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Abstract 

On 20 March, 1 9 6 9 ,  w e  c a r r i e d  o u t  bal loon 
x-ray observa t ions  of Sco X - 1  (>18 keV) from 
Aus t r a l i a .  W e  found t h e  i n t e n s i t y  t o  f l u c t u a t e  
con t inua l ly  between 16-h3Om and 21h30m U.T. In- 
t e n s i t y  changes of f a c t o r s  of two and t h r e e  w e r e  
observed wi th in  t i m e  i n t e r v a l s  of one-half t o  
one hour. 

During a ba l loon  f l i g h t  f r o m  Mildura, A u s t r a l i a ,  on 

20 March, 1 9 6 9 ,  w e  c a r r i e d  o u t  x-ray observa t ions  of and made 

1 9  scans over Sco X - 1  between 16h30m' and 2 1  30 U.T.  Simul- h m  

taneous o p t i c a l  observa t ions  w e r e  planned from Siding Spring 

Observatory; q u i t e  unexpectedly, however, t h e  observatory 

clouded o u t  s h o r t l y  a f t e r  t he  bal loon reached a l t i t u d e .  

W e  used our 358 cm2 NaI(T1) s c i n t i l l a t o r  d e t e c t o r  

surrounded by an an t ico inc idence  j a c k e t  of p l a s t i c  s c i n t i l -  

lator. The f i e l d  of view had an angular  width of 13' FWHM. 

*This work w a s  supported by g r a n t s  from t h e  U . S ,  Nat ional  
Aeronautics and Space Administration (22-009-015) , t he  
Nat ional  Science Foundation (GP-9365) and t h e  Off ice  of 
Naval Research. 
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During t h e  observa t ions  of Scs X - 1  t.he te lescope  a x i s  w a s  

i n c l i n e d  t o ' t h e  zen i th  a t  angles  from 34' t o  17'; t h e  tele- 

scope w a s  r o t a t e d  continuously i n  azimuth with an average 

per iod of about 8 minutes. The zen i th  angle  of the  te lescope  

was changed during t h e  Sco X - 1  observa t ions  t o  inc rease  the  

exposure t i m e .  These changes w e r e  made i n  a pre-programmed 

manner; no commands w e r e  given from t h e  ground. 

A t  a l l  t i m e s  t h e  c e l e s t i a l  d i r e c t i o n  of t h e  detector 

a x i s  could be determined w i t h  an accuracy of  1' from contin- 

uously recorded azimuthal o r i e n t a t i o n  d a t a  provided by two 

crossed magnetometers which w e r e  c a l i b r a t e d  by a sun sensor  

a f t e r  s u n r i s e  ( -20  1 0  U . T . ) .  The atmospheric p re s su re  was h m  

measured every t h i r t y  seconds by a gauge which w e  c a l i b r a -  

ted be fo re  t h e  f l i g h t  under s imulated f l i g h t  condi t ions  and 

found t o  be accu ra t e  t o  0.07 g c m w 2  i n  our pressure  range 

(2.5 t o  3 . 5  g c m - 2 ) .  

agreed with t h e  a l t i t u d e  ca l cu la t ed  from the  gauge readings.  

Radar measurements of t h e  a l t i t u d e  

The energy r e s o l u t i o n  of t h e  d e t e c t o r  (FWHM) was 45% ab 25 k e V  

and 37% a t  60  keV, Before t h e  f l i g h t ,  w e  determined t h e  

seven channel se t t , ings  of t h e  pulse-height  analyzer  over t h e  

energy range from 1 8  t o  9 6  k e V  t o  an accuracy of about 2%. 

W e  monitored t h e  s e t t i n g s  f o r  seven seconds every twenty 

minutes during t h e  f l i g h t  by exposing t h e  d e t e c t o r  t o  an 

source. Each seven Second c a l i b r a t i o n  per iod allowed m z 4  1 

us t o  determine the  counting ra te  due t o  t h e  c a l i b r a t i o n  

source t o  a s t a t i s t i c a l  accuracy of about. 5% i n  t h e  lowest 
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channel,  which w a s  t h e  magnitude of t h e  change t h a t  could 

be caused by a s h i f t  i n  t h e  lowest channel boundary (18  k e V )  

of approximately 0.2 keY. 

The background counting ra te  w a s  c a l c u l a t e d  by c o w i n i n g  

d a t a  over per iods  of  400 seconds when t h e  f i e l d  of view included 

n e i t h e r  Sco X - 1  nor any o t h e r  obvious high energy x-ray source 

(see, f o r  sky map on October 15 ,  1 9 6 7 ,  Lewin, Clark and 

S m i t h ,  1968a; a s i m i l a r  sky map from t h e  March 2 0 ,  1 9 6 9 ,  

observat ions w i l l  be published s h o r t l y ) .  The values  thus  

obtained w e r e  used wi th  l i n e a r  i n t e r p o l a t i o n  t o  c a l c u l a t e  t h e  

background counting ra te  a t  any des i r ed  i n s t a n t  of t h e  f l i g h t .  

A c o r r e l a t i o n  between t h e  background counking ra te  and t h e  

azimuthal d i r e c t i o n  of t h e  instrument  was found; t h e  counting 

ra te  w a s  h ighes t  when t h e  instrument  w a s  po in t ing  towards t h e  

sou theas t  and lowest when t h e  instrument  w a s  po in t ing  toward 

t h e  northwest. M a x i m u m  d i f f e r e n c e s  from t h e  average value 

w e r e  +3% and -2%. During t h e  observa t ions  of Sco X - 1  t h e  

azimuth of t h e  source changed by about 130° (see t a b l e ) .  W e  

have taken t h e  azimuthal dependency of t h e  background i n t o  

account although it had an i n s i g n i f i c a n t  e f f e c t  on t h e  r e s u l t s  

obtained f o r  Sco X-1. 

During each scan over Sco X - 1  t h e  t o t a l  i n t e n s i t y  of t h e  

source w a s  c a l c u l a t e d  i n  t h e  same way as descr ibed i n  an 

e a r l i e r  paper (Lewin, Clark and Smith, 1968b). I n  our a n a l y s i s  

of t h e  Sco X - 1  i n t e n s i t y  w e  have taken i n t o - a c c o u n t  only the 

- _-  for which t h e  corresponding co l l ima to r  response 
~ 

da ta  

func t ion ,  f (exposed f r a c t i o n  of t h e  s e n s i t i v e  c r y s t a l  a r e a ) p  

w a s  g r e a t e r  than 0.30. Fu r the r ,  w e  have included only those  

_ _  - -- - _ _  _ _  - - .  - .- 

&%- 
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scans over  Sco X - 1  f o r  which, under t h e  above condi t ion ,  t he  

e f f e c t i v e  observa t ion  t i m e  w a s  g r e a t e r  than 15 seconds. 

I n  the  table w e  g ive  d e t a i l e d  information on these 1 9  

scans,  E f f e c t i v e  observa t ion  t i m e s  vary from a minimum of 

16 .5  seconds (scan #8) t o  a maximum of 126 .3  seconds (scan 

#15). During t h i s  scan,  q u i t e  accidental l -y ,  the  n e t  r e s u l t  

of bal loon r o t a t i o n  and t h e  t e l e s c o p e ' s  azimuthal d r i v i n g  

mechanism r e s u l t e d  i n  a very s l o w  scan over Sco X-1. One 

should note  t h a t  the  e f f e c t i v e  observat ion t i m e  f o r  a given 

scan d6pends no t  on ly  on t h e  azimuthal r o t a t i o n  of t h e  tele- 

scope, b u t  also on the  d i f f e r e n c e  between t h e  zen i th  angles  of 

Sco X - 1  and the  te lescope  (see columns 3 and 4 of t h e  table) * 

The Universal  T i m e s  f o r  t he  moments t h a t  Sco X-1 w a s  c l o s e s t  

t o  t h e  a z i s  of the  t e l e scope  are given i n  column t w o ;  t he  

zen i th  angle  of t h e  t e l e scope ,  t h e  zen i th  angle  and azimuth 

of Sco X - 1  are given i n  columns three, four  and f i v e .  E f f e c t i v e  

observat ion times are given i n  column s i x :  t h e  atmospheric 

depth is  g i v e n ' i n  column seven and the  atmospheric th ickness  

( l i n e  of s i g h t  t o  t h e  source)  i s  given i n  column e i g h t .  The 

absolu te  accuracy i n  t h e  values  f o r  t h e  atmospheric th ickness  

i s  0.07 g t h e  r e l a t i v e  accuracy i s  about 0 .04  g 

The counting rates as presented i n  columns n ine  and t e n  in- 

c lude t h e  combined d a t a  from our three l o w e s t  energy channels 

( t o t a l  range, 18-38 k e V ) .  Average background counting ratesp 

as  c a l c u l a t e d  i n  t h e  manner descr ibed  above, are given i n  

column n ine ;  each value has a s t a t i s t i ca l  accuracy of about 
- 
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0.5 counts sec-l. Co1um:n t e n  conta ins  t h e  i n t e n s i t y  of 

Sco X - 1  i n  counts sec'las measured, w i t h  no c o r r e c t i o n s  

included f o r  d e t e c t o r  response o r  f o r  absorpt ion due t o  t h e  

E a r t h  ' s atmosphere. 

Figure 1 shows t h e  source i n t e n s i t i e s  (18-38 k e V )  

p l o t t e d  versus  Universal  T i m e .  H e r e  t h e  i n t e n s i t i e s  are 

corrected t o  an atmospheric th ickness  of 3 . 5 0  g cmm2 by 

f a c t o r s  der ived  under t h e  working assumption t h a t  the  primary 

energy spectrum has t h e  form F ( E )  a exp(-E/Eo) with Eo=5keV. 

This form, r ep resen t ing  the  high-energy cu to f f  of a thermal 

bremsstrahlung spectrum, serves  here  the  purpose of descr ib ing  

a s t e e p  primary spectrum over t h e  energy range of our obser- 

va t ions .  I n  the  l a s t  column of  t h e  table  w e  g ive  c o r r e c t i o n  

f a c t o r s  t h a t  reduce t h e  d a t a  t o  an atmospheric th ickness  of 

3.50 g ane2; t he  i n t e n s i t i e s  p l o t t e d  i n  f i g u r e  1 a r e  

products of t h e  i n t e n s i t i e s  l i s ted  i n  the  table (column 1 0 )  

and t h e  corresponding c o r r e c t i o n  f a c t o r s  i n  column 11. 

Figure 1 a l s o  shows a c a l c u l a t e d  va lue  f o r  the  i n t e n s i t y  

i n  t h e  energy range 1 8  t o  38 k e V  as der ived  from our observa- 

t i o n s  (20 t o  30 keV) on October 15 ,  1967 between 0 3  1 0  and 

0 4  15 U.T. (Letuin, Clark and Smith, 1968b). During t h i s  

h m  

h m  
- 

period Sco X - 1  w a s  i n  a qu ie scen t  s ta te  and i t s  i n t e n s i t y  w a s  

comparatively s teady.  The e x t r a p o l a t i o n  [from a 20-30 k e V  

channel t o  an 18-38 keV channel) was made under t h e  assumption 

of a primary spectrum of t h e  above 5orm with Eo=5 keV, 
I 

P o s i t i v e  i d e n t i f i c a t i o n  of x-rays from Sco X - 1  could 

be made i n  only t h e  f i r s t  three channels (18-22 keV, 22-29 keV 
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and 29-38 k e V ) .  P l o t s  s i m i l a r  t o  t h e  one given i n  f i g u r e  1 

have been made f o r  each of t h e s e  t h r e e  energy channels. How- 

eve r ,  t h e  s ta t i s t ica l  s i g n i f i c a n c e  of t h e  d a t a  does n o t  a l l o w  

a meaningful comparison between t h e  i n t e n s i t y  f l u c t u a t i o n s  i n  

these  channels. W e  have t h e r e f o r e  presented i n  f i g u r e  1 only 

t h e  d a t a  of t h e  t h r e e  lowest energy channels combined. 

W e  corrected t h e  d a t a  t o  zero  atmospheric th ickness  using 

f a c t o r s  der ived  under t h e  above working assumption regarding 

t h e  form of t h e  primary spectrum with Eo=5 keV. 

accounted f o r  t h e  atmospheric a t t e n u a t i o n  and the  d e t e c t o r  

response a s  descr ibed  i n  de t a i l  i n  a previous pub l i ca t ion  

These f a c t o r s  

( C l a r k ,  Lewin and S m i t h ,  1968) .  The r e s u l t s  of t he  bombined 

d a t a  from a l l  1 9  t r a n s i t s  over t h e  source are given i n  

f i g u r e  2 toge ther  w i th  r e s u l t s  from previous bal loon,  rocke t ,  

and s a t e l l i t e  observat ions.  The spectrum t h a t  w e  thus  f i n d  f i t s  

t h a t  of a thermal bremsstrahlung spectrum w i t h  values  of 

4.5 keV < Eo < 7.0  keV. W e  also c a l c u l a t e d  sepa ra t e ly  two 

average primary s p e c t r a ,  one using only d a t a  from t h e  nine 

scans during which t h e  h ighes t  source i n t e n s i t i e s  w e r e  observed,. 

and one using d a t a  from t h e  o t h e r  t e n  scans.  The s p e c t r a  t h a t  

w e  thus  Sind (no t  shown here)  a l s o  f i t  t h e  form of a thermal 

bremsstrahlung spectrum, with va lues  4.5 keV E < 7.5 keV. 

. . - - _- - .- - - __ -_ - 

0 

Therefore ,  although w e  observed s t rong  i n t e n s i t y  changes, w e  

have no evidence f o r  a change i n  t h e  s p e c t r a l  form. 

I n t e n s i t y  curves of appearance similar t o  t h a t  presented 

here  have been repor ted  f o r  t h e  o p t i c a l  range of t h e  spectrum 

Y 
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( H i l t n e r  and Mook, 1968; Westphal, Sandage and K r i s t i a n ,  1 9 6 8 ) .  

I n  a d d i t i o n ,  t h e  c h a r a c t e r i s t i c  v a r i a t i o n  of t h e  o p t i c a l  

i n t e n s i t y  i n f e r r e d  by Wilson and Twigg, 1 9 7 0 ,  frqm var ious  

observers '  d a t a  i s  n o t  un l ike  our r e s u l t  ( f i g .  1). The 

magnitude of t h e  i n t e n s i t y  changes ,observed i n  t h e  o p t i c a l  

spectrum, however, i s  considerably smaller than t h a t  observed 

i n  t h e  x-ray reg ipn  of t h e  spectrum. 

I n  summary, w e  have found t h a t  t h e r e  are per iods of 

con t inua l  changes i n  t h e  x-ray i n t e n s i t y  of Sco X - 1  i n  

add i t ion  t o  f l a r e - type  a c t i v i t y  which has  previously been - 

repor ted  by Lewin, Clark and Smith, 1968b, and by Hudson, 

Peterson and Schwartz, 1 9 7 0 .  I n t e n s i t y  changes have a l s o  

been repor ted  by Agrawal -- e t  a l . ,  1969.  

W e  thank A. Sandage and 0. Eggen f o r  t h e i r  co l l abora t ion  

i n  a t tempts  t o  achieve simultaneous o p t i c a l  observa t ion  of 

Sco X-1 .  W e  thank E: Curwuod, D. S c o t t ,  and t h e  s t a f f  of t h e  

Balloon Launching S t a t i o n  a t  Mildura, A u s t r a l i a ,  f o r  ca r ry ing  

o u t  t h e  f l i g h t .  W e  a l s o  wish t o  thank R. Leslie and t h e  

Aus t r a l i an  Minis t ry  of Supply f o r  t h e i r  cooperation. W e  a r e  

g r a t e f u l  t o  t h e  s t a f f  of t h e  MeteOrOlQgy Department i n  Mildura 

.- 

for the i r  f rank cooperat ion and w e  thank B i l l  Wilson of t h e  

Off ice  of Naval Research f o r  h i s  h e l p f u l  suggest ions during 

t h e  f i e l d  opera t ions .  



Figure Captions 

Figure 1. X-ray i n t e n s i t i e s  (18-38 keV) from Sco X - 1  

as observed during 1 9  scans over the source on 

March 20,  1969.  The i n t e n s i t i e s  (counts sec”358-’ 

have been correcrted t o - a n  atmospheric th ickness  

of 3.50 g e m m 2 .  An i n t e n s i t y  i n  t h i s  same energy 

i n t e r v a l  as ex t r apo la t ed  from r e s u l t s  obtained from 

observa t ions  when Sco X - 1  w a s  s teady  and qu ie scen t  

on October 15, 1967 (Lewin, Clark and Smith, 1968b) 

i s  also ind ica t ed .  

Figure 2. S p e c t r a l  d a t a  on Sco X - 1  obtained from r e c e n t  

ba l loon ,  rocke t  and s a t e l l i t e  observat ions.  
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Table 

E f f .  I n t e n s i t y *  
Z e n i t h  Zenith Obs. Backgr .  Above C o r r  . 

U.T. Angle Angle Azimuth Time Atm. Atm. R a t e  Backgr .  F a c t .  
March 20 T e l e s c .  S c o  X - 1  Sco X - 1  f > 0 . 3  Depth T h i c k n e s s  (sec") ( s e c - l )  t o  3 .50  

g Cm-* 18 - 38 keV S c a n  1969 ( d e g s )  ( d e g s )  ( d e g s )  ( s e c )  (g  cm") (g  ran-') 

Column 2 3 4 5 6 7 . 8  9 1 0  11 

16h42. lm I n - f l i g h t  e n e r g y  c a l i b r a t i o n  

1 7  02 .1  I n - f l i g h t  e n e r g y  c a l i b r a t i o n  

1 7  22 .1  I n - f l i g h t  energy calibration 

1 1 6  5 6 . 1  2 9 . 1  33.0 61 .3  30.4 3.48 4 . 1 5  41 .1  2.1k1.9 1 .38  

2 17  1 6 . 1  29 .1  29.6 54.6 43.5 3 .31  3.80 4 1 . 1  4 . 1  1 . 5  1.16 

3 1 7  29.2 2 9 . 1  27.5 49.6 31 .1  3.16 3.57 41 .1  5 . 9  1 . 8  1 . 0 3  
4 1 7  39 .1  29 .1  26.0 45.3 16.9 3.17 3.52 40.2 7.6 2.4 1 .01  

1 7  42 .1  
5 1 7  4 5 . 1  
6 17  53.8 
7 1 8  01 .5  

1 8  02 .1  
8 1 8  07.9 
9 1 8  1 9 . 5  

1 8  22 .1  
1 0  18 30.4 
11 1 8  42.1 

1 8  42.2 
1 2  1 8  52 .1  

19  02 .2  
1 9  42.2 

1 3  1 9  53.7 
20 02.2 

1 4  20 05.0 
15 20 20.2 

20 22.2 
1 6  20 27.3 
1 7  20 40 .1  

20 42.2 
18 2 1  00.4 

2 1  02.2 
1 9  2 1  1 2 . 1  

2 1  22.2 

I n - € l i g h t  energy c a l i b r a t i o n  
2 9 . 1  25.1 42.5 21 .1  3.17 3.50 41.4 5.5 2.2 1 . 0 0  
29 .1  24.0 38.1 20.3 3.14 3.44 41.4 2 .8  2.4 0.97 
1 7 . 1  23 .1  34.0 17.7 3.16 3.44 41 .1  2.6 2.6 0.97 

I n - f l i g h t  e n e r g y  c a l i b r a t i o n  
1 7 . 1  22.4 30.3 16.5 3.19 3.45 41 .1  -0.5 2.7 '  0.97 
1 7 . 1  21.3 23.2 32.0 3 . 2 1  3.45 41.6 3.6 1 . 9  0.97 

I n - f l i g h t  energy c a l i b r a t i o n  
1 9 . 1  '20.6 16.0 58.7 3 . 2 1  3.42 41.6 4.7 1 .3  0 .96  

F 1 9 . 1  20 .1  7.8 51.0 3.19 3.40 41.8 5.1 1.4 0.95 
I n - f l i g h t  e n e r g y  c a l i b r a t i o n  

I n - f l i g h t  e n e r g y  c a l i b r a t i o n  
I n - f l i g h t  e n e r g y  calibration 

In- f l igh t  e n e r g y  calibration 

1 9 . 1  20.0 0 . 7  55.8 

2 2 . 1  24.3 321.3 50.7 

22 .1  25.9 315.9 23.9 
25 .1  28.3 309.4 126.3 

I n - f l i g h t  e n e r g y  calibration 
28 .1  29 .5  306.5 70 .8  
28 .1  31.8 302.4 2 8 . 1  

I n - f l i g h t  e n e r g y  calibration 

I n - € L i g h t  e n e r g y  c a l i b r a t i o n  

I n - f l i g h t  e n e r g y  c'alibration 

31.1 35.5 296.3 31.6 

, 
34.1  37 .8  293.3 22 .1  

3.21 3 .41  41.8 6.3 1 . 3  0 .96  

3.02 3.32 42.5 6.7 1 .4  0.92 

3.03 
2.70 

3.36 
3.07 

41.3 
41.7 

6.4 2 . 1  
7.9 1.1 

0.94 
0.80 

2.54 
2.54 

2 .91  
2.99 

41.7 
42.0 

4.4 1 .4  
11 .0  2.0 

0 .75  
0.78 

2.55 3.14 41.7 7.6 1 . 9  0 .84  

2.58 41.8 1 1 . 7  2.2 0.89 3.26 

* N o t  correctaed f o r  atmospheric absorption or detector r e s p o n s e  
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Figure  1 



Y 

Y 

Figure 2 


