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THE PRELIMINARY CHOICE OF DESIGN PARAMETERS 
FOR NEUTRON CHOPPERS 

by 

George S. Stanford 

ABSTRACT 

Some of the factors affecting the counting rate achieved 
by a neutron chopper spec t rome te r a re investigated. It is 
shown that in a chopper of optimum design the counting rate 
per channel at any given energy is proport ional both to the slit 
width and to the square of the resolut ion in jj.sec/m, as well 
as to the cutoff velocity Vc of the ro tor ; this las t is because a 
l a r g e r number of bu r s t s per second become possible as Vc is 
increased . Fo r an idealized cutoff function, it is shown that 
the total running t ime for measur ing a spect rum is minimum 
when the rat io of cutoff velocity to pe r iphera l velocity of the 
ro tor is such that approximately 1.67 runs per energy decade 
a re requi red ; this means that the chopper speed and the t ime-
channel width a r e changed by a factor of two from one run to 
the next. 

I. INTRODUCTION 

In designing a neutron chopper for a specific purpose, one of the 
p rede te rmined quanti t ies is usually the maximiim (i .e . , wors t ) p e r m i s ­
sible energy resolution AE/E . Also, it is usually important that the data 
be obtainable in as shor t a t ime as poss ib le , since ra re ly is a chopper 
spec t rome te r plagued by too many neut rons . Therefore , it is appropria te 
to re la te the counting ra te achieved by a chopper sys tem to the resolut ion, 
in o rde r to see the effect on the ul t imate counting rate of the various design 
p a r a m e t e r s . 

The burs t shapes and cutoff functions of var ious kinds of neutron 
chopper have been d i scussed in detail by severa l au thors .U-7) xhe pur ­
pose of the p re sen t paper is to provide some c r i t e r i a to use in planning 
the g ross c h a r a c t e r i s t i c s of a chopper , so that the range of choice can be 
na r rowed considerably before detai led calculations a re made. Accordingly, 
s eve ra l approximations a r e made which would not be used in determining 
the final des igns : the fact is neglected that the mean time of a r r i v a l of 
neutrons of given velocity is to some extent a function of the l a t e ra l p o r ­
tion of the detec tor , the approximation for the aper tu re of the chopper is 
bet ter in some cases than in o the r s , the effect of leakage of neutrons 



through the slit edges is not treated, and an idealized cutoff function is 
assunaed. It is also assumed that there exists sufficient latitude in slit 
design that the ratio of cutoff velocity to rotor speed is essentially an in­
dependent variable; the flat-plate chopper, for example, is ruled out. 

A basic assumption of this treatment is that the maximum rate of 
accumulation of data is desired. 

List of Symbols 

ag Area of spectrometer entrance aperture, if only one 
slit is used at a time. If n slits are open at once, then 
a is the area the entrance aperture would have if all 
slits but one were blocked off. 

a ĵ. Area of spectrometer exit aperture, if only one slit 
is used at a time. If n slits are open at once, then â^ 
is the area the exit aperture would have if all slits but 
one were blocked off. 

B Fraction of running time during which no chopped neu­

trons reach the detector. 

C(T/TQ) Cutoff function. 

D Diameter of rotor. 

E Kinetic energy of neutron. 

A E / E Energy resolution, after adjustment for effect of 

detector thickness. Defined by Eq. (3.9). 

(AE/E)^ True energy resolution. 

h Height of slit entrance. 

H Half-width of resolution function. 

j The fraction of T^ which is defined by the point at 
which, due to the cutoff function, the data cease to 
be sufficiently precise, i.e., data for T> jT,-. are not 
useful. 

J (r); J^(E) Instantaneous number of neutrons/(cm^-steradian-
sec-ev) with reciprocal speed T or energy E at the 
spectrometer source, travelling along the axis of 
the spectrometer. 
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K; K ( T ) Spec t rometer constant , defined by Eqs. (4.1) and (4.2). 

H Distance from entrance aper tu re to exit ape r tu re . In 

the special case of Fig. 2, H, and ^f a re the same. 

i^ Thickness of de tec tor . 

if Length of flight path. 

m Mass of neutron. 

n Number of s l i ts used per neutron burs t . 

N Number of chopper runs (at different speeds) required 

to cover a specified energy in terval . 

p P e r i p h e r a l velocity of ro tor . 

r Number of neutron burs t s per unit t ime. 

R(E) Counting ra te pe r unit energy. 

R ( T ) Counting ra te per unit r ec ip roca l speed. 

R(,; R C ( T ) Counting ra te in the time channel corresponding to 
r ec ip roca l speed r . 

R E = ( '^^/•^)max Maximum p e r m i s s i b l e energy resolut ion. 
Rgs Spec t romete r resolut ion in microseconds per me te r . 

Rgg is a function of the speed of the ro tor . 

s Width of sli t en t rance . (Effective width, if neutron 
leakage through the slit edges is appreciable.) 

S Specific a r e a of chopper, defined by Eq. (1.2). 

T; T' Quanti t ies propor t ional to the total running t ime r e ­
qui red to cover a specified energy region. T and T' 
a re defined by Eqs . (4.8) and (4.10). 

v^ Cutoff veloci ty; i .e . , velocity of slowest neutron 
accepted by spec t rome te r . 

w Duration (full width at half maximum) of burs t of neu­
t rons passed by chopper. 
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£ ( r ) 

r 

To 

Tc = l A c 

Tp = 6 /w 

A m e a s u r e of the t i m e - o f - f l i g h t i n t e r v a l which is to 
be c o v e r e d in a s ing le r u n , a f t e r s u b t r a c t i o n of the 
o v e r l a p r e g i o n . 

A c o n s t a n t fo r a g iven s p e c t r o m e t e r wh ich r e l a t e s 
b u r s t d u r a t i o n , s l i t wid th , and p e r i p h e r a l ve loc i ty 
a c c o r d i n g to Eq . (3.6) . 

A c o n s t a n t r e l a t i n g the r e s o l u t i o n and the b u r s t wid th , 
def ined by Eq . (3 .5) . 

D u r a t i o n of a c h a n n e l in the t i m e a n a l y z e r . 

Ef f ic iency of the d e t e c t o r . 

The ex ten t of the o v e r l a p of ad jacen t r u n s , defined 
by Eq . (4 .5) . 

The n u m b e r of n e u t r o n b u r s t s p e r r evo lu t ion of the 
c h o p p e r . 

R e c i p r o c a l s p e e d of n e u t r o n . 

The m i n i m u m va lue of T, for a g iven choppe r speed , 
c o n s i s t e n t w i th the r e s o l u t i o n r e q u i r e m e n t s . 

The r e c i p r o c a l s p e e d of a cutoff n e u t r o n . 

The r a t i o of t i m e - c h a n n e l d u r a t i o n to b u r s t ha l f -wid th . 

The so l id ang le sub tended at the e n t r a n c e a p e r t u r e by 
the ex i t a p e r t u r e . 

F i g u r e 1 shows a g e n e r a l i z e d s c h e m a t i c of the s p a t i a l a s p e c t s of a 
s p e c t r o m e t e r , and F i g . 2 d e p i c t s s o m e f e a t u r e s of a d i v e r g i n g - s l i t choppe r 
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GENERALIZED SPATIAL ASPECTS OF A NEUTRON SPECTROMETER 
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DIVERGING-SLIT CHOPPER 

It is shown in Ref. (8) that for a neutron chopper the counting ra te 
per unit energy at any energy E is given approximately by 

R(E) = S € ( E ) C ( E / E C ) J C D ( E ) , 

where the "specific a r e a " S is given by 

S = naga^.^ "^rw 

In t e r m s of the variable T. 

R ( T ) = S £ ( T ) C ( T / T „ ) J , J T ) 

(1.1a) 

(1.2) 

(1.1b) 

Equation ( l . lb ) gives the counting rate per unit rec iproca l speed 
as a function of the rec ip roca l speed T . Under the assumption that the 
channel width in the t ime analyzer is the optimum fraction of the burs t 
width (see below), it is the counting ra te per channel R ^ ( T ) which de te r ­
mines the running time requi red for adequate s ta t is t ics in the energy 
region around r . Since the r ec ip roca l - speed interval represented by a 
t ime channel of duration 6 is 6 / i f , then R C ( T ) = R ( T ) 6/if, or 

R C ( T ) = (6Af ) J^ (T)Se (T)c (T /Tc ) (1.3) 

II. CHOPPER CONSTANTS 

The "cutoff velocity" is the speed of the slowest neutron which is 
accepted by the spec t romete r . Fo r a given rotor , this quantity is p ropor ­
tional to the rotor speed, so that the rat io Vc/p is a constant whose value 
depends upon the design of the sli t . Considerations affecting the choice of 
Vc/p a re t rea ted in Section IV. 



The maximum number of bur s t s per second is determined by the 
condition that the slowest neutron from one burs t must reach the detector 
before the fas tes t neutron f rom the succeeding burs t . The prac t ica l max i ­
mum will occur for the case where 

r / p = ( v c / p ) ( l - B ) / i f , (2.1) 

where the t e r m ( l -B) is p r e sen t to leave a fraction B of the t ime between 
burs t s as dead space for background m e a s u r e m e n t . The quantity r / p is the 
number of burs t s per cm of ro tor edge t rave l , and is a constant for the 
ro tor . 

The a r e a s ae and ax of the ent rance and exit ape r tu re s for each slit 
a r e to be de termined for a ro to r position such that one set of s l i ts is pa ra l ­
lel to the axis of the s p e c t r o m e t e r . [See Fig. 2. Determinat ion of the 
a p e r t u r e s is d i scussed m o r e fully in Ref. (8). The effect of the rotation of 
the ro tor is taken into account by means of the cutoff function.] We will 
r e s t r i c t ourse lves to the case where 

ag = hs ; (2.2) 

that i s , the sl i t defines the ent rance ape r tu r e , which is usually t rue , (it 
is probably also usual ly t rue that the detector consti tutes the exit ape r tu re , 
as in F ig . 2, but the re la t ionships to be der ived do not requi re this r e ­
s t r ic t ion. The t r e a tmen t that follows is equally applicable to the case wher 
the slit defines the exit a p e r t u r e , and the source consti tutes the entrance 
a p e r t u r e : it is n e c e s s a r y only to interchange ag and a^.) It will be seen 
below that, subject to ce r t a in r e q u i r e m e n t s , the slit width s is to be made 
as la rge as poss ib le . 

The solid angle Q of the spec t rome te r is the solid angles subtended 
at the en t rance ape r tu r e bythe exit a p e r t u r e . It is a s sumed that this is 
de te rmined by exper imenta l or p rac t i ca l considerat ions and will be the 
same r e g a r d l e s s of the distance between the a p e r t u r e s ; therefore we will 
use the re la t ionship 

a ^ / i ^ ^ Q _ (2.3) 

Within reason , it is poss ible to const ruct a ro tor to give any inte­
g ra l number of bur s t s per revolution v. F o r a given ro tor d iameter , it is 
des i rab le to use the max imum v consis tent with the cutoff velocity and the 
flight path. We can wr i te 

V = 7rDr/p , (2.4) 

where P /TTD is the number of revolutions per second. It will be kept in 
mind that v mus t be in tegra l . In view of Eq. (2.1), 

V = (7rD/ i f ) (v^ /p) ( l -B) (2.5) 



III. RESOLUTION 

We went to find the physical conditions which will maximize the 
counting ra te per channel R C ( T ) at a given t ime-of-fl ight resolut ion Res­
it is n e c e s s a r y therefore to exp re s s Res in t e r m s of the physical p a r a m ­
e t e r s of the sys tem. A definition of the word "resolut ion" is required. 
One can consider a "resolut ion function" with components due to the burs t 
width, t ime-channe l width, de tec tor th ickness , etc . Frequent ly , the word 
"resolut ion" is used to mean the half-width H of this function. It should 
be rea l ized, however, that two monoenerget ic neutron lines separa ted by a 
r e c i p r o c a l - s p e e d in terva l A T equal to H would not be resolved: if the 
resolut ion function were Gaussian, an approximation which has been 
used,(5j the conventional Rayleigh c r i t e r ion in optics would require 
A T ~ 1.14 H. This question will be d iscussed further a li t t le la te r . 

The prob lem a r i s e s of determining the optimum relat ionship be ­
tween the bu r s t half-width w and the channel width 6. Let 

6 = •^w , (3.1) 

where ^ is a constant of propor t ional i ty . F r o m Eqs . (1.2), (1.3), (2.1), and 
(3.1), one gets 

R C ( T ) = J ^ ( T ) n a g a ^ i - 2 v c £ ( T ) c ( T / T c ) ( l - B ) . ^ ( w / i f ) 2 . (3.2) 

To de te rmine the optimum value of 'if/, it is neces sa ry to express the 
half-width H in t e r m s of ^ and w. If we approximate the burs t and the 
t ime channel by Gauss ian dis t r ibut ions of half-width w and '^w, r e s p e c ­
tively, then 

H2 = W % 2 + I ) (33) 

When this equation is solved for w and substi tuted in Eq. (3.2), there r e ­
sults an express ion for K^ir) which is maximum for '̂  = 1. 

The bu r s t and t ime channel, however, a r e not Gaussian. The la t te r 
is usually rec tangula r , and the f o r m e r is roughly t r iangular . Neglecting 
the effect of the de tec tor th ickness , Mostovoi et al.,(2) p resen t without 
der ivat ion what is pe rhaps a be t t e r represen ta t ion . Converted to the 
p resen t notation, it is as follows: 

H = w f l + ^ ^ j , ^ < 4 / 5 (3.4a) 

H = w(2 + 7//{l - [{4/f) - if^Yj , ^>4/5 (3.4b) 

where , by letting 2w be the full width of the burs t , we have assumed a 
t r i angu la r bu r s t shape. In this case after solving for w and substituting 



in Eq. (3.2), one gets an express ion for R C ( T ) which is maximum when 
^ ~ 1.3. It is a broad maximum, with the counting rate for tp = I being 
down by only ~4%. 

Thus we can conclude that the ra t io ip of channel width to burs t 
half-width should be unity or somewhat g r ea t e r , but that i ts value is not 
c r i t i ca l . The rat io mus t be known, however, if the resolut ion is to be 
calculated. 

Now to r e tu rn briefly to the meaning of the word "resolut ion": 
if one does some graphica l exper iment ing with a t r iangular burs t shape 
of half-width w and a rec tangula r t ime channel whose duration 6 is 
equal to w ( i .e . , ^ = l ) , it appear s that two monoenerget ic l ines of equal 
intensity would not always be resolved unless A T > 2 W . Since in this case 
H = V^w (Eq. 3.3) or H E 1.27w (Eq. 3.4b), the two l ines a re reliably r e ­
solved only for A T > 1.4 H or A T > 1 . 6 H , depending on the definition of H. 
The word " reso lved" is used he re to imply that there would be between 
the two peaks at l eas t one t ime channel containing fewer counts than the 
ones at the peaks . 

We will avoid fur ther con t roversy by letting 

Res = 7 w / i f , (3.5) 

where y is an unspecified constant which leaves the r eade r complete 
f reedom in select ing the value of-^ and the functional dependence of H on 
w and f, as well as the definition of "resolut ion." Equation (3.5) contains 
the implici t condition that the channel duration is always adjusted to be 
the same fract ion i/j of the bu r s t durat ion. 

F o r any chopper, the durat ion of the burs t will be proport ional to 
the sli t width and inverse ly propor t ional to the pe r iphe ra l velocity. If w 
is the full width at ha l f -maximum of the neutron burs t , then 

w = ]3s/p . (3.6) 

The constant /3 depends upon the type of spec t rome te r : for the s ingle-
ended type, j3 = 1; for the double-ended type, j3 = j , if the detector is 
nar row with r e spec t to the neutron beam. ( l ) Fo r the la t te r type of sli t , 
however , it is implici t in a suggest ion by La r s son et al . ,(5) that the de tec­
tor (or source) width should be adjusted so that j3 ~ 2" . 

F r o m Eqs . (3.5) and (3.6) it follows that 

R-es = i37s /p i f . (3.7) 



The t i m e - o f - f l i g h t r e s o l u t i o n Rgg i s e a s i l y r e l a t e d to the e n e r g y 
.on A E / E : s i n c e E = y m / 

A E / E = 2 A T / T S 2 R g g / T , so tha t 
r e s o l u t i o n A E / E : s i n c e E = y ra/T^, if A E / E is s m a l l we can w r i t e 

2 
Rgs ^4r T A E / E . (3.8) 

Unt i l now we h a v e a s s u m e d tha t t he d e t e c t o r t h i c k n e s s -^^ ^^ n e g ­
l ig ib l e w i th r e s p e c t to if. If i t i s not , a c o n v e n i e n t way to t ake i t into 
a c c o u n t i s to l e t A E / E be an a d j u s t e d e n e r g y r e s o l u t i o n for u s e in the 
c a l c u l a t i o n s . If ( A E / E ) t i s the a c t u a l r e s o l u t i o n r e q u i r e d , and if we u s e 
the G a u s s i a n a p p r o x i m a t i o n , t hen ( A E / E ) ^ - ( A E / E ) ^ + (Zi^if)^, w h e r e 
£(i/if i s the f r a c t i o n a l u n c e r t a i n t y in T due to the d e t e c t o r l eng th . T h u s , 

A E / E = [ ( A E / E ) 2 - (Zi^lfrf . (3.9) 

IV. O P T I M U M C U T O F F POINT 

S t a r t i n g w i t h E q . (1.3) a n d s u b s t i t u t i n g E q s . (1 .2) , (2 .1) , (2 .2) , (2 .3) , 
(3 .1) , and (3 .5) , one c a n ob t a in 

R C ( T ) = ( l - B ) V / e ( T ) c ( T / T c ) h 7 " ' J a ^ ( T ) - f 2 n s v c R | s • (4.1) 

The q u a n t i t i e s p r e c e d i n g the dot a r e a l l p r e d e t e r m i n e d , so we wi l l w r i t e 

R C ( T ) = K(T) - f2nsVcR|s • (4.2) 

The r e a s o n for the p r e s e n c e of the cutoff v e l o c i t y in E q s . (4.1) and 
(4.2) is o u r a s s u m p t i o n tha t the b u r s t r a t e i s p r o p o r t i o n a l to it [ see 
Eq . (2 .1 ) ] . Al though the coun t ing r a t e a t any T c a n be i n c r e a s e d by d e ­
s ign ing fo r i n c r e a s e d cutoff v e l o c i t y (and b u r s t r a t e ) , th i s i s done at the 
e x p e n s e of r e d u c i n g the s i z e of the e n e r g y r e g i o n tha t can be c o v e r e d in 
a s i ng l e run . The p r o b l e m thus a r i s e s of d e t e r m i n i n g the opt inaum cutoff 
v e l o c i t y for a g iven c h o p p e r s p e e d - t h a t i s , of d e t e r m i n i n g the o p t i m u m 
s i z e of the e n e r g y r e g i o n tha t is to be c o v e r e d at any one c h o p p e r speed . 
F o r p u r p o s e s of c a l c u l a t i o n we wi l l m a k e s o m e s i rapl i fy ing a s s u m p t i o n s : 

(a) In r e c o g n i t i o n of the fac t t h a t the cutoff funct ion C ( T / T C ) fo r 
any r e a l c h o p p e r a p p r o a c h e s z e r o g r a d u a l l y r a t h e r t h a n a b r u p t l y as 
T — * T C ' i t w i l l be a s s u m e d t h a t t h e r e i s a f r a c t i o n j s u c h tha t , a t any 
p a r t i c u l a r c h o p p e r s p e e d , da ta f o r T> j T ^ a r e not u se fu l . Spec i f i ca l ly , 
we w i l l l e t 

^ ( T / T C ) = 1 , '7"<JTc 
(4.3) 

C ( T / T C ) = 0 , 7->jTc 
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TYPICAL CUTOFF FUNCTION (REF.9) 

'(T/TC) = 1 for T ^ j Tc-) 

w h e r e the f r a c t i o n j is a c o n s t a n t for a g iven 
r o t o r , (it i s s t i l l n e c e s s a r y to d e s i g n the s p e c ­
t r o m e t e r so a s to p r e v e n t o v e r l a p involving 
n e u t r o n s w i th T = TQ.) An a c t u a l cutoff func­
t ion for a s l i t of the type in F i g . 2 is shown in 
F i g . 3 ( adap ted f r o m R e f e r e n c e 9). 

(b) It w i l l be a s s u m e d for the m o m e n t 
tha t K ( T ) i s i ndependen t of T, for T < J T C . (Th i s 
cond i t ion a c t u a l l y would e x i s t for a I / E s p e c ­
t r u m wi th a l / v d e t e c t o r if it w e r e t r u e tha t 

(C) It w i l l be a s s u m e d tha t the r e q u i r e d e n e r g y r e s o l u t i o n R E = 
( A E / E ) j ^ a x Is i ndependen t of E . (It is p e r m i s s i b l e for the a c t u a l r e s o l u ­
t ion to be s m a l l e r t h a n R g a t p a r t s of the s p e c t r u m , but n e v e r g r e a t e r than 
R E . ) It fo l lows f r o m E q . (3.8) tha t the m a x i m u m p e r m i s s i b l e va lue of Res 
i s a funct ion of T, and i s g iven by 2 ' T R E . If TQ i s the m i n i m u m va lue of 
T for a g iven c h o p p e r speed , c o n s i s t e n t wi th the r e s o l u t i o n r e q u i r e m e n t s , 
and s i n c e R E i s the m a x i m u m p e r m i s s i b l e va lue of A E / E , then , f r o m (3.8) , 
To = 2 R e s / R E . o r 

1 
Res ~ T "^QRE (4.4) 

(d) When two o r m o r e r u n s a r e needed to c o v e r an e n e r g y i n t e r v a l , 
s o m e o v e r l a p of a d j a c e n t r u n s i s d e s i r a b l e for a n o r m a l i z a t i o n check . 
C o n s i d e r two ad j acen t r u n s , deno ted by s u b s c r i p t s 1 and 2. Let TQI b e , for 
a p a r t i c u l a r c h o p p e r s p e e d , the m i n i m u m T c o n s i s t e n t wi th the r e s o l u t i o n 
r e q u i r e m e n t s . Then , if JT^i is the effect ive cutoff, we wi l l a s s u m e tha t 
the r e g i o n c o v e r e d by the ad j acen t ( s l o w e r ) run wi l l o v e r l a p the r eg ion of 
the f i r s t run , s t a r t i n g at s o m e f r a c t i o n jj. of JTc i . so tha t TQ for the s econd 
run w i l l be g iven by 

To2 = / i J T c i 

A quan t i ty a wi l l be u s e d , def ined by 

0̂  - jLiJT'ci/'^Ol 

(4.5) 

(4.6) 

Thus a is a m e a s u r e of the t i m e - o f - f l i g h t i n t e r v a l wh ich i s to be c o v e r e d 
in a s ing le r un , a f t e r s u b t r a c t i n g the o v e r l a p r eg ion . The v a r i o u s q u a n t i t i e s 
a r e i l l u s t r a t e d in F i g . 4 . We wan t to find the o p t i m u m value of a - tha t i s , 
the t i m e - o f - f l i g h t i n t e r v a l wh ich r e s u l t s in the s h o r t e s t to ta l running t i m e 
when an ex t ended r e g i o n is to be m e a s u r e d . 
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Under our assumpt ions , for any run the counting ra te is the same 
in all t ime channels , and is given (from Eqs. 4.2 and 4.4) by 

/ I \^ 1 
R^ = Kfinsv^, (yToREJ = -4 KfinsR|; 

(4.7) 

F o r each run, the running t ime is inversely proport ional to RQ, and if T 
is a number proport ional to the total running t ime, then for a se r ies of N 
runs , 

Tci 

fr'^ ^ c i KfinsR^ i=i r 
. 2 

oi 
(4.8) 

F r o m Eq. (4.6), Tci = ctToi/^j ; moreove r , it can be seen from Fig. 4 that 
Toi = oc^~^Toi> so that (4.8) becomes 

/ijKf^nsREToi i=i 

N 

1 c.-(^-) (4.9) 

To make the calculation, we will assume that three T-decades 
(six energy decades) a re to be covered, and let N be the number of runs 
used. Then N = 3/log a, or a = 10 3/N Therefore , in this case . 

N 
T' = ^ 10' 

i=i 

3( i -2 ) /N (4.10) 

where the constant before the summation in Eq. (4.9) has been included 
in T ' . 



The values of T' for some values of N a r e l is ted in Table I, where 
it is seen that the minimum running t ime occurs when the spec t romete r is 
designed so that ten runs a re needed to cover three t ime-of-fl ight decades. 
This co r responds to ~1.67 runs per energy decade. It is also seen that the 
min imum is fair ly shallow, the t ime requi red when a whole energy decade 
is covered in a run being only ~15% g r e a t e r than the optimum. There i s , 
however, another factor in favor of smal l energy regions per run: we have 
a s sumed that conditions were such as to provide a constant counting ra te 
per channel for any run. But this condition does not often prevai l , with 
the resu l t that in p rac t ice the t ime for each run is determined by the chan­
nel with the sma l l e s t counting r a t e , resul t ing in accumulation of be t t e r -
than- requ i red s ta t i s t i cs in the r e s t of the channels. The sma l l e r the 
energy region per run, the m o r e efficiently a re the t ime channels used. 
Thus a value of 2 for a is perhaps st i l l l a rge r than the t rue optimum in 
p rac t i ce . 

Table I 

RELATIVE RUNNING TIMES FOR DIFFERENT VALUES OF a 

Number of 
Runs, N 

3 
5 
6 
7 
9 

10 
11 

a 

10.000 
3.981 
3.162 
2.684 
2.154 
1.995 
1.874 

Runs per 
Energy 
Decade 

0.50 
0.83 
1.00 
1.17 
1.50 
1.67 
1.83 

Relative Total 
Running Time, 

T' 

11.100 
5.311 
4.620 
4.273 
4.016 
3.996 
4.015 

V. DETERMINATION OF THE PARAMETERS 

Solving Eq. (4.6) for TQ and substituting in (4.7), one gets 

R ^ ( T ) = ^K(T)f ins(Mj/a)ToR|^ , (4.11) 

where the dependence upon T has been re inse r ted , and where 

K ( T ) = ^ h 7 - 2 j a , ( T ) c ( T / T c ) £ ( T ) ( l - B ) . (4.12) 

In designing a chopper, the counting rate Rc('^o) is to be maximized 
The var ious design p a r a m e t e r s can be chosen as follows: 

(a) The maximum p e r m i s s i b l e energy resolution {AE/E)^^^^^^ = R E 

is de te rmined by the nature of the exper iment . 



(b) The upper l imit of the energy region of in te res t is determined 
by the exper iment . Thus the min imum rec iproca l speed TQJ is specified, 
which de te rmines the minimunn chopper resolution Res ^V rneans of Eq. (4.4); 

(^es)^ i , 4 ^oi^E . (4.13) 

(c) In view of Table I, we let a - 2.00. (it is fortunate that it is 
usually easy to change the width of a t ime-ana lyze r channel by a factor of 
2, thereby maintaining the same rat io of channel width to burs t width from 
run to run.) 

(d) Taking the cutoff function of Fig. 3 as represen ta t ive , some 
reasonable value of the fraction/Li j can be selected, say juj = 0.5, which 
should allow room for sufficient over lap. 

(e) The cutoff point is now determined by Eq. (4.6): T C / T Q = a / 
^ j . Combined with the value of the slit width and the rotor d iameter (see 
below), this will p e r m i t design of the sl i t . 

(f) The product i7ns is to be naaximized; the resu l t will depend upon 
the geometry of the exper iment and perhaps on the resolution requi rements 
(see the following i tem). The quanti t ies Q., n, and s a re not in genera l in­
dependent: it can happen, for example , that increas ing the number of sl i ts 
per bu r s t dec r ea se s the possible fi for each slit , and also reduces the slit 
width that can be used. In h igh-resolu t ion work, it can also happen that, 
with p and ^f as la rge as poss ib le , Eq. (3.7) sti l l r equ i re s that s be 
l imited, in which case Vln nnust be maximized. In such a case it is advan­
tageous to use the two-ended slit , provided that undue reduction in Q, is not 
requi red , because the sma l l e r value of /3 pe rmi t s a l a rge r s. 

(g) The pe r iphe ra l velocity and the length of the flight path must be 
chosen so that Pmax-^f ~ i37s/(Rgs) . (see Eq. 3.7). The requi rement 

that s be large usually means that the chopper should be capable of high­
speed operat ion, with a flight path as long as is convenient. The upper 
l imit to possible pe r i phe ra l velocity is set by the s t rength of the rotor 
m a t e r i a l , and is m o r e or l e s s independent of rotor d iamete r . Speeds in 
excess of 400 m / s e c have been achieved.(1 0) 

(h) The ro to r d i ame te r mus t be large enough for the requi red 
attenuation of unwanted neu t rons . The exact d iameter can be found from 
Eq. (2.5): 

( l -B)D = -gfvpTc/TT , (4.14) 

where pT^ is a constant for the rotor (see the f i rs t pa rag raph of P a r t II), 
and where the number of bu r s t s p e r revolution v is se lected so that D is 
sufficiently l a rge . 



VI. CONCLUSIONS 

We have invest igated some of the factors affecting the counting rate 
achieved by a mechanica l neutron chopper sys tem. Formulas have been 
der ived which in te r re l a t e the counting ra te , the resolution, and var ious 
geomet r ica l fac tors such as slit d imensions , ro tor speed, and flight-path 
length. In pa r t i cu l a r , we have observed (see Eq. 4.1) that the counting 
r a t e , for a fixed chopper speed and neutron flux, is proport ional to: 

(1) the sli t height (no s u r p r i s e ) ; 

(2) the square of the resolut ion, in microseconds per m e t e r ; 

(3) the product flns, where Q, is the solid angle of the detector , n 
is the number of s l i ts per burs t , and s is the width of a slit. It was r e ­
marked that these th ree quanti t ies a r e not always independent, (in view 
of the preceding i tem, the t ru th of this one is not evident a p r io r i . In fact, 
if other things a re constant , the resolut ion is proport ional to the slit width 
(Eq. 3.7), so that if (3.7) is subst i tuted in (4.1) and s is the only var iable , 
the counting ra te is seen to be propor t ional to the cube of the slit width.); 

(4) the cutoff velocity Vc, since the possible number of burs t s per 
second is propor t ional to it. 

Fo r the maximum counting ra t e , the f i rs t three quantit ies a re to 
be made as la rge as poss ib le . The fourth is to be adjusted (by means of 
sl i t design) so that, for any chopper run, the lowest energy for which data 
a re useful, plus allowance for over lap , is one qua r t e r of the highest 
energy for which data a re useful, i .e . , the chopper speed is changed by a 
factor of two in going from one run to the next, and five runs a r e needed 
to cover th ree decades in energy. 

The product p^f of the ro tor speed and the flight path is de termined 
by the sl i t width and the resolut ion (see Eq. 3.7). With this condition ful­
filled, the individual values of p and if have no further effect on the count­
ing ra t e . However, the condition that the slit be as wide as possible usually 
means that the ro tor should be capable of high-speed operation. 
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