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ARGONNE DUAL N E U T R O N D I F F R A C T O M E T E R S 
USING A SINGLE PRIMARY BEAM 

by 

Me lv in H. M u e l l e r , LeRoy Hea ton , • " 
S. S. S idhu, and John T e r a n d y ' • 

A B S T R A C T 

Dual n e u t r o n d i f f r a c t o m e t e r s h a v e b e e n d e s i g n e d and built for u s e 
at the C P - 5 r e a c t o r with a n u m b e r of s p e c i a l f e a t u r e s : 

(1) Two m o n o c h r o m a t o r s a r e u s e d in an i n - l i n e a r r a n g e m e n t , a s 
s u g g e s t e d by Levy and P e t e r s o n , u t i l i z ing the s a m e p r i m a r y b e a m with 
two independen t d i f f r a c t o m e t e r s , one a h o r i z o n t a l i n s t r u m e n t and the o the r 
a v e r t i c a l uni t . 

(2) The two m o n o c h r o m a t i n g c r y s t a l s m a y be u s e d in t r a n s m i s s i o n 
o r r e f l e c t i o n , and each c r y s t a l m a y be a c c u r a t e l y p o s i t i o n e d by e x t e r n a l 
c o n t r o l s . 

(3) C o n s i d e r a b l e v a r i a t i o n s in the wave leng th of the p r i m a r y b e a m 
m a y be m a d e for both d i f f r a c t o m e t e r s by changing the take-off angle f r o m 
the m o n o c h r o m a t o r c r y s t a l s by m e a n s of i n t e r c h a n g e a b l e p i e - s h a p e d 
s e g m e n t s . 

(4) The m o n o c h r o m a t i n g c r y s t a l s a r e l o c a t e d ins ide of a r e l a t i v e l y 
s m a l l , h e a v i l y s h i e l d e d hous ing which c o n s i s t s of l ead , s t e e l , B o r a l , and 
d e p l e t e d u r a n i u m w a l l s which h a v e s lo t t ed h o l e s for the exi t of two b e a m s , 
one for the h o r i z o n t a l and the o t h e r for the v e r t i c a l uni t . 

(5) The m o n o c h r o m a t o r hous ing i s s u r r o u n d e d with a l a r g e m o d e r ­
a t ing sh i e ld which c o n s i s t s of s t a c k e d 2- in . - t h i c k M a s o n i t e die s tock f o r m i n g 
a 4-f t cube with a m i n i m u m t h i c k n e s s of 2 ft f r o m the i nne r hous ing . 

(6) The d e t e c t o r a r m on the h o r i z o n t a l d i f f r a c t o m e t e r p ivo t s about 
the c e n t e r of the d i f f r a c t o m e t e r t ab l e o r m a y a l s o be m a d e to p ivot about a 
po in t a p p r o x i m a t e l y 2 ft f r o m the c e n t e r of the t ab le . This a r r a n g e m e n t 
p e r m i t s the u s e of the h o r i z o n t a l un i t a s a d i f f rac t ion i n s t r u m e n t and a l s o 
a s a s p e c t r o m e t e r for c r y s t a l d y n a m i c s s tud i e s involving changes of n e u ­
t r o n e n e r g y . 

(7) The h o r i z o n t a l t ab le which h a s op t iona l coupled 0-20 mot ion 
i s c o n s t r u c t e d so as to s u p p o r t m a s s i v e a c c e s s o r i e s , such a s c r y o s t a t , 
f u r n a c e , and m a g n e t . 



(8) The v e r t i c a l un i t c o n s i s t s of a P i c k e r d i f f r a c t o m e t e r to which 
is a t t a c h e d the s h i e l d e d BF3 d e t e c t o r and a c o u n t e r b a l a n c e . V a r i o u s s p e c i ­
m e n s u p p o r t s m a y be a t t a c h e d inc lud ing a s ing le c r y s t a l dev i ce which 
p e r m i t s 360° m o t i o n in bo th chi (X) and ph i (0 ) . 

(9) The m o v e m e n t of the d e t e c t o r a r m for bo th h o r i z o n t a l and v e r ­
t i c a l i n s t r u m e n t s m a y be con t inuous o r i n c r e m e n t a l by m e a n s of the s tepp ing 
dev ice r e c e n t l y d e s c r i b e d . 

(10) P r o v i s i o n i s m a d e to r e a d v i s u a l l y and to m o v e t h r e e a n g l e s 
i ndependen t ly for bo th h o r i z o n t a l and v e r t i c a l un i t s by m e a n s of t h i s s t e p ­
ping m o t o r . The i n t ens i t y and ang le a r e r e c o r d e d by an x - y r e c o r d e r and 
in a d d i t i o n , the i n t e n s i t y v e r s u s ang le i s p r i n t e d a u t o m a t i c a l l y with an IBM 
t y p e w r i t e r . 

INTRODUCTION 

P r i o r to 1953 n e u t r o n d i f f rac t ion i n v e s t i g a t i o n s a t A r g o n n e Na t iona l 
L a b o r a t o r y w e r e c a r r i e d out at the C P - 3 r e a c t o r with a modi f i ed Zinn 
s p e c t r o m e t e r . With the c o n s t r u c t i o n of the C P - 5 r e a c t o r a new i n s t r u m e n t 
w a s d e s i g n e d , b u i l t , and p l a c e d in o p e r a t i o n in 1954. Th i s i n s t r u m e n t , 
c a l l e d S p e c t r o m e t e r I, h a s s o m e of the f e a t u r e s of i n s t r u m e n t s p r e v i o u s l y 
u s e d a t Oak Ridge . The sh ie ld ing w a s of the r o t a r y type with the m o n o ­
c h r o m a t o r l o c a t e d at the c e n t e r and 0-20 t ab l e r i g id ly a t t a c h e d to t h i s 
r o t a r y tub. 

Th i s s p e c t r o m e t e r was in u s e only for a s h o r t whi le when i t b e c a m e 
a p p a r e n t t ha t a n o t h e r n e u t r o n d i f f rac t ion i n s t r u m e n t w a s e s s e n t i a l . S ince 
s u i t a b l e e x p e r i m e n t a l n e u t r o n b e a m h o l e s w e r e at a p r e m i u m , it w a s thought 
e c o n o m i c a l to d e s i g n a dual i n s t r u m e n t which would m a k e u s e of the s a m e 
p r i m a r y b e a m , s o m e w h a t s i m i l a r l y to t ha t p l a n n e d a t Oak Ridge Na t iona l 
L a b o r a t o r y and r e p o r t e d by P e t e r s o n and L e v y . ( l ) Th i s would p r o v i d e 
s o m e e c o n o m y of n e u t r o n s . B a s e d on the s u c c e s s of M a s o n i t e l a y e r - t y p e 
sh ie ld ing u s e d by Bacon(2) at H a r w e l l and Shull(3) at M I T , it w a s b e l i e v e d 
tha t t h i s type of sh ie ld ing would p e r m i t f l ex ib i l i ty in a s s e m b l y and d i s a s s e m ­
b ly of the p r o p o s e d i n s t r u m e n t . 

Al l du r ing the d e s i g n s t a g e s of t h i s i n s t r u m e n t i t w a s kept in m i n d 
tha t t h e r e shou ld be m a x i m u m f l ex ib i l i t y , so tha t v a r i o u s t ypes of d i f f r a c ­
t ion s t u d i e s could be c a r r i e d out . A l a r g e h o r i z o n t a l i n s t r u m e n t w a s 
d e s i r e d which would be su i t ab le for p o w d e r s t u d i e s u n d e r v a r i o u s c o n d i ­
t ions n e c e s s i t a t i n g u s e of m a g n e t , c r y o s t a t , f u r n a c e , e t c . , a s wel l a s p r o ­
viding an i n s t r u m e n t for the s tudy of e n e r g y c h a n g e s in the d i f f rac ted b e a m . 
It w a s fully r e a l i z e d tha t , if an i n - l i n e a r r a n g e m e n t of the m o n o c h r o m a t o r s 
w a s u s e d , t h e r e would be somie a t t e n u a t i o n of the b e a m f r o m the f i r s t 
c r y s t a l , and t h e r e f o r e the i n t e n s i t y for the s econd i n s t r u m e n t would suffer 



to s o m e ex ten t . H o w e v e r , it w a s b e l i e v e d tha t th i s could be t o l e r a t e d if 
the b e a m f r o m the s e c o n d c r y s t a l w e r e u s e d p r i m a r i l y for s i n g l e - c r y s t a l 
s t u d i e s . 

Al though th i s d e s c r i p t i o n of the i n s t r u m e n t could have b e e n m a d e 
s h o r t l y a f te r a s s e m b l y , t h e r e h a s b e e n s o m e advan tage to wai t ing m o r e 
than l - | - y r . T h u s , it h a s b e e n p o s s i b l e to i n s e r t s u g g e s t e d changes which 
e i t h e r have b e e n found n e c e s s a r y to c a r r y out a l r e a d y , would be d e s i r a b l e 
in the f u t u r e , o r would be r e c o m m e n d e d for the c o n s t r u c t i o n of a n o t h e r 
s i m i l a r i n s t r u m e n t . 

In the fol lowing r e p o r t th i s dual i n s t r u m e n t is d e s c r i b e d , inc luding 
the m a i n sh ie ld ing s e c t i o n which h o u s e s the two m o n o c h r o m a t o r s , the 
h o r i z o n t a l S p e c t r o m e t e r II, the v e r t i c a l D i f f r a c t o m e t e r I, and the e l e c ­
t r o n i c s for bo th i n s t r u m e n t s . 

The CS n u m b e r s r e f e r r e d to in th i s r e p o r t a r e f r o m the A r g o n n e 
C e n t r a l Shop d r a w i n g s . The m o r e d e t a i l e d d e s c r i p t i o n s of t h e s e i n s t r u ­
m e n t s have b e e n m a d e in t e r m s of the ind iv idua l i t e m n u m b e r s which 
a p p e a r on t h e s e d r a w i n g s . 



MONOCHROMATIC B E A M SOURCE AND MAIN SHIELDING 

A usefu l n e u t r o n b e a m for d i f f r ac t ion p u r p o s e s i s ob ta ined f r o m 
the r e a c t o r p r o p e r by p a s s i n g it t h r o u g h an i nne r p i le c o l l i m a t o r into the 
p r i m a r y c r y s t a l h o u s i n g . At t h i s point t he h e t e r o g e n e o u s c o l l i m a t e d 
b e a m is s o r t e d into two m o n o e n e r g e t i c , c o l l i m a t e d n e u t r o n b e a m s . The 
r e m a i n d e r is a b s o r b e d by the m a i n b i o l o g i c a l sh ie ld ing which c o n s i s t s of 
the p r i m a r y c r y s t a l hous ing and M a s o n i t e s h e e t s s u p p o r t e d by a s t e e l 
f r a m e w o r k . P r o v i s i o n i s m a d e for the a d j u s t m e n t to the d e s i r e d n e u t r o n 
e n e r g y by angle s e l e c t o r s for both the h o r i z o n t a l and v e r t i c a l i n s t r u m e n t s . 
In the fol lowing s e c t i o n , a d e t a i l e d d e s c r i p t i o n wil l be g iven of t h e s e 
v a r i o u s p a r t s . 

Inner P i l e C o l l i m a t i o n 

The b e a m e m e r g i n g f r o m the C P - 5 r e a c t o r c o r e u s e d for th i s 
i n s t r u m e n t p a s s e s t h r o u g h an in i t i a l c o l l i m a t o r ( C S - 1 9 0 7 - 8 ) , 85 in. in 
l eng th , wh ich has a r e c t a n g u l a r opening 2-|- in . h igh by l y in . w ide . 

Th i s r e c t a n g u l a r opening is def ined by a s t a i n l e s s s t e e l c e n t e r 
tube which is s u r r o u n d e d by l ead , s t e e l , and h e a v y c o n c r e t e sh ie ld ing 
t h r o u g h o u t the b i o l o g i c a l sh i e ld of the r e a c t o r , and by g r a p h i t e e n c a s e d 
in a l u m i n u m in the D^O t ank . The i n n e r end of the c o l l i m a t o r ex tends 
a p p r o x i m a t e l y 20 in . into the D2O tank of the r e a c t o r , and the ou t e r end 
t e r m i n a t e s beh ind a r o t a r y s h u t t e r which i s a p a r t of the C P - 5 r e a c t o r 
s h i e l d i n g . Th i s r o t a r y s h u t t e r i s a p p r o x i m a t e l y 18 in . in t h i c k n e s s by 3ft 
in d i a m e t e r , wi th an a t t a c h e d s p r o c k e t g e a r a r o u n d i t s c i r c u m f e r e n c e for 
a cha in d r i v e for r o t a t i n g the s h u t t e r . The s h u t t e r h a s a 4 -^ - - in . -d iamete r 
ho le e c c e n t r i c a l l y l o c a t e d at one s ide for exi t of the b e a m . Sui tab le c o l -
l i m a t i n g s l i t s can then be i n s e r t e d in t h i s 4 g - - i n . - d i a m e t e r hole and, by 
m e a n s of s t ops and m i c r o - s w i t c h e s , t h i s ho l e can be l ined up with the 
i n n e r p i l e c o l l i m a t o r d e s c r i b e d above , t hus opening the b e a m h o l e . When 
d e s i r e d , t h i s b e a m hole m a y be c l o s e d by m e a n s of the m o t o r - d r i v e n 
cha in d r i v e which m e r e l y r o t a t e s the s h u t t e r , thus mov ing t h i s e c c e n t r i c 
4 - | - - i n . - d i a m e t e r ho le f r o m the i n - l i n e p o s i t i o n . 

P r i m a r y C r y s t a l Hous ing 

The b e a m e m e r g i n g t h r o u g h the r o t a r y s h u t t e r d e s c r i b e d above i s 
42 in. above the m a i n f loor of the r e a c t o r , a s i n d i c a t e d in F i g u r e 1. It now 
e n t e r s the p r i m a r y c r y s t a l hous ing ( C S - 2 3 9 7 - 1 ) , which i s a s h i e l d e d box 
s u r r o u n d i n g the m o n o c h r o m a t i n g c r y s t a l s , a s shown in the c r o s s - s e c t i o n a l 
v iew of F i g u r e 2. Th i s p r i m a r y c r y s t a l hous ing i s s u p p o r t e d and he ld m 
p o s i t i o n by a heavy s t e e l p l a t e and rod f r a m e w o r k . The m a i n wa l l s of t h i s 
hous ing a r e 3 in . t h i ck and w e r e f a b r i c a t e d by weld ing - j i n . s t e e l s h e e t 
t o g e t h e r to f o r m a hol low s h e l l which w a s t h e n f i l led wi th l e ad . In d i r e c t 
l ine wi th the b e a m t h e r e i s a p i e - s h a p e d , s t e e l - j a c k e t e d , dep l e t ed u r a n i u m 
b lock which i s 7 in . in t h i c k n e s s . T h e r e i s a l s o an i n s i d e wal l l in ing of 
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B o r a l , a p p r o x i m a t e l y -^-in. in t h i c k n e s s , which , t o g e t h e r wi th the u r a n i u m 
g a m m a sh ie ld , a s s i s t s in cu t t ing down the f a s t - n e u t r o n f lux. In add i t ion to 
the e n t r a n c e opening for the b e a m nex t to the p i l e f ace , t h e r e a r e two exi t 
open ings p r o v i d e d : one for the h o r i z o n t a l m o n o c h r o m a t i c b e a m and the 
o t h e r for the v e r t i c a l b e a m . The h o l d e r s for the c r y s t a l m o n o c h r o m a t o r s 
a r e d e s c r i b e d l a t e r . 

Shielding F r a m e w o r k 

F r o m the in i t i a l s t a g e s , it was p l anned tha t t h i s f r a m e w o r k s e r v e 
as a r i g id s u p p o r t for the v a r i o u s c o m p o n e n t s and hold t h e m t o g e t h e r to 
the d e s i r e d a c c u r a c y . Th i s w a s a c c o m p l i s h e d by u s e of r e l a t i v e l y s m a l l , 
p r e c i s e l y m a c h i n e d p a r t s which w e r e bo l t ed t o g e t h e r , r a t h e r than by the 
u s e of m a s s i v e sh ie ld ing s e c t i o n s . Th i s f r a m e w o r k (CS-2397) wi th in the 
e x t e r n a l sh i e ld s e r v e s t o : ( l ) s u p p o r t the p r i m a r y c r y s t a l h o u s i n g , (2) sup 
p o r t the m o n o c h r o m a t o r c r y s t a l h o l d e r s , (3) s u p p o r t and hold t o g e t h e r the 
M a s o n i t e sh i e ld p l a t e s , (4) p r o v i d e a l i g n m e n t and c o n t r o l l e d m o v e m e n t of 
the h o r i z o n t a l and v e r t i c a l def ining c o l l i m a t o r s , and (5) e s t a b l i s h a pivot 
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point for the 0-20 d i f f r a c t o m e t e r t a b l e . The f r a m e w o r k b a s e , C - 6 , in 
F i g u r e I s u p p o r t e d by a d j u s t a b l e j a c k s c r e w s , B - 3 , c o n s i s t s of two 
3 6 - i n . - d i a m e t e r c i r c u l a r p l a t e s he ld a p a r t by five 7 —-in. l eng ths of 
3 - i n . - d i a m e t e r i r o n p i p e . T h i s a s s e m b l y was s t r e s s r e l i e v e d af ter we ld ing , 
and the s u r f a c e s w e r e f in i shed s q u a r e , p a r a l l e l , and c o n c e n t r i c to e a c h 
o t h e r . The p r i m a r y c r y s t a l h o u s i n g i s s u p p o r t e d on th i s b a s e by m e a n s of 
a 3 - i n - d i a m e t e r c e n t e r pos t , B - I 6 , t u r n e d down at both ends to a 2 - in . 
d i a m e t e r with s q u a r e s h o u l d e r s and two 1 - i n . - d i a m e t e r s u p p o r t r o d s , B - 1 2 , 
t u r n e d and s h o u l d e r e d to j - i n . d i a m e t e r . All ends w e r e d r i l l e d and t a p p e d 
for bo l t ing s e c u r e l y to the b a s e and p r i m a r y c r y s t a l h o u s i n g . Th i s a r r a n g e ­
m e n t p o s i t i o n s the c r y s t a l h o u s i n g , t he s e l e c t o r t ie b a r , B - 1 5 , and the b a s e 
a c c u r a t e l y and p a r a l l e l to e a c h o t h e r ( s ee F i g u r e l ) . 

The angle s e l e c t o r b a s e , D - 5 5 , is he ld r ig id to the p r e v i o u s a s s e m b l y 
by m e a n s of two s u p p o r t r o d s , B - 5 2 , ex tend ing to the b a s e , the s e l e c t o r pivot 
p o s t , B - 5 3 , and to the s e l e c t o r t i e b a r , B - 1 5 . This b a s e , D - 5 5 , s e r v e s a s 
the pos i t i on ing p l a t e for the h o r i z o n t a l ang le s e l e c t o r , D - 2 0 1 , and h a s a 
n u m b e r of r a d i a l s l o t s s p a c e d 1° a p a r t . Th i s p e r m i t s the 20 take-of f ang le 
f r o m the m o n o c h r o m a t i n g c r y s t a l to be changed o v e r the r a n g e f rom 16° to 
40°. 

The v e r t i c a l uni t a l s o h a s a m e a n s of pos i t i on ing a c o l l i m a t o r by 
m e a n s of the v e r t i c a l ang le s e l e c t o r hous ing ( C S - 2 3 9 7 - 3 ) , shown in F i g u r e 2. 
I ts o u t e r s h e l l i s of s t e e l and r i g i d l y p inned and bo l t ed to t h e top of the p r i ­
m a r y c r y s t a l hous ing ( C S - 2 3 9 7 - 1 ) , t hus pos i t i on ing it p r o p e r l y for the 
e m e r g i n g v e r t i c a l b e a m . It, l ike the h o r i z o n t a l uni t , h a s a m e a n s of a d ­
j u s t i n g the t ake -o f f ang le to 60° + 6° f r o m the v e r t i c a l . H o l e s , s p a c e d 1° 
a p a r t , a r e d r i l l e d in the s i d e s of the s t e e l s h e l l for a c c u r a t e pos i t i on ing 
of the v e r t i c a l ang le s e l e c t o r , D - 3 0 1 . 

Angle S e l e c t o r s and A s s o c i a t e d Shie ld ing 

The h o r i z o n t a l ang le s e l e c t o r is c o n s t r u c t e d of M a s o n i t e and s t e e l , 
wi th of fse ts to avoid r a d i a t i o n l e a k s , t o g e t h e r with a s m a l l e r i n s e r t h o r i ­
z o n t a l c o l l i m a t o r , D - 2 I 2 . T h i s i n s e r t def ines the b e a m , and m a y be e a s i l y 
r e m o v e d and r e p l a c e d with d i f f e ren t c o l l i m a t i o n . The i n s e r t c o l l i m a t o r 
u s e d at p r e s e n t on the h o r i z o n t a l uni t h a s a r e c t a n g u l a r open ing , 1 in . h igh 
by — in . wide , at the s a m p l e end, which e n l a r g e s to 2 in . by 1 —in. at the 
m o n o c h r o m a t o r end. A h o r i z o n t a l and v e r t i c a l c r o s s s e c t i o n of t h i s c o l ­
l i m a t o r can be s e e n in F i g u r e s 1 and 3. At the bo t t om of the angle s e l e c t o r 
t h e r e i s a p r o j e c t i n g key which s l i d e s into the r a d i a l g r o o v e s p r e v i o u s l y 
d e s c r i b e d in the ang le s e l e c t o r b a s e , D - 5 5 ( see F i g u r e 1). 

At the f ront of the h o r i z o n t a l c o l l i m a t o r , p r o v i s i o n i s m a d e for 
ho ld ing a f i s s i on m o n i t o r and a s h u t t e r a s s e m b l y (CS-2397 -1 3). The f i s s i on 
c o u n t e r c o n s i s t s of an a l u m i n u m c h a m b e r , 3 — in. in d i a m e t e r by 2 r̂  in . t h i ck , 
wi th f ron t and b a c k windows of a l u m i n u m , a p p r o x i m a t e l y 0.015 in . t h i ck , and 
t h r e e p a r a l l e l a l u m i n u m p l a t e s with e a c h of the four i n s i d e s u r f a c e s coa t ed 
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w i t h 0 .1 m g / c m ^ of U^^^. A m e t a l b o x , a p p r o x i m a t e l y 2-|- i n . x Zj- i n . x 
8 i n . l o n g , h o u s e s a p r e a m p a n d i s a t t a c h e d t o t h i s c o u n t e r . A t t e n u a t i o n i s 
a p p r o x i m a t e l y 2 . 3 % , 

Figure 3 
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The s h u t t e r p a r t of t h i s a s s e m b l y c o n s i s t s of a s m a l l r o t a r y L e e d e x 
so l eno id whose shaft is a t t a c h e d to a s m a l l p a d d l e - s h a p e d a r m . Th i s a r m , 
by r o t a t i n g up and down with the so l eno id , can be m a d e to i n t e r c e p t the 
b e a m . The a l u m i n u m a r m wi th a c a d m i u m i n s e r t for s topping the t h e r m a l 
b e a m p r o v i d e s a c o n v e n i e n t way to cut out the m o n o e n e r g e t i c b e a m without 
r o t a t i n g the p i l e s h u t t e r . 

The s p a c e b e t w e e n the s i d e s of the ang le s e l e c t o r and the a n g l e -
s e l e c t o r hous ing i s f i l led in with two s t a g e s of sh i e ld ing , the i nne r sh ie ld 
and o u t e r sh i e ld . T h e s e p i e - s h a p e d s e c t i o n s have a s t e e l f r a m e with M a s o n i t e 
i n s e r t s . Two such r o w s of s e c t i o n s a r e u s e d in o r d e r to p r o v i d e offse ts in 
the sh i e ld ing wi th no i n - l i n e l e a k a g e . Both r o w s c o n s i s t of s e c t i o n s hav ing 
v a r i o u s a n g u l a r i n c r e m e n t a l wid ths p e r m i t t i n g an i n t e r c h a n g e of the s e c t i o n s 
f r o m s ide to s ide and s t i l l f i l l ing the gap . 

The v e r t i c a l ang le s e l e c t o r , D - 3 0 1 , is c o n s t r u c t e d s i m i l a r to the 
h o r i z o n t a l one d e s c r i b e d above and h a s a c o l l i m a t o r , C - 3 0 2 , wi th a 1 in . x 
2-in. wide opening at i t s end n e a r the face of the sh i e ld ing . T h i s hous ing 
a l s o h a s p r o v i s i o n for a t t a c h i n g a f i s s i o n m o n i t o r and s h u t t e r a s s e m b l y at 
t h i s po in t . In add i t ion , t h i s ang le s e l e c t o r is p r o v i d e d with an e x t e n s i o n 
( C S - 2 6 0 4 - 5 , s e e F i g u r e 9) which c a r r i e s the c o l l i m a t i o n c l o s e r to the s a m ­
p l e . T h e r e a r e two s u c h r e m o v a b l e e x t e n s i o n s , one with a — in . x-g-in. s q u a r e 
open ing , and the o t h e r wi th a r e c t a n g u l a r open ing , j in . by 1 in . In add i t ion , 
p r o v i s i o n h a s b e e n m a d e for c o n v e n i e n t l y r e d u c i n g the ho le s i z e f u r t h e r by 
m e a n s of a c a d m i u m m a s k in f ron t of t h e s e e x t e n s i o n s . 

The p i e - s h a p e d sh i e ld ing for t h i s v e r t i c a l angle s e l e c t o r c o n s i s t s of 
a s i ng l e p i e c e on e a c h s ide with b u i l t - i n o f f s e t s . At the p r e s e n t , t h i s p r o ­
v i d e s t h r e e p o s i t i o n s for the v e r t i c a l c o l l i m a t o r , wi th an a n g u l a r d i f f e r ence 
of 12°. I n t e r m e d i a t e p o s i t i o n s could be ob ta ined by m a k i n g d i f fe ren t p i e -
s h a p e d sh i e ld ing s e c t i o n s . 

M a s o n i t e Oute r Shie ld ing 

As m e n t i o n e d above it w a s d e c i d e d to u s e Mason i t e s h e e t s which not 
only s e r v e as a good f a s t - n e u t r o n m o d e r a t o r b e c a u s e of t h e i r h igh h y d r o g e n 
con t en t , but m a k e d i s a s s e m b l y of the sh i e ld ing e a s y . Stock s h e e t s of 
B e n e l e x ( h i g h - d e n s i t y M a s o n i t e ) , 4 ft s q u a r e and 2 in . in t h i c k n e s s , w e r e 
u s e d . T h e s e s h e e t s w e r e cut to s i z e wi th p r o p e r ho le s for the s u p p o r t r o d s 
and w e r e s t a c k e d a r o u n d the i n n e r sh i e ld and wi th in the sh i e ld ing f r a m e w o r k -
t h u s , the M a s o n i t e f o r m s an o v e r c o a t - t y p e sh i e ld . The t o t a l gap b e t w e e n the 
s h o u l d e r s of the s u p p o r t r o d s w a s f i l led in wi th s e v e r a l th in s h e e t s of s t e e l 
and M i c a r t a . T h e s e th in s h e e t s m a y be r e m o v e d in the fu tu re to p r o v i d e 
s p a c e for i n t e r l e a v i n g th in foi ls of e i t h e r c a d m i u m or ind ium in o r d e r to 
r e d u c e r a d i a t i o n l e a k a g e at h i g h e r f l u x e s . 



M o n o c h r o m a t o r H o l d e r s 

In o r d e r to p r o v i d e n e u t r o n b e a m s for t h e s e two i n s t r u m e n t s , it i s 
n e c e s s a r y to have two l a r g e s ing le c r y s t a l s which s e r v e a s m o n o c h r o m a t o r s 
and a r e l o c a t e d wi th in the p r i m a r y c r y s t a l hous ing ( see F i g u r e s 2 and 3). 
T h e s e m o n o c h r o m a t o r h o l d e r s a r e d e s c r i b e d as g o n i o m e t e r s ( C S - 2 3 9 7 - 4 ) . 

The p u r p o s e s of t h e s e h o l d e r s a r e to s u p p o r t the m o n o c h r o m a t o r 
c r y s t a l s , to p r o v i d e an e x t e r n a l m e a n s of a l i g n m e n t , and to m a k e it p o s s i b l e 
to r e a d i l y r e m o v e and r e p l a c e t h e s e c r y s t a l s f r o m the m a i n sh i e ld ing a s ­
s e m b l y . The e x t e r n a l a d j u s t m e n t of both h o l d e r s p r o v i d e s four t r a n s l a t i o n s , 
two l i n e a r and two r o t a r y . In add i t ion , the h o l d e r for the c r y s t a l for t h e 
top uni t , D i f f r a c t o m e t e r I, h a s an a d d i t i o n a l r o t a r y m o t i o n added for a m o n ­
o c h r o m a t o r c r y s t a l u s e d in t r a n s m i s s i o n . T h e s e h o l d e r s a r e d e s i g n e d to 
a c c e p t c r y s t a l s 2— in . x 5 in . and 2-|- i n . x 2-i in . to be u s e d for S p e c t r o m ­
e t e r II and D i f f r a c t o m e t e r I, r e s p e c t i v e l y . In p r a c t i c e , c r y s t a l s of c o p p e r , 
l e ad , and b e r y l l i u m have b e e n u s e d to ob t a in n e u t r o n w a v e l e n g t h s f r o m 
0.8 to 1.6 A. The h o l d e r a s s e m b l y (CS-2397-4 ) c o n s i s t s of the f r a m e w o r k 
for ho ld ing the m o n o c h r o m a t o r c r y s t a l s , a f lex ib le c a b l e r e m o t e d r i v e 
a r r a n g e m e n t for the c r y s t a l t r a n s l a t i o n s i n d i c a t e d a b o v e , the a s s o c i a t e d 
m o v a b l e sh i e ld ing , and the s l i d ing d r a w e r a r r a n g e m e n t for r e m o v i n g the 
e n t i r e a s s e m b l y . One such c o m p l e t e a s s e m b l y i s u s e d for e a c h m o n o ­
c h r o m a t o r wi th p r o v i s i o n in the m a i n sh i e ld ing for i n s e r t i n g one a s s e m b l y 
on each of the two s i d e s of the s h i e l d . T h e s e m o n o c h r o m a t o r h o l d e r s h a v e 
not b e e n e n t i r e l y s a t i s f a c t o r y , and it would be a r e c o m m e n d a t i o n tha t t hey 
be r e d e s i g n e d wi th l e s s b a c k l a s h in the c r y s t a l a d j u s t m e n t s and, in s o m e 
c a s e s , m o r e b u i l t - i n t r a n s l a t i o n s for the m o n o c h r o m a t o r s . 



THE HORIZONTAL INSTRUMENT -
DIFFRACTION SPECTROMETER II - (CS-2397) 

The horizontal ins t rument has been used for the collection of both 
powder and s ing le -c rys t a l diffraction data, and has an added feature of a 
third axis for spec t ra l analysis of the diffracted beam. The diffraction-
spec t romete r table is capable of supporting a ton of thrust ; consequently, 
auxil iary equipment, such as cryosta t , furnace, and electromagnet , can 
be mounted direct ly on the diffractometer table. The basic ins t rument 
consis ts of a turntable , specimen mount, counter a rm , counter, col l ima­
tor doors , and AX mechan ism. In the following paragraphs a brief de­
scr ipt ion will be made of the va r ious sections together with alignment 
p rocedure . 

Turntable 

The turntable (CS-2397-2) is supported on a heavy steel platform, 
23 in. by 42 in., X-26, which is 4 in. thick and supported by six jack 
s c r ews , A-31 , as indicated in the side view in F igure 1 and in phantom 
in F igure 3. These jack sc rews support this platform so the top su r ­
face is 7 ~ in. above the floor. Although the platform is not anchored 
to the floor, it was initially accura te ly located so that the a rc formed 
by the holes in this platform, as shown in Figure 3, would lie on a 67-in. 
radius from the pivot point of the lower center post, B - l 6 , of this ins t ru ­
ment. This base was posit ioned so that these holes lie on radia l l ines 
passing from the center post along the individual slots in the angle-
se lec tor base to the corresponding holes in the base . The indexing device 
(CS-2397-19) fits into any one of the base platform holes and positions the 
turntable axis such that it i n t e r sec t s the corresponding radial line. P r o ­
vision was also made to shift the turntable slightly for fine adjustment of 
this alignment. 

The c a r r i a g e f rame , D-23, is attached to the pivot, B-10, which 
pivots on a bear ing, A-7, at the lower center post (see Figure l ) . This 
f rame is supported on twenty-four I - in . ball c a s t e r s , Item 32, which make 
it easy to slide the turntable for changing the take-off angle. 

The turntable assembly consis ts of the ca r r i age f rame , post, two 
ba l l -bear ing r a c e s , two drive worm g e a r s , scanning a rm stub, tapered 
ro l l e r bear ing, and turntable top. The a r rangement of the turntable drive 
(CS-2397-5) which allows the sample to rotate with one-half the speed of 
the counter a r m is shown in F igure 1. It can be noted in this figure that 
the table top is 19"j" in. below the center l ine of the beam, which pe rmi t s 
auxil iary ins t rumenta t ion to be built on the table top without interfer ing 
with the beam. 



Each large drive gear has one hundred teeth with a 1-in. face, and 
the 0-2 0 motion is accomplished by using a single thread worm for the 
0 motion and a double thread for the 20 motion (2 to 1 pitch difference 
between the worm dr ives) . In o rder to couple the two worm shafts to ­
gether, each shaft has a 3- in . -d iameter gear attached. These gea r s a re 
separa ted sufficiently so that a s imi la r gear , 4y in. in d iameter , mounted 
as a spr ing- loaded idler can be used to couple the two shafts. This p r o ­
vides an easy means of coupling and decoupling the 0-20 dr ive . 

Two types of dr ives were originally supplied for the 20 table: 
one continuous and the other a stepping motion. In o rde r to provide these 
two different motions, a clutch a r r angemen t engaged by means of a screw 
knob made it possible to couple and uncouple the continuous drive Bodine 
speed- reducer motor (Type NSY-12RG, 1800 rpm with reducer to 3 rpm, 
— hp). By replacing one gear in this dr ive , the following 20 speeds could 
be obtained: 24, 12, 6, 3, and l y degrees per hour. The stepping device 
(CS-2397-15) makes use of a 250-oz- in . torque Slo-Syn motor (type 
SS250) made by the Superior E lec t r i c Co. The motor is coupled through 
suitable gea r s to the 20 worm shaft so that 1 revolution of the motor 
shaft resu l ted in a 1° change in 2 0. With this type of motor therefore , 
IDC pulse would provide a 20 motion of 0.01°. The use of these motors 
for diffraction ins t ruments has been descr ibed.(^/ This motor and gear 
assembly is mounted on a slide a r r angemen t with a screw drive which 
makes it possible to disengage this stepping motor gear from the main 
2 0 worm. 

With both the cont inuous-drive clutch and stepping motor drive 
disengaged, a crank can be attached on ei ther the extended 0 worm shaft 
or the 20 worm shaft. Thus, it is possible to move each independently or 
coupled with the hand crank. When the step motor is in use , however, 
hand operat ion is not neces sa ry , since this motor can be used as an AC 
continuous motor which tu rns 72 rpm and se rves as a rapid means of mov 
ing the 2 0 a r m . This sanne hand crank is also used for disengaging the 
idling gear which couples the 0-20 dr ive . 

A smal l set of reducing ant ibacklash gea r s is also coupled onto 
both ends of the 0 and 2 0 worm shafts. This provides a smal l shaft for 
an indexing drum which is rota ted one revolution per one degree ei ther 
0 or 2 0, depending upon the shaft to which it is coupled. These drums 
are indexed in 100 divisions and provide a means of reading the angle to 
hundredths of a degree . In addition, a mechanica l counter attached to 
each shaft gives four digit reading of degrees (xxx.x). Therefore , with 
the combination of drum and counter , it is possible to read ei ther the 
0 or 20 angle to five digits (xxx.xx). A Coleman f ive-place digi t izer 
(Model No. AP5DUT19) is at tached to the opposite end of the 2 0 worm 
shaft, and provis ion is made for a s imi la r a r r angemen t on the 0 shaft. 



This 2 0 a r rangement provides a convenient method for continuously check­
ing if the e lec t r i c and mechanical angle read out are in agreement . 

In o rder to indicate the 20 position on the x-y r eco rde r , a 40- turn 
potent iometer (Helipot SE 404 lOK) is coupled by a 45° bevel -gear a r r a n g e ­
ment onto the same shaft as used for the mechanical counter discussed in 
the previous pa ragraph . Although the potentiometer had the la rges t number 
of turns readily avai lable, it was necessa ry to use a 6 to 1 reducer in the 
coupling between the bevel gear and potent iometer in o rder to cover the 
full range of 2 0. This reducer was an antibacklash Metron type (Series 9 A 
with a ra t io of 6 to l ) . 

This en t i re w o r m - a n d - g e a r assembly, together with the turntable 
drive, is enclosed. The enclosure consis ts of an alunainum case with a 
removable cover over the drive mechanism and a Teflon belt, approxi­
mately 6 in. wide, at tached to the 2 0 a r m . This belt slips around in a 
small grooved t r ack as the counter a r m is turned. 

Based on exper ience with the ins t rument , we would recommend 
that the large 100-tooth drive gea r s be replaced with 360-tooth gea r s . 
This a r rangement would make it possible to eliminate a large number of 
small gea r s in the read-out sys tem and probably improve the accuracy 
of the 0-2 0 coupling. This would also make it possible to couple a s tep­
ping motor direct ly to each of the worm shafts for both 0 and 2 0. Then, 
by a suitable e lec t ronic device, a 1 to 2 DC pulsing sys tem would provide 
a 0-2 0 coupling without mechanica l gearing. This is the scheme used 
on the CL-ZcL motion on the counter a r m pivot point used for the AX mech­
anism, which is explained la ter in this repor t . 

Sample Holder 

The top of the turntable is located 13-^ in. below the centerl ine of 
the beam. This makes considerable space available for auxiliary ins t ru ­
mentation in o rde r to vary the physical environment of the sample. The 
table top has a cent ra l hub with accurate ly machined OD and ID reference 
surfaces , and is pinned and bolted concentric with the turntable top. The 
sample holder (CS-2397-6) for ordinary powder samples consists of a 
mounting arbor for supporting a Brown and Sharpe collet chuck. This 
arbor has a finished flange and shaft which matches reference surfaces , 
and is bolted and pinned to the hub. In order that the arbor axis coincide 
with the axis of the turntable , the powder sample (which may be con­
tained in a thin vanadium tube with cadmium end caps - one of which has 
a threaded hole) is held in the collet by means of a support rod. This rod 
may be of different s izes for different specimen a r rangements and col lets , 
and threaded on one end for attaching to the sample holder with the other 
end machined to a somewhat smal le r d iameter . A shoulder on this end 
thus pernaits the proper height adjustment for the sample . 



As an al ternat ive sample-holder a r rangement , an extension column 
(CS-2397-12) is provided which, instead of a collet, has a nest or platform 
whose height is adjustable from 3 ^ in. to 5 in. below the beam height. This 
platform has the same hole a r r angemen t as the G. E. spectrogoniometer 
base, and, consequently, the s ing le -c rys ta l o r ien te r , flat specimen support 
e tc . , may be conveniently mounted. There is also a l imited ro tary motion 
provided for this base by means of a segment gear worm and indexed knob. 
One complete turn of this knob cor responds to 1 ° rotation of the platform. 
This platform also se rves as the base for the large goniometer with 
two t r ans l a to ry motions and two orthogonal a r c s . This goniometer has 
been designed especially for the AX mechanism to be d iscussed la te r . 

Counter Arm 

The scann ing-a rm stub, which is a par t of the turntable as explaine 
previously, t e rmina tes at a pivot housing 20 in. from the center of this 
table. (The function of this pivot will be d iscussed under the AX mech­
anism.) The c o u n t e r - a r m adapter yoke, which at taches at this point, sup­
por ts the counter beam and, when used as a diffractometer , this beam is 
held in a r igid in-l ine posit ion to prevent pivoting. This was accomplished 
by two thumb screws which lock the yoke to the flange. The beam itself 
has a tapered I -beam construct ion fabricated of aluminum for reducing 
the weight. Although not shown in F igure 1, the a r m itself consis ts of 
two par t s hinged at a dis tance 35y in. from the pivot, which pe rmi t s the 
a r m to fold back on itself. It is general ly used in the shortened position 
to prevent in terference with neighboring ins t rumenta l se t -ups at CP-5 , 
especial ly when the a r m is at high 20 posi t ions. The top of the counter 
beam has a T - i n . by 1-in. s teel ra i l down the center for guiding the back-
and-forth motion of the counter . 

Counter Housing 

The counter housing (CS-2397-7) is supported on the counter a r m 
v/ith two aluminum crad les which r e s t on 1-in. s teel ball c a s t e r s . These 
ca s t e r s a re the same as used on the turntable and provide for an easy 
back-and-for th motion of the counter . The motion of the counter housing 
is confined by the cen t ra l guide ra i l and two para l le l positioning b a r s . 
One cap screw at the end of each bar provides angular adjustment of the 
counter housing and secure ly locks the housing in the back-and-for th 
position. The counter housing is a long cylinder which is built of a l t e r ­
nate l ayers of 2- in . - th ick d iscs of Masonite and 0.01 0- in . - thick cadmium 
discs held together by long, threaded rods inser ted through steel end 
p la tes . A 2-in. hole through the length of the cylinder is lined with 
0.010-in.- thick cadmium and provides space for the BF3 counter tube, 
the associa ted p reamp , and sli t sys tem. These pa r t s a re evident in 
Figure 1. 



In the operat ion of the ins t rument , some difficulty has been en­
countered in the stability of the p reamp , and its design has been changed. 
Instead of the 1-in. round type previously used, the p reamp is mounted in 
a smal l box attached to the back of the counter housing with the high-
voltage lead projecting into the housing. This then se rves to hold the 
BF3 counter in a fixed position within the housing. There is no shielding 
surrounding the new type of p reamp. 

One type of counter col l imator (CS-2397-8) consis ts of a cyl indr i ­
cal inse r t , 7 in. in length, which contains a stacked a r rangement of 
rec tangular s teel tubes, which form a Soller slit. These tubes a re spaced 
by means of aluminum end plates in such a way as to occupy al ternate 
posi t ions . This checker -boa rd a r r angemen t provides a minimum of 
blanked-out c r o s s - s e c t i o n a l a rea . The end plates of aluminum cause no 
pa r t i cu la r difficulty because of the very high t r ansmiss ion of aluminum 
for t he rma l neutrons . Other des i r ed col l imators may be easily in te r ­
changed for the above. 

BF3 Counter Detector 

The BF3 counter (Nancy Wood Counter Laborator ies) has a 2- in . -
d iameter b r a s s case and a s m a l l - d i a m e t e r cent ra l wire with a 20-in. 
active length. The BF3 gas (96% B^° enr ichment) is at a p r e s s u r e of 
60 mm, the operating voltage is approximately 2500 v. 

Coll imator Door Assembly 

When the ins t rument was put in use , a method s imi la r to that de ­
scr ibed by Furnas(5) was es tabl ished for alignment of samples , especial ly 
single c r y s t a l s . To use with the neutron beams , cadmium masks were 
made which permi t ted looking separa te ly at top, bottom, left, and 
right port ions of the sample . These m a s k s were held and positioned in 
front of the counter tube by a rigid f rame. Later , it was decided that 
this could be done much m o r e rapidly by remote operation. This was 
accomplished by constructing an accura te ly positionable frame in front 
of the detector (CS-2397-14). Four cadnaium plates were mounted within 
this f ramework and hinged on the s ides , dividing the face of the counter 
tube into equal quadrants . Each one of these four plates or shut ters was 
attached to separa te ro t a ry solenoids made by the Leedex Corp. 
(Types H-2259-031 and H-2419-031). The normal position for the shut ters 
is the open position as held by spr ings on the solenoids. As soon as the 
solenoid is engaged, a ro t a ry motion is impar ted to the hinge pin and the 
shut ter is closed (see F igure 4). A simple electronic control permit t ing 
separa te motion was const ructed for operating these shut te rs . Cadmium 
masks of var ious shapes - square , rec tangular , slit , e tc . - have been 
const ructed for inser t ion in a r e c e s s e d section just behind the shut ters 
in o rde r to provide a means of masking down the counter window. 
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Figure 4. Collimator Door Assembly 

AX Mechanism 

As mentioned in the in­
troduction, it was des i red to 
make the neutron ins t ruments as 
flexible as possible so that a 
number of different types of in­
vestigations could be ca r r i ed 
out. Although the main purpose 
of the new ins t rument was for 
diffraction studies, it was possible 
to provide a means for studying 
changes in neutron energy after 
diffraction. In order to accom­
plish this , it was necessa ry to 
provide a pivot point in the count­
er a rm aboutwhich the detector 
could be moved around an analyz­
ing c rys ta l whichwould be located 
at this pivot point. This AX 
mechanism (CS-2397-11) util izes 
a n a - 2 a coupling ar rangement 
(CS-2397-I6). Figure 5 andF ig -
ure 6, the side and top views, r e ­
spectively, provide the details 
showing the construction of this 
additional pivot point. The two 

AX drive gears as shown in Figure 6 a re located at the top and bottom of 
this pivot position. The top gear is used for rotating the centra l 

PROPORTIONAL COUNTER 

COUNTER HOUSING 

COUNTER COLLIMATOR 

^COLLIMATOR DOOR 

TURNTABLE-

STEPPING DEVICE 

Figure 5. Cross Section of Spectrometer II Showing AX Mechanism, 



shaft o r g o n i o m e t e r ax i s (a mo t ion ) , and the l ower g e a r d r i v e s the c o u n t e r 
a r m about t h i s ax i s (2a m o t i o n ) . T h e s e g e a r s w e r e p u r c h a s e d f r o m P i c k e r 
X - r a y and a r e the s a m e a s the 3 6 0 - t o o t h g e a r s u s e d on t h e i r d i f f r a c t o m e t e r . 

Figure 6. Top View of Spectrometer II Showing AX Mechanism. 

The d e t a i l s of the d r i v e m o t i o n can be s e e n in F i g u r e 6. The d r i v e 
a s s e m b l i e s for both a and 2 a m o t i o n s a r e i den t i ca l . A b r a c k e t a r r a n g e ­
m e n t w a s c o n s t r u c t e d for holding t h e s e d r i v e s in the p r o p e r p lane a s s o c ­
i a t ed wi th the two g e a r s . Th i s d r i v e c o n s i s t s of the moun ted w o r m shaft 
w i th one end a t t a c h e d to a 2 5 0 - o z - i n . Slo-Syn s tepping m o t o r , d e s c r i b e d 
above , wi th the add i t i ona l f e a t u r e tha t the m o t o r shaft ex t ends c o m p l e t e l y 
t h r o u g h the m o t o r . The oppos i t e end of the m o t o r is then a t t a ched to a 
C o l e m a n f i v e - p l a c e d i g i t i z e r wh ich p r o v i d e s an e l e c t r o n i c m e a n s of r e a d ­
ing the angle to h u n d r e d t h s of a d e g r e e (xxx.xx). At the oppos i t e end of 
the w o r m shaft , a d r u m c a l i b r a t e d in 100 d iv i s ions is a t t a ched , t o g e t h e r 
wi th a m e a n s of coupl ing a hand c r a n k for m a n u a l mot ion . Since 360- too th 
g e a r s w e r e u s e d , one r e v o l u t i o n of the w o r m shaft c o r r e s p o n d s to one 
d e g r e e ; t h e r e f o r e , it is e a s y to ind ica te m e c h a n i c a l l y the angle by the 
d r u m , and an i n d i c a t o r po in te r , w a s a s s o c i a t e d wi th the g e a r , which has a 
360° d iv ided c i r c l e a t t a c h e d to i t s f a ce . It is qui te ev iden t f r o m F i g u r e 6 
t h a t t h i s d r i v e a s s e m b l y is a c o m p a c t unit and can be e a s i l y t aken off the 
i n s t r u m e n t by r e m o v i n g a h inge p in on the b r a c k e t suppor t ing th i s d r i v e 
a s s e m b l y . Both the a and 2a d r i v e a s s e m b l i e s a r e i den t i ca l , excep t the 
a m o t o r r e c e i v e s one p u l s e for e a c h two p u l s e s r e c e i v e d by the 2a m o t o r . 
Th i s is a c c o m p l i s h e d by an e l e c t r o n i c pu l se d i v i d e r ; t h e r e f o r e , the 2 a 
m o t i o n should a lways be s t e p p e d in even h u n d r e d t h s of a d e g r e e . 
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In o r d e r t o p r o v i d e a d d i t i o n a l c o l l i m a t i o n f o r u s e w i t h t h e AX m e c h ­
a n i s m , a l t e r n a t e c o l l i m a t o r s w e r e c o n s t r u c t e d . O n e s u c h d e f i n i n g c o l l i ­
m a t o r ( C S - 2 3 9 7 - 1 7 ) w a s m a d e t o r e p l a c e t h e p r e v i o u s l y d e s c r i b e d 
h o r i z o n t a l c o l l i m a t o r , D - 2 1 2 . T h i s c o l l i m a t o r , w h i c h d e f i n e s t h e b e a m 
b e t w e e n t h e m o n o c h r o m a t i n g c r y s t a l a n d s a m p l e , c o n t a i n s a r e c t a n g u l a r 
o p e n i n g , a p p r o x i m a t e l y 2 i n . h i g h b y 1 ^ i n . w i d e , e x t e n d i n g t h e fu l l 2 8 - i n . 
l e n g t h of t h e c o l l i m a t o r . T h i s o p e n i n g i s f i l l e d w i t h c a d m i u m - p l a t e d 
r e c t a n g u l a r s t e e l t u b e s ^ ^^- ^ '2' ^"••' a r r a n g e d in a c h e c k e r b o a r d f a s h i o n 
a s d e s c r i b e d p r e v i o u s l y f o r t h e c o u n t e r c o l l i m a t o r ( C S - 2 3 9 7 - 8 ) . P r o v i s i o n 
h a s b e e n m a d e f o r c h a n g i n g t h e b e a m s i z e b y s u i t a b l e c a d m i u m m a s k s a n d 
a l s o f o r m o u n t i n g t h e m o n i t o r c o u n t e r o n t h e f r o n t f a c e of t h i s a s s e m b l y . 

A n o t h e r S o l l e r c o l l i m a t o r ( C S - 2 3 9 7 - 1 8 ) i s u s e d t o d e f i n e t h e d i f ­
f r a c t e d b e a m . It c o n t a i n s a n o p e n i n g , a p p r o x i m a t e l y 2 i n . x 1"^ i n . x 12 i n . 
l o n g , f i l l e d w i t h r e c t a n g u l a r s t e e l t u b e s , a s d e s c r i b e d in t h e p r e v i o u s 
p a r a g r a p h . T h i s c o l l i m a t o r i s s u p p o r t e d b y a p l a t f o r m w h i c h i s a t t a c h e d 
to a b r a c k e t w h i c h i s a p a r t of t h e A.X d r i v e . T h i s c o l l i m a t o r m a y b e a d ­
j u s t e d f o r r a d i a l d i s t a n c e b y m e a n s of t h i s p l a t f o r m a n d i s a c o l l i m a t o r 
f o r t h e AX m e c h a n i s m a s w e l l a s f o r h i g h r e s o l u t i o n w h e n o p e r a t i n g t h e 
i n s t r u m e n t a s a d i f f r a c t o m e t e r . 

In o r d e r t o s u p p o r t t h e s a m p l e a n d a n a l y z i n g c r y s t a l f o r t h e AX 
m e c h a n i s m , t w o g o n i o m e t e r s t o g e t h e r w i t h s u i t a b l e s u p p o r t s w e r e d e ­

s i g n e d a n d c o n s t r u c t e d . T h e 

/^^ g o n i o m e t e r s ( C S - 2 3 9 7 - 1 2 ) w e r e 
s c a l e d u p b y a f a c t o r of t w o f r o m 
t y p i c a l x - r a y d i f f r a c t i o n g o n i o m ­
e t e r s w h i c h h a v e t w o a r c s a n d a n 

'"• ',,{-^ .-iiw:gaer. ' " x - y t r a n s l a t i o n . T h e g o n i o m e t e r 
?•".. •, •••<SÎ  - u s e d t o h o l d t h e s p e c i m e n f o r t h e 

" - . ^ W L ^ a** AX s t u d i e s i s s u p p o r t e d a t t h e 
^ ^ J^^Kr^'-. c e n t e r of t h e t u r n t a b l e by t h e e x -

mBS? "•'""^"'i^ I t e n s i o n c o l u m n a n d p l a t f o r m p r e -

e ' ^ ' * ^ t f ' " J | " 1 v i o u s l y d e s c r i b e d ( C S - 2 3 9 7 - 1 2 ) . 
^^k • ' •^^'^,^§1-' im A s i m i l a r g o n i o m e t e r i s u s e d to 

J/^^ ^ ' I s u p p o r t t h e a n a l y z i n g c r y s t a l a t 

J^BSf' ydjl jfc if l t h e AX p i v o t p o i n t . T h e g o n i o m -
> ^ K 2 S v ' ' " \ : ^ r " ' "^» e t e r r e s t s o n a p l a t f o r m o r n e s t 

. "fe T̂  - . / ^SSK- - ^ H w h i c h i s t h e s a m e a s p r e v i o u s l y 
f,,. ^.'' ^ ^ r a ' ' ' i - ' ^ B d e s c r i b e d e x c e p t t h a t t h e r e i s 
V̂  ^ ^ ^ 4 " ' ' ' ' ^ B n o w o r m - g e a r r o t a t i o n p r o v i d e d . 
^ ^ ;^- ^ ^ ' ^ • ^ B V a r i o u s f r a m e - t y p e s u p p o r t s m a y 

f Ste^^t^^"' -n ^^ ivO.v^ l lB ^ ^ u s e d to h o l d t h e a n a l y z i n g a n d 

f ' l l ^ ' . ^ i y i ^ l l l l l ^ ^ j f j i l ^ ^ ^ ^ m ^ l s a m p l e c r y s t a l s o n t h e g o n i o m e t e r 
h e a d s . 

Figure 7. Photo of Spectrometer II - Top View. -r̂ . - 7 1 n 
e> t- f F i g u r e 7 s h o w s a n o v e r a l l 

v i e w of S p e c t r o m e t e r I I i l l u s t r a t i n g t h e AX p i v o t a n d g o n i o m e t e r s , a n d 
F i g u r e 8 s h o w s t h i s m e c h a n i s m a s p i n n e d . 



Figure 8. Photo of Spectrometer II - Side View. 

Alignment Procedure 

The initial stepwise alignment of this horizontal diffraction 
spec t romete r was ca r r i ed out according to the drawings during the a s s e m ­
bly at the CP-5 reac to r . In this section we shall descr ibe briefly the 
operat ional procedure of alignment for this instrument. It is necessa ry 
that the sample, the detector , and the beam from the monochromator lie 
in the same plane, and that the incident beam be bisected by the sample. 
This is accomplished by the following stepwise procedure: 

1. After choosing the proper take-off angle for the wavelength 
selected, a reasonably good pre l iminary alignment of the monochromator 
c rys ta l can be obtained by observing the beam intensity on the fission 
counter rate me te r . When the various external adjustments of the mono­
chromator c rys ta l have been ca r r i ed out to achieve a maximum intensity, 
the next alignment steps can be ca r r i ed out. 

2. In order to es tabl ish that the beam is paral le l to the floor, it 
has been found convenient to use a portable BF3 counter which is shielded 
with a cadmium cover except for a long, 0.5 mm-wide slit extending along 
the length of the counter. A beam stop, some 15 ft from the reac tor face, 
has a reference m a r k which is at the same height from the floor as the 
center of the beam hole, namely, 42 in. The portable BF3 counter is placed 
at this reference mark , and the cradle motion of the monochromator holder 
is adjusted until the maximum beam intensity occurs at this reference point 
thus assur ing a horizontal beam. 



3. A —- in . -d i ame te r nickel powder sample is now held in the 
specimen mount at the center of the turntable in o rde r to determine if the 
incident beam is bisected by this sample . The turntable is moved by the 
indexing device adjustment until the sample splits the beam. The adjust­
ment neces sa ry is checked with the portable BF3 counter with the sli t 
a r r angemen t as descr ibed above. 

4. A final check on the above sample alignment may be made with 
a t he rma l -neu t ron camera!" ) which is available from National Radiac, Inc. 
(Type TNCP). This rad iograph also se rves as a good indication of the beam 
uniformity. 

5. With the ins t rument aligned, it is now neces sa ry to determine 
the t rue ins t rument zero and then to synchronize it with the mechanical 
and e lec t ronic angle read out. The peak posit ions for corresponding nickel 
reflections on ei ther side of zero a re determined, and the instrunaent zero 
is derived. The 20 a r m of the ins t rument is then set at this position, and 
both the mechanical and e lec t ronic angle read outs a re set at zero . 

6. A complete powder pa t te rn of the nickel sample is next obtained 
for use in determining the wavelength A. of the monochromat ic neutron 
beam. A l e a s t - s q u a r e s technique naay be used for obtaining the best value. 



N E U T R O N D I F F R A C T O M E T E R I - ( C S - 2 6 0 4 ) 

W e h a v e c h o s e n to c a l l t h e t o p v e r t i c a l i n s t r u m e n t a d i f f r a c t o m e t e r 
s i n c e i t i s t o b e u s e d p r i m a r i l y f o r m e a s u r i n g d i f f r a c t e d i n t e n s i t i e s a n d 
n o t f o r a n a l y z i n g t h e s p e c t r u m a s c a n b e d o n e w i t h N e u t r o n D i f f r a c t i o n 
S p e c t r o m e t e r I I . T h e m e t h o d f o r o b t a i n i n g t h e m o n o c h r o m a t i c b e a m f o r 
t h i s v e r t i c a l i n s t r u m e n t w a s d i s c u s s e d i n a p r e v i o u s s e c t i o n . T h i s i n ­
c l u d e d t h e m o n o c h r o m a t o r , c o l l i m a t o r , a n d f i s s i o n c o u n t e r . I t w a s p r e ­
v i o u s l y i n d i c a t e d t h a t p r o v i s i o n w a s m a d e to c h a n g e t h e t a k e - o f f a n g l e a n d 
h e n c e t h e w a v e l e n g t h f o r t h i s i n s t r u m e n t . 

S i n c e i t w a s o r i g i n a l l y p l a n n e d to u s e t h i s i n s t r u m e n t p r i m a r i l y 
f o r s i n g l e - c r y s t a l i n v e s t i g a t i o n s , m a s s i v e i n s t r u m e n t a t i o n a s in S p e c t r o m ­
e t e r I I s h o u l d n o t b e r e q u i r e d . T h e r e f o r e , a c o m m e r c i a l i n s t r u m e n t 
( P i c k e r B i - p l a n e D i f f r a c t o m e t e r ) w a s a d a p t e d f o r t h e b a s i c t a b l e . I t 
p r o v i d e d a g u a r a n t e e d l o a d - c a r r y i n g c a p a c i t y , l a r g e 2 0 r a n g e i n b o t h 
p o s i t i v e a n d n e g a t i v e d i r e c t i o n , a n d a b i l i t y to m o v e 0 i n d e p e n d e n t l y of 2 0 . 
T h e m o u n t i n g of t h e P i c k e r u n i t t o g e t h e r w i t h t h e a d d i t i o n s m a d e to t h e 
u n i t , i n c l u d i n g t h e d e t e c t o r a r m , d e t e c t o r , d e t e c t o r s h i e l d i n g , a n d s i n g l e -
c r y s t a l g o n i o s t a t , a r e s h o w n i n F i g u r e 9. A c o m p l e t e d e s c r i p t i o n of t h e 
e n t i r e a s s e m b l y i s g i v e n i n t h e f o l l o w i n g p a r a g r a p h s . 

Figure 9. Side View of Neutron Diffractometer I and Shielding 



Base Support 

It was first necessary to design a support for the Picker unit, which 
would hold it rigidly in the neutron beam. This consists of several parts, 
namely, the base, a movable L-shaped angle bracket, and hub. 

The base is bolted to the top plate, C-19 (see Figure 1), of the 
shielding framework. This base is a web construction of steel plates 
supporting an arc track which permits the change in take-off angle (see 
Figures 9 and 10). There are holes spaced 1° apart on this track for hold­
ing down the L-shaped bracket which serves as the mount for the Picker 
unit. The upright part of the bracket, just barely visible in Figure 10, 
contains two 2-in.-diameter holes. One hole is used for supporting the 
Picker unit on a column. This column has a flange and stub at one end for 
attaching to the side of the Picker unit, and the other end, threaded, is in­

serted through the hole in the L-bracket 
and held by a large nut. The other 
2-in.-diameter hole in the L-bracket is 
currently being used for the support of 
the beam stop although as originally 
designed it was intended to support the 

I B fi§ISfS3i|̂ 0?'Sf̂ "*'>'¥'•• Picker unit further from the shielding 
tt/m U -̂ IS'l-ĵ JtA ŷfê ^̂  and thus permit the detector arm to 

- J B j/i '"'" ''•̂ •'t:'iEt-'??% f̂t'5C'r"̂ 'v-.' travel to greater 20 angles. Two 
aluminum wedges located between the 
top of the L-bracket and the case of 
the Picker unit prevent the rotation of 
this unit about its own 2 0 axis. 

Beam Stop 

As indicated in the previous 
section, the top 2-in.-diameter hole in 
the L-bracket is used for supporting a 
beam stop. It consists of a welded 
aluminum arm of T-shaped cross sec­
tion with a cup on the top (see Fig­
ure 10). This cup is made of steel with 
a lead and cadmium lining, and provides 
adequate absorption for the monochro­
matic beam of thermal neutrons. 

Detector and Arm 

In order to support the neutron 
detector on the Picker unit as mounted 
vertically, it was necessary to use the 

.-^^f' 

Figure 10. Photo of Diffractometer I 
as a Powder Unit 



following p a r t s : the base ring with a r m s for the BF3 detector and for the 
counterweight. The base ring as supplied had two flats on opposite s ides , 
suitable for bolting on both a r m s , as shown in Figure 10. As noted, the 
a r m has a bui l t - in offset for holding the detector at the proper level. A 
s tandard type Amer ican Crys ta l lographic Associat ion ins t rument t rack has 
been used for holding the detector and thus providing an easy means of 
moving the detector with r e spec t to the specimen. The counterweight a r m 
is mere ly a short a r m for holding some large steel blocks whose position 
can be adjusted by sliding back and forth and then clamping in position by 
tightening bol ts . 

The detector housing is p rac t ica l ly the same as that used for the 
horizontal Spect rometer II except that the size is smal le r . In order to 
lighten the load, some of the f rame is made of aluminum; otherwise the 
Benelex r ings , cadmium sheets and cadmium tube surrounding the detec­
tor a r e the same as for the l a rge r housing except for size. It is believed 
that the detector counter housing could be lightened considerably by r e ­
moving some of the shielding. 

Shutter Assembly 

A quadrant shutter or col l imator door assembly has a lso been 
designed (CS-2604-4) for the front of this detector in order to make it 
eas ie r to center the diffracted beam. This door assembly is a sca led-
down model of the one used for Spec t rometer II, which was descr ibed 
before. 

BF3 Detector Tube 

The BF3 detector tube current ly being used is a Reuter Stokes 
(Type RSN-1125) with a 1-in. d iamete r , approximately 6-in. active length, 
96% enriched B^°, 100-cm p r e s s u r e , nickel end window, and an operating 
voltage of approximately 2500 v. The p reamp is of the same type as used 
for Spec t romete r II. 

03-2 0 Drive Arrangement 

The P i cke r unit was purchased with a continuous-drive motor for 
the 20 motion; however, no motor was supplied for the to dr ive. Since 
magnetic clutches a r e used normal ly for coupling these motors to their 
respec t ive d r ives , it was an easy mat te r to uncouple the motor from the 
2 0 dr ive , mere ly by not supplying power to the clutch. This a r r angemen t 
was des i rab le since it was intended to add a stepping Slo-Syn motor to the 
20 motion. It can be noted in F igure 10 that there a re a number of stub 
shafts available on one side of the P i c k e r unit. Then in F igure 11 it can be 
seen how this stepping motor (of 250-oz-in. torque) was coupled onto the 
2 0 dr ive . It can be noted in this same figure that there is a Coleman 
digi t izer coupled to a through shaft of the motor . At the opposite side of 
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t h e P i c k e r , t h e r e i s a n o t h e r 20 s h a f t 
a v a i l a b l e w h i c h w a s u s e d f o r c o n ­
n e c t i n g to a 4 0 - t u r n p o t e n t i o m e t e r 
w h i c h c o u p l e s t h e 20 a r m m o t i o n 
w i t h t h e x - y r e c o r d e r . T h i s i s t h e 
s a m e a r r a n g e m e n t a s u s e d f o r t h e 
l o w e r i n s t r u m e n t ( S p e c t r o m e t e r I I ) . 

I t i s f u l l y a n t i c i p a t e d t h a t in 
t h e f u t u r e i t w i l l b e d e s i r a b l e to b e 
a b l e to d r i v e t h e o) m o t i o n i n d e ­
p e n d e n t l y f r o m 2 0 , s u c h a s i s n e c ­
e s s a r y f o r a f i x e d - c o u n t e r m o v a b l e -
c r y s t a l t e c h n i q u e f o r g a t h e r i n g 
s i n g l e - c r y s t a l i n t e n s i t y d a t a . S h a f t s 
a r e a v a i l a b l e o n t h e P i c k e r u n i t 
w h i c h c a n b e u s e d f o r a t t a c h i n g 
a n o t h e r s t e p p i n g m o t o r in o r d e r to 
u s e t h i s t e c h n i q u e . 

M e c h a n i c a l i n d i c a t o r r e a d ­
o u t d e v i c e s w e r e a l s o p u r c h a s e d a s 
a p a r t of t h e P i c k e r u n i t . T h e s e a r e 
c o u p l e d to 45° t a k e - o f f s h a f t s f r o m 
b o t h 20 a n d 03, a n d a r e m o u n t e d on 
t h e t o p s i d e of t h e P i c k e r u n i t . T h e 
h a n d l e of t h e 20 i n d i c a t o r i s j u s t 
v i s i b l e in F i g u r e 10. T h e s e i n d i ­
c a t o r s s e r v e a v e r y u s e f u l p u r p o s e 

a t p r e s e n t s i n c e i t i s p o s s i b l e to m o v e t h e 03 a k n o w n a m o u n t w i t h r e s p e c t 
to 2 0 , a n d a l s o a c h e c k c a n o c c a s i o n a l l y b e nnade to s e e t h a t n o s l i p p a g e 
of t h e c o u p l i n g s h a s o c c u r r e d b e t w e e n t h e 20 i n d i c a t o r a n d d i g i t i z e r . 

P o w d e r S a m p l e M o u n t 

W h e n t h e o r i g i n a l d e s i g n w a s p l a n n e d f o r D i f f r a c t o m e t e r I , i t w a s 
n o t c e r t a i n , a s i n d i c a t e d a b o v e , w h a t t y p e of c o m m e r c i a l l y a v a i l a b l e dif­
f r a c t o m e t e r w o u l d b e u s e d . T h e r e f o r e , in p l a n n i n g f o r t h e s i n g l e c r y s t a l 
h o l d e r m o t i o n s , a b a s e w a s d e s i g n e d p r o v i d i n g a l i m i t e d 03 m a n u a l a d j u s t ­
m e n t w h i c h c o u l d b e r e a d to a h u n d r e d t h of a d e g r e e o n a d r u m ( s e e 
F i g u r e 10) . S i n c e t h i s b a s e w a s d e s i g n e d a s a s e p a r a t e b u t c o m p l e t e 
a s s e m b l y , i t w a s c o n v e n i e n t t o m a k e t h e n e c e s s a r y a d a p t e r s f o r s u p p o r t i n g 
p o w d e r s a m p l e s . A s p o o l - s h a p e d p i e c e of a l u m i n u m w a s m a d e w h o s e 
t a b l e s u r f a c e w a s 4 in . f r o m t h e c e n t e r of t h e n e u t r o n b e a m . T h i s m a d e i t 
c o n v e n i e n t to a t t a c h X - r a y d i f f r a c t i o n a u x i l i a r y p i e c e s w h i c h a l r e a d y r e ­
q u i r e d a 4 - i n . b e a m - t o - b a s e h e i g h t , s u c h a s t h e G. E . s i n g l e - c r y s t a l 
o r i e n t e r . I t i s a n t i c i p a t e d t h a t t h i s w o u l d b e u s e f u l in i n i t i a l l y a l i g n i n g a 

Figure 11. Photo of Diffractometer I Showing Step­
ping Motor and Digitizer Arrangement 



c r y s t a l with X - r a y s and then t r a n s f e r r i n g to the n e u t r o n i n s t r u m e n t . It h a s 
a l s o b e e n found c o n v e n i e n t to m a c h i n e a s i m p l e b a s e for suppo r t i ng t h i s 
spool wi thout the 03 a d j u s t m e n t . The b a s e c o n s i s t s of a f lange with bol t 
h o l e s and a hub ( see C S - 2 6 0 4 - 2 for n e c e s s a r y d i m e n s i o n s ) . T h i s a l lows 
the m o r e c o m p l e x 03-adjustable b a s e to r e m a i n a t t a c h e d to the g o n i o s t a t 
d e s c r i b e d l a t e r ; h o w e v e r , th i s 03-adjustable b a s e h a s been found usefu l 
for o t h e r i n s t r u m e n t a l a r r a n g e m e n t s . 

In o r d e r to s u p p o r t the o r d i n a r y p o w d e r s a m p l e s , a - j - i n . - d i a m e t e r 
ho le w a s p r o v i d e d in the c e n t e r of t h i s s p o o l - s h a p e d t a b l e . A j ' ^ ^ - ' 
d i a m e t e r r o d was then m a d e to fit in to t h i s h o l e ; the p o s i t i o n of the r o d in 
and out cou ld be g o v e r n e d by a s m a l l c o l l a r with s e t - s c r e w s . The s a m p l e 
end of t h i s r o d was p r o v i d e d with a 5-40 t h r e a d e d p in which could be 
s c r e w e d into the u s u a l b a s e end of the s a m p l e t u b e s . T h e s e s a m p l e t u b e s 
u s u a l l y c o n s i s t of v a n a d i u m tub ing , j in. to yg- in. in d i a m e t e r , 5 -mi l wal l 
t h i c k n e s s , s e v e r a l i n c h e s in l eng th , with c a d m i u m end p l u g s . 

It was a l s o found tha t th i s s p o o l - s h a p e d tab le was conven ien t for 
a l i g n m e n t . A y - i n . r o d with a m a c h i n e d po in t was i n s e r t e d in t h i s j - i n . -
d i a m e t e r h o l e . T h e n a n o t h e r p o i n t e d r o d was i n s e r t e d in the ho le in the 
c o l l i m a t o r e x t e n s i o n . T h i s p r o v i d e d a r e a s o n a b l e m e a n s for i n s u r i n g tha t 
the b e a m and s a m p l e a x e s co inc ided . 

G o n i o s t a t 

A n u m b e r of b u i l t - i n d e s i g n f e a t u r e s for a g o n i o s t a t which a r e 
d e s i r a b l e a r e : 360° phi (0) m o t i o n , 360° chi (X) mo t ion , an a c c u r a c y of 
s e t t i ng t h e s e two a n g l e s ( e s p e c i a l l y the 0 mot ion ) to a t l e a s t a h u n d r e d t h 
of a d e g r e e , d i g i t i z e r coupl ing and r e a d - o u t for each a n g l e , ab i l i ty to 
p r o g r a m a u t o m a t i c a l l y the ang le s e t t i n g s , and m i n i m u m b l a n k e d - o u t a r e a s 
due to c o m p o n e n t p a r t s ge t t ing in the way of the n e u t r o n b e a m - e i t h e r dif­
f r a c t e d o r p r i m a r y . The g o n i o s t a t (CS-2604-2 ) c o n s i s t s of a b a s e , a c i r c l e 
i n c o r p o r a t i n g both 0 and X m o t i o n s , and a s s o c i a t e d d i g i t i z e r s and m o t o r 
d r i v e s . 

The b a s e , d e s c r i b e d in the p r e v i o u s s e c t i o n , for t h i s g o n i o s t a t i s 
no t a n e c e s s i t y when u s e d with a d i f f r a c t o m e t e r which h a s a b u i l t - i n i n d e ­
p e n d e n t 03 m o t i o n ; h o w e v e r , it i s a c o n v e n i e n c e even in t h i s c a s e . The 
X r i n g , 12 2 in- in OD and 2 in. t h i ck , h a s b e e n c o n s t r u c t e d of a n o n r u s t a b l e 
m a t e r i a l , l igh t in we igh t ye t r i g i d and d u r a b l e . M o s t of the e x p o s e d p a r t s 
a r e of an a l u m i n u m a l loy . 

The c o n s t r u c t i o n and b a s i c o p e r a t i o n of the i n s t r u m e n t can be 
u n d e r s t o o d f r o m F i g u r e s 12 and 13. The l a r g e r ing c o n s i s t s of two c i r c l e s , 
an o u t e r , r i g i d one and a n i n n e r , m o v a b l e c i r c l e to which the g o n i o m e t e r i s 
a t t a c h e d . The r i g i d c i r c l e c o n s i s t s of a r a d i a l b r a c e , C - 6 9 , and the b e a r i n g 
h o u s i n g s , C-82 and C - 8 3 . The i n n e r m o v a b l e r ing c o n s i s t s of a 1 2 - i n . - O D 
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Figure 12. Random Section View of Neutron Diffractometer I with Goniostat 
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SECTION B-B 
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Figure 13. Cross-sectional View of Goniostat 



w o r m g e a r , C - 7 9 , and X b e a r i n g r e t a i n e r , B - 8 1 , s u p p o r t e d wi th in the 
o u t e r r i g i d c i r c l e by two Kaydon b a l l b e a r i n g s ( K A - 1 1 0 - C P 11—--in. OD 
I t e m No. 73). By m o v i n g th i s i n n e r r i n g , the X ang le i s changed . Th is 
m o t i o n i s a c c o m p l i s h e d by a w o r m g e a r . A - 3 5 , and d r i v e l o c a t e d a t the 
b a s e of the r i n g , a s shown in F i g u r e 13. Al though not v i s i b l e in t h i s d r a w ­
ing , the end of the w o r m shaft t o w a r d s the v i e w e r i s a t t a c h e d to a C o l e m a n 
d i g i t i z e r (Model A P 5 D U T 1 9 , 5 - p l a c e 100 c / r e v ) , and the o t h e r end is 
a t t a c h e d to a S lo -Syn s t epp ing m o t o r (Type SS, 1 5 0 - o z - i n . t o r q u e ) . S ince 
the g e a r for th i s m o t i o n h a s 360 t e e t h , it w a s p o s s i b l e to aga in s t a n d a r d i z e 
on one r e v o l u t i o n of the w o r m shaft c o r r e s p o n d i n g to one d e g r e e . 

The 0 ang le m o t i o n i s a l s o a c c o m p l i s h e d by a w o r m g e a r and a n t i -
b a c k l a s h w o r m w h e e l . I t e m s 66 and 27 (P ic Q 8 - 2 and Q 1 4 - 4 5 , r e s p e c t i v e l y ) 
l o c a t e d in the b a s e of the g o n i o m e t e r , Sec t ion B B , which is a p a r t of the 
i n n e r r i n g . Th i s b a s e c o n s i s t s of the 0 nnounting b r a c k e t , B - 2 5 , the 0 
w o r m whee l h o u s i n g , B - 2 6 , and the 0 w o r m hous ing B - 2 9 . Th i s g e a r , 27 , 
is a t t a c h e d to the 0 s p i n d l e , A - 3 1 , which upon r o t a t i o n g e n e r a t e s the 0 
m o t i o n . As can be n o t e d in F i g u r e 13, a 0 w o r m shaf t , A - 6 7 , e x t e n d s 
t h rough the 0 w o r m h o u s i n g , B - 2 9 , a t one end of which i s a t t a c h e d a g e a r , 
I t e m 68 (Dynaco a n t i b a c k l a s h spu r g e a r A B - 1 0 0 - 9 6 / P 2 ) and the o t h e r end 
d r i v e s a C o l e m a n d i g i t i z e r . I t e m 4 , (Model A P 5 D J , 5 - p l a c e , 400 c / r e v ) 
for i nd i ca t i ng th i s a n g l e . Th i s d i g i t i z e r i s a t t a c h e d by a b r a c k e t , B - 6 3 , to 
the b a s e of the g o n i o m e t e r and t h e r e f o r e r i d e s a r o u n d the r ing with the 
change of the 0 m o t i o n . It can be n o t e d in th i s f i g u r e t ha t the g e a r , 68, on 
th i s 0 w o r m shaft , A - 6 7 , e n g a g e s in a l a r g e - I D , 10- in . 0 i n t e r n a l s p u r g e a r , 
C - 7 4 , v i s i b l e in F i g u r e 13. Th i s l a r g e idl ing spu r g e a r i s not a t t a c h e d to 
the i n n e r r ing and c a n m o v e f r e e l y on a b e a r i n g , I t e m 73 , ( K A - 1 1 0 - C P , 
l l y - i n . OD) with r e s p e c t to the r i g i d o u t e r r i n g . Th i s l a r g e - I D g e a r i s 
m o v e d by the spur g e a r , 76, on the s t epp ing m o t o r wh ich is r i g i d l y a t t a c h e d 
to the c i r c l e b a s e and p r o v i d e s a m e a n s of t r a n s m i t t i n g m o t i o n to the spu r 
g e a r , 68 , r e g a r d l e s s of the X p o s i t i o n . Al though the o r i g i n a l g e a r r a t i o s 
p r o v i d e d a nnovement of 0.02° p e r DC p u l s e on the s t epp ing nnotor , th i s h a s 
s i nce b e e n c h a n g e d by u s i n g a s m a l l e r g e a r {-j the n u m b e r of t e e th - Dynaco 
Spur g e a r 1 0 5 - 2 4 - P 2 , 24 t ee th ) on the 0 ang le s t epp ing m o t o r . The spu r 
g e a r s , 68 and 76, do not follow the s a m e t r a c k on the l a r g e i n t e r v a l spu r 
g e a r , C - 7 4 ; h e n c e , the 360° m o t i o n of 0 is p o s s i b l e wi thout r e s t r i c t i o n s . 

Al though s t epp ing m o t o r s do i m p a r t a s l igh t ly j e r k y m o t i o n which 
m a y affect d e l i c a t e l y m o u n t e d c r y s t a l s , no diff icul ty i s a n t i c i p a t e d u n d e r 
n o r m a l o p e r a t i n g c o n d i t i o n s . In the m o r e d e l i c a t e c a s e s it i s p e r h a p s 
b e t t e r to s u b s t i t u t e s m a l l DC m o t o r s which a r e c o m m e r c i a l l y a v a i l a b l e and 
l end t h e m s e l v e s to a c c u r a t e p o s i t i o n i n g and a l s o a u t o m a t i c p r o g r a m m i n g . 
F i g u r e s 14 and 15 a r e pho to s of the g o n i o s t a t a t t a c h e d to the o m e g a a d j u s t ­
ab le b a s e , which in t u r n i s b o l t e d to a l a r g e a l u m i n u m s t o r a g e b a s e . 

The c o v e r , A - 3 3 , s u r r o u n d i n g the g o n i o m e t e r (-j- a t t a c h e d to the 
g o n i o m e t e r and -j ly ing on the b a s e in F i g u r e 15) i s f o r m e d f r o m 0 . 0 2 0 - i n . -
th i ck c a d m i u m s h e e t . It i s for the p u r p o s e of e l i m i n a t i n g any d i f f r ac t ed 



i n t e n s i t y a r i s i n g f r o m a n y p a r t of t h e g o n i o m e t e r in t h o s e c a s e s w h e n t h e 
b e a m i s r a t h e r l a r g e 

Micro No. 32523 Micro No. 32522 

Figure 14. Photo of Goniostat Figure 15. Photo of Goniostat 

T h i s g o n i o s t a t h a s b e e n m a d e to a c c o m m o d a t e b o t h t h e o l d - s t y l e 
g o n i o m e t e r h e a d , 3 4 , a s w e l l a s t h e e u c e n t r i c h e a d w h i c h m u s t b e u s e d 
w i t h a c o m m e r c i a l l y a v a i l a b l e g o n i o m e t e r a d a p t e r h e a d in o r d e r to b r i n g 
i t to t h e p r o p e r p o s i t i o n . A p p r o x i m a t e l y - g - - i n . - e l e v a t i o n a d j u s t m e n t of t h e 
g o n i o m e t e r s i s p o s s i b l e b y s l i d i n g t h e g o n i o m e t e r a d a p t e r , A - 1 4 , u p a n d 
d o w n o n t h e 0 s p i n d l e , A - 3 1 , a n d l o c k i n g i t b y t w o 5 - 4 0 s e t s c r e w s . 

F i g u r e 16 i s a p h o t o of t h e g o n i o s t a t on D i f f r a c t o m e t e r I, a n d 
F i g u r e 17 i s a p h o t o s h o w i n g b o t h n e u t r o n i n s t r u m e n t s . S p e c t r o m e t e r II 
a n d D i f f r a c t o m e t e r I , a s i n s t a l l e d a t t h e C P - 5 r e a c t o r . 

T h e d e s i g n a n d c o n s t r u c t i o n of t h i s i n s t r u m e n t w e r e c a r r i e d o u t 
w i t h t h e i d e a of b u i l t - i n a c c u r a c y r a t h e r t h a n of p r o v i d i n g f o r a n u m b e r 
of a d j u s t m e n t s to b e m a d e l a t e r . F o r e x a m p l e , i t w a s s p e c i f i e d in t h e 
c o n s t r u c t i o n d r a w i n g s t h a t t h e a x i s of t h e 03 a d j u s t m e n t a n d t h e a x i s of 
t h e X r n o t i o n b e p e r p e n d i c u l a r , a n d t h a t t h e 0 m o t i o n l i e in t h e X p l a n e . 
A l l t h r e e a x e s w e r e to i n t e r s e c t w i t h i n 0 . 0 0 2 in . f o r a l l v a l u e s of 03, X-
a n d 0. 



Figure 16. Photo of Diffractometer I with Goniostat Figure 17. Photo of Dual Instrument at CP-5 Reactor 

In o r d e r to c h e c k o n t h e b u i l t - i n a c c u r a c y of t h e i n s t r u m e n t a f t e r 
a s s e m b l y a n d f o r t h e c o n s t r u c t i o n of a l i g n m e n t g a g e b l o c k s , i t w a s s u b ­
m i t t e d to t h e I n s p e c t i o n D e p a r t m e n t . A s p h e r i c a l s t e e l b a l l , y in . i n 
d i a m e t e r , w a s s u p p o r t e d o n a n g^-in. p i n a s a s a m p l e c r y s t a l o n t h e g o n i ­
o m e t e r . D i a l i n d i c a t o r s w e r e t h e n u s e d to d e t e r n n i n e t h e d i s p l a c e m e n t of 
t h e b a l l o v e r t h e c o m p l e t e 0 a n d X m o t i o n s of 360°. I t w a s f o u n d t h a t t h e 
b a l l r e m a i n e d s t a t i o n a r y w i t h i n + 0 . 0 0 1 in . w i t h b o t h g o n i o m e t e r a r c s s e t 
a t 0°. T h e g o n i o s t a t w a s t h e n m o u n t e d o n t h e P i c k e r u n i t a s a s s e m b l e d a t 
C P - 5 , a n d t h e 03 m o t i o n w a s u s e d to r o t a t e t h e r i n g . T h e i n d i c a t o r on 
t h e b a l l a g a i n s h o w e d n o g r e a t e r d e v i a t i o n t h a n + 0 . 0 0 1 in . C o n s e q u e n t l y , 
a g a g e b l o c k f o r a c c u r a t e l o c a t i o n of t h e i n t e r s e c t i o n of t h e t h r e e a b o v e -
n a m e d a x e s , w h i c h i s t h e c o r r e c t p o s i t i o n f o r t h e s a m p l e , w a s c o n s t r u c t e d . 

S i n c e c o n s i d e r a b l e v a r i a t i o n of t h e l o c a t i o n of t h e f o c a l p o i n t h a s 
b e e n o b s e r v e d in t h e o r d i n a r y , c o m m e r c i a l l y a v a i l a b l e g o n i o m e t e r h e a d s , 
i t i s n e c e s s a r y to c h e c k o u t e a c h o n e a n d c o n s t r u c t t h e p r o p e r g a g e b l o c k 
f o r l o c a t i n g t h e g o n i o m e t e r h e a d - h e i g h t a d j u s t m e n t . T h i s w a s a c c o m ­
p l i s h e d b y m o v i n g e a c h a r c of t h e g o n i o m e t e r i t s fu l l +20° t r a v e l a n d 
l o c a t i n g t h e h e i g h t so t h a t t h e f o c a l p o i n t of t h e a r c s l i e s w i t h i n + 0 . 0 0 1 in . 
of t h e i n t e r s e c t i o n of t h e t h r e e a x e s . S u i t a b l e g a g e b l o c k s , s u c h a s s h o w n 
in F i g u r e 1 8 , w e r e t h e n c o n s t r u c t e d f o r t h e tv/o g o n i o m e t e r h e a d s c u r ­
r e n t l y in u s e - o n e t h e o l d s t y l e a n d o n e e u c e n t r i c t y p e . T h i s l a t t e r t e s t 
a n d t h e f o l l o w i n g t e s t s w e r e p e r f o r m e d w i t h t he g o n i o s t a t in t h e I n s p e c ­
t i o n D e p a r t m e n t w i t h t h e i n s t r u m e n t r e m o v e d f r o m t h e P i c k e r u n i t . 



Micro No. 34262 

Figure 18. Photo of Gage Blocks Used for Aligning 
Crystal and Goniometers on Goniostat 

In o r d e r to d e t e r m i n e t h e a c c u r a c y of t h e 0 s e t t i n g s , a 30° o p t i c a l 
p o l y g o n w a s p o s i t i o n e d a c c u r a t e l y in p l a c e of t h e g o n i o m e t e r h e a d in o r d e r 
to c h e c k t h e l o c a t i o n e v e r y 30° a b o u t t h e 0 a x i s . T h e 0 a x i s w a s r o t a t e d 
in b o t h d i r e c t i o n s w i t h t h e s t e p p i n g m o t o r d r i v e . T h e c o i n c i d e n c e of t h e 
o p t i c a l 30° p o s i t i o n s a n d t h e d i g i t i z e r r e a d o u t w a s t h e n n o t e d . I t w a s 
f o u n d t h a t t h e r e w a s a g r e e m e n t w i t h i n + 0 . 0 1 ° in a l l c a s e s . 

A c h e c k w a s a l s o m a d e to i n s u r e t h a t t h e i n s t r u m e n t a x i s (o3-2 0) 
a n d t h e 0 a x i s l i e in t h e X p l a n e . T h i s w a s c a r r i e d o u t in t h e f o l l o w i n g 
w a y : T h e g o n i o s t a t t o g e t h e r -with i t s ca b a s e a s s e m b l y w a s p o s i t i o n e d o n 
i t s s i d e ( the u s u a l p o s i t i o n o n D i f f r a c t o m e t e r I) w i t h t h e c y l i n d r i c a l p a r t 
of t h e b a s e s u p p o r t e d in a V b l o c k . F o r t h i s c h e c k , t h e l a r g e - | - - i n . -
d i a m e t e r p o s t p r e v i o u s l y u s e d f o r s u p p o r t i n g t h e o p t i c a l p o l y g o n w a s 
c a r e f u l l y c h e c k e d f o r e c c e n t r i c i t y a b o u t t h e 0 a x i s . T h i s p o s t w a s t h e n 
i n d i c a t e d a l o n g i t s l-8--in. l e n g t h f o r b e i n g p a r a l l e l to t he I n s p e c t i o n D e ­
p a r t m e n t p l a t e u s e d f o r p e r f o r m i n g t h i s c h e c k . It w a s f o u n d to b e p a r a l l e l 
to w i t h i n 0 . 0 0 0 5 in . T h e e n t i r e o r i e n t e r w a s t h e n f l i p p e d o v e r 180° a n d 
t h e s a m e i n d i c a t o r c h e c k m a d e . R e a d i n g s n o w c h e c k e d w i t h i n 0 . 0 0 1 5 in . 
of t h e p r e v i o u s p a r a l l e l r e a d i n g s . 

A l i g n m e n t P r o c e d u r e 

F o r a l i g n m e n t p u r p o s e s , D i f f r a c t o m e t e r I w a s a s s e m b l e d a s a 
p o w d e r u n i t , a s s h o w n m F i g u r e 10. I t w a s r e q u i r e d t h a t t h e b e a m , t h e 
s a m p l e , a n d d e t e c t o r a r c l i e o n t h e s a m e p l a n e , a n d t h e a x i s of t h e i n s t r u ­
m e n t b e p e r p e n d i c u l a r to t h i s p l a n e a n d b i s e c t t h e i n c i d e n t b e a m . 



It w a s found n e c e s s a r y in the in i t i a l a s s e m b l y to add a s p e c i a l 
p l a t e in o r d e r to t i e the top p l a t e , C -19 of F i g u r e 1, to the v e r t i c a l a n g l e -
s e l e c t o r hous ing (CS-2397-3 ) to m a i n t a i n the i n s t r u m e n t ax i s p e r p e n d i c u l a r 
and r i g i d with r e s p e c t to the s c a t t e r i n g p l a n e . T h i s a l s o m a i n t a i n s the 
r e f e r e n c e d i s t a n c e of 12.250 in. b e t w e e n the f r a m e (CS-2604-1 ) and the 
c e n t e r l i n e of the b e a m , a s shown in F i g u r e 12. The fol lowing o p e r a t i o n a l 
a l i g n m e n t p r o c e d u r e was c a r r i e d out: 

1. A s t r a i g h t edge e x t e n d e d f r o m the c o l l i m a t o r e x t e n s i o n 
(CS-2604-5) was u s e d in o r d e r to e s t a b l i s h the c o r r e c t p o s i t i o n for the 
b e a m s top , ( see F i g u r e 12) a long i t s p o s t (CS-2604) . The p o r t a b l e BF3 
d e t e c t o r d e s c r i b e d in the a l i g n m e n t p r o c e d u r e for S p e c t r o m e t e r II w a s 
u s e d to e s t a b l i s h the b e a m l o c a t i o n with r e s p e c t to the b e a m s top . N e c ­
e s s a r y a d j u s t m e n t s w e r e m a d e on the m o n o c h r o m a t i n g c r y s t a l by r o t a t i n g 
the e x t e r n a l c o n t r o l s to c e n t e r the b e a m with r e s p e c t to th i s s top thus 
a s s u r i n g tha t the b e a m l i e s in the s c a t t e r i n g p l a n e . 

2. To d e t e r m i n e if the a x i s of the i n s t r u m e n t b i s e c t s the i nc iden t 
b e a m , it w a s found c o n v e n i e n t to u s e a l i g n m e n t t o o l s . T h e s e a l i g n m e n t 
too l s c o n s i s t of two p o i n t e d r o d s - one for i n s e r t i o n in p l a c e of a p o w d e r 
s a m p l e and one in to the ho l e of the c o l l i m a t o r e x t e n s i o n . As t h e s e r o d s 
a r e m o v e d a long t h e i r r e s p e c t i v e a x e s , the p o i n t s shou ld m e e t , ind ica t ing 
a l i g n m e n t . S ince t h e r e i s no p r o v i s i o n for fine a d j u s t m e n t on the angle 
p o s i t i o n of the f r a m e s u p p o r t i n g the d i f f r a c t o m e t e r , it w a s n e c e s s a r y to 
change the t ake-of f ang le of the c o l l i m a t o r s l igh t ly . T h i s w a s a c c o m p l i s h e d 
by i n s e r t i n g s h i m s b e t w e e n the p i e - s h a p e d s e c t i o n s un t i l the b e a m w a s 
b i s e c t e d by the s a m p l e . It would be a c o n v e n i e n c e , a l though no t a n e c e s s i t y , 
to add a fine a n g u l a r a d j u s t m e n t to the f r a m e s u p p o r t i n g the d i f f r a c t o m e t e r , 
s i m i l a r to t ha t on S p e c t r o m e t e r 11. 

3. As a f u r t h e r c h e c k on th i s a l i g n m e n t , a | - - in . d i a m e t e r n i c k e l 
p o w d e r s a m p l e was i n s e r t e d in p o s i t i o n , a s shown in F i g u r e 10. A p o r t a b l e 
BF3 c o u n t e r was t h e n u s e d to d e t e r m i n e the l o c a t i o n of the b e a m with 
r e s p e c t to the s a m p l e . 

4. A final c h e c k on the above a l i g n m e n t , a s wel l a s b e a m u n i f o r m ­
i ty, was a l s o m a d e with a T N C P T h e r m a l N e u t r o n C a m e r a a s d e s c r i b e d in 
the p r e v i o u s d i s c u s s i o n of S p e c t r o m e t e r 11. In the a l i g n m e n t of e i t h e r 
i n s t r u m e n t i t is n e c e s s a r y to r e p e a t s o m e of the p r e v i o u s c h e c k s in o r d e r 
to g r a d u a l l y a t t a i n the b e s t a l i g n m e n t . 

5. T h i s n e x t s t e p i n v o l v e s the s a m e p r o c e d u r e a s e x p l a i n e d for 
S p e c t r o m e t e r II u n d e r s t e p 5, which e s t a b l i s h e s the t r u e i n s t r u m e n t z e r o 
and the s y n c h r o n i z a t i o n of the m e c h a n i c a l and e l e c t r o n i c ang le r e a d out . 

6. T h i s s t ep i s a l s o the s a m e a s s t e p 6 for S p e c t r o m e t e r II , 
which e s t a b l i s h e s the w a v e l e n g t h X of the m o n o c h r o m a t i c n e u t r o n beana. 



7. In t h o s e c a s e s w h e r e i t i s i m p o r t a n t to have the s p e c i m e n , 
such a s a s ing le c r y s t a l , wel l a l igned , c o n s i d e r a b l e a s s i s t a n c e in a l i gn ­
m e n t can be o b t a i n e d by us ing the c o l l i m a t o r s h u t t e r s . These s h u t t e r s , 
a s exp l a ined p r e v i o u s l y , a r e p r o v i d e d for both i n s t r u m e n t s and divide 
the f ront of the c o u n t e r tube into q u a d r a n t s , and m a k e it p o s s i b l e to c h e c k 
the i n t e n s i t y a p p e a r i n g in the t op , b o t t o m , left , and r i gh t q u a d r a n t s . 

E l e c t r o n i c s 

The b a s i c d e s c r i p t i o n of the e l e c t r o n i c c i r c u i t r y u s e d for both 
of t h e s e i n s t r u m e n t s h a s b e e n d e s c r i b e d by Johanson . (^ ) In F i g u r e 19 we 
h a v e shown a b l o c k d i a g r a m of the s y s t e m . F i g u r e 20 is a photo of e l e c ­
t r o n i c conso l e a s u s e d for bo th i n s t r u m e n t s . 

The e l e c t r o n i c c o n t r o l s c o n s i s t e s s e n t i a l l y of two coun te r s y s t e m s , 
two d a t a - r e c o r d i n g s y s t e m s , and a p r o g r a m m e r which c o n t r o l s the s e ­
q u e n c e of e v e n t s . The two c o u n t e r s y s t e m s c o n s i s t of a BF3 d e t e c t o r and 
a f i s s i on m o n i t o r t o g e t h e r with t h e i r a s s o c i a t e d p r e - a m p l i f i e r s , l i n e a r 
a m p l i f i e r s , and s c a l e r s . One d a t a - r e c o r d i n g s y s t e m is d ig i t a l , r e c o r d ­
ing the d e t e c t o r s c a l e r coun t s and the angle e n c o d e r r e a d i n g s on an IBM 
t y p e w r i t e r , and the o t h e r s y s t e m is ana log , r e c o r d i n g the s c a l e r and 
ang le on an x - y r e c o r d e r - the x v o l t a g e c o r r e s p o n d i n g to the angle and 
y vo l t age c o r r e s p o n d i n g to the d e t e c t o r s c a l e r . 

In n o r m a l o p e r a t i o n ( r e f e r to F i g u r e 19) with the 2 0 a r m in a 
f ixed a n g u l a r p o s i t i o n , both the d e t e c t o r and m o n i t o r feed counts to t h e i r 
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Figure 19. Block Diagram of Electronic Controls 



Figure 20. Photo of Electronic Console 

r e s p e c t i v e s c a l e r s . A t t h e e n d of a p r e s e t n u m b e r of m o n i t o r c o u n t s , a n 
o u t p u t p u l s e i s s e n t to t h e p r o g r a m m e r a n d g a t e s b e t w e e n t h e l i n e a r a m ­
p l i f i e r a n d s c a l e r s in t h e t w o c o u n t i n g s y s t e m s . T h e p r o g r a m m e r s e n d s 
a p u l s e w h i c h e n g a g e s t h e a n g l e e n c o d e r a n d a c t i v a t e s t h e g a t i n g c h a s s i s 
a n d t h e t y p e w r i t e r d r i v e . I n t u r n , t h e s c a l e r c o u n t s p a s s t h r o u g h t h e 
g a t i n g c h a s s i s to t h e t y p e w r i t e r d r i v e w h i c h r e c o r d s t h e m on t h e I B M 
t y p e w r i t e r . T h e g a t i n g c h a s s i s i s n e x t s w i t c h e d to t h e a n g l e e n c o d e r , a n d 
t h e a n g l e i s p r i n t e d o u t . T h e n a p u l s e i s s e n t to t h e p e n - d r o p c o n t r o l on 
t h e x - y r e c o r d e r w h i c h r e c o r d s a p o i n t o n t h e c u r v e of i n t e n s i t y v e r s u s 
s c a t t e r i n g a n g l e . T h e p r o g r a m i n e r t h e n s e n d s a p u l s e to t h e 20 s t e p p i n g -
m o t o r c o n t r o l w h i c h m o v e s t h e 20 a r m to i t s n e w p o s i t i o n . T h e p r o ­
g r a m m e r t h e n r e s e t s t h e t w o s c a l e r s , o p e n s t h e g a t e s , a n d t h e c y c l e i s 
r e p e a t e d a t t h e n e w a n g u l a r p o s i t i o n . T h i s c o n t i n u e s u n t i l t h e a r m h i t s a 
s t o p s w i t c h w h i c h c u t s off t h e m o n i t o r c o u n t o r m a y b e s e t to s t a r t r e ­
v e r s i n g t h e 2 0 a r m . T h e m o n i t o r c o u n t i n g r a t e i s v i s i b l e o n a r a t e m e t e r 
If t h e m o n i t o r c o u n t f a l l s b e l o w a s e t v a l u e , e i t h e r b e c a u s e of a r e a c t o r 
s h u t d o w n o r t h e s t o p s w i t c h d e s c r i b e d a b o v e , t h e r a t e m e t e r s w i t c h 
s e n d s a s i g n a l to t h e p r o g r a m m e r w h i c h s t o p s i t s o p e r a t i o n . W h e n t h e 
c o u n t i n g r a t e o n c e a g a i n r i s e s a b o v e t h e s e t v a l u e , t h e b l o c k i s r e m o v e d 
f r o m t h e p r o g r a m m e r a n d t h e c y c l e c o n t i n u e s . 



A s a m p l e of the output da ta as p r e s e n t l y a r r a n g e d i s shown in 
F i g u r e 2 1 , which i s the x - y r e c o r d e r plot of the n e u t r o n d i f f rac t ion da ta 
ob t a ined f r o m a n i cke l p o w d e r s a m p l e by m e a n s of D i f f r a c t o m e t e r I. 
F i g u r e 22 shows a s e c t i o n f r o m the IBM t y p e w r i t e r output for th i s s a m e 
p a t t e r n . 

All of the e l e c t r o n i c c i r c u i t r y h a s b e e n d e s i g n e d with the in tent ion 
of adding add i t iona l e l e c t r o n i c e q u i p m e n t to p r o v i d e a u t o m a t i c t h r e e -
d i m e n s i o n a l da ta co l l ec t ion . Th i s can be a c c o m p l i s h e d with a v e r y 
m i n i m u m mod i f i ca t ion of ex i s t ing c o m p o n e n t s and will m a k e u s e of 
p r e p u n c h e d - c a r d input for se t t ing up four d i f ferent a n g l e s and c a r d output 
for angle v e r i f i c a t i o n and c o l l e c t i o n of i n t ens i ty da ta . It is p l anned to 
add th i s to the gon ios t a t on D i f f r a c t o m e t e r I; h o w e v e r , a s i m i l a r s y s t e m 
m a y be added in the fu ture to the AX a r r a n g e m e n t for S p e c t r o m e t e r II. 

C-40 February 15, 1962 Nickel Sample 
Monitor Count = 121K/minute 
Preset = lOOK Full Scale = 10 x 10^ x .1 

Figure 21. x-y Recorder Plot of Diffraction Pattern of Nickel 
Sample Obtained on Diffractometer I 



c-40 

1 

000945 
001567 
002513 
003564 
004027 
003419 
002345 
001348 
000970 
000826 
000813 
000808 
000838 
000820 
000855 
000818 
000845 
000752 
000766 
000753 
000767 
000764 
000796 
000784 
000817 
000868 
001024 
001516 
002630 
004101 
005093 
004974 
004002 
002685 
001647 
OC1206 
001354 
001672 
001930 
002132 
001923 
001522 
001183 
000957 
000828 
000868 
000804 
000791 
000759 
000733 
000780 

TH 1s IS / 

FEBRUARY 
MO N I T O R C 

PRE:SET = 

29 

05430 
05470 
05510 
05550 
05590 
05630 
05670 
05710 
05750 
05790 
05830 
05870 
05910 
05950 
05990 
06030 
06070 
06110 
06150 
06190 
06230 
06270 
06310 
06350 
06390 
06430 
06470 
06510 
06550 
06590 
06630 
06670 
06710 
06750 
06790 
06830 
06870 
06910 
06950 
06990 
07030 
07070 
07110 
07150 
07190 
07230 
07270 
07310 
07350 
07390 
07430 

SECTION TAKEN F 

OOK Fu 

1 

001081 
001663 
002784 
003770 
003941 
003085 
002029 
001173 
000880 
000804 
000795 
000850 
000843 
000754 
000845 
000771 
000756 
000792 
000812 
000800 
000754 
000811 
000788 
000837 
000781 
000912 
001134 
001746 
002916 
004271 
005247 
004882 
003823 
002363 
001450 
001248 
001357 
001752 
002059 
002082 
001902 
001404 
001098 
000906 
000809 
000843 
000813 
000768 
000799 
000757 
000803 

LL SCALE 

2© 

05440 
05480 
05520 
05560 
05600 
05640 
05680 
05720 
05760 
05800 
05840 
05880 
05920 
05960 
06000 
06040 
06080 
06120 
06160 
06200 
06240 
06280 
06320 
06360 
06400 
06440 
06480 
06520 
06560 
06600 
06640 
06680 
06720 
06760 
06800 
06840 
06880 
06920 
06960 
07000 
0704o 
07080 
07120 
07160 
07200 
07240 
07280 
07320 
07360 
07^00 
07440 

OM THE FOLLOWING 

AMPLE 
E 
= 10 X IC* X ol 

1 

001170 
001963 
003025 
003850 
003730 
002947 
001789 
001059 
000783 
000811 
000791 
000809 
000831 
000828 
000787 
000800 
000786 
000811 
000776 
000839 
000802 
000798 
000785 
000849 
000831 
000949 
001352 
002050 
003275 
004519 
005166 
004584 
003512 
002119 
001409 
001304 
001521 
001880 
002105 
002103 
001745 
001375 
001039 
000873 
000811 
000845 
000796 
000774 
000764 
000771 
000720 

29 

05450 
05490 
05530 
05570 
05610 
05650 
05690 
05730 
05770 
05810 
05850 
05890 
05930 
05970 
06010 
06050 
06090 
06130 
06170 
06210 
06250 
06290 
06330 
06370 
06410 
06450 
06490 
06530 
06570 
06610 
06650 
06690 
06730 
06770 
06810 
06850 
06890 
06930 
06970 
07010 
07050 
07090 
07130 
07170 
07210 
07250 
07290 
07330 
07370 
07410 
07450 

PATTERN. 

I 29 

001341 05460 
002246 05500 
003394 05540 
00^889 05580 
003542 05620 
002261 05660 
001521 05700 
001011 05740 
000822 05780 
000800 05820 
000811 05860 
000821 05900 
000840 05940 . 
000775 05980 
000821 06020 
000746 06060 
000763 06100 
000744 06l40 
000810 06180 
000768 06220 
000807 06260 
000836 06300 
000802 06340 
0008't2 06380 
OOO&58 06420 
001029 06460 
001425 06500 
002292 06540 
003518 06580 
004659 06620 
005151 06660 
004496 06700 
003130 06740 
001926 06780 
001356 06820 
001279 06860 
001566 06900 
001865 06940 
002091 06980 
001933 07020 
001635 07060 
001275 07100 
000962 07l4o 
000852 07180 
000838 07220 
000846 07260 
000777 07300 
000783 07340 
000700 07380 
000811 07420 
000791 07460 

Figure 22. IBM Typewriter Output Obtained for 
Nickel Pattern Shown in Figure 21 
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