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AN INTRODUCTION TO 
MULTICHANNEL ANALYZERS 

by 

George S. Stanford 

ABSTRACT 

A survey of the state of the ar t of mult ichannel pulse 
analys is is presented , intended chiefly for the r eade r with 
l i t t le pr ior kno'wledge of the field. There is no at tempt to 
t r e a t any topic in depth. The genera l pr inciples of analysis 
of pulse height and t ime of flight a re outlined, with consid­
erat ion given both to s i ng l e -pa rame te r and mul t i pa rame te r 
i n s t rumen t s . Memory s y s t e m s , analog-to-digital conversion, 
and readout devices a r e d i scussed . Some of the features 
and l imitat ions of modern ana lyzers a r e noted, and typical 
per for inance specifications a r e given. Although the raain 
emphas is is on ins t rumenta t ion, mention is made of some 
of the applications of s ingle- and mul t ipa ramete r ana lys is . 

I. INTRODUCTION 

In the las t twenty y e a r s or so, mult ichannel pulse analysis has de­
veloped from the g l eam- in - the -eye stage to its cur ren t s tate of healthy 
adolescence , and it is s t i l l growing rapidly. In this review the genera l 
pr inc ip les will be mentioned, the story of its development will be outlined, 
and the cu r ren t status will be surveyed. The t rea tment throughout will be 
superf icial . For a m o r e detailed d iscuss ion of a lmost any technical a s ­
pect of this subject, the r eade r is r e f e r r e d to the excellent monograph by 
R. L. Chase.(1) 

F i r s t of al l , what is mult ichannel analys is , and why is it u sed? The 
resu l t of a rnultichannel analysis is a spec t rum, in the form of a h i s togram 
(usually), with number of events given as a function of one or m o r e of such 
p a r a m e t e r s as the height of the pulse , or its shape, or its t ime of occur ­
r ence , or of the height, shape, or t ime of occur rence of coincident or o the r ­
wise t i m e - r e l a t e d events . The application poss ibi l i t ies a r e legion. The 
chief use so far has been in nuclear phys ics , a typical application being the 
de te rmina t ion of the energy spec t rum of par t i c les from a radioact ive source . 
This capability is increas ingly being exploited in quali tat ive and quantitative 
chemica l analysis of radioact ive s ample s . A very sensi t ive detection of 
t r a c e components can somet imes be made by neutron activation follow^ed by 



p u l s e - h e i g h t a n a l y s i s . E v e n wi thou t c h e m i c a l s e p a r a t i o n , such a m e t h o d 
h a s b e e n u s e d to m e a s u r e the m a n g a n e s e content of blood plasma,^'^' ' w^here 
the t o t a l a m o u n t of m a n g a n e s e p r e s e n t w a s about 0.06 / i g . T h e r e a r e f u r ­
t h e r a p p l i c a t i o n s in such d i v e r s e f i e lds a s a s t r o p h y s i c s ( m e t e o r i t e a n a l y s i s ) , 
a r c h e o l o g y , and c r i m i n o l o g y . 

A n o t h e r m a j o r u s e of m u l t i c h a n n e l a n a l y s i s i s in n e u t r o n t i m e - o f -
f l ight s p e c t r o s c o p y . A p u l s e d b e a m of n e u t r o n s , for e x a m p l e , can be d i ­
r e c t e d t h r o u g h a s a m p l e to a n e u t r o n d e t e c t o r s o m e d i s t a n c e away . By 
r e c o r d i n g t h e t i m e of d e t e c t i o n of n e u t r o n s w^ith r e s p e c t to the t i m e w h e n 
the n e u t r o n s p a s s e d a r e f e r e n c e p o s i t i o n , the t i m e - o f - f l i g h t s p e c t r u m (and 
h e n c e the e n e r g y s p e c t r u m ) i s r e c o r d e d . The d i f f e r ence b e t w e e n the 
s a m p l e - i n and s a m p l e - o u t s p e c t r a g i v e s t h e e n e r g y s p e c t r u m of t h e n e u ­
t r o n s a b s o r b e d o r s c a t t e r e d by t h e s a m p l e . Th i s i n f o r m a t i o n (the " total 
c r o s s s e c t i o n " ) for d i f f e ren t m a t e r i a l s i s i m p o r t a n t in n u c l e a r r e a c t o r 
t e c h n o l o g y . 

So fa r we have b e e n d i s c u s s i n g s i n g l e - p a r a m e t e r a n a l y s i s . * H o w ­
e v e r , m u l t i p a r a m e t e r a n a l y s i s h a s for s o m e t i m e b e e n u s e d at the l a r g e r 
l a b o r a t o r i e s , and w^ithin the l a s t y e a r o r so c o m m e r c i a l m u l t i p a r a m e t e r 
a n a l y z e r s h a v e s t a r t e d coming onto the m a r k e t . T h e r e a r e m a n y u s e s for 
m u l t i p l e - p a r a m e t e r a n a l y s i s . In d e t e r m i n i n g a c o m p l e x s c h e m e of n u c l e a r 
d e c a y , one can e x a m i n e the s o u r c e wi th two d e t e c t o r s w h o s e ou tpu t s s e r v e 
as the two i n p u t s to a t w o - p a r a m e t e r a n a l y z e r . When the e v e n t s involving 
c o i n c i d e n t p u l s e s in the two c o u n t e r s a r e s t o r e d , t h e r e r e s u l t s a t h r e e -
d i m e n s i o n a l r e c o r d w^hich i s h a r d to d i s p l a y q u a n t i t a t i v e l y , but f r o m which 
can be e x t r a c t e d a g r e a t dea l of i n f o r m a t i o n r e g a r d i n g the i n t e r c o r r e l a t i o n 
of t h e e v e n t s in the two d e t e c t o r s . In o t h e r a p p l i c a t i o n s , one could s tudy 
t i m e - d e p e n d e n t p h e n o m e n a by u s i n g a s one p a r a m e t e r the t i m e a f te r s o m e 
r e f e r e n c e o c c u r r e n c e , s u c h a s an a c c e l e r a t o r b u r s t , wi th t h e p u l s e he igh t 
of the d e t e c t e d even t be ing the o t h e r p a r a m e t e r . T h r e e - p a r a m e t e r e x p e r i ­
m e n t s a r e a l s o be ing p e r f o r m e d a l t h o u g h t i m e s r e q u i r e d for a s ing le e x ­
p e r i m e n t often a r e m e a s u r e d in d a y s , and s o m e t i m e s w e e k s . F o r m o r e 
t h a n t h r e e p a r a m e t e r s , t he r a t e of d a t a a c q u i s i t i o n t e n d s to be so slow^ tha t 
m o s t s u c h e x p e r i m e n t s a r e i m p r a c t i c a l . 

II . G E N E R A L P R I N C I P L E S O F O P E R A T I O N 

T h e chief c o m p o n e n t s of a o n e - p a r a m e t e r m u l t i c h a n n e l a n a l y s i s 
s y s t e m a r e shown in F i g . 1. M a n y v a r i a t i o n s on t h i s t h e m e h a v e b e e n u s e d 
but m o s t m o d e r n o n e - p a r a m e t e r a n a l y z e r s m a k e u s e of the h i s t o r i c 

*The terminology here is currently in a state of mild confusion, because the word "dimension" is 
sometimes used instead of "parameter." Some writers regard a two-parameter measurement as a 
three-dimensional one, the number of events being the third dimension, and some refer to it as 
being two-dimensional. The present writer feels that the result of such an experiment is unques­
tionably three-dimensional, but will for the most part avoid the issue by sticking to the unam.-
biguous term "parameter." 
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breakthroughs of Wilkinson(3) and of Hutchinson and Scarrott .(4) in the 
Wilkinson type of analog- (pulse-height-) to-digital converter (ADC), a 
smal l capacitor is permi t ted to charge up to the peak voltage of the pulse 
and is then discharged at constant cur ren t . While the discharge is in prog­
r e s s , "clock" pulses from a stable osci l la tor a re counted by a sca ler , the 
number of clock pulses counted being proport ional to the t ime the capacitor 
took to d i scharge , and hence to the original height of the pulse (see Fig. 2). 
(Alternatively, a capacitor is somet imes charged l inearly, until it reaches 
the height of the s t re tched input pulse. The resul t is the same.) By s t a r t ­
ing the r a m p in synchronism with a clock pulse, a one-channel uncertainty 
in the s tar t t ime can be avoided. 

SOURCE 

DETECTOR AMPL1F1 ER — 
ADC 
or 
TDC 

ADDRESS 
SCALER 

— MEMORY 
t_n 
hi 

DISPLAY 

READOUT 

Fig. 1. One-pa ramete r Multichannel Analyzer. 
ADC and TDC stand for analog-to-digi tal 
converter and t ime- to-d ig i ta l converter , 
respect ively . 

INPUT PULSE 

The number of clock pulses that occur red before the osci l lator gate 
closed (this number is called the "address" ) is the number of the channel 

that the count is to be stored in, and 
this is where Hutchinson and Scarro t t 
contributed. In Wilkinson's system, 
the telephone-type r eg i s t e r s used 
were not fast: he could s tore only 
about ten counts per second. Hutch­
inson and Scarrot t introduced a 
computer- type memory for storing 
the pulse. Computer technology be­
ing ra ther pr imit ive twelve yea r s 
ago, Hutchinson and Scarrot t in fact 
made do with an ul t rasonic delay line 
(mercury) , through which the memory 
contents circulated once every 1.2 m s 
in binary coding. Modern one-
pa rame te r analyzers tend to use 
m e m o r i e s consisting of t h r e e -
dimensional a r r a y s of small f e r ro ­
magnetic co res . Typically, a count 
is s tored by reading out the contents 
of the appropriate channel, adding 
one, and r e - s to r ing the resul t . 

GATE PULSE 

OUTPUT FROM 
GATED OSCILLATOR 

I I I 

Fig . 2. Analog-to-digi tal 
Conversion 

This in ter rogat ion-res torage 
p roces s takes perhaps 10-30 /is. But 



a much g rea t e r contribution to pulse-height -analyzer dead t ime is due to 
the conversion p r o c e s s . The clock osci l la tor c i rcui ts in general use give 
pulses at a 4 or 5 Mc ra te , making the conversion t ime for a pulse in 
channel 400, for ins tance , equal to 80 or 100 /is. It i s , of course , necessa ry 
to prevent new^ pulses from entering the converter while it is converting, so 
that s torage r a t e s a r e l imited to l e s s than 10 or so per second. 

used 
In t ime-of-fl ight w^ork, the type of t ime- to-d ig i ta l converter (TDC) 

depends to some extent on the magnitude of the flight t imes involved. 
For flight t imes running, say, 20 /is 
or longer, it is feasible to s ta r t a 
clock osci l lator at t ime zero (Avhen 
the neutron s t a r t s its flight) and stop 
it when the neutron is detected. The 
count is then stored as before. For 
shor ter flight t imes , ranging down 
into the nanosecond region, digital 
c i rcui ts a r e not fast enough. How^-
ever, one can s tar t a l inear r amp 
at t ime ze ro , and stop it when the 
neutron a r r i v e s . The resu l t is a 
pulse of amplitude proport ional to 
the t ime of flight, and it can be ana­
lyzed by conventional methods of 
pulse-height analysis . 

III. HISTORY 

Bias voltage 

Fig. 3. (a)Integral Bias Curve; and (b)Differential 
Bias Curve Obtained by Point-by-point Dif­
ferentiation of the Integral Bias Curve. (From 
Nuclear Pulse Spectrometry, by R. L. Chase, 
Copyright 1961. McGraw-Hill Book Com­
pany, Inc., used by permission.) 

A p u l s e - h e i g h t s p e c t r u m is 
a d i f f e ren t i a l b i a s c u r v e . Such a 
c u r v e can in p r i n c i p l e be d e r i v e d 
f r o m an i n t e g r a l b i a s c u r v e ( see 
F i g . 3), but s i n c e the p r o c e s s of 
n u m e r i c a l d i f f e ren t i a t ion invo lves 
finding s m a l l d i f f e r ences b e t w e e n 
l a r g e n u m b e r s , the r e s u l t h a s low 
s t a t i s t i c a l p r e c i s i o n . 

M u l t i c h a n n e l a n a l y z e r s w^ere 
p r e c e d e d by s i n g l e - c h a n n e l a n a l y z e r s , 

f i r s t d e s c r i b e d in 1940.1^/ A s i n g l e - c h a n n e l a n a l y z e r i s an i n s t r u m e n t 
wh ich counts only t h o s e p u l s e s w h o s e he igh t l i e s wi th in a vo l t age "window" 
(the " c h a n n e l " ) def ined by a p a i r of d i s c r i m i n a t o r s . A d i f fe ren t i a l s p e c t r u m 
can be p r o d u c e d poin t by poin t by scann ing the window, e i t h e r cont inuous ly 
o r s t e p w i s e , o v e r the d e s i r e d r a n g e . U n l e s s the s o u r c e i s v e r y a c t i v e , it 
obv ious ly t a k e s about a h u n d r e d t i m e s a s long to ge t a h u n d r e d - c h a n n e l 
s p e c t r u m w^ith a s i n g l e - c h a n n e l a n a l y z e r a s wi th a 100 -channe l a n a l y z e r . 



Thus, s ingle-channel ana lyzers a re not much used for that purpose any 
m o r e , although they a re very useful for exper iments where it is des i red to 
count pulses occurr ing in a p r e - s e l e c t e d pulse-height interval . 

Multichannel analyzers were probably first built in the early for t ies . 
The original open- l i t e ra tu re repor t was published in 1947,v"^ although some 
ins t ruments apparently w^ere descr ibed in ea r l i e r Bri t ish Atomic Energy 
r e p o r t s . w ) Natural ly enough, the ear ly multichannel analyzers were ex­
tensions of the s ingle-channel-analyzer pr inciple , n + 1 d i sc r imina to rs 
being used to define n pulse-height regions , or channels. Each channel of 
such a "mul t id iscr iminator conver ter" can have its own sca le r , and the 
d i sc r imina to r s a re connected by anticoincidence circui ts in such a way that 
a count is t ransmi t ted from a given d i sc r imina tor only if the d iscr imina tor 
above it is not t r iggered . Because the re is no analog-to-digi tal conversion, 
such ins t ruments a r e sti l l used for applications where very small dead t ime 
is important , but they tend to be bugged by problems of alignment and s ta­
bility, and they also become la rge and cumbersome if many channels a re 
incorporated. Twenty or th i r ty channels is typical, "while the la rges t in 
cur ren t use has 120 channels. "W^ That channel-width adjustment can be 
t r icky may be seen by considering that, if 1% precis ion in channel width is 
des i red in a channel whose width is 1% of its position, then the upper and 
lower discr inainators must be held to one par t in 10 . This par t icular p rob ­
lem, how^ever, can be alleviated by means of a pu lse- increment technique,! 1) 
which uses the same d i sc r imina tor to define both the upper and lower l imits 
of i ts channel: the input pulse is s t re tched, and then an increment equal to 
the des i red channel width is added to it, producing a pulse with a step on 
top. The channel for the count to be s tored in is determined by which d i s ­
cr iminator is t r iggered by the addition of the increment . 

ELECTRIC HOPPER 

MICRO SWITCH 

F o r a while the name k icksor te r was ra ther popular as a conven­
iently short synonym for "mult ichannel pulse-height analyzer ." It is still 

used somet imes , but it never real ly 
caught on. It was par t icular ly ap­
propr ia te , however, as a designation 
for a device built in 1949 by Frank , 
F r i s c h , and Scarrot t^ ' / (see Fig. 4). 
It had thir ty channels consisting of 
para l le l slots milled in a sheet of 
polystyrene. A ball bearing res ted 
on a pad in front of an e l ec t rome­
chanical cue. When a pulse was 
detected, the cue would impar t to 
the ball bearing an impulse p ropor ­
tional to the height of the pulse, and 
the ball bearing would come to r e s t 
at the low^er end of the appropria te 
channel. A new ball bearing would 

Fig . 4. Mechanical Kicksor te r 
(From Reference 7) 



automatical ly drop onto the launching pad to await the next event. The 
capacity was 100 counts per channel, and the ins t rument w^as repor ted to 
pe r fo rm rel iably at r a t e s up to 6 cps. 

Numerous other pulse-height-analyzing schemes have been used, 
some s imple and some quite complex. One of the simple ones is the g ray-
wedge technique,! •'•) for w^hich all that is requi red beyond the amplifier is 
a pulse s t r e t che r , osc i l loscope, c a m e r a , and gray wedge. The gray wedge, 
with i ts optical absorbance increas ing l inearly from zero at the left to some 
appropr ia te value at the r ight , fits over the osci l loscope sc reen . The pulse 
to be analyzed is s t re tched to produce a horizontal line a c r o s s the osc i l lo ­
scope sc reen , the height of the line being proport ional to the height of the 
pulse . When a t ime exposure on h igh-cont ras t film is made of the osc i l lo ­
scope sc reen , the film will contain the pulse-height spec t rum (on its side), 
s ince the dis tance that the exposed port ion of the filna extends into the gray 
wedge, for any pulse height, depends upon how naany sweeps occur red at 
that pulse height. The resul t ing intensity scale is logar i thmic . 

See Reference 8 for a convenient tabular summary of kicksort ing 
s chemes . See Reference 1 for m o r e connplete d iscuss ions of the schemes . 

The r ema inde r of this r epo r t is confined chiefly to the main line of 
development of the pulse-analyzing a r t . Following a r e some of the mi les tones : 

(a) The pr inciple of analog- to-digi ta l conversion w^as introduced by 
Wilkinson(3) in 1950, as desc r ibed in Section II. Although it has the d isad­
vantage of a fairly long conversion t ime , the method is widely used because 
of the exceptional stability achievable in electronic osc i l l a to r s . Since it is 
also poss ible to make highly l inear voltage r a m p s , now^adays problems of 
stabili ty and l ineari ty tend to show up f i rs t in the de tec tors and ampl i f ie rs . 
Fo r many applications where high s torage ra t e s a re neces sa ry , the p r o b ­
lem of the long conversion t ime can be alleviated by var ious buffer-storage 
s chemes , to be mentioned further in Section VII, or by using a mul t id i s ­
c r imina to r conver te r . 

(b) The addition of the computer - type m e m o r y w^as made by Hutch­
inson and Scarrott!'*^ in 1951, and w^as mentioned in Section II. Immediately 
Wilkinson's s torage ra t e of ten per second was increased to 1600 per second 
When the magne t i c - co re m e m o r y replaced the acoust ic delay line, s torage 
t imes of 10 to 30 jdsec became poss ib le , permit t ing (neglecting the much 
longer conversion t ime) s torage r a t e s of up to 10 / s e c . 

(c) The advent of t r a n s i s t o r s was very important . The p rac t i ca l 
number of channels for vacuum-tube c i rcu i t ry was l imited by sheer physical 
s ize and component re l iabi l i ty . With vacuum tubes a 100-channel analyzer 
occupied m o r e than a 6-ft rack , w^hereas one can now^ buy a 400-channel 
analyzer w^ith ca thode- ray tube (CRT) display that can be ca r r i ed in one 



h a n d . * (Readout e q u i p m e n t s t i l l t a k e s up a lot of r o o m . ) It a l s o f r equen t ly 
h a p p e n e d t h a t a m a n y - c h a n n e l , v a c u u m - t u b e a n a l y z e r w a s u n d e r g o i n g r e ­
p a i r a l a r g e p r o p o r t i o n of the t i m e , w h e r e a s the t r a n s i s t o r i z e d c i r c u i t r y 
h a s p r o v e n to be m u c h m o r e r e l i a b l e . 

(d) M u l t i p a r a m e t e r a n a l y z e r s h a v e added new^ p o s s i b i l i t i e s . The 
adven t of m u l t i c h a n n e l , o n e - p a r a m e t e r a n a l y z e r s , by speed ing up da ta a c ­
q u i s i t i o n by one to t h r e e o r d e r s of m a g n i t u d e , m a d e p o s s i b l e m a n y e x p e r i ­
m e n t s wh ich would h a v e b e e n v i r t u a l l y i m p o s s i b l e wi th s i n g l e - c h a n n e l 
a n a l y s i s . A f u r t h e r j u m p of the s a m e g e n e r a l m a g n i t u d e h a s o c c u r r e d w^ith 
t h e u t i l i z a t i o n of m u l t i p a r a m e t e r a n a l y z e r s , w^hich wi l l be d i s c u s s e d in a 
l a t e r s e c t i o n . 

IV. FEATURES OF ONE-PARAMETER ANALYZERS 

T h e e ight o r m o r e m a n u f a c t u r e r s * * se l l i ng p u l s e - h e i g h t a n a l y z e r s 
in the Uni ted S t a t e s and C a n a d a offer a v a r i e t y of i n s t r u m e n t s . In o n e -
p a r a m e t e r a n a l y z e r s the n u m b e r of c h a n n e l s r a n g e s f r o m 100 to 800, w^ith 
c a p a c i t i e s of 10 o r 10 coun t s p e r c h a n n e l . P r i c e s r a n g e frona about $5000 
for s m a l l u n i t s w i th s i m p l e r e a d o u t e q u i p m e n t , to w e l l o v e r $20,000 for 
l a r g e s y s t e m s inc lud ing a v a r i e t y of o p e r a t i o n a l and r e a d o u t o p t i o n s . In 
t h i s s e c t i o n , s o m e of t h e c u r r e n t l y a v a i l a b l e f e a t u r e s and op t ions wi l l be 
m e n t i o n e d . 

M o s t i n s t r u m e n t s offer s e l e c t i v e s t o r a g e - the ab i l i t y to d iv ide the 
m e m o r y in to h a l v e s , q u a r t e r s , o r e i g h t h s , and to " r o u t e " the input to any 
d e s i r e d s e g m e n t . Thus it i s p o s s i b l e to s t o r e up to e ight s p e c t r a in the 
s a m e m e m o r y . 

B a c k g r o u n d s u b t r a c t i o n c a n be a c c o m p l i s h e d by f i r s t s t o r i n g b a c k ­
g r o u n d in t h e n e g a t i v e m o d e , and t h e n count ing the s a m e for the s a m e l eng th 
of t i m e in t h e p o s i t i v e m o d e . How^ever, the f e a t u r e of m e m o r y t r a n s f e r , 
c o m b i n e d wi th s e l e c t i v e s t o r a g e , p e r m i t s one to s u b t r a c t the s a m e b a c k ­
g r o u n d count o v e r and o v e r , by s t o r i n g it in one s e g m e n t of the m e m o r y , in 

* Technical Measurements Corporation, 441 Washington Avenue, North Haven, Connecticut, 

* *The chief (perhaps only) American manufacturers of multichannel analyzers are: 

(1) Linear Alpha, Inc., 823 Emerson Street, Evanston, Illinois 60201. 

(2) Nuclear Data, Inc., 3833 West Beltline Highway, Madison 5, Wisconsin. 
(3) Packard Instrument Company, Inc., Box 428, LaGrange, Illinois. 
(4) Radiation Counter Laboratories, Inc., 5121 West Grove Street, Skokie, Illinois. 
(5) Radiation Instrument Development Laboratory, Inc., 4501 West North Avenue, 

Melrose Park, Illinois. 
(6) Technical Measurements Corporation, 441 Washington Avenue, North Haven, Connecticut. 
(7) The Victoreen Instrument Company, 5806 Hough Avenue, Cleveland 3, Ohio. 
(8) Tech-Systems, Inc., 33 Danbury Road, Wilton, Connecticut. 



the negative mode, and then t r ans fe r r ing it nondestructively (i .e. , without 
e ras ing the or iginal record) to the segment in which one will s tore the spec ­
t rum of the sample . 

With automatic p rog ramming , it is possible to cause the ins t rument 
to per form repet i t ively a sequence such as this : 

(1) T rans fe r , nondest ruct ively , into the f i rs t half of the m e m o r y 
the negat ive-mode background that has been s tored in the 
second half. 

(2) Count the sample for p r e s e t "live t ime" (see below^). 

(3) Read out the resul t ing spec t rum, destruct ively, into whatever 
readout device is provided. 

(4) Repeat . 

Thus one can automatical ly obtain success ive spec t ra of the same sample , 
or , in conjunction with an automatic sample changer, spec t ra of a s e r i e s of 
s amples . 

Spectrum str ipping is the p r o c e s s of analyzing a spec t rum by sub­
t rac t ing from it, one by one, the spec t r a of known components. Some s y s ­
t ems pe rmi t this to be done as follows. F i r s t , the s tandard spec t ra of the 
components to be looked for mus t be individually s tored on paper tape. 
Then the spec t rum to be analyzed is s tored in one-half of the me mory . The 
s tandard spec t rum of component A is then read from the tape into the other 
half of the m e m o r y . A computer in the analyzer pe rmi t s any des i red m u l ­
tiple of the s tandard spec t rum to be subtracted from the unknow^n. The 
opera tor observes the p r o c e s s on the osci l loscope display, and subt rac ts 
in s teps until the fea tures of component A seem to have been cancelled. The 
p r o c e s s can then be repea ted for the next component. An important point 
to be aw^are of h e r e is that , although ordinate (intensity) mult ipl icat ion of 
the s tandard spec t rum is provided, absc i s sa (pulse-height) mult ipl icat ion 
is not. It is there fore impera t ive that the s tandard and unknown spec t ra 
have the same resolut ion, with the sarae peaks occurr ing at the same loca­
t ions . A difference of even one-half per cent in peak position can cause 
unsat is factory r e s u l t s . Computer p r o g r a m s for taking ca re of the problem 
of pulse-height adjustment have been r epo r t ed .w , 10; 

Most of these ana lyzers have two or m o r e inputs, with in ternal rou t ­
ing, making it possible to s to re s eve ra l spec t ra simultaneously (but not 
s imultaneous pu l ses , of which at leas t one must usually be re jected) , w^ith 
each input routed to its ow n̂ m e m o r y segment, (in p rac t i ce , it appears that 
some manufac tu re r s find it ha rd completely to el iminate c r o s s - t a l k -
s torage of the occas ional pulse in the w^rong naemory segment.) Somet imes 
it is poss ible to apply an external "routing signal" to cause the analyzer to 
s tore the pulse in a pa r t i cu la r m e m o r y segment. An application of such a 
sys tem is shown in Fig . S.'l-'-/ 
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Fig. 5. Coincidence-control led Selective Storage. Signals 
from Detector A a r e directed to different memory 
sections depending on which, if any, of the other 
de tec tors produced time-coincident signals. (From 
Reference 11) 

All of the analyzers can display the memory contents on a cathode-
ray tube (CRT) while no input is being analyzed. In addition, most of them 
have a live display, which shows each pulse as a brief flash on the CRT 
sc reen as it is being s tored. If the counting ra te is fairly high, one can 
w^atch the spec t rum grow^ing. 

Sometimes a switch is provided to render the ordinate (relative in­
tensity scale) ei ther l inear or logar i thmic . The la t ter has the advantage 
that the displayed spec t ra l shape is independent of the counting t ime. This 
is par t icu lar ly useful in visually comparing a spect rum stored in one seg­
ment of the m e m o r y with a s imi lar one in another segment, utilizing a 
feature which pe rmi t s the s imultaneous, superimposed display of more 
than one segment. 

While the analyzer is busy converting and storing a pulse, it is 
r endered insensi t ive to new input pu lses . For accurate quantitative w^ork 
it is often insufficient to know the "c lock- t ime" duration of the count: one 
needs to know the live t ime , which is the clock t ime minus the dead t ime -
the actual length of t ime the analyzer was ready to accept input pulses . 
This can be m e a s u r e d ra the r simply by means of an accura te , usually 
c rys ta l -cont ro l led , continuously running osci l la tor , whose pulses are 
counted only if the input is "live" when the pulse occurs . Thus, within 
s ta t i s t i cs , the number of l ive - t imer pulses accepted is proportional to the 
live t ime , provided that the pulses to be analyzed a r r ive at random t imes . 
If the pulses a r r i v e in b u r s t s , as for instance from a pulsed acce le ra to r , 
the live t ime r will give a misleading indication. 

In mos t ana lyzers , a me te r continuously indicating per cent dead 
t ime either is provided or can easily be added. Some ins t ruments print 
out the live t ime of the run as the contents of the f irs t data channel, and 
some do not. 



The option of mult ichannel scaling is offered by most of the ins t ru ­
m e n t s . With th is feature in operat ion, the channels become t ime channels 
instead of pulse-height channels . At the s ta r t of counting, all input pulses 
above the lower d i sc r imina to r setting a r e reg i s te red as counts in channel 1. 
Channel-advance s ignals , internal ly or externally generated, switch the 
counting to channel 2, and so on, at a p rede te rmined r a t e . The resu l t is a 
r eco rd of the counting ra te as a function of t ime such as one would want 
for determining the half-life of a radioact ive source . 

F o r quantitative ana lys i s , the a r e a under a peak is often a m o r e r e ­
liable indication of i ts intensity than the amplitude at the maximum. Some 
ins t ruments can be p r o g r a m m e d to integrate under peaks, summing the 
counts betw^een selected pulse-height l imi t s . 

All types of readout equipment a r e available: osci l loscope camera , 
punched paper tape , typewr i te r , pa ra l l e l paper - t ape p r in t e r , magnet ic tape , 
x-y plot ter . The punched-tape and magnet ic - tape readouts can be made 
compatible with the input r equ i red by conaputers. 

If a prospec t ive u se r intends to ext rac t quantitative amplitude in­
formation from analog output, such as x-y plotter or CRT display, he should 
be aware that some ana lyzers "decode" for display only the two rnost s ig­
nificant digi ts , while the other decode t h r e e . With two-digit decoding, 
t he re is the possibi l i ty of a maximum e r r o r of 10% in the ordinate for any 
one channel, since 109 counts appear as 100 counts, 1099 as 1000, and so on. 

V. PERFORMANCE OF SINGLE-PARAMETER 
MULTICHANNEL ANALYZERS 

In this section some quantitat ive indication will be given of the p e r ­
formance of modern , commerc ia l , o n e - p a r a m e t e r mult ichannel pulse-height 
a n a l y z e r s . The nunabers given a r e indicative only, since there a re differ­
ences between in s t rumen t s . In most cases they r ep re sen t specifications 
set by the manufac tu re r . 

In tegra l Linear i ty : ±0.5% of full sca le , over top 97% of sca le . In­
t eg ra l l inear i ty is the max imum deviation of a channel position from -where 
it should be, as a pe rcen tage of full sca le . 

Differential Linear i ty : ±2%, over top 97% of sca le . Differential 
l inear i ty is the max imum deviation of channel -width from the average for 
all channels. Channel-width var ia t ions can cause spurious s t ruc ture to ap­
pear in the spec t rum. 

Dead Time: (30 + 5.0 N) mic roseconds , where N is the number of 
the channel that the count is to be s tored in. F r o m this , one can tel l that 



in this pa r t i cu la r case the ADC clock pulses come at a 2-Mc r a t e , and that 
30 jdsec a r e requ i red to s tore the count and allow the c i rcui t ry to sett le 
do-wn in p repara t ion for the next pulse . 

Maximum Input Rate: Up to 50,000 counts /sec, "with negligible spec­
t r u m dis tor t ion." Never the less , for quantitative work with p resen t -day c i r ­
cui t ry, the input ra te should usually be kept well below 10 coun t s / sec . 

Input Pu l s e - shape Requ i rements : Variable from one ins t rument to 
another , but in genera l it can be said that pulses of the same height but 
w^ith very different r i s e or fall tinaes -will tend not to count in the same 
channel. Many ins t ruments do not function in top form if the pulse r i s e 
t ime is longer than a microsecond . 

Live T imer Accuracy: Bet ter than 1/2%, up to 5000 coun t s / sec . 

Mult iple-input C r o s s - t a l k Rejection: Some ins t ruments a r e bet ter 
than o thers (see Section IV above). A prospect ive purchase r to whom this 
i s impor tant should himself tes t the ins t rument before purchase , (in fact, 
th is should probably be said of any of the specifications.) 

Power Consumption: L e s s than 50 W. 

VI. MULTIPARAMETER ANALYZERS 

As r e m a r k e d before, the advent of mul t ipa ramete r analyzers has 
grea t ly speeded data- taking in cer ta in types of exper iments , and has , in 
fact, made poss ib le a ne-w range of exper iments that could probably not be 
done o therwise . F o r the mos t par t , mu l t i pa rame te r analyzers use the 
p r inc ip les of operat ion developed for s ing l e -pa rame te r ins t rument s , the 
chief difference being in the requ i red m e m o r y s ize . The magnitude of the 
difference can be apprec ia ted by noting that for 100-channel coverage in 
each of n d imens ions , one needs 100^ channels, making 10 channels for 
t-wo dimensions and 10 for th ree - and frequently 100-channel resolut ion 
is not good enough. 

F igu re 6 shows an exper imenta l a r r angemen t for two-pa rame te r 
ana lys i s . \ •'• ^' 

M e m o r i e s for mult ichannel ana lyzers can be of two types , accumu-
lating and open-ended. As examples of the former ŵ e have the commonly 
used m a g n e t i c - c o r e m e m o r y and the l ess -widely used rotating magnet ic 
drum. '12) In such a m e m o r y , each channel has its own set of locat ions, 
and -whenever a count occu r s , the contents of the appropr ia te channel a re 
i nc r ea sed by one. A typical open-ended sys tem reco rds all the information 
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about each event digitally on magnet ic tape (or occasionally on punched 
paper tape, moving film, etc.) An accumulating nnemory has the distinct 
advantage that its contents can be in ter rogated at will , to see how the ex­
per iment is going, whereas the open-ended tape must be p rocessed la ter 
in auxil iary equipment. 
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Fig. 6. Typical Exper imenta l Setup with a T-wo-
p a r a m e t e r Analyzer (From Reference 11) 

For m e m o r i e s of la rge capacity, however, open-ended sys tems a r e 
much m o r e economical . The cost per bit for magnet ic -core memor i e s has 
been given! 13) a.s 10 to 30 cents . Consider now that to be able to accumulate 
10^ counts in a channel (in binary coding), the channel must have a 17-bit 
capacity (that i s , 17 cores per channel). Using the examples given above, 
10"* such channels would cost from $17,000 to $51,000, and 10^ channels 
(2 X 10^ bits) would be completely out of reach. Magnetic drums a re some­
what cheaper , costing only "a few cents per bit,"(13) but for large m e m o r i e s 
the re seems at the moment to be no prac t ica l al ternat ive to magnetic tape. 
At 200 bits per inch, a 3600-ft, 25-level tape could hold about 2 x 10^ bits . 
By contras t , what is probably the l a rges t connmercially offered core m e m ­
ory for pulse analyzers has about 4 x 10^ cores .* 

A commerc ia l ins t rument is being developed which combines the 
large capacity of magnet ic - tape s torage with some ability to monitor the 
p r o g r e s s of the experiment .** It is done by storing simultaneously in a 
4000-channel core memory a p rese lec ted portion of what is being stored 
on the magnetic tape. The core memory can provide either a low-resolut ion 
view of the ent i re exper iment , or a high-resolut ion view of only a portion 
of the data. 

Many descr ipt ions of mul t ipa ramete r experimental setups have ap­
peared in the l i tera ture .^ 1^'1^" 19) (The re ferences given a re r e p r e s e n t a ­
t ive, not comprehensive.) As an example of one of the more elaborate 

*The Victoreen Inst rument Company, 5806 Hough Avenue, Cleveland, 
Ohio. 

**Nuclear Data, Inc. , 3833 West Beltline Highway, Madison 5, Wisconsin. 



a r r a n g e m e n t s , the Argonne National Labora tory t h r e e - p a r a m e t e r ana-
lyzer^l '»19j will be briefly descr ibed . This ins t rument achieves over 
33 mil l ion (2^ ) channels by storing each event on a 25- t rack magnet ic tape, 
1-j-in. wide. For one of the p a r a m e t e r s 512 channels a re available, leaving 
256 for each of the other t-wo. After the s torage of each event, the tape is 
advanced 0.01 in. to be ready for the next one. A one-event buffer s torage 
gives a two-event resolving t ime of 230 jdsec, de termined largely by the 
t ime requ i red for analog- to-digi ta l conversion. At high counting r a t e s , the 
tape moves continuously. Maximum storage ra te is 170/sec, which, be ­
cause of the usual slow ra te of detection of t h r e e - p a r a m e t e r events, is 
sa t i s fac tory . 

The sys tem -was designed explicitly for use in studies of the g a m m a -
ray spec t ra that r e su l t from the capture of neutrons in r e s o n a n c e s . ' l " ) A 
neutron beam from a r eac to r is divided into burs t s by a rapidly rotat ing 
"chopper ." Twenty-five m e t e r s from the chopper, a sheet of the m a t e r i a l 
under investigation in te rcep t s the beam, and when a neutron is absorbed, 
the resul t ing excited nucleus usually gets r id of its excess energy i m m e ­
diately by emitting s eve ra l gamma r a y s . Two la rge sodium iodide sc in­
t i l lat ion c rys t a l s detect some of these gamma r a y s . When a coincidence 
o c c u r s , i ts t ime of occu r r ence is r ecorded on the tape (using the t i m e - t o -
digital conversion p r o c e s s previously descr ibed) as one of the th ree p a r a m ­
e t e r s , the other two being the pulse heights in the two de tec to rs . The t ime 
of occu r r ence gives the energy of the neutron -which caused the event, and 
this can be co r re l a t ed -with information about the nuclear s t ruc tu re as r e ­
vealed by the two pulse he ights . 

After the data have been accumulated (typically in one or t-wo days 
of running t ime) , the tape is t r a n s f e r r e d to a " sea rch station," which might 
be descr ibed as a spec ia l -purpose digital computer . The sea rch station 
p e r m i t s four two-dimensional ( i .e . , o n e - p a r a m e t e r ) spec t ra to be read 
s imultaneously from the tape into a 1096-channel core m e m o r y in about 
3-2-min, and the m e m o r y contents can be displayed on an osci l loscope or 
r ead out for a pe rmanen t r e c o r d . Each such spec t rum is the resu l t of i m ­
posing o p e r a t o r - s e l e c t e d conditions on two of the th ree p a r a m e t e r s - say a 
pa r t i cu la r neutron t ime of flight, and a selected pulse-height in terval in one 
of the de tec to r s - -with the record ing of the ent i re spec t rum in the th i rd 
p a r a m e t e r , of events -which met the t-wo imposed c r i t e r i a . Since reading 
out all of the information contained on the tape w^ould lead to a hopeless 
mountain of data, the exper imen te r mus t do his best to select only the p e r ­
tinent information. 

F o r m o r e detai ls on the construct ion and per formance of this in­
stal lat ion, the r eade r is r e f e r r e d to References 17 and 18. In Reference 20 
w^ill be found a fuller d i scuss ion of some types of information being obtained 
w^ith t h r e e - p a r a m e t e r ana lys i s . 



VII. TRENDS 

With the advance of genera l technology, the re a r e continuing de -
naands for improvement of var ious aspec ts of the per formance of mul t i ­
channel ana lyze r s . At the p resen t moment , the re is probably somebody 
ready to exploit a significant improvement in any cha rac t e r i s t i c that one 
could name: s torage speed, readout speed, conversion t ime , physical s ize , 
stabil i ty, m e m o r y capacity, cost . 

Pe rhaps the cur ren t ly most p ress ing need is for reduction of analog-
to-digi ta l conversion t ime , a need which is brought about p r imar i ly by the 
la rge pulsed a c c e l e r a t o r s . Frequent ly an experiment r equ i res that many 
events per acce l e r a to r pulse be accepted for analys is , and in the p resen t 
s tate of the a r t not very many events per acce le ra to r pulse can be direct ly 
converted by a Wilkinson-type ADC. Several schemes for t empora ry ana­
log s torage have been developed;^^! "^"•' they use the t ime bet-ween a c c e l e r ­
a tor b u r s t s for the l e i su re ly convers ion of the s tored analog information. 
Sonne of these methods have been quite successful for their intended p u r ­
pose. However, the resolu t ion obtainable with any form of analog s torage 
is inherently l imited, and this l imitat ion can be especial ly t roublesome 
-when h igh- reso lu t ion so l id -s ta te de tec tors a r e used. 

In fact, the introduction of these de tec to r s , -with resolut ion approach­
ing 0.5%, has a l ready tes ted the stabili ty of existing c i rcu i t ry , st imulating 
the invention of feedback methods for drift cancellat ion. '^7,28) 

F o r some expe r imen t s , the t ime requi red to s tore a count in the 
m e m o r y is a l imiting factor . In the case of a core memory , this t ime in 
c o m m e r c i a l i n s t rumen t s is 20 to 30 /.tsec, which includes settling-do-wn 
t ime after s torage has been accomplished. Dual addres s r e g i s t e r s or other 
m e c h a n i s m s providing one-event buffering a r e often used, -which a l leviates 
the p rob lem by permi t t ing t-wo closely spaced events to be recorded , but 
the counting ra te for m o r e than t-wo pulses is sti l l l imited by the m e m o r y 
cycle t ime . Very recent ly , ne-w ins t ruments have come on the m a r k e t with 
grea t ly reduced s torage t ime . One* is a 40-channel device -with a s torage 
t ime of only 1 jdsec. It has a 800-bit m e m o r y , and seems to be intended 
p r i m a r i l y for t e m p o r a r y s torage of events occurr ing during an acce l e ra to r 
pulse . Another** is a 256-channel analyzer with a 100-Mc ADC and a 
stated average dead t ime of 3 jdsec; i ts memory is of the new^ly developed 
"thin film" variety, ' ' "'' whose total s torage t ime is said to be 0.6 jdsec. 

*The "Syn tec / l50 , " a product of L inear Alpha, Inc. , 823 E m e r s o n 
Street , Evanston, Il l inois 60201. 

**Radiation Instrunaent Development Labora tory , Inc. , 4501 West 
North Avenue, Me l ro se P a r k , I l l inois . 



There s eems to be hope of a further reduction in s torage t ime by an 
o rde r of magnitude or so, perhaps by cryogenic techniques . ! 13) 

The development of digital readout equipment has tended to lag be ­
hind other aspec ts of mult ichannel analyzer development, in freedom from 
breakdo-wn'1°'30) ^g well as in speed. An automatic type-writer pr in ts about 
one channel per second, a pa ra l l e l p r in te r about five channels per second. 
Fo r subsequent conaputer use , ho-wever, magnet ic - tape readout can be a c ­
complished very rapidly, r a t e s of the o rde r of 1000 channels per second 
being reasonable . Analog readout can be accomplished by photographing an 
osci l loscope pa t te rn or by means of an x-y plot ter . The la t ter opera tes at 
a speed of about 1.5 channels per second. An interes t ing new type of digital 
readout device has recent ly been offered for sale with the t rade name 
"Optikon."* It is stated that it provides a readout speed of about 20 channels 
per second, the output being a Po la ro id pic ture with the contents of up to 
1024 channels pr inted on it in o rd inary Arabic n u m e r a l s . 

One of the chief p rob lems with mul t ipa rame te r analys is is the moun­
tainous volume of data that tends to collect. This is leading to the inc reased 
use of computers for data ana lys i s . There i s , for example, a setup at 
Argonne National Labora to ry (in the Applied Nuclear Phys ic s Section of the 
Reactor Phys ics Division) designed to feed the addres s information from the 
analog- to-d ig i ta l conve r t e r s d i rect ly into a computer : for the m e a s u r e m e n t 
of neutron c r o s s sec t ions , the computer is p r o g r a m m e d to produce the ca l ­
culated c r o s s sect ion a ma t t e r of minutes or l e s s after the data taking has 
ceased. (3 1) 

It -would be out of keeping -with the t imes not to mention that mul t i ­
channel ana lyzers a r e going out into space.^32) They a r e , of course , highly 
min ia tu r ized , typically -with only a smal l number of carefully selected chan­
ne l s . One, for use in Ranger moon p robes , has 32 channels -with a capacity 
of 56,535 counts per channe l . !3J ) 

Regarding poss ible future developments , it has been predic ted that 
in the next fe-w y e a r s the re -will be o rder -of -magni tude improvements in 
sma l lnes s of e l ec t ron ic s , c i rcui t opera t ion speeds , and bi t-packing density 
on magnet ic tape.!34) jj^ addition, pa r t i cu la r ly for mu l t i pa rame te r ana lys i s , 
t he re exis ts the possibi l i ty of improving m e m o r y uti l ization by inc reased 
use of p re se l ec t ion -which automat ical ly re jec t s many of the la rge number 
of uninteres t ing events.^35) And an increasingly close t i e - in between mul t i ­
channel analys is and e lec t ronic compute rs can be expected. 

ACKNOWLEDGMENT 

The -writer is indebted to Dr . Edgar Bennett for his construct ive 
c r i t i c i s m of the manusc r ip t . 

*Nuclear Data, Inc. , 3833 West Beltl ine High-way, Madison 5, Wisconsin. 



REFERENCES 

1. R. L. Chase, Nuclear Pu l se Spect rometry , McGraw-Hil l Book Com­
pany, Inc . , Ne-w York (1961). 

2. D. C. Borg et a l . . Selective Radioactivation and Multiple Coincidence 
Spec t romet ry in the Determinat ion of Trace Elements in Biological 
M a t e r i a l s . Intern. J. Appl. Radiation and Isotopes, 11, 10-29 (1961). 

3. D. H. Wilkinson, A Stable Ninety-nine Channel Pu lse Amplitude 
Analyzer for Slow Counting, Cambridge Phil . S o c , 46, 508-518(1950). 

4. G. W. Hutchinson and G. G. Scar ro t t , A High P rec i s ion Pulse-height 
Analyzer of Moderate ly High Speed, Phi l . Mag., 42, 792-806 (1951). 

5. Ar thur Rober t s , A Differential Pu lse Amplitude Selector, Rev. Sci. 
Ins t r . , U_, 44-45 (1940). 

6. H. F . Freundl ich , E. P . Hincks, and W. J. Ozeroff, A Pulse Analyzer 
for Nuclear Resea r ch , Rev. Sci. Ins t r . , 28_, 90-100 (1947). 

7. S. G. F . F rank , O. R. F r i s c h , and G. G. Scar ro t t , A Mechanical Kick-
so r t e r (Pulse Size Analyzer) , Phi l . Mag., 42_, 603-611 (1951). 

8. R. V. G a s s t r o m , A Versa t i l e Pu l se Height Analyzer Utilizing Photo-
P ick-Up Sorting Off a CRT Screen, Nuclear E lec t ron ics , P a r t I. 
P r o c . Intn ' l . Symposium on Nuclear E lec t ron ics , Organized by the 
F rench Society of Radioe lec t r i c ians , P a r i s , 1958, pp. 317-331. 

9. R. L. Heath, Recent Developments in Scintillation Spect rometry , 
IRE T r a n s . , NS-9, No. 3, 294-304 (1962). 

10. H. I. West, J r . and B. Johnston, Scintillation Counter Gamma Spectra 
Unfolding Code for the IBM-650 Computer , IRE T r a n s . , NS-7, 
Nos. 2 -3 , 111-115 (June I960). 

11. R. L. Chase , Recent Developments in Multichannel Pulse-he ight 
Ana lyze r s , IRE T r a n s . , NS-9, No. 3, 257-259 (June 1961) (BNL-5993). 

12. R. L. Chase , A T-wo-dimensional Kicksor te r -with Magnetic Druna 
Storage , IRE National Convention Record, P a r t 9, pp. 196-201 (1959). 

13. T. K. Alexander , F . S. Goulding, and W. D. Howell, Genera l Survey 
on Multichannel Analyzer Storage Techniques for Nuclear Exper imen t s , 
P r o c . of Symposium on Neutron Time-of -Fl ight Methods, B r u s s e l s , 
July 24-27, 1961, pp. 449-455. European Atomic Energy Community 
(September I96I) . 



14. M. Birk , T. Bra id , and R. Detenbeck, Two-dimensional Pulse-height 
Analyzer , Rev. Sci. Ins t r . , _29_, 203-209 (1958). 

15. T. K. Alexander and L. B. Robinson, Three-d imens iona l Coincidence 
Analyzer Uses 900 A d d r e s s e s , Nucleonics _20_(5), 70-74 (May 1962). 

16. C. D. Goodman, G. D. O'Kelley, and D. A. Bromley, A 20,000-channel 
Pu lse -he igh t Analyzer with T-wo Co-ordinate Address , P r o c . Sym­
posium on Nuclear Ins t ruments , Academic P r e s s , Inc., New York, 
1962, pp. 189-196. 

17. C. C. Rock-wood and M. G. S t r aus s , T h r e e - p a r a m e t e r Multichannel 
Reco rde r -Ana lyze r System, Rev. Sci. Ins t r . , 32, 1211-1221 (1961). 

18. L. M. Boll inger, The Argonne 3 -pa rame te r Analyzer , P r o c . of Conf. 
on Utilization of Mul t ipa ramete r Analyzers in Nuclear Phys ic s , 
Gross inge r , New York, November 12-15, 1962, USAEC NYO-10595, 
pp. 59-69 (1963). 

19. M. G. S t r aus s , Two-pa rame te r Multichannel Pulse-he ight Analyzer , 
P r o c . of Conf. on Utilization of Mul t ipa ramete r Analyzers in Nuclear 
P h y s i c s , Gross inge r , New York, November 12-15, 1962, USAEC 
NYO-10595, pp. 95-98 (1963). 

20. H. E. Jackson and L. M. Boll inger , Isotopic Identification of Neutron 
Resonances of Cd, Sb, Os , and Pt from Capture G a m m a - r a y Spectra, 
Phys . Rev. , 124, 1142-1152 ( l96 l ) . 

21. L. Cos t re l l and R. Brueckmann, Charge Storage Pulse-he ight Ana­
lyze r s for Use -with Pulsed A c c e l e r a t o r s , Nuclear Ins t r . , 3, 350-358 
(1958). ~ 

22. J . Cunningham, A Multichannel Pu l se Height Analyzer Using a CR 
Storage Tube, Nat. Bur. Standards Report No. 3258 (April 1954). 

23. D. F . Hebbard, Consecutive Anaplitude Analysis for Simultaneous 
P u l s e s , Nuclear Ins t r . and Methods, 16_, 267-274 (July 1962). 

24. K. Kandiah, High Speed In te rmedia te Storage Systems, P r o c . Sym­
posium on Nuclear In s t rumen t s , Harwel l , September 1961, pp. 168-177, 
Academic P r e s s , Inc. , New York (1962). 

25. G. F . P i e p e r , A F a s t Storage System for Multichannel Pulse Height 
Analys i s , Nuclear E lec t ron ic s , P a r t I. P r o c . Intn ' l . Symposium on 
Nuclear E l ec t ron i c s , Organized by the F rench Society of Radioe lec­
t r i c i a n s , P a r i s , 1958, pp. 225-231. 



26. F . Wells , The Use of E lec t ros t a t i c Storage Tubes for F a s t Nuclear 
Data Storage, F a s t Pu lse Techniques in Nuclear Counting, P r o c . 2nd 
Symposium on Advances in F a s t Pu l se Techniques for Nuclear Count­
ing, Lawrence Radiation Labora tory , Berkeley, California, Februa ry 
1959, p. 29, UCRL-8706. 

27. R. L. Chase, A Servo Stabilized Analogue-to-digi tal Converter for 
High Resolution Pulse -he igh t Analys is , IRE Transac t ions , NS-9, No. 1, 
119-122 (1962). 

28. J . A. Ladd and J. M. Kennedy, A Digital Spectrum Stabilizer for Pulse 
Analyzing Sys tems , CREL-1063 (1961). 

29. A. A. F l e i s c h e r and E. Johnson, New Digital Conversion Method P r o ­
vides Nanosecond Resolut ion, E lec t ron ics , pp. 55-57 (May 3, 1963) Ref­
e rence is made to Burroughs Corp . , Thin F i lm Memory, Bull. No. 1007 
and Addenda (1961). 

30. C. H. Westcott , Genera l Survey on Multichannel Analyzer Techniques. 
P rac t i ca l i t y of Al te rna t ives Including Recording Techniques, P r o c . of 
Symposium on Neutron Time-of -F l igh t Methods, B r u s s e l s , July 24-27, 
1961, pp. 523-528, European Atomic Energy Community (September 1961). 

31. J . F . Whalen, J . W. Meadows, and R. N. L a r s en, "On-Line" Operation of 
a Digital Computer in Nuclear Phys ics Exper imen t s , Rev. Sci. Ins t r . , 
35, 682-90 (June 1964). 

32. J . R. Wolff and R. M. Ravenes i , Multichannel Analyzers in Space, 
Nucleonics , 20(l0), 58-60 (Oct 1962). 

33. M. A. Van Dilla and E. C. Anderson, Lunar Composit ion by Scinti l la-
tion Spectroscopy, IRE T r a n s . , NS-9, No. 3, 405-412 (June 1962). 

34. F . H. Wells, Comments at end of Reference 30. 

35. C. C. Rock-wood, Genera l Survey on Simultaneous Recording Tech­
niques , P r o c . of Symposium on Neutron Time-of -Fl ight Methods, 
B r u s s e l s , July 24-27, 1961, pp. 473-487, European Atomic Energy 
Community (September 1961). 


