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ABSTRACT 

We have measured with h igh  p r e c i s i o n  (about  1' 

t o  2 ' )  t h e  celestial p a s i t i o n s  of fou r  x-ray s o u r c e s  

The experiment w a s  performed w i t h  two independent rocket-  

borne r o t a t i n g  modulation c o l l i m a t o r s  backed wi th  pro- 

p o r t i o n a l  counter  d e t e c t o r s  s e n s i t i v e  i n  t h e  1.5 t o  

8 k e V  energy range. High p r e c i s i o n  a s p e c t  d a t a  w e r e  

obta ined  by star photography which w a s  d i r e c t l y  refer- 

enced t o  t h e  c o l l i m a t o r  g r ids .  

(GX3+1, GX5-1, G X 9 + 1 ,  G X 1 7 + 2 )  i n  t h e  S a g i t t a r i u s  region.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
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The g a l a c t i c  c e n t e r  reg ion  i s  r i c h  i n  x-ray sources.  

(1970)  g i v e  t h e  m o s t  r e c e n t  l o c a t i o n  r e s u l t s  Mayer -- e t  a l .  

which, when taken toge ther  with those of o t h e r  i n v e s t i g a t o r s  

(Gursky e t  -- a l .  1 9 6 7 ;  Bradt e t  -- a l .  1968a) ,  y i e l d  p o s i t i o n a l  

e r r o r  circles of between 1 0 '  and 2 0 '  r ad ius  (Table I ) .  These 

i n v e s t i g a t o r s  have used narrow f i e l d  of view s l a t  co l l ima to r  

t e l e scopes ,  b u t  i n  our  experiment t h e  c e n t r a l  f e a t u r e  i s  t h e  

wide f i e l d  and high r e s o l u t i o n  of a spinning (Mer t z  1967; 

Schnopper -- e t  a l .  1968) modulation co l l ima to r  (Oda, 1965; 

Bradt -- e t  a l .  1968b) wi th  p r e c i s e  a s p e c t  d a t a  provided by 

photography which simultaneously images t h e  star  f i e l d  and 

t h e  co l l ima to r  g r i d  system (Gursky -- e t  a l .  1 9 6 6 ) .  The p r i n c i -  

p a l  ob jec t ive  of our experiment w a s  t h e  p r e c i s e  determinat ion 

of t h e  celestial  p o s i t i o n s  of t w o  of t h e  b r i g h t e r  S a g i t t a r i u s  

sources ,  GX5-1 and GX9+1.  

The payload c o n s i s t s  of t w o  independent modulation c o l l i -  

mator/aspect systems (Fig.  1) and a s i n g l e  s l a t  co l l ima to r  

system. The coarser (wire-wound) collimator has planes of 

m a x i m u m  t ransmiss ion  sepa ra t ed  by 8.078k.010 and t h e  f i n e r  

(e lectroformed) has  p lanes  separa ted  by 4.141k.002.  For each 

system, t h e  o v e r a l l  f i e l d  of view is r e s t r i c t e d  t o  approximately 

13O x 17O FWHM by a d d i t i o n a l  slats. The s l a t  collimator ex- 

periment i s  used f o r  coarse source l o c a t i o n  and is  s i m i l a r  i n  

cons t ruc t ion  t o  t h e  one descr ibed  by Mayer -- e t  al .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 

I 

( 1 9 7 0 ) .  

Behind each co l l ima to r  are two p ropor t iona l  counter  

d e t e c t o r s  each having a 50p B e  window and a d e t e c t i n g  gas  
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c o n s i s t i n g  of a mixture of 75% A ,  15% X e ,  and 1 0 %  CH4 a t  

one atmosphere pressure .  I n  t h e  "head on'' p o s i t i o n ,  t h e  

unobstructed d e t e c t i o n  a r e a  is about 1 0 0  c m 2  f o r  t h e  4 '  

system and about 150 an2 f o r  t h e  8 '  system. 

c o n s i s t s  of e l e c t r i c a l l y  independent f r o n t  and r e a r  compart- 

ments .  Data are taken from t h e  f r o n t  compartment (about 

2 c m  deep) of each d e t e c t o r  and t h e  f r o n t  and rear compartments 

of each d e t e c t o r  a r e  connected i n  an t ico inc idence  i n  order  t o  

reduce con t r ibu t ions  from spurious events .  Pulse  he igh t  d i s -  

c r imina tors  l i m i t  t h e  energy range of photons accepted t o  

1.5  - 8 keV. 

Each d e t e c t o r  

T h e  c e n t r a l  p o r t i o n  of each g r i d  i s  removed t o  permit  

star  photography (Fig.  1). I n  a d d i t i o n ,  two s m a l l  regions 

of t h e  g r i d  on e i t h e r  s i d e  of t h e  ape r tu re  are i l lumina ted  

by d i f f u s e  l i g h t  which i s  d i f f r a c t e d  and shadowed by both 

g r i d s  and then imaged on the  f i l m  as  a set  of f i d u c i a l  bands 

which b racke t  t h e  s t a r  f i e l d  (Gursky -- e t  a l .  1 9 6 6 ) .  A labora- 

t o ry  c a l i b r a t i o n  has  determined t h a t  t h e  unexposed bands on 

the  f i l m  correspond t o  t ransmission planes of t h e  col l imator .  

I n  p a r t i c u l a r ,  f o r  t h e  purposes of a spec t  a n a l y s i s ,  one band 

i s  i d e n t i f i e d  as t h e  f i d u c i a l  t ransmiss ion  plane.  The camera 

d r i v e  system opera tes  once every 0.6  sec and t h e  exposure i s  

made f o r  a dura t ion  of 0.5  sec. With t h i s  exposure stars of 

v i s u a l  magnitude between 4 . 0  and 5.8 g ive  useable  t r a i l e d  

images zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1' t o  2 ) a t  r o t a t i o n  rates on t h e  order  of lo per  

sec. Since it i s  poss ib l e  t o  e s t a b l i s h  temporally as w e l l  

a s  s p a t i a l l y  t h e  c e n t e r  of t h e  t r a i l  t h e  co l l ima to r  a spec t  
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derived from each frame can be  determined wi th in  an e r r o r  

of about 2 0 ” -  These a spec t  d a t a  can then  be  smoothed by 

Four ie r  techniques.  A l i n e a r  i n t e r p o l a t i o n  i s  used f o r  t i m e s  

which occur between a spec t  determinat ions.  

On 2 October 1969 a t  8:24 P . M . ,  MDT, t h e  experiment w a s  

launched aboard an Aerobee 150 rocke t  f i r e d  from t h e  White 

Sands M i s s i l e  Range. A s m a l l  p o r t i o n  (about zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIO sec) of  the 

observing t i m e  w a s  devoted t o  a r ap id  scan ( 6 O  per  sec) over 

the  region conta in ing  Sco X-1. With a spec t  d a t a  which w e r e  

degraded by t h e  r a p i d  r o t a t i o n  r a t e  and the absence of a 

s u f f i c i e n t  number of b r i g h t  stars i n  t h e  f i e l d  of view, it 

i s  s t i l l  poss ib l e  t o  p lace  i n d i v i d u a l  l i n e s  of p o s i t i o n  on 

the c e l e s t i a l  sphere w i t h  an accuracy of 5 0 ” .  The m o s t  proba- 

b l e  p o s i t i o n  ind ica t ed  by our d a t a  is 2.5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAf r ~ m  Sco X-1. The  

l a r g e s t  component of t h i s  e r r o r  is  along t h e  l i n e s  of p o s i t i o n  

I 

and it is  due t o  t h e  incomplete (60O) r o t a t i o n .  T h e  remainder 

of t h e  t i m e  (about 1 9 0  sec a t  1 ? 2  per  sec) w a s  used t o  view 

t h e  S a g i t t a r i u s  region near the  g a l a c t i c  cen te r .  A histogram 

of a por t ion  of t h e  d a t a  obtained from the 8’ co l l ima to r  i s  

shown i n  Figure 2. 

A c o r r e l a t i o n  technique,  d i scussed  by M e r t z  (1967)  i s  

modified t o  m e e t  the  condi t ions  of a d r i f t i n g  a x i s  of r o t a t i o n  

and a m u l t i p l e  source  f i e l d .  The a n a l y s i s  is  based on t h e  

c ross -co r re l a t ion  of t he  observed data w i t h  a t r i a l  func t ion  

which i s  generated under t h e  assumption t h a t  a source is  

l oca t ed  a t  a chosen p o i n t  on t h e  ce les t ia l  sphere.  
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The expec ta t ion  va lue  of t h e  counting ra te  N ( t )  a t  t i m e  t 

shown i n  Figure 2 is  of t h e  form: 

< N ( t ) >  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= Caif i ( t )  + b 
i 

where ai i s  t h e  observed peak counting rate which i s  due t o  

t h e  ith source,  f i ( t )  i s  t h e  exposure func t ion  f o r  t h e  i 

source a t  t i m e  t ,  and b i s  t h e  background counting r a t e .  

t h  

To d e f i n e  f i ( t ) ,  l e t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAz be t h e  vec to r  r ep resen t ing  t h e  

+- 
f i d u c i a l  view d i r e c t i o n  a t  t i m e  t ,  n be a vec tor  perpendicular  

+- 
t o  both z and t h e  g r i d  w i r e s  i n  t h e  co l l ima to r ,  and si be a 

vector  i n  t h e  d i r e c t i o n  of t h e  ith source ( o r  t r i a l )  p o s i t i o n .  

A l s o  l e t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA be t h e  co l l ima to r  per iod  i n  r ad ians ,  and gi be 

t h e  number of per iods  between gi and t h e  f i d u c i a l  t ransmission 

+ - + -  + - - f  
plane a t  t i m e  t. With these d e f i n i t i o n s ,  gi = ( l / A ) l n * s i / c * s i l ,  

and f i  = l l -2(gi-[gi])  I ,  where [gil = l a r g e s t  i n t e g e r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 gi. 

The t r i a l  func t ion  f i s  j u s t  t h e  exposure func t ion  f o r  t h e  
P 

t r i a l  p o s i t i o n  p on t h e  celest ia l  sphere.  

W e  fol low Lee ( 1 9 6 0 )  and de f ine  t h e  c ros s -co r re l a t ion  

func t ion  C (T) f o r  t h e  t r i a l  p o s i t i o n  p a s  
P 

r T2 

T1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC ( T )  = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAd l  N(t+. r ) f  ( t l d t .  
P P 

Fur ther ,  t h e  i n t e g r a t e d  exposure E is  def ined  a s  
P 

* T  
E = 2f  ( t ) d t .  

P W  P 
T1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 3 )  

Since phase information is  contained i n  t h e  choice of p ,  only 

cases f o r  which T = O  need be  considered. 
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Sources are found by cons t ruc t ing  maps of a new func t ion  

U = C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(O)/E f o r  an a r r a y  of p o i n t s  i n  a candidate  region. 

Each source i s  cha rac t e r i zed  by a r i n g  p a t t e r n  which i s  

P P P 

centered on t h e  source p o s i t i o n  and which has  a radial  

p e r i o d i c i t y  given approximately by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA .  Once t h e  b r i g h t  sources  

have been loca ted ,  t h e i r  r i n g  p a t t e r n s  can be  removed from 

t h e  map. "Subtracted" maps are computed from t h e  funct ion 

V def ined  as 
P 

PT2 

C p ( 0 )  - Cai zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAJ f ( t ) f i ( t ) d t  
i P v, = ( 4 )  

E 
P 

The map shown i n  Figure 3a is  computed from U . The source 

GX5-1 i s  c l e a r l y  v i s i b l e .  The maps shown i n  Figures 3b, 4 

P 

and 5 a r e  computed from Equation 4 according t o  t h e  condi t ions  

l i s ted  i n  t h e  capt ions .  The source p o s i t i o n s  are measured 

from maps s i m i l a r  t o  those  shown i n  Figure 5. 

The behavior of t h e  maps can be s t u d i e d  a n a l y t i c a l l y  i f  

an i d e a l  experiment i s  assumed. I n  t h i s  case t h e  sp in  a x i s  

remains f ixed  and t h e  r a t e  of r o t a t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAw i s  cons tan t ,  and 

Equation 1 becomes 

3 < N ( t ) >  = Cai { 1 / 2  + ( 4 / n 2 )  Z(l /n  2 )cos[(2nnr~~A)cos(wt-9i)l ( 5 )  
i L  odd n 

t h  
where ri is  t h e  rad ia l  d i s t a n c e  from t h e  s p i n  a x i s  t o  t h e  i 

source measured i n  u n i t s  of A and 0 i s  t h e  angular  p o s i t i o n  

a t  t = O .  The term i n  braces  i s  j u s t  t h e  i d e a l  f i ( t ) .  I f  t h e  

co l l imator  i s  n o t  completely opaque i n  t h e  minimum transmission 

i 

d i r e c t i o n s ,  then  t h e  h igher  frequency t e r m s  i n  t h e  Fourier  
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spectrum given by Equation 5 do n o t  c o n t r i b u t e  t o  the  modulation. 

Thus a leaky collimator enhances the  cons tan t  p a r t  of f i  and 

dep le t e s  t h e  t i m e  varying p a r t .  

Since t h e  r i n g  p a t t e r n s  from a l l  sources  i n t e r f e r e ,  t h e  

source p o s i t i o n s  der ived  f r o m  a c o r r e l a t i o n  a n a l y s i s  are n o t  

independent,  e.g.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, t he  p o s i t i o n  of GX3-i-1 s h i f t s  by 0.8 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 

t he  d i s t r i b u t i o n  sharpens considerably when t n e  r i n g  p a t t e r n s  

for GX5-1 and G X 9 + 1  are s u b t r a c t e d  (Figs.  3a,b;  5,  c and d ) .  

It  i s ,  t h e r e f o r e ,  important  tha t  t he  measured counting ra te  

be accounted for  either i n  t e r m s  of i d e n t i f i e d  sources o r  

a co l l ima to r  l e a k ,  s i n c e  an u n i d e n t i f i e d  counting rate w i l l  

cause s m a l l  b u t  unpredic tab le  source p o s i t i o n  s h i f t s .  The 

l e a k  con t r ibu t ion  i s  determined t o  be about 1Q percent  from the 

pass over Sco X - 1 ,  and i n  this experiment apprcximately zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3/4 

of t h e  counting rate has  been i d e n t i f i e d .  Other  than the  

four  x-ray sources  l isted i n  Table 1, no o t h e r  major source 

i s  i nd ica t ed  i n  either of Figures  3a o r  b. W e  conclude, there- 

f o r e ,  t h a t  the errors which are int roduced by un iden t i f i ed  

counting ra te  are s m a l l  compared w i t h  0!8. 

For t h e  d a t a  f r o m  each co l l ima to r  an e r r o r  circle assoc i -  

a t ed  w i t h  t h e  p o s i t i o n  of each source i s  der ived  from t h e  

s t a t i s t i c a l  errors assoc ia t ed  w i t h  t h e  measurements of aspec t  

and counting rate. The error circles l isted i n  Table 1 are 

defined o p e r a t i o n a l l y  by t h e  contour w h i c h  is  three s tandard  

dev ia t ions  down from t he  peak on maps s i m i l a r  t o  those shown 

i n  Figure 5. The s tandard  dev ia t ion  i s  determined empi r i ca l ly  

from a region of the  map which does n o t  conta in  a source.  The 
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r a d i a l  e r r o r  l i s t e d  i n  Table 1 i s  due t o  t h e  u n c e r t a i n t i e s  i n  

t h e  measurement of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA ,  t h e r e f o r e ,  t h e  e r r o r  circle should be 

elongated along t h e  r a d i a l  l i n e  towards t h e  approximate 

center of r o t a t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(@=607; b'=-2.0) e 

w e  p r e s e n t  a weighted average p o s i t i o n  with an e r r o r  circle 

which a l s o  allows f o r  t h e  p o s s i b i l i t y  of sys temat ic  e r r o r s  

of as much as  20". 

6 0  
F i n a l l y ,  i n  Table 1 

Two sources  ( G X 9 + 9  and GX13+1) l i s t e d  by o t h e r  i n v e s t i -  

g a t o r s  d i d  n o t  c o n t r i b u t e  a t  least  an i d e n t i f i a b l e  c o r r e l a t i o n  

p a t t e r n  i n  t h e  error boxes assigned by Mayer -- e t  al.  ( 1 9 7 0 ) .  

This r e s u l t  is  c o n s i s t e n t  wi th  expec ta t ions  s i n c e  G X 9 + 9  w a s  

almost a t  t h e  edge of t h e  f i e l d  of view of t h e  coarse  collima- 

t o r ,  and t h e  G X 1 3 + 1  i n t e n s i t y  would y i e l d  a c o r r e l a t i o n  peak 

nea r  the Getezt ion threshold. 

W e  thank M r .  D. Humphries and M r .  G. Polucci  f o r  t h e i r  

creative con t r ibu t ions  t o  t h e  mechanical design of t h e  payload: 

M r .  J. C a r r o l l  f o r  h i s  a n a l y s i s  of t h e  peak p o s i t i o n  da ta :  

M r .  R. Thompson f o r  h i s  many d i scuss ions  concerning d a t a  

ana lys i s ;  t h e  s t a f f s  of Goddard Space F l i g h t  Center and t h e  

White Sands M i s s i l e  Range for t h e i r  ope ra t iona l  support .  



Table 1 

Pos i t ions  and I n t e n s i t i e s  of Observed X-Ray Sources 

Error  
Coordinates Radial  C i r c l e  Radius Source 

N C  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA__u_--- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-̂ Xt-CIEl*s.,.*rr---s-- UY- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
0 

a St reng th  
6 R zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'*"7 Error Presen t  Previous zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1950 Source C o l l i m a t o r  

GX3+1 4' 

8! 

Weighted Average 

G X 5 - 1  4' 

8' 

Weighted Average 

GX9+1 4' 

8' 

Weighted Average 

GX17+2 4' 

8' 

Weighted Average 

h m s  17 44 50 

17 44 46 

17 44 49 

17 58 04 

17 58 02 

17 58 04 
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18 13 11 

18 13 10 
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-26 33.3 2.282 0.797 0.40 

-26 33.0 2.291 0.792 -- 

-25 04.5 5.083 -1.0121 0.06 

-25 05.0 5.070 -1.016 0.14 

-25 04.7 5.079 -1.020 -- 

-20 31.7 9.081 1.147 0.12 

-20 31.0 9.085 1.163 0.30 

-20 31.5 9.082 1.152 -- 

-14 03.1 16.433 1.282 0.30 

-14 02.7 16.440 1.283 0.76 

-14 03.0 16.435 1.282 -- 
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1.7 
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0.9 

1.2 
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1.8 

1.7 

1.8 

2.0 

2.6 

15 

0.39 

0.29 
-- 

1.00 

1.00 

-- 

0.32 

0.35 
-- 

0.44 

0.79 
-- 

8 
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- 

27 

29 

-- 
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8 

- 
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Mayer e t  a l .  (1970). 90 percen t  confidence level .  a 

bRela t ive  t o  GX5-1. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 -  

C Number of s tandard  d e v i a t i o n s  above t h e  average counting rate.  



Figure Captions 

Figure zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1. One of t h e  t w o  independent modulation co l l ima to r  

systems on t he  payload. The g a l a c t i c  c e n t e r  region w a s  

viewed while  t h e  payload r o t a t e d  about t h e  p i t c h  ax i s .  

Figure 2 ,  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA histogram of a p o r t i o n  of N ( t )  obtained from 

t h e  8'  collimator compared w i t h  t h e  pred ic t ed  curves 

obta ined  from t he  p o s i t i o n s  given i n  Table 1, 

Figure 3. Maps der ived  from t he  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 '  col l imator  d a t a  for the 

reg ion  -4'58 $18" and -3" Lb' 5 3 O  which conta ins  a l l  

t h e  sources  i d e n t i f i e d  i n  Table 1. The s o l i d  l i n e s  de- 

f i n e  ad-=O and b+=O. 
P P 

s u b t r a c t i n g  t h e  con t r ibu t ions  from G X 5 - 1  and G X 9 + 1 .  

Only t h e  sources  l i s t e d  i n  Table 1 had i d e n t i f i a b l e  

(a)  Up, (b) V der ived  from U by 

c o r r e l a t i o n  p a t t e r n s  i n  both t h e  4 '  and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 '  data .  

va lues  of  U o r  V are i nd ica t ed  by l i g h t  areas. 
P P 

Figure 4. Deta i led  maps of lI)5 x 1:5 reg ions  centered  

High 

on 

t h e  p o s i t i o n s  repor ted  by Mayer e t  al .  ( 1 9 7 0 ) .  (a) 

G X 5 - 1 ;  U (b) G X 9 + 1 ;  V w i t h  G X 5 - 1  sub t r ac t ed ,  (c) 

G X 3 + 1 ;  V w i t h  G X 5 - 1  and G X 9 + 1  subtracted, (d)  G X 1 7 + 2 ;  

V w i t h  G X 5 - 1  and G X 9 + 1  sub t r ac t ed .  The 4 '  data w e r e  

c a l c u l a t e d  every 1.5 and i n t e r p o l a t e d  by Four ie r  

a n a l y s i s  t o  0.75. The 8 data w e r e  ca lcu la t ed  every 

210 and i n t e r p o l a t e d  t o  l a 0  f o r  GX3+1 and GX17-I-2 and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-- 

P' P 

P 

P 
I 

s 1 



r 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
calculated every 3.0 and i n t e r p o l a t e d  t o  0.75 f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
GX5-1 and GX9+1. 

suppressed and t h e  grey scale i s  divided i n t o  eigh- 

t e e n  increments.  

I n  each map t h e  average va lue  i s  

Figure 5. ( a )  A contour map of  U f o r  GX5-1. The con- 
P 

t o u r s  are p l o t t e d  i n  u n i t s  of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 ccunts  pe r  sec s t a r t i n g  

a t  a minimum (minus s i g n s )  of 415 counts pe r  sec. 

Every f i f t h  contour  is  dashed. (b) Lines of p o s i t i o n  

f o r  GX5-1 which are der ived  only from t h e  peaks of 

N ( t )  and t h e  aspec t  da ta .  The c e n t r a l  i n t e r s e c t i o n  

l ies  a t  t h e  same p o s i t i o n  of GX5-1 given i n  T a b l e  1. 

(c) A contour map of t h e  funct ion U f o r  GX3+1. (d) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-9 contour map of V which i s  der ived  from U by sub- 

t r a c t i n g  t h e  con t r ibu t ions  f r o m  GX5-1 and GX9+1. 

The contours are p l o t t e d  i n  u n i t s  of 1 count per  sec 

s t a r t i n g  a t  a minimum of 430 i n  (c) and 293 i n  ( d ) .  

Every f i f t h  contour i s  dashed, The source p o s i t i o n s  

given i n  Table 1 w e r e  taken from s i m i l a r  maps of V . 
P 

T h e  d a t a  shown here a r e  a l l  from t he  8 '  col l imator ,  

P 

P P 
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GX 5-1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

I ' zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGX3+1 

a85 

a7 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

A= .8:0. 
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Figure 5 


