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Detailed measurements under carefully defined cond,tmons have been made of cathode charge distributions in a multlwmre 
chamber W,re and continuous cathodes have been employed These measurements are ,n close agreement w~th theoretical predmct,ons 
wh,ch take into account avalanche angular posmon and spread, and induced charge t,me development and s~gnal processing 

1. Introduction 

In order to predict  differential  non-l inear l ty  in posi- 
t ion-sensit ive mult iwire chambers ,  knowledge of ca thode  
induced charge dis t r ibut ions  is required Several groups 
have, in this connect ion,  described general features of 
such dis t r ibut ions  [1-6]  and  theoretical accounts  have 
also been given [1,4,7-11]. However. detailed compari-  
sons between measurements  and theoretical predict ions 
do not  appear  to have been made This is unders tanda-  
ble since several factors, some of which are difficult to 
control ,  affect significantly the exper imental  dis tr ibu-  
t ions These factors are the various chamber  geometrical  
parameters ,  the angular  posi t ion and  angular  spread of 
the avalanche at the anode  wire, positive ion mobil i ty  
and  signal processing time constants .  
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F~g l Chamber geometry Anode and cathode wires and the 
grounded conducting planes are perpendicular to the x, y plane 
wroth the avalanche w~re at the origin a ms the angular posmon 
with respect to the x-axis of the avalanche centrold Cathode 
charge dlstnbutmon ms sampled by an msolated cathode wrote. 
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In most  of the present  work, in order to define 
physical condi t ions  as precisely as possible, cons tan t  
pi tch wire cathodes  have been employed. Further ,  the 
avalanche angular  posi t ion has been hmi ted  to + ¢r/2 or 
- ~ r / 2  (see fig. 1 and  text below). Experimental  results 

are compared  with the predict ions of a theoretical model,  
an  extension of an earlier t rea tment  [8], in which account  
is taken of the finite depth  draft spaces beh ind  the wire 
cathodes.  The theorehcal  t rea tments  of wire and con- 
t inuous cathodes, gwen below, have a common  basis so 
that  experimental  examinat ion  of one model may justifi-  
ably be regarded as equally examining the other  In fact 
measurements  of d is t r ibut ions  on a cont inuous  ca thode 
have also been made  and are compared  with theory 
below. These measurements ,  however, presented more 
exper imental  difficulties than those with wire cathodes.  

2. Theory 

2.1. General comments 

An impor tan t  feature of the present  theoretical 
calculat ions is that  predict ion is made  of the actual 
d is t r ibut ion that  results directly from experimental  mea- 
surements ;  signal processing which converts  an induced 
charge waveform in to  an ou tpu t  voltage peak height is 
taken into account.  Induced charge is calculated by 
means  of the reciprocity theorem [12] a form of which 
may be briefly stated as follows: if a conductor  raised to 
uni t  potent ia l  produces at an external  point  a potent ia l  
P then unit  charge placed at that  poin t  will induce on 
the (grounded)  conductor  a charge - P .  

The chamber  geometry for the present  work is shown 
m fig. 1, all wires are perpendicular  to the x, y plane 
with the avalanche anode wire at the origin Equal 
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anode /ca thode  spacings are indicated, and were used, 
but this is not essential to the theory. The charge 
development with time on any single wire, or group of 
wires, Ls calculated for a ' fan '  of several ion trajectories, 
the initial angular centroid of the fan being at an angle 
a to the x-axis and the charge for each trajectory being 
weighted to simulate a Gausslan initial angular spread 
of avalanche charge with rms value o The sections 
below outline the method of predicting the charge q(t, 
X, a) induced on a single cathode wire at time t and 
wire position X = x ' / h .  This (numerical) waveform is 
then convoluted with the processing channel impulse 
response h(t)  to yield the output waveform and hence 
pulse height v(X, a). In order to remove dependence 
upon avalanche magnitude, the anode waveform q,(t,  
a) is calculated, by essentially the same method, and 
therefore, after identical signal processing, the anode 
channel output pulse height va(a ) IS obtained The ratio 
v / v  a is independent of avalanche charge 

It is interesting to compare the wire cathode distribu- 
tion with that for a continuous cathode, where the 
function p()~)d?~ represents the charge reduced on a 
strip of w~dth dX at position ~. The wire cathode 
distrxbutlon may therefore be suitably normahsed by 
divldmg the single-wire pulse height v()% a) by the 
normahsed cathode wire pitch sc/h Hence the distribu- 
tion function which is predicted by the theory and 
which can be compared directly with experimental mea- 
surement ts gwen by 

v(X, ~)h/s, 
r (x ,  ,~) .a(,~) 

For the continuous cathode, the waveform p(t, )% or), 
calculated by the method outlined below, is convoluted 
with the xmpulse response h(t)  to yield an output pulse 
hetght v~()% a)  Then * 

.~(~,~) 
r (x ,  ~) .~(~) 

Of the many parameters that enter into the calcula- 
tion of F, all but one may be closely defined by the 
condittons of measurement The one 'adjustable '  param- 
eter in the theory is the avalanche rms angular spread o 

2 2 Induced charge; wire cathode and anode 

Consider two asymmetrically spaced conducting 
planes at y = h + d I, and y = - ( h  + d2), fig 1, with all 
anode and cathode wires removed. The potential Po(x, 

y)  due to umform line charge of density q0 perpendicu- 
lar to the x, y plane, at position x 0, Y0 is given by 

qo L ( x ,  xo ,y ,yo)"  (1) P0 2~r~ ° 

where 

[ c o s b o ( x - X o ) - C O s a ( y - y o )  ] '/2 
L = In cos~-a(-~Z x0)  + c o ~ a ( ~ + ~ o  ~ / )  , 

and 

a=Tr/21, l = h + ( d l + d 2 ) / 2 ,  d = d l - d  2 

Thus replacing the anode and cathode wires by urn- 
form line charges, and assuming r a << s a and r~ << s~, the 
potential function can be written in general 

P = -)ZC, L,, (2) 

where 

L , = L ( x , x , , y , y , )  

The summation is taken over all wires in the system, 
and x,, y, is the position of the t th wire. The coefficients 
(7, can be determined knowing the potentials Pj at the 
wire surfaces That is 

Pj = - ]~C,L,:, (3) 

where 

L,: = L ( x : , x , , y : , y , ) ,  t4=j, 

arc 
L:j = In 2 cos a (h - d /2)  ' for top cathode, 

ar~ 
In for anode, 

2 cos a a / 2 '  
arc 

= In for bot tom cathode. 
2 cos a ( h + d /2)  ' 

If P k = l  and all other P j = 0  in eq. (3) then, after 
solving for the vector C,, by (numerical) matrix inver- 
sion, eq (2) yields P(x ,  y)  the potential due to the k th  
wire at unit potential, all other wires and surfaces being 
grounded. From the reciprocity theorem, therefore, the 
charge induced on the k th wire by unit point charge at 
x, y IS simply - P ( x ,  y)  

The same method may be used to calculate the 
induced charge on any group of wires, in particular, on 
the anode wires. For this case the net charge includes of 
course both the induced charge and the collected elec- 
tron charge. 

2.3 Induced charge," contmuous cathode 

* In an accompanying paper [13] cathode dlstnbuuons mea- 
sured parallel to and orthogonal to the anode wire direction 
are dtsttngmshed by the subscripts 1 and 2 respectively The 
present paper is concerned with the second case only but, for 
stmphcxty, the subscript 2 wdl not be employed 

Suppose, m fig. 1, that the wire cathodes are replaced 
by contmuous conducting cathodes and that, initially, 
the anode wires are removed. Then if a narrow strip of 
the top cathode, of width d x '  at position x ' ,  is held at 
umt potential, the remainder of that cathode and the 
other being grounded, the potential dP~(x, y)  between 
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the cathode planes is given by 

1 cos ay d~ ,  (4) 
dP ,  = ~ cosh a( x - h~ ) - sin ay 

where a = 7r/2h and ~. = x ' / h  
Replacing the anode wires (at zero potential) by uni- 
form hne charges, of density 27re0dC ,, the total poten- 
tial function d P ( x ,  y )  becomes 

d P = d P ,  + dPw, (5) 

where 

d P  w = - Y:dC, L, 

L, has been defined in eqs (1) and (2) but in this case 
d I = d 2 = 0 Since the anode wire surfaces are at zero 
potential  it must follow that for each wire 

d P , ( x j , y : )  dC, 
d~ =52~-~L , :  

The vector d C , / d ~  may be found by numerical inver- 
sion of this set of equations and hence the potential 
function d P / d ~  obtained from eq (5) Then from the 
reciprocity theorem the charge p(? , )d~ induced on the 
cathode strip dX by unit point  charge at x, y is just  
- d P  That is 

p ( X ) =  - d P / d X .  

charges due to a fan of N ion trajectories, each weighted 

in charge to represent an initial gaussian angular distri- 

bution of avalanche charge The total angular width of 
the fan was normally taken as 2fwhm = 4 710o where o 
is the rms angular spread. That is 

q ( t )  = - - ~ W m P ( X , y ) ,  

where 

w,,, = ½ ( erf( u 2 ) - erf( u 1 ) ) ,  

and 

4 710 m + 1 /2  
l/2'1- V/2 N 

m = - ( N -  1 ) / 2  . . . . .  + ( N -  1 ) / 2 .  

The initial angle of the ruth trajectory is a , , = a  + 
4 7 1 0 m o / N  where a IS the avalanche angular centrold 
For  the present s~gnal processing time constants it was 
found that N = 5 was a sufficiently dense representa- 
tion. For the de te rmmatmn of single cathode wire charge 
waveforms at t~mes comparable with ion collectmn t~mes 
It is of course necessary to employ considerably larger 
values of N 

2.5 Signal processmg 

2 4 Time development of  reduced charge 

In order to follow the time development  of induced 
charge it is necessary to construct  the ion trajectory 
x ( t ) ,  y ( t ) .  Let the operating anode and cathode poten- 
tials he V~ and V~ respectively Then if the vector C, IS 
found by numerical inversion of eq. (3) with Pj = 1 for 
all anode wires and Pj = V~/V~ for all cathode wires, the 
potential  functmn m the operating system is simply 
VaP(x,  y) ,  where P ( x ,  y )  is given by eq. (2). The field 

components  E x, E v are obtained by partial differentia- 
tion of eq. (2), and the increments in position dx ,  d y  in 

a small time interval d t  are given by t~Exdt, tLEydt 
where ~ ~s the positive Ion mobility (assumed constant,  
see section 4.1) Thus 

d x  d t  ~L, d y  d t  ~L, 
s~  ~ Too ~Ct ~ x  Sa ' s a -Too ~C~ ~ y  Sa ' 

where T o = sZ~/ftV~, a convenient dlmensmnal  constant  
m many wire chamber  calculations (of the order 7 ~s in 
the present work). 

By starting at x = ~ cos am,y  = r, sin a,,, at t = 0 and 
incrementing in sufficiently small intervals d t / T  o, the 
ion path x ( t ) ,  y ( t )  can be constructed and therefore at 
each stage the Induced charge on any wire or group of 
wires For the continuous cathode calculation of course 
we have d 1 = d a = 0 in eq. (2), and V~ = 0. 

In the complete calculations the total induced charge 
q( t )  on an electrode is found as the sum of the induced 

Channel output voltage v ( t )  is found from an elec- 
trode charge q( t )  by convolution with the impulse re- 
sponse h( t )  That is 

v (  t ) = ~--~ fotq( t ' ) h (  t - t ' )d t ' ,  

where C F is the channel conversion gain (assumed the 
same for both cathode and anode channels). The actual 
forms employed for h( t )  are given in the appendix. 

2 6. General predictions 

Although detailed, quantitative comparisons between 
prediction and measurement  are given later, it is con- 
venient to note briefly here some important  general 
features. Fig. 2 demonstrates  that the angular position 

of the avalanche is indeed a sensitive parameter  in 
determining the distribution. The same figure also dem- 
onstrates that wire and continuous cathode distributions 
may differ quite significantly 

The ratio of the maxima of the distributions for 
a = + r r / 2  and a = - I r / 2  IS found, as to be expected, 
strongly dependent  on the signal processing time con- 
stant This is shown quantitatively in fig. 3, for the 
extreme case o = 0 

A further, ~mportant general prediction of the calcu- 
lations is that the distributions for a = + ~r/2 and - ~r/2 
may differ sigmflcantly in shape as well as in magni- 
tude This IS illustrated m fig. 4 where the two dis tnbu-  
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F~g. 2 Cathode &stnbut ton  functmn F(~.). Theoretical predict- 
ions for ct = + ~r/2 and - ~r/2 for continuous cathodes (upper 
and lower continuous curves respectively) and for wire cathodes 
(upper and lower broken curves) The pre&ctlons are for 
' s tandard  con&t~ons' (see section 4.1) 
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Ftg 4 Predicted cathode d l s tnbutmn functmns,  for a = + ~r/2 
and - ~r/2, standard con&uons  but with continuous cathodes, 
normahsed to equal area (umty) This figure dlustrates the 
difference m shape between the two d~smbuuons  The bot tom 
curve Is the difference Fnorm(~k, + '/7"/2)- /'norm(h, -- ~r/2) 

u o n s  have  b e e n  n o r m a l i s e d  to equa l  area.  T h i s  s h a p e  

d i f f e r ence  m a y  h a v e  x m p o r t a n t  p rac t ica l  e f fec ts  m pos i -  

t ion  e n c o d i n g  u n d e r  ce r t a in  c o n d i t i o n s .  
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Fig  3 Predic ted rauo  o f  m a x i m a  o f  cathode d i s t r i bu t i on  

funcuons  fo r  et = + ~ / 2  and - ~-/2. Standard con&t lons ,  bu t  

w~th avalanche spread o = 0 ° and with C R - R C  fdter. 

3. Experimental method 

T h e  e s s e n t m l  r e q m r e m e n t s  of  the  e x p e r t m e n t a l  ap -  

p a r a t u s  were  tha t  phys i ca l  c o n d l u o n s  be  de f i ned  as 

p r e o s e l y  as poss ib le ,  a n d  t ha t  r e l evan t  p a r a m e t e r s  cou ld  

be  a d j u s t e d  wi th in  typica l  r anges  T h e s e  r e q m r e m e n t s  

were  f ac ih t a t ed  by  the  use  o f  a smal l ,  f lexible  c h a m b e r  

w~th a f low gas  sy s t em,  a n d  s t a n d a r d  e l ec t romc  u m t s .  

F~g. 5 i l lus t ra tes  the  overal l  a r r a n g e m e n t  s c h e m a t i c a l l y  

w,n~0w ~ / ~  

c~tho~2 ~ . . . .  ~ f - L ~ ] ~ N c r t ~  ] 

Earth ptane ~ / ' /  i I 

Fig 5 Schematic diagram of expertmental arrangement The 
isolated samphng wire is contained m cathode 1 The signal 
from cathode 2 is employed to differentiate between a = + ~'/2 
and a = - ~r/2 events 
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A conduct ing  a lumlmum foil p lane and the detector  
en t rance  window defined the two draft spaces, with 
adjus table  depths  d 1 and  d 2 respectively (referring also 
to fig 1). 100 × 100 mm 2 w=re arrays with various 
cons tan t  wire pitches (s~ and  s~ for anode and cathodes  
respectively) and  radii ( r  d and  re) could be utdised at 
selectable a n o d e - c a t h o d e  spacing (h) ,  with the w~res 
ahgned or thogonal  or parallel. All impor tan t  geometri-  
cal parameters  were the subject of careful measurement  

The wire ca thode on which the dis t r ibut ion of re- 
duced charge was to be measured had one wire at the 
centre isolated from the remainder  (but  main ta ined  at 
the same potent ial)  and  connected to a signal processing 
channel  identical,  except for a wide band  a t tenuator ,  to 
that  of the anode Outpu t  signal pulse heights were 
dagitised, and  the rat io of single ca thode  ware pulse 
height to anode pulse height displayed The a t tenu ta tor  
allowed the working rat io to be kept  to the order unity, 
and  a careful measurement  of the relative convers ion 
gains of the two channels  allowed true ratios to be 
calculated. 

Part icular  care had  to be taken to ensure neghglble 
charge induct ion on the single ca thode  wire by voltage 
excursions of other  chamber  electrodes The remainmg 
wires of ca thode 1 were connected  to ear th through a 
capaci tor  ( -  1 /~F) very large compared  to the interwlre 
capacitance.  Pre-amphfiers  with large ( -  9000 pF)  dy- 
namic  Input capacity were used. 

For  measurement  of the mduced  charge dis t r ibut ion 
on a cont inuous  cathode,  a copper-clad G10 board  was 
used as ca thode 1, and  an a lummlum foil (25 ~tm), 
t ransparen t  to the X-rays, as ca thode  2. On ca thode  1 a 
strip of width  0.8 mm, isolated by gaps of 0.2 mm, 
sampled the induced charge distr ibut ion,  a high resistw- 
ity coating being applied to the gaps to prevent  local 
field dis tor t ion The effective sampling width d)~ was 
taken as 1.0 mm 

A parameter  not  generally control led in an operat ing 
M W P C  is the avalanche angle centroid,  a. The ca thode  
induced charge dis t r ibut ion is a s trong funct ion of this 

parameter  however, and  a therefore had to be defined 
for the present  measurements  It has been shown [14,15] 
how the crossover t ime of a doubly  differentiated 
ca thode signal varies with a,  and IS thus a two-valued 
funct ion of the posi t ion of a coll imated X-ray beam 
moving perpendicular  to the anode  wires Fag. 6 shows 
typical variat ion ob ta ined  from cathode 2 signals 
processed with a 1 /~s bipolar  falter. Anode  wire posi- 
t ions may be simply determined as those values of x 
where the crossover difference as greatest. In the present  
work, avalanche angle centroids of essentially + ? : / 2  
and  - ~ r / 2  were defined by only sampling ca thode 
reduced charge dis t r ibut ion for X-ray source posit ions 
coincident  w~th anode  ware posmons  When the single 
ca thode w~re was sensing the tails of distr ibutions,  where 
the difference between + ~ r / 2  and - ~ r / 2  avalanche 
centrold events as small, gating derived from the cros- 
sover spectrum from cathode 2 allowed selection of one 
or the other  type of event Fig 7 shows a typical 
crossover spectrum, with the two types of event clearly 
different iated Such gating also allows measurement  of 
d is t r ibut ions  parallel to the anode  wires, when physical 
hml ta t ion  of the avalanche angle is not possible, given a 
slit collimator.  

The only impor tan t  exper imental  parameter  which 
could not be directly control led was the rms angular  
spread, o, of the avalanche about  its centroid Two 
precaut ions were taken to limit o and  to keep its value 
relatively cons tant  Appl icat ion of a negative potent ia l  
to the wire ca thodes  made the counter  msensl twe to 
X-rays absorbed  In the drift  regions, and thus reduced 
var ia t ion in o arising from differing amounts  of electron 
diffusion. Secondly, the chamber  was operated at a 
charge level such that  UV spreading of the avalanche 
was a minor  cont r ibu t ion  [16] The degree of avalanche 
localisation a round  the wire is reflected in the difference 
between + ~r/2 and - v r / 2  Induced charge distr ibutions,  
with the obvious limit that  there IS no dis t inct ion ff the 
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et ~ - 7r/2 events obtainable with a 1 bts bipolar filter 
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avalanche spreads evenly a round  the wire. Fig 8 il- 
lustrates how the rat io of the heights of the centres of 
the two d l s tnbu tmns ,  F(0, + ~ r / 2 ) / F ( 0 ,  -~r/2), under  
s tandard  condi t ions  as defined in section 4.1 below, 
vanes  with anode  charge level, the effect of rapidly 
increasing angular  spread above about  0.1 pC being 
apparent .  The anode  and  ca thode potentmls  employed 
to produce  the charge levels shown were used in theoret-  
ical calculat ions of the r a U o / ' ( 0 ,  + ~r/2)/F(O, -~r/2) 
with various values of the angular  spread to give the 
cont inuous  lines shown. The  results m section 4 were 
ob ta ined  at 0.1 pC anode  charge, the cor responding  
calculat ions all using the rms value o = 40 °. 

The  reqmrement  to work at a relatwely low chamber  
gain demanded  a low no~se in the single ca thode w~re 
channel .  An  equivalent  noise charge of 200 electrons 
rms at  the 2#s  t ime cons tant  was ob ta ined  allowing 
measurement  of the reduced charge d~stribution out  to 
?~ = 3 f rom the centre  wi thout  undue  difficulty. The  
no~se level when the strip on  the cont inuous  ca thode  
was connected  to the processing channel  was an order  
of magni tude  worse, due to the (unopt tmlsed)  remstive 
coating. 

4. Results 

Some results are presented which test the validity of 
the predict ions of the theoretical  model presented in 
section 2 over a range of parameters .  Cor responding  
a = + ~ r / 2  and  a = - r  r / 2  dis t r ibut ions  that  were ob- 
t amed concurrent ly  are presented together,  and  the rele- 

vant  predlcUons are shown as curves ra ther  than d~s- 
crete points  (see section 2). The compar isons  are direct, 
no  arbi t rary n o r m a h s a t m n  hawng  been in t roduced 

Stochastic errors, arising from the locauon of the 
centrolds  of F ( t ,  +~r /2 )  and  F()~, - I r / 2 )  at any X, 
and  from the measurements  of relative channel  conver-  
mons gains, were smaller than  could be shown clearly m 
the figures The  raze of the symbols used for the data  
points  may be  taken as indicat ing max imum error boxes 

4 1 Standard condmons, and the effect of cathode 2 
orlet l tat lot l  

The experimental  strategy revolved defining a set of 
' s t a n d a r d '  parameters ,  then observing how the complete  
d is t r ibut ions  were affected by changes to one type of 
pa ramete r  This basic set of condi t ions  was'  
0 Chamber  geometry (see fig. 1). h = 4 ram, s~ = 2 

mm, s c = l  mm, r a = 7 . 5 / t m , r  c = 2 5 / x m , d  1 = d 2 = 4  
mm. 

. )  C h a m b e r  gas. Ar  50% CH4, positive ion moblhty,  
/~,* taken as 2 0  cm2V-~s-Z [17] 

* It is known that /x is field dependent [18] although there 
exists httle relevant data for most counter gases Calculatmns 
with a field dependent mobdlty m the form /x = 
~o/~(1+ E/Eo) reveal that, with the present Ume con- 
stants and geometry, an experimentally slgmficant effect 
( >  2%) occurs only when E 0 is chosen below about 25 
kV/cm In view of the generally good agreement between 
measurement and prediction th~s must represent a lower 
hmlt for E o for P50 



J S Gordon E Mathteson / Cathode charge dzstnbuttons m multtwtre chambers 1 273 

0 

O 5 

7 (/,) 

0 2 

0 l 

0 9 

C ) t a P o a r c }  c a ~ ] d ,  t , ]r IS 

/ 

/ / 
d / 

/ / 

/ "/ 
, /  / 

/ / 

/ \ 
/ \ 

/ / 

,f 

\ 

/ 

/ / \ 
? ,, 

,, i 

x~ 

2 I 3 I 2 

X 

Fig. 9 Cathode d~str,but,on functions F(?Q Comparison be- 
tween experimental measurements and theoreucal predictions 
( a =  +~r/2 upper curve, a = - ~ r / 2  lower curve), standard 
condmons (see secuon 4 1) 

in) Signal processing. Canberra 2022 'Gaussian'  active 
filter, nominal time constant 2/~s  

1 5 keV AL K,, X-rays were used for all measurements. 
Fig. 9 shows experimental data and theoretical predict- 
~ons for these standard condttlons. The two sets of 
experimental points were taken with cathode 2 wires 
parallel to and orthogonal to those of the anode and 
cathode 1. There is no discernable difference, and all 
subsequent readings were taken with the two sets of 
cathode wires orthogonal to each other. 

4 2. Ttme deve lopment  

Figs. 10a and 10b show the effect of  reducing the 
processing time constant to a nominal  0 5 ~s  or increas- 
ing to 4 #s  respectively (see appendix).  The expected 
increasing difference between F ( A , + T r / 2 )  and F(A,  
- ~ r / 2 )  as the distributions are effecuvely  sampled later 
in time may be noted. The significant parameter is the 
ratio of  the chamber time unit T O = sff/lzV~ to the filter 
effective time constant.  G o o d  agreement between pre- 
diction and measurement was also obtained when a 
s imple C R - R C  filter was used, sampling the distribu- 
tion earlier than the 2022 filter for the same nominal  
time constant Similar agreement was observed when Ar 
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F,g. 10 Cathode distribution functxon F(A) Comparison be- 
tween experxmental measurements and theorettcal predictions 
(a = + ~-/2 upper curve, a = - rr/2 lower curve), (a) standard 
c o n d i t i o n s  e x c e p t  w i t h  T a = 0 5 /.ts, (b )  s t a n d a r d  c o n d m o n s  

e x c e p t  w i t h  T a = 4 0 / t s ,  
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10% CH 4 gas was used, giving a longer chamber  time 

umt T O than Ar 50% CH 4 (mainly because of the 
decrease m V~ for the same charge). 

4 3 The influence o f  earth planes behmd wire cathodes 

Measurements  made w~th the continuous cathode 
described in section 3 are shown m fig. 11. The effect of 
'charge leakage' to earth planes behind wire cathodes 0 5 

may be clearly seen by comparing with fig. 12, where 
the data ~s for the s tandard parameters except for the ~ ',),) 
use of 2 mm, rather than 1 mm, pitch cathodes 

@ 2 
4 4 The effect of anode-cathode spacing 

G o o d  ag reemen t  was ma in t a ined  when the 
anode -ca thode  spacing was increased to 6 mm (fig 13) 
Although the distributions are broader  at larger h m 
absolute units, the difference m terms of X can be seen 
to be small. 

4 5 Distrtbuttons parallel to the anode wtres 

The theoretical curves m fig. 14 are for the standard 
condmons ,  the experimental data are for these condl- 
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Fag. 11 Cathode distribution functions F(~) Comparison be- 
tween experimental measurements and theoretical predictions 
(a = + ~'/2 upper curve, a = -  ¢r/2 lower curve), standard 
condmons but with continuous cathodes 
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Fig 12 Cathode distribution funcUons F(?~) Comparison be- 
tween experimental measurements and theoretical predictions 
(a = + *r/2 upper curve, a = -  ~/2 lower curve), standard 
condmons except with s, = 2 mm 

tlons but with the anode rotated through 90 °. Whde the 
model predicts speclftcally the &strlbutlon of cathode 
charge perpendicular to the anode wires, ~t may be seen 
that it also provides a reasonably close descrlptmn of 
the distribution parallel to the anode wires. 

A theoretical study is now being carrted out m an 
a t tempt  to predtct cathode distr lbutmns m a d~rectlon 
parallel to the anode wires with the same accuracy as 
the present theoretical distributions. 

5. C o n c l u s i o n s  

Close agreement has been obtamed,  over a wtde 
range of condmons ,  between experimental measure- 
ments  of cathode mduced charge distribution and the 
predictions of a theoretical model. This agreement has 
been made possible by, on the one hand, precisely 
defining experimental conditions (eg.,  use of wire 
cathodes) and, on the other, including in the calcula- 
hons  the avalanche angular position and spread and a 
full t reatment of signal time development and process- 
mg The model may therefore be used with considerable 
confidence to calculate, for the geometry of fig. 1 and 
given approprtate mmai  condittons, the charge dls tnbu-  
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Fig 13 Cathode distribution funcnons F(~) Comparison be- 
tween experimental measurements and theoretical predictions 
(a = ~r/2 upper curve, ct = - ~'/2 lower curve), standard condt- 
tlons except with h = 6 mm 

Fig 14 Cathode distribution functions F()~), measured parallel 
to the anode w~re dlrecuon The theoretical predictions are for 
dlstnbuhons perpendicular to the anode wire dlrecnon 

tlons on w~re or continuous cathodes, or indeed on any 
group of electrodes, or to calculate output  pulse heights 
from a signal processing channel at tached to any group 
of electrodes 

The original monvahon  for th~s work, the prediction 
of dlfferenual  non-hnearlt~es m posmon- sensmve  
MWPCs,  now however has to be re-assessed. Detailed 
predlcUon, such as the above model now makes posm- 
ble, is not generally required; avalanche angular posi- 
uon is not determined m a practical system In th~s case 
a single formula for the cathode distribution, convement  
for computauon  and representing an average behawour,  
is reqmred. In an accompanying paper  [13] an existing 
empirical formula [9] is compared with the results of 
accurate calculations and ~t ~s shown that this formula 
may be presented in a convenient single parameter  form 
over a w~de range of pracucal geometries 
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Appendix 

The present experimental studies employed two types 
of mgnal processing. The majority of measurements 

were made with Canberra type 2022 spectroscopy 
amphfiers in both channels. For  this system (one dlffer- 
entmtor,  two actwe Integrators) the ~mpulse response Is 
deterrmned by two circuit time constant  T a, T 2 and may 
be shown to be given by 

T2 e - t / v 2 { ( l _ W 2 ~ e t _ ) c o s w t  
h ( t )  ( V 2 -  r , )  2 

1) 
where 

w = ( T 2 / T  , - 1 ) ' / 2 / T 2  

The nominal ume constant  T+ employed in the text 
above corresponds to values of T 1 and T 2 as follow. 

T , ( # s )  0.50 2.00 4.00, 

T , ( l ~ s )  029  1.15 2.30, 

T2( t~s )  043  1.69 3.38. 
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Measurements  were also taken with simpler amphflers 
containing equal time constant,  single integration, sxngle 

differentiation s~gnal processing. For  this system h ( t )  is 

gwen by 

l 
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