the head amplifier was found to be about 17 kev. With existing tubes not 
much improvement can be expected here. T he st.1ndard deviation caused by 
thicknCS5 of source, straggling of ionization, and variations in risc time of the 
pulses was 14 kev. f rom Fano's theory (2) an t'Stimale of the standard 
deviation caused by straggling of ionization is about 8 key. With the best 
conditions an over-all standard deviation of about 18 key. rnay perhaps be 
attained. This corresponds to a width of 45 key. at hal f-maximum for the 
polonium a -particle line. 
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