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A new p u l s a t i n g  X-ray s ta r  q u i t e  u n l i k e  t h e  one o t h e r  

known X-ray p u l s a r  has  been d e t e c t e d  i n  o u r  Milky Way ga laxy  

by  t h e  N a t i o n a l  Aeronaut ics  and Space A d m i n i s t r a t i o n ' s  Exp lo re r  

4 2 ,  t h e  Small  Astronomy S a t e l l i t e ,  launched l a s t  Dec. 1 2 .  

The newly-detected X-ray p u l s a r ,  1 3  new X-ray o b j e c t s  

found b o t h  w i t h i n  t h e  Milky Way and severa l  remote g a l a x i e s ,  and 

conf i rma t ion  t h a t  a d i s t a n t  q u a s a r  i s  a source  of powerful  X-rays ,  

are i n c l u d e d  i n  t h e  i n i t i h l  s c i e n t i f i c  r e s u l t s  from Exp lo re r  4 2 .  

They were d i s c u s s e d  today a t  t h e  American Astronomical  S o c i e t y  

i n  Ba ton  Rouge, LA, by D r .  Riccardo Giaconni from t h e  American 

Sc ience  and Engineer ing  (AS&E), Cambridge, MA,  p r i n c i p a l  i n v e s t i -  

g a t o r  for t h e  s a t e l l i t e .  

The new X-ray p u l s a r ,  i d e n t i f i e d  as Cygnus X - 1  i n  t h e  

C o n s t e l l a t i o n  Cygnus, was observed by t h e  s a t e l l i t e  t o  g e n e r a t e  

p r e c i s e l y - t i m e d  X-ray p u l s e s  a t  t h e  ra te  of about  1 5  p e r  

second.  
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Both NASA and AS&E as t ronomers  were s u r p r i s e d  a t  t h i s  

d i scove ry  a l though  Cygnus X - 1  has been known to be a v a r i a b l e  

X-ray source  f o r  a number o f  y e a r s .  

The c u r r e n t  e x p l a n a t i o n  f o r  an  o b j e c t  i n  space  e m i t t i n g  

wel l - t imed energy p u l s e s  i s  t h a t  of a r o t a t i n g  n e u t r o n  s t a r ,  

s i n c e  a high ra te  of r o t a t i o n  means t h a t  t he  s p i n n i n g  s ta r  

must be a c o l l a p s e d  o b j e c t .  

Although Cygnus X-1 i s  a n  X-ray p u l s a r  l i k e  NP-0532 i n  

the  Crab Nebula, t h e r e  w e  many d i s s i m i l a r i t i e s  i n c l u d i n g  its 

o r i g i n  which i s  apr:arent ly  q u i t e  d i f f e r e n t .  

I n  t h e o r y ,  the Crab  Nebula and i t s  X-ray p u l s a r  were 

c r e a t e d  when a h i g h l y  evolved star exploded i n  t h e  Milky Way 

about  one thousand years ago. The p u l s a r  was produced when 

g r a v i t a t i o n a l  c o l l a p s e  caused i n f a l l i n g  material t o  be  com- 

p a c t e d  to a n u c l e a r  d e n s i t y  of about a b i l l i o n  t o n s  per-cubic-  

i n c h  i n  one second.  A rebounding shock wave drove o f f  t h e  

outermost  l a y e r s  o f  t h e  s t a r ' s  atmosphere t o  produce an  ex- 

panding c loud  of gas. It i s  t h i s  gas  c loud  t h a t  i s  s o  v i s i b l e  

i n  t h e  n i g h t  s k y  as t h e  Crab Nebula. 

If  Cygnus X-1 were t h e  r e s u l t  o f  a supernova _ _  e x p l o s i o n  

l i k e  t h e  one t h a t  c r e a t e d  t h e  Crab Nebula and NP-0532, there  

s h o u l d  be a d e t e c t a b l e  remnant sur rounding  Cygnus X - 1 .  There 

is none, and Cygnus X - 1 ' s  estimated age of  10 ,000  years  is 

too s h o r t  a t i m e  f o r  a __- supernova - remnant t o  have evolved  and 

disappeared.  -more- 
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T h i s  leads t h e  exper imenters  t o  conclude t h a t  Cygnus 

X-1 was not  formed i n  a supernova exp los ion  o r  t h a t ,  f o r  some 

r e a s o n ,  i t s  remnants are n o t  d e t e c t a b l e  i n  e i t h e r  t h e  v i s i b l e  

Qr r a d i o  energy range  as supernova remnants .  

Other t h a n  a neu t ron  star,  Cygnus X - 1  could prove to 

be a t h e o r e t i c a l  "black h o l e . "  Although l i t t l e  i s  known how 

such  an  o b j e c t  i s  formed, i t  i s  cons ide red  t o  be so  dense t h a t  

i t s  g r a v i t a t i o n a l  f i e l d  p r e v e n t s  matter and energy from escap ing .  

It i s  s p e c u l a t e d  t ha t  X-rays may b e  produced i n  great q u a n t i t i e s  

by material  sur rounding  t h i s  o b j e c t .  

R e s u l t s  of the f i r s t  complete scan  of t h e  M i l k y  Way 

are a l s o  inc luded  i n  t h e  i n i t i a l  r e s u l t s  from Exp lo re r  4 2 .  

Of t h e  33 X-ray o b j e c t s  observed i n  t h i s  ga l axy ,  t e n  have neve r  

been seen  b e f o r e .  T h i s  data c l e a r l y  shows what i s  known t o  be  

a g e n e r a l  d i s t r i b u t i o n  o f  X-ray s o u r c e s  i n  o u r  ga l axy .  Speci-  

f i c a l l y ,  t h i s  i n c l u d e s  a s t r o n g  c o n c e n t r a t i o n  of d i s c r e t e  

s o u r c e s  n e a r  t h e  g a l a x y ' s  c e n t e r  and s i n g l e  i s o l a t e d  s o u r c e s  

a t  o t h e r  p o i n t s  around t h e  Mi lky  Way. 

The a c t u a l  obse rv ing  t i m e  to complete t h i s  f i r s t  Milky 

Way scan  was less  t h a n  th ree  hour s ,  T h i s  i s  only  a small 

f r a c t i o n  of t h e  total t i m e  t h a t  w i l l  b e  u l t i m a t e l y  a v a i l a b l e .  

Thus, it i s  expec ted  t ha t  many new s o u r c e s  w i l l  b e  d e t e c t e d  i n  

ou r  ga l axy .  

-more- 



-4- 
U n t i l  t he  Small  Astronomy S a t e l l i t e  was launched ,  t h e  

on ly  o b j e c t  o u t s i d e  t h e  Milky Way d e f i n i t e l y  known to e m i t  

X-rays was t h e  ga laxy  M87, l o c a t e d  i n  t he  Virgo c l u s t e r  of 

about  1 , 0 0 0  g a l a x i e s .  There w a s  a l s o  ev idence  t ha t  X-rays 

were emi t ted  from t h e  quasa r  3C273 and t h e  source  NGC 5128 

l o c a t e d  i n  t h e  c o n s t e l ~ a t i o n  CentaUr$S. 

Data from t h e  s a t e l l i t e  confirms t h a t  these sources  do 

e m i t  v a s t  amounts of X-rays, and f u r t h e r  d i scovered  X-ray 

emiss ions  from three  new o b j e c t s .  These new sources  i n c l u d e  

t h e  d i s t a n t  ga laxy  M84 a l s o  i n  t h e  Vil-go c l u s t e r ,  and t h e  

nearby S e y f e r t  g a l a x i e s  N G C - 4 1 5 1  and NGC-1275. NGC-1275 was 

r e p o r t e d  e a r l i e r  by r e s e a r c h e r s  from t h e  Naval Research Lab- 

o r a t o r y  t o  be  a pods ib l e  X-ray source .  

The S e y f e r t  g a l a x i e s ,  no t  p rev ious ly  known to be X-ray  

emit ters ,  are  a d i s t i n c t  c l a s s  of g a l a x i e s  c h a r a c t e r i z e d  b y  

a n  ex t remely  b r i g h t  and a c t i v e  n u c l e a r  r e g i o n  q u i t e  d i f f e r e n t  

from o u r  ga l axy ,  I n  many ways, these g a l a x i e s  resemble t h e  

q u a s a r  which i s  n e i t h e r  s ta r  no r  ga l axy ,  bu t  n o n e t h e l e s s ,  a 

powerfu l  r a d i o  sou rce .  Quasar  means q u a s i - s t e l l a r  r a d i u  cource .  

De tec t ion  of X-rays from t h e  S e y f e r t  g a l a x i e s ,  a long  

w i t h  t h e  s a t e l l i t e ' s  conf i rmat ion  t h a t  t h e  quasa r  3C273 i s  an  

X-ray e m i t t e r ,  could  prove to be  major c l u e s  to unders tanding  

t h e  p o s s i b l e  e v o l u t i o n  of  quasa r s  to S e y f e r t  g a l a x i e s  and 

t h e n  t o  more q u i e t  g a l a x i e s  l i k e  t h e  Milky Way. 

-more- 
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The quasa r  3C273 i s  t h e  most d i s t a n t  o b j e c t  from us  

known t o  e m i t  X-rays. T h i s  quasa r  i s  a b i l l i o n  l i g h t  years  

away. A l i g h t  yea r  i s  t h e  d i s t a n c e  l i g h t  t r a v e l s  i n  one y e a r  

a t  t h e  speed of  186,000 miles-a-second. Because of i t s  d i s -  

t a n c e ,  t h e  X-ray sou rce  i n  t h i s  quasa r  must be e x t r a o r d i n a r i l y  

powerfu l  

Exp lo re r  42 data r e v e a l s  t h a t  the ga laxy  M87 source  

Rather t h a n  
- 

.- - 

i s  n o t  as s imple  a S  i t  was conceived to b e .  

o r i g i n a t i n g  from a p o i n t  i n  t h e  ga laxy ,  X-rays from t h i s  

area seem t o  be coming from an area much l a r g e r  t h a n  t h a t  

occupied by  t h e  M81 ga laxy .  
- - 4  

One p o s s i b l e  e x p l a n a t i o n  f o r  t h i s  r e s u l t  i s  tha t  M84, 

which i s  a nearby ne ighbor  o f  M87, c o n t r i b u t e s  as much as 

one h a l f  o f  t h e  t o t a l  X-ray emiss ion  observed from t h i s  p a r t  

of  t h e  sky .  

High energy astronomy, of which t h e  s tudy  of  X-rays i s  

a v i t a l  p a r t ,  has r e v i s e d  many b a s i c  a s t ronomica l  concep t s  

s i n c e  d i scove ry  of the f i rs t '  s t e l l a r  X-ray sou rce  i n  1962. 

These o b j e c t s  rad ia te  much more energy  i n  X-rays t h a n  any o t h e r  

form of  r a d i a t i o n  as opposed to common stars i n  which o n l y  

ahout  one -mi l l i on th  of  t h e i r  emi t ted  energy i s  i n  the  form 

of X-rays. 

-more- 
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The p r o j e c t  s c i e n t i s t  f o r  Explorer  42, D r .  Carl F i c h t e l  

of NASA's Goddard Space F l i g h t  Center, Greenbe l t ,  MD, sa id ,  

"Explorer  42 r e p r e s e n t s  a g i a n t  s t e p  forward i n  astronomy by 

p rov id ing  t h e  f i r s t  complete and s e n s i t i v e  p i c t u r e  of t h e  s k y  

i n  X-rays. These f i r s t  r e s u l t s  from t h e  s a t e l l i t e  confirm t h e  

e x p e c t a t i o n  t h a t  no t  only s i g n i f i c a n t ,  b u t  some unexpected 

phenomena would b e  d i scove red ,  r e l a t i n g  d i r e c t l y  to t h e  funda- 

menta l  h igh  energy p rocesses  which govern t h e  e v o l u t i o n  of stars 

and g a l a x i e s ,  *' 

The f i r s t  Small Astronomy S a t e l l i t e  was launched f o r  

t h e  United S t a t e s  by I t a l y  from a mobile launch p l a t f o r m  o f f  

t h e  c o a s t  of Kenya l a s t  Dec. 1 2  i n t o  a c i r c u l a r  e q u a t o r i a l  o r b i t .  

It  was a l s o  named Uhuru, Swah i l i  f o r  freedom. 
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