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I. Introduction 

In  t h i s  repor t  we wish t o  describe the  Universi ty  ok Cal i forn ia  

X-ray experiment on t h e  Third Orbiting Solar  Observatory (OSO-111), 

ind ica te  i t s  present operat ional  s t a t u s  and present  a preliminary d i s -  

cussion of the r e s u l t s  which have been obtained thus far. An OS0 s a t e l -  

l i t e  cons i s t s  of two pa r t s :  a te lescope mount pointed at  the  sun and P 

a r o t a t i n g  wheel member. The pointed sec t ion ,  which is  maintained 

t o  within about 1 arc minute, contains  instruments which genera l ly  cover 

t he  u l t r a v i o l e t  and s o f t  X-ray range. 

s t a b i l i z e d  platform f o r  t he  pointed member, contains  telemetry and servo 

systems and may be o u t f i t t e d  with addi t iona l  experiments, genera l ly  of  

The r o t a t i n g  wheel provides a 

a somewhat d i f f e r e n t  nature  than those provided i n  the  pointed sect ion.  

The OSO's a r e  launched i n t o  a nominally c i r c u l a r  o r b i t  of 33O i nc l ina t ion  

L 
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Review Conference, Goddard Space F l igh t  Center, October 6, 1967. 

' 

1 
, I  

I 



a t  600 kilometers a l t i t u d e ,  and a r e  provided with tape recorder storage 

so t h a t  e s s e n t i a l l y  complete da t a  r e t r i e v a l  i s  obtained. 

The University of Cal i forn ia  X-ray experiment i n  t he  O S O - I 1 1  w a s  

located point ing r a d i a l l y  outward i n  t h e  wheel sec t ion  and w a s  designed 

t o  search f o r  X-raysover t h e  7.7 t o  210 kev region. The instrument 

scanned across  t h e  sun with every wheel ro t a t i on  and, therefore ,  had 

the  capab i l i t y  of observing hard s o l a r  X-ray emission. X-ray bu r s t s  

have been observed previously from balloons and sate l l i tes  and are 

general ly  associated with solar flares. Because of t he  extreme sens i -  

t i v i t y  of t h i s  instrument and i ts  a b i l i t y  t o  maintain continuous opera- 

t i o n  during a period of increasing s o l a r  cycle a c t i v i t y ,  much more new 

information i s  being obtained on these X-rays,and t h e  associated processes 

i n  t h e  Atmosphere of t he  sun. 

Cosmic X-rays were first discovcred from rock.et observations i n  1962. 

Since t h a t  t i m e  instruments car r ied  above the  atmosphere by rockets  and 

balloons have discovered numerous d i s c r e t e  sources of cosmic X-rays, and 

i n  addi t ion  have disclosed the  presence of an apparently i so t rop ic  X-ray 

sky br ightness .  The OSO-I11 X-ray telescope is t h e  f i r s t  s a t e l l i t e -  

borne cosmic X-ray instrument. 

i s  t h e  f i r s t  such survey i n  the  energy range 7.7-210 kev. 

on t h e  v a r i a 5 i l i t y  of t he  cosmic X-ray sources are also the  f irst  of 

t he  i r kind. 3 

The X-ray sky map which it is generating ' 

Valuable da t a  

The O S O - I 1 1  w a s  launched March 8, 1967. A s  of t he  present  t i m e ,  

a l l  s a t e l l i t e  and experiment funct ions have been operating beyond ex- 

pectat ions and the  l ifetime of t he  satell i te i s  expected t o  be severa l  
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years, unless a catastrophic component f a i l u r e  occurs. This r e p o r t .  

presents  resu l t s  which have been obtained on cosmic and s o l a r  X-rays 

from preliminary processing and ana lys i s  of the  data. 

11. Experiment Description 

The Universi ty of Cal i fornia  instrument has been described i n  

The detec tor ,  shown i n  Figure 1, conslderable d e t a i l  previously! 

cons i s t s  of a 5 mm t h i c k  s c i n t i l l a t i o n  counter of about 10 cm area 2 

surrounded by an  anti-coincidence shie ld ing coll imator .  The de tec to r  

response, FWHM, i s  24'; i ts  s o l i d  angle i s  .15 steradians.  The de tec to r  

i s  arranged t o  look rad ia l ly  outward from the  OS0 wheel and as such scans 

x r o s s  t h e  sun, the  sky, and the  e a r t h  below with every nominally 

2 second wheel ro ta t ion .  A s  t h e  sp in  axis of the  wheel precesses i n  

r igh t  ascension due t o  the  servo contro l led  motion of the  OSO, the  

wheel scan plane w i l l  eventual ly cover the  e n t i r e  c e l e s t i a l  sphere. 

Pulse-height information from the  c e n t r a l  d e t e c t o r  is analyzed 

i n  s i x  1ogar i t .mical ly  spaced d i f f e r e n t i a l  channels with a channel 

r a t i o  of 1.7, and two i n t e g r a l  channels a t  7.7 kev and 210 kev. 

The f i r s t  channel covers the  range 7.7 t o  12.5 kev, the  second channel 

12.5 t o  22 kev, e t c .  Accumulation r e g i s t e r s  and log ic  are designed 

such t h a t  events  from the  sun and from the  sky are processed i n  

d i f f e r e n t  manners. Information from each approximately .25 second 

scan across  the  sun is  accumulated channel by channel i n  r e g i s t e r s .  

J 

Approximately 15 seconds are required t o  read out a complete 
\ 
, 8 channel spect.rum of the  sun. Events which occur during t h e  wheel 
1 

I 

scan are used t o  in te r roga te  a d i r e c t i o n  sca le r .  This i s  referenced 1 
1 
I 
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t o  the  sun during t h e  day or t o  the  spacecraft  magnetometer during 

s a t e l l i t e  n ight .  The d i rec t ion  signature r e s u l t s  i n  each 360 sky-scan 0 

being broken up i n t o  approximately 60 six-degree wide in te rva l s .  

t h e  reference d i rec t ion ,  the  s ignature  s c a l e r  number, the  locat ion  of 

Knowing 

the  s a t e l l i t e  i n  geocentr ic  coordinates and the  pos i t ion  of  the  spin-  

ax i s  i n  decl ina t ion  and r i g h t  ascension, the  a r r i v a l  d i rec t ion  of each 

X-ray may be then obtained. 

r a t e s ,  and other  q u a n t i t i e s  required t o  i n t e r p r e t  the  experiment a r e  

Addit ional  information such as the  sh ie ld  

coded onto a subcommutator. 

111. Sta tus  of Data Reduction 

A s  of October 1, approximately 3 months of reduced data  tapes  have 

been received from the  Goddard Space F l igh t  Center. 

approximately 1 month has been sent  through t h e  decommutation and r e-  

duction computer processing a t  UCSD. Most of t h i s  data i s  associated 

with t h e  f i r s t  few weeks of s a t e l l i t e  operation. Certain add i t iona l  

Of these  tapes ,  

i n t e r v a l s  during which t h e  sun was e i t h e r  exceptionally q u i e t  or ac t ive  

have a l s o  been reduced. Orb i t a l  elements obtained f r o m t h e  predicted 

world maps sen t  a r e  incorporated i n t o  a simple o r b i t  computation program 

during the  i n i t i a l  reduction. An aspect  so lu t ion ,  required t o  determine 

the  spin-axis  of the  s a t e l l i t e ,  i s  computed from the  magnetometer data. 

The aspect  i s  a l s o  checked with r e s u l t s  obtained from GSFC and from a 

reduction obtained by the  group a t  MIT f o r  t h e i r  cosmic y-ray experiment 

on t h e  OSO-111. 

review, although f o r  the  purposes of t h i s  paper the re  can be no doubt 

A t  the  present  time the  aspect  so lu t ion  i s  undergoing 
i 
\ 

about the  locat ion  of the  spin axis .  F ina l  reduction w i l l  be accomplished 
I 
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using the  ref ined  s a t e l l i t e  o r b i t a l  elements a f t e r  the  aspect  so lu t ion  

i s  ve r i f i ed .  

In  addi t ion  t o  the  main data reduction, we receive each day approxi- 

mately f i v e  quick-look a l l  channel p r in tou t s  and associa ted  punched tapes  

df X-ray experiment data from GSFC. These passes a r e  obtained from t h e  

Ft.  Meyers, F lor ida ,  t racking s t a t i o n .  One o r b i t  each day i s  reduced 

i n  a quick-look program t o  obtain updated information on the  s t a t u s  of 

the  experiment. 

All t h e  r e s u l t s  reported here have been obtained from the  f i n a l  

tapes received from the  GSFC. The r e s u l t s  qu i t e  na tu ra l ly  f a l l  i n t o  

two d i s t i n c t  groups; those obtained on cosmic X-rays and those obtained 

on solar X-rays. 

IV.  Cosmic X-Rays 

The analys is  required for cosmic X-rays i s ,  of course, qu i t e  com- 

plex s ince the  instrument i s  simultaneously scanning across  the sky and 

moving i n  geomagnetic l a t i t u d e  and horizon aspect .  The f i n a l  programs 

for  analyzing the  cosmic X-ray r e s u l t s  have not  ye t  been completed and 

checked out.  Certain r e s u l t s ,  however, a r e  ava i l ab le  a t  t h e  present  

time. Figure 2 shows t h e  regions of the  c e l e s t i a l  sphere which have 

been scanned as of October 1. The scan i i n e  of the  s a t e l l i t e  wheel, as 

determined from our aspect  so lu t ion ,  i s  shown on March 8 and October 1. 

Also shown i s  the  scan l i n e  on May 11 indica t ing  t h e  e f f e c t  of the  f i n i t e  

de tec tor  aperture.  The l i m i t s  shown a r e  the  pos i t ions  where the  de tec tor  

0 

response i s  down one-half of i t s  f’u11 response. The map of t he  c e l e s t i a l  e 

sphere a l s o  shows the  loca t ion  of some important cosmic X-ray sources 

which a r e  known a t  the  present  time. 
j 
I 
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The r e s u l t s  obtained from the  sca r  of t h e  sky during approxi- 

mately t e n  o r b i t s  on May 11 a r e  shown i n  Figure 3. May 11 w a s  se lec ted  

because a t  t h a t  t i m e  t h e  sun w a s  p a r t i c u l a r l y  quiet ;  even i n  the  lowest 

channel there  w a s  no appreciable counting rate from the  quie t  sun. There 

were, however, two small X-ray bur s t s  which, i n  f a c t ,  a re  v i s i b l e  i n  the  

data. Figure 3 shows t h e  d i s t r i b u t i o n  of counts during the scan across  the  

sky f o r  both day and night  i n t e r v a l s  i n  the  lowest channel, 7.7 t o  12.5 keV. 

Data has been se lec ted  such t h a t  only events  observed a t  t i m e s  when the  

instrument w a s  w e l l  above the  e a r t h ' s  horizon are used. Direct  e f f e c t s  

due t o  e a r t h  albedo have, therefore ,  been eliminated. The background 

l e v e l  produced by cosmic ray secondaries i s  averaged over a l l  l a t i t u d e s  

covered by t h e  satel l i te .  The gap during the  night  t i m e  i s  caused by p a r t  

of the  c e l e s t i a l  sphere being occulted by the  ear th .  

The r e l a t i v e  i n t e n s i t i e s  a re  obtained by d iv id ing  the number of counts 

observed i n  each s e c t o r  i n t e r v a l  by the  normalized time t h a t  t h e  de tec to r  

w a s  ac tua l ly  observing that sec tor  in t e rva l .  The details of t h i s  com- 

putat ion procedure w i l l  not be described here. However, f o r  t h e  da ta  

shown i n  Figure 3, each i n t e r v a l  represents  about one minute of data .  The 

scan, as may be seen from Figure 2, crosses the sun, the  g a l a c t i c  center  

and up i n t o  t h e  northern sk ies .  Sector  numbers are referenced from the  

experiment s o l a r  eye turn-on which occurs 21 before the instrument passes 

d i r e c t l y  across  the  sun. The r e s u l t s  i n  Figure 3 c l e a r l y  show the  sun, as 

indicated by t h e  two small X-ray flares noted previously. The scan a l s o  

shows the complex of X-ray sources near t h e  g a l a c t i c  center  and Scorpius XR-1. 

This l a t t e r  s t rong source is shown i n  reduced i n t e n s i t y  because, as may,be 

seen from Figure 2, it l i e s  outside the  main aper ture  of the de tec tor .  

0 

;t 

\ 
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By obtaining scans such as these  f o r  the d i f f e r e n t  energy channels and 

correct ing f o r  the  background, one may obtain spect ra  of t he  various 

sources. By ca r e fu l l y  f i t t i n g  de tec to r  angular response functions t o  

the  scan d i s t r i bu t i on ,  one may obta in  posi t ions  of strong sources t o  

within a f e w  degrees. The background when no s t rong sources a r e  i n  

the aper ture  is due main ly  t o  the  d i f f i s e  component of cosmic X-rays. 

The preliminary r e s u l t s  obtained on the  cosmic background component 

w i l l  be discussed ne-xt. Studying such a component requires a de ta i l ed  

knowledge of t he  inherent  background of the  de t ec to r  i tself  since t h i s  

cannot lie obtained by taking di f ferences  as t he  source moves across  the  

aperbure. 

of balloon flights; '2)we know the  t r u e  background of the  de tec to r  and 

can cor rec t  accordingly. 

r e s u l t s  obtained over Pales t ine ,  Tex/as, t o  higher a l t i t d d e s  and lower 

The p roper t i es  of the  de tec to r  have been obtained i n  a s e r i e s  

I 

The method of ext rapola t ion from the  balloon 

l a t i t u d e s  has been worked out using data obtained from the  Universi ty of 

Minnesota y-ray experiment on t he  OSO-I. 

The r e s u l t s  obtained from the  O S O - I 1 1  are shown i n  Figure 4. The 

data  averaged over the  e n t i r e  sky when the  de tec to r  was above the  horizon 

and when no s t rong sources were i n  the  aper ture  a r e  shown by the  so l i d  

points .  No correct ion has been made f o r  s a t e l l i t e  l a t i t u d e  except t o  

el iminate i n t e rva l s  i n  the  trapped rad ia t ion  regions. Each point  as 

a funct ion of energy' is  corrected f o r  the  area,  the  de tec to r  aper ture  

and t he  energy width of each channel t o  give a d i f f e r e n t i a l  photon 

spectrum. To obta in  the  t r u e  cosmic component, one must cor rec t  f o r  

the  de tec to r  background. This i s  neglectable a t  t he  lowest energies.  

7 



A t  the higher energies the  de tec to r  background, obtained as discussed 

previously and shown i n  Figure 4 as a s o l i d  l i n e ,  must be subtracted. 

This r e s u l t s  i n  a s teeply  f a l l i n g  spectrum, shown by the dotted points .  

Also shown as a s o l i d  l i n e  i s  the  extrapolated spectrum obtained 

by the  V-ray spectrometer on the  Ranger III.(3) The Ranger r e su l t s ,  a t  

l e a s t  over the  lower energy range, have since been ve r i f i ed  i n  many 

rocket and balloon experiments. (4’5) The points  obtained by the  OSO-I11 

are i n  exce l l en t  agreement with these  d a t a  and, therefore ,  ve r i fy  t h a t  

the  instrument i s  performing as expected. By a more ca re fu l  analysis ,  

using more d a t a  and correc t ing  f o r  l a t i t u d e  dependent background, con- 

s iderably  more prec ise  information about the  spectrum and p a r t i c u l a r l y  

the  anisotropy of t h e  d i f fuse  c-omponent of cosmic X-rays w i l l  be obtained 

on the  OSO-111. f 

V. Solar X-Rays 

A s  indicated previously, approximately two weeks of s o l a r  data have 

been examined i n  d e t a i l  as we l l  as c e r t a i n  o the r  periods. Analyzing 

results from the  sun i s  not p a r t i c u l a r l y  complex because of t h e  d a t a  

processor on board t h e  satel l i te  and t h e  independence of r e s u l t s  from 

o r b i t a l  and aspect  pos i t ions .  The preliminary data ana lys i s  has general ly 

confirmed the  previous knowledge of s o l a r  X-ray emission. ( 6 )  

The outstanding c h a r a c t e r i s t i c  of the  sun i n  the  hard X-ray region 

is  i t s  v a r i a b i l i t y .  The sun i tself  must be observed agains t  the  b r i g h t  

sky background due to t he  d i f fuse  component of cosmic X-rays, discussed 

i n  the  preceding sect ion.  During the  period near  May 11, t h e  sun w a s  

i nv i s ib le  agains t  t h i s  background because of t h e  r a t h e r  l a rge  s o l i d  

angle aper ture  of the  instrument. During the c l a s s  3 f lare  on March 22, 



t he  counting r a t e  completely sa tura ted  the  e lec t ronics .  The dynamic 

range of our instrument, measured by these extremes, is  a t  l e a s t  50,000 

t o  1. 

This experiment only observes e f f e c t s  i n  a small p a r t  of t he  s o l a r  

electromagnetic spectrum covered by the  instrument complement on the  

OSO-I11 s a t e l l i t e .  The A i r  Force Cambridge Research Laboratory, under 

t he  d i r ec t ion  of D r .  Hinteregger, has a spectrometer i n  t he  u l t r a v i o l e t  

range. Dr. Neupert of t he  Goddard Space F l igh t  Center(7) is  operating a 

series of scanning c r y s t a l  spectrometers which cover the  range of approx- 

imately 400-1.3 8. Both these  instruments are mounted i n  t h e  pointed 

sec t ion  of t he  OSO. I n  t he  wheel section, i n  t h e  same compartment as 

t h e  UCSD experiment, Dr. Richard Teske of the  Universi ty  of Michigan (8) 

*s 
provided an X-ray ion chamber which covers p r inc ipa l ly  t he  range between 

8 and i 2  A. 
0 

Our experiment s l i g h t l y  overlaps t h e  GSFC's spectrometer and observes 

t he  much harder component of X-rays. The 7.7-12.5 keV channel contains 
0 

t h e  sho r t e s t  wavelength observed s o l a r  l i n e  a t  1.6 A. 

of t h e  counting rate i n  our  lowest channels i s  not t h i s  l i n e  but  r a t h e r  a 

continuum emission, apparently due to thermal o r  non-thermal bremsstrahlung. 

This seems t o  maintain f o r  e i t h e r  t h e  qu ie t  sun or f o r  s o l a r  f lare produced 

X-rays. 

The dominant source 

I n  Figure 5 are shown r e s u l t s  on t h e  "quiet" sun compared with those 

which have been obtained by rocket observations by t h e  Lawrence Radiation 

Laborat oqy (g'lo)during various port ions of t he  present  s o l a r  cycle.  * Here 

t h e  coordinates have been chosen such t h a t  an exponential  spectrum, charac- 

t e r i s t i c  of thermal bremsstrahlung, w i l l  appear as a s t r a i g h t  l i n e .  

9 



During June of 1965, t he  sun i n  t h i s  wavelength region could be char- 

ac te r ized  by a hot gas a t  4.5 mi l l ion  degrees Kelvin. I n  t h e  Fall of 

1966 the re  w a s  an emission component c h a r a c t e r i s t i c  of a 15 mi l l ion  

degree temperature. 

two periods.  One w a s  during the  f i r s t  two weeks of s a t e l l i t e  operation 

when the  data has been extensively analyzed and the  sun w a s  general ly  

ac t ive .  

two lowest channels gave a 36 mi l l ion  degree equivalent temperature. 

A s  indicated apreviously, during the  period around May 11, 1967, the  sun 

Our r e s u l t s  a r e  a l s o  shown on. t h i s  same graph f o r  

Here the  lowest f l u x  w a s  measured on March 15, 1967, when the  

w a s  i nv i s ib l e  aga ins t  t h e  b r igh t  sky. Upper l i m i t s  a r e  shown f o r  t he  

lowe s t  channe 1. 

Some of these r e s u l t s ,  as wel l  as those which follow, a r e  summarized 

i n  Table I, which ind ika tes  f o r  various conditions the  counting rate, the  

energy f l u x  i n  the  lowest channel, and c e r t a i n  o ther  parameters. Although 

it i s  unl ike ly  t h a t  a l l  t h e  emission is caused by s t r i c t l y  thermal pro- 

cesses, it i s  possible  under t h i s  assumption t o  obtain a temperature 

based on the  data. From the  measured f lux,  one may then obtain [IV2 dV.  e 

For t h e  qu ie t  sun on March 15, when t h e  equivalent temperature w a s  

36 mil l ion  degrees, t h i s  gives  

chromospheric dens i t i e s  of about 10” cm-3 and a height of lo9 em, the  

If one assumes t y p i c a l  upper 

a rea  of which need be b r igh t  a t  t h i s  temperature i s  exceedingly s m a l l ;  on 

t h e  order of 3 mil l ion ths  of t h e  s o l a r  d i s c .  Thus a very s m a l l  chromo- 

spheric region which had e i t h e r  a higher temperature o r  an equivalent 

d i s t r i b u t i o n  of non-thermal e lec t rons  could account f o r  t h e  excess X-rays 

3 

I 

observed over t he  10 t o  20 keV range on March 15. 
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I n  addi t ion  to t he  "quiet"  sun, we observed many X-ray increases of 

widely d i f f e r e n t  c h a r a c t e r i s t i c s .  These have been extensively analyzed 

over the  period from March 8 t o  March 23, when approximatelh- 70 events 

occurred. 

every f l a r e  i s  associated with the  production of X-rays. The converse i s  

not always t rue ,  a t  l e a s t  f o r  events  reported i n  the  monthly Solar-Geo- 

physical  Data of the  I n s t i t u t e s  f o r  Environmental Research (ESSA) . 

The coverage during t h i s  i n t e r v a l  w a s  about 60%. I n  general, 

The t y p i c a l  event has a fast onset and a slower recovery, with a 

durat ion of about 15 minutes. The bur s t  frequency decreases rapidly 

with bur s t  s i ze .  A s  indicated i n  Table I, during t h i s  2-week period, 

approximately f i v e  b u r s t s  p e r  day emitted a peak f l u x ' o f  a t  l e a s t  

1 . 2 ~ 1 0  ergs/cm -see.  For bu r s t s  with peak i n t e n s i t y  of g rea te r  

1 2 ~ . l O - ~  ergs/cm -see, t he  frequency w a s  about 0.5 per  day. 

responds t o  1000 counts/cm2 -see i n  the  lowest channel. 

sa tura ted  a t  about 3000 counts/cm2 -see due t o  the  width of t h e  e l ec t ron ic  

enable gate .  

-6 2 

2 This cor- 

The instrument 

A t y p i c a l  medium s ized  bur s t  i s  shown i n  Figure 6. This burs t  w a s  

observed on t h e  16th  of March and shows t h e  co r re l a t ion  of microwave 

radio f l u x  and the  v i s i b l e  flare!") Typically, w e  observe t h a t  t h e  rise 

time of the  event on the  order  of a f e w  minutes while decay time i s  some- 

w h a t  longer, on the  order  of 10 minutes. I n  a l l  e.vents thus far t h e  higher 

energy X-raysshow a f i s t e r  decay t i m e  than the  lower energy X-rays. 

though t h i s  p a r t i c u l a r  bu r s t  morphology i s  typ ica l ,  many o the r  forms have 
I 

been observed, such as events t h a t  have very gradual r i s e  o r  f a l l  times. 

Excluding the  very l a rge  events, t h e  average r i s e  t i m e  observed w a s  

Al- 

i 
I 
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65 seconds, t he  average f a l l  time was 340 seconds. Detailed corre la t ions  

of these events with o p t i c a l  and radio observations, and with o ther  ob- 

servat ions on the  OSO-111, have not ye t  been made. 

One of the  c h a r a c t e r i s t i c s  of these events i s  shown i n  the  s c a t t e r  

diagram of Figure 7. Here i s  p lo t t ed  the  r a t i o  of channel 3 t o  channel 2, 

which i s  a measure of t h e  hardness of the  X-ray spectrum, as a funct ion of 

the  peak i n t e n s i t y  for each event. This shows c l e a r l y  t h a t  the  l a r g e r  the  

X-ray event, t h e  harder  t h e  spectrum. This r a t h e r  unexpected r e s u l t  

appears t o  be unambiguous at  t h i s  time. On the  b a s i s  of a thermal model 

t h i s  r e s u l t  suggests t h a t  the  n 

t o  fayor  a value of approximately 10~7 em-3. 

2 
e V product f o r  t h e  radia t ing  region tendsi3 

It i s  i n t e r e s t i n g  t o  compare the  event shown i n  Figure 8, which 

occurred 'on March 20, with the  bur s t  shown i n  Figure 6. The peak f l u x  

of each corresponds t o  the  0.5 bursts .  pe r  day occurrence frequency dis- 

cussed above. Both show t h e  c h a r a c t e r i s t i c  fast rise and slow decay, and 

both show f a s t e r  decay a t  higher energies i n  accordance with Figure 7. 

The March 20 burs t  had much g rea te r  duration, as d id  i ts  re l a t ed  H a  

flare. However, t he  times of peak radio f l u x  and H a  emission showed 

no simple co r re l a t ion  with t h e  times of peak X-ray emission. We conclude 

t h a t  even though the  s o l a r  X-ray b u r s t s  obey c e r t a i n  well-defined l a w s  

(Figure 7) , each bur s t  i s  i n  a sense unique. 

I n  addi t ion  t o  t h e  quie t  sun and t o  the  many s m a l l  burs ts ,  we occasion- 

a l l y  observe exceedingly l a r g e  events, some of which cause sa tura t ion .  The 

l a r g e s t  event of t h i s  period occurred on March 22 a t  approximately 0030 UT. 

This event has'been analyzed i n  some de ta i l  f o r  monochromatic X-ray e m i s -  

c 
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0 
s ions  over the 13 t o  1 . 3  A range by Neupert. (7 )  Our data f o r  t h i s  event 

are shown i n  Figure 9. The t i m e  s ca le  here i s  much longer than t h a t  of 

the  previously discussed events.  The l a rge  f l u x  of X-rays sa tura ted  t h e  

instrument e lec t ron ics  f o r  more than an hour. Each gap i n  t h e  d a t a  

represents e i t h e r  a s t a t i o n  readout of t h e  OS0 t ape  recorder o r  an in-  

t e r v a l  during which t h e  OS0 sa te l l i t e  was i n  i t s  night  phase. The in- 

t e n s i t y  of the  X-rays i n  the  65 t o  120 keV range w a s  w e l l  above back- 

ground f o r  nearly an  hour. 

ground f o r  3 o r  4 hours and had not completely d ied away when another 

Lower energy components remained above back- 

event occurred. Figure 9 a l s o  shows the  approximate p r o f i l e  of 2700 

megacycle radio  emission as observed up t o  the  t i m e  of radio sunset  a t  

the  report ing s t a t i o n .  It i s  not the  i n t e n t  here t o  go i n t o  a detailed 

ana lys i s  of these  events, bu t  merely t o  present  d a t a  t h a t  i s  t y p i c a l  of 
I 

hard s o l a r  X-ray observations on the'3SO-111. 
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TABLE I 

Channel 2 - 7.7-12.5 Kev 

Rate Flux 

2 
- Source 

(ergs/cm -see. ) (c/cm 2 -see . )  
~~ ~ 

Cosmic Sky Background 

"Quiet'' Sun.- March 15 

Bursts 5/day 

Bursts  - 0.6/day 

Saturat ion 

0.2 

3.0 

80 

1000 

3000 

3 10-9 

50 10-9 
-6 1 .2  x 10 

15 x 

50 x lom6 

I 

' /  
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FIGURE CAPTIONS 

Figure 1 The hard X-ray de tec to r  on the  OSO-111. The ac t ive  an t i-  

coincidence sh ie ld  provides col l imation and excel len t  back- 

gound re jec t ion .  Events i n  t h e  c e n t r a l  de tec tor  a r e  analyzed 

i n  a logari thmical ly spaced pulse-height analyzer over the  

7.7 t o  210 keV range. 

Figure 2 The locus of wheel scans at various da te s  across  the  c e l e s t i a l  

sphere. On t h e  scan of May i i t h , t h e  e f f e c t  due t o  t h e  f i n i t e  

de tec to r  aper ture  i s  a l s o  indicated.  This scan i n i t i a t e s  near 

the  e c l i p t i c  plane, passes through t h e  ga lac t i c  center ,  near 

the  s trong source Scorpius XR- 1 and i n t o  the  northern skies .  

Figure 3 Relat ive i n t e n s i t y  across  t h e  scan pa th  obtained during approx- 

imately 10 o r b i t s  on May 11th. The sun, t h e  g a l a c t i c  center  

t 
and Scorpius XR-1 a r e  c l e a r l y  v i s i b l e  above background. 

The d i f fuse  cosmic X-ray f l u x  observed on the  OSO-111. 
, 

Figure 4 The 

f lux ,  when no s t rong sources are known t o  be i n  t h e  aperture,  i s  

corrected f o r  t h e  de tec to r  background, which has been ob- 

ta ined  i n  a series of preliminary balloon and sa te l l i t e  invest-  

igat ions.  The r e su l t an t  f l u x  agrees with previous measure- 

ments obtained on the  Ranger-111. 

The hard X-ray continuum of t h e  nominally quie t  sun obtained Figure 5 

by various rocket observations and on t h e  OSO-111 during t h i s  

s o l a r  e y e d .  On March 15, t he  sun w a s  general ly act ive,  al- 

though the re  were no v i s i b l e  f l a r e s  o r  o the r  events reported 

during t h e  t i m e  t h i s  d a t a  w a s  taken. During the  period of 

May 11th  only an upper l i m i t  was obtained because the  f l u x  

w a s  a t  a very low l eve l .  



FIGURE: CAPTIONS (continued) 

Figure 6. Solar  X-ray event t y p i c a l  of those observed between March 8 

to March 23, 1967. Some 10 events of t h i s  s i ze  occurred 

during t h i s  period, general ly associated with solar f l a r e  

o r  radio emission. The t y p i c a l  event shows a fast r i s e  time 

and a slower decay time. 

Figure 7 This shows the  i n t e n s i t y  of each event p lo t t ed  as a function 

of t h e  counting rates i n  t h e  12.5 - 22 keV channel divided 

by the  7.7 - 12.7 keV channel. This indica tes  t h a t  the  more 

intense t h e  event, t h e  harder the  apparent X-ray spectrum. 

The temperatures r e f e r  t o  a thermal bremsstrahlung source. 

Figure 8 An X-ray event observed on March 20, 1967. This event, which 

w a s  qu i t e  intense,  i s  somewhat a typ ica l  because of the  very 

slow decay t i m e .  
I 

The X-ray f l u x  w a s  i n  i t s  decay phase at  t h e  

time of f l a r e  Ha, maximm.’ 

t h e  peak microwave emission. 

The fast rise was associated with 

Figure 9 The l a rge  event of March 22, 1967. The lower channels were 

completely sa tura ted  f o r  many hours. Even a t  energies  of 

100 keV, a de tec table  i n t e n s i t y  was emitted for nearly a n  

hour. This shows c l e a r l y  t h e  softening of the  spectrum with 

time. 

3 
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Preliminary Resul ts  of t he  
I 
I 

Univers i ty  of  Cal i forn ia  X-Ray Experiment 22 23 

on t h e  OSO-IIIX 

Laurence E. Peterson, Hugh S. Hudson 

and Daniel A. Schwartz 

Univers i ty  of Cal i forn ia ,  San Diego - * 

L a  J o l l a ,  Cal i forn ia  

I. Introduct ion 

I n  t h i s  r epo r t  we wish t o  descr ibe the  Univers i ty  of Cal i forn ia  

X-ray experiment on t h e  Third Orbi t ing Solar  Observatory (OSO-III), ' ^  

ind ica te  i t s  present  opera t iona l  s t a t u s  and present  a preliminary d i s -  

cussion of the  r e s u l t s  which have been obtained thus far. An OS0 s a t e l -  

l i t e  cons i s t s  of two pa r t s :  

a r o t a t i n g  wheel member. 

a te lescope mount pointed at  the  sun and 

I The pointed sec t ion ,  which i s  m i n t a i n e d  

t o  within about 1 arc minute, contains  instruments which genera l ly  cover 

t he  u l t r a v i o l e t  and s o f t  X-ray range. The r o t a t i n g  wheel provides a 

s t a b i l i z e d  platform for t he  pointed member, contains  te lemetry and servo 

I 
I 
1 

l 
I 

systems and may be o u t f i t t e d  with add i t i ona l  experiments, genera l ly  of 

a somewhat d i f f e r e n t  na ture  than those provided i n  the  pointed sect ion.  

The OSO's a r e  launched i n t o  a nominally c i r c u l a r  o r b i t  of 3 3 O  i nc l ina t ion  

I 
t 

*&sed on presenta t ions  a t  t h e  13th  In t e rna t iona l  Astronomical Union 1 
Meeting, Prague, Czechoslovakiz, August 21-30, 1967, and a t  the  OSO-I11 
Review Conference, Goddard Space F l i g h t  Center,  October 6, 1967. 

. 
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