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SPECTROSCOPY LETTERS, 2(2), 31-35 (1969) 

PULSAR NP-O552--A "SPECTROSCOPIC" BINARY? 

Henry P. D a r t ,  111 

1008 N a t i o n a l  Bank of  Commerce B u i l d i n g  
New O r l e a n s ,  L o u i s i a n a  70112 

I n  November, 1967, t h e  f i r s t  p u l s a r  was d i s c o v e r e d  by Antony 

Hewish of  Cambridge U n i v e r s i t y .  W i t h i n  a y e a r  a dozen more were 

d i s c o v e r e d .  They may be d e s c r i b e d  a s  r a d i o  s o u r c e s  w i t h i n  t h e  

Milky Way Galaxy t h a t  e m i t  p u l s e d  r a d i o  s i g n a l s .  Very l i t t l e  e l s e  

i s  known a b o u t  them w i t h  c e r t a i n t y ,  a l t h o u g h  most a s t r o n o m e r s  be- 

l i e v e  they  a r e  p robab ly  n e u t r o n  s t a r s .  The mechanism by which 

they  e m i t  r a d i o  s i g n a l s  i s  unknown. 

C a r e f u l  measurements of  t h e  p u l s e  p e r i o d ,  i . e . ,  t h e  t i m e  i n -  

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

e x c e p t  NP-0532 which i s  t h e  s u b j e c t  o f  t h i s  p a p e r ,  have  p u l s e  

p e r i o d s  which have  remained a b s o l u t e l y  c o n s t a n t  s i n c e  t h e i r  d i s -  

cove ry  t o  w i t h i n  1 x s e c o n d s ,  t h e  l i m i t  of  a c c u r a c y  o f  mea- 

su remen t .  These p u l s e  p e r i o d s  r ange  from a maximum of  1.9616633 

seconds f o r  t h e  s o u r c e  known a s  PSR 2045 t o  a minimum of 0.05309014 

seconds  f o r  t h e  s o u r c e  known a s  NP-0532. (I) 

The p e r i o d  of NP-0552 was f i r s t  measured on Oc tobe r  20, 1968, 

a t  A r e c i b o ,  P u e r t o  R i c o ,  where i t  was p i cked  up by t h e  l a r g e  r a d i o  

t e l e s c o p e  o p e r a t e d  t h e r e  by C o r n e l l  U n i v e r s i t y .  It d i f f e r s  f r o m  

a l l  o t h e r  p u l s a r s  i n  t h a t  t h e  p u l s e  p e r i o d  i s  not c o n s t a n t .  Seven  
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HENRY P .  DART I11 

measurements of the  pulse  per iod  were made from 20 October ,  1968 

t o  December 1969, a s  f o l l o w s :  (2) 

20 October 

1 5  November 

22 November 

26 November 

2 December 

5 December 

9 December 

O.Oj309014 seconds 

O.O33O9ll2 seconds 

0.03309139 seconds 

O.Ojj09154 seconds 

O.Oj309175 seconds 

0.0j j09185 seconds 

O . O j j O 9 1 9 9  seconds 

It should be c a r e f u l l y  noted t h a t  t h e  above measurements a r e  

c o r r e c t e d  f o r  the  Doppler e f f e c t  r e s u l t i n g  from motion of the  

e a r t h  i n  i t s  o r b i t  around the  sun.  Likewise,  the  per iod  measure- 

ments of a l l  o t h e r  p u l s a r s  a r e  c o r r e c t e d  f o r  t h e  e a r t h ' s  motion. 

A f t e r  the  c o r r e c t i o n  i s  made, however, we f i n d  t h a t  a l l  o t h e r  

p u l s a r s  have c o n s t a n t  p e r i o d s ,  whi le  NP-0532 i s  i n c r e a s i n g  a s  in-  

d i c a  ted  above. ( 3 )  

A p l o t  of t h e  pulse  per iod  a g a i n s t  time shows t h a t  the  in-  

c r e a s e  i s  p e r f e c t l y  l i n e a r  from 20 October t o  26 November, w i t h  

an i n c r e a s e  i n  per iod  of 3.78 x seconds per  day f o r  37 days.  

T h e r e a f t e r ,  however, the r a t e  of i n c r e a s e  dec l ined  a s  fol lows : 

26 Nov. ) 
2 Dec. ) 

2 Dec. ) 
5 Dec. ) 

5 Dec.) 
9 Dec. ) 

6 days 

4 days 

3.50 x s e c .  
per  day 

5.33 x s e c .  
per  day 

3.25 x s e c .  
per  day 
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PULSAR NP-0532 

The w r i t e r  b e l i e v e s  t h i s  a p p a r e n t  c u r v a t u r e  i n  t h e  p l o t  is  

q u i t e  r e a l ,  a l t hough  i t  cou ld  be due t o  e r r o r  i n  measurement. 

Obse rva t ions  subsequent  t o  9 December, when p u b l i s h e d ,  w i l l  show 

the  e x t e n t  of t h e  c u r v a t u r e ,  i f  any.  

A second f e a t u r e  of  NP-0532 which d i s t i n g u i s h e s  i t  from a l l  

o t h e r  p u l s a r s  i s  t h a t  a n  o p t i c a l  s o u r c e ,  i . e . ,  a v i s i b l e  s t a r ,  

has  been d i s c o v e r e d  a t  t h e  same p o s i t i o n  a s  t h e  r a d i o  sou rce .  

The l i g h t  from t h i s  s t a r  a l s o  a r r i v e s  i n  p u l s e s  h a v i n g  t h e  same 

pe r iod  as t h e  r a d i o  pu l ses !  ( 4 )  

These two f e a t u r e s  ( v a r i a b l e  p e r i o d  and a v i s i b l e  star a t  

t h e  same p o s i t i o n )  d i s t i n g u i s h  NP-0552 from a l l  o t h e r  p u l s a r s  

which have c o n s t a n t  p e r i o d s  and a r e  i n v i s i b l e .  This h a s  l e d  t h e  

w r i t e r  t o  conc lude  t h a t  NP-0552 i s  a member of a s p e c t r o s c o p i c  

( s i c )  b i n a r y  system, i . e . ,  i n  o r b i t  around t h e  common c e n t e r  o f  

g r a v i t y  i t  s h a r e s  w i t h  t h e  v i s i b l e  s t a r ,  w i t h  t h e  p l ane  of  o r b i t  

n e a r l y  p a r a l l e l  t o  t h e  l i n e  of s i g h t ,  w h i l e  a l l  o t h e r  p u l s a r s  a r e  

s i n g l e  s o u r c e s .  

The v i s i b l e  component i s  a b l u i s h  l o o k i n g  s t a r ,  w i t h  a v i s -  

u a l  magnitude of abou t  1 6 . 2 ,  l o c a t e d  i n  t h e  Crab Nebula.  I t s  

spectrum has  no l i n e s  a t  a l l . ( 5 )  

same frequency as t h e  p u l s a r ,  i t  is  r e a s o n a b l e  t o  suppose t h a t  

t h e r e  i s  a cause  and e f f e c t  r e l a t i o n s h i p  between t h e  i n v i s i b l e  

S i n c e  i t s  l i g h t  p u l s a t e s  a t  t h e  

p u l s a r  and i t s  luminous mate.  Rapid p u l s a t i o n  of t h e  s t e l l a r  s u r -  

f a c e  a t  speeds  approach ing  the  speed of l i g h t  would,  of  c o u r s e ,  

smear o u t  t h e  s p e c t r a l  l i n e s ,  It i s  p o s s i b l e  t h a t  when t h e  v i s -  

i b l e  s t a r  i s  a t  t h e  a p a s t r o n  p o s i t i o n ,  t h e  p u l s a t i o n  e f f e c t  w i l l  
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HENRY P . DART I11 

e i t h e r  d imin i sh  o r  d i s a p p e a r ,  a t  which t ime w e  may be a b l e  t o  

d e t e c t  l i n e s  i n  t h e  spectrum. 

I f  NP-0532 i s  i n  f a c t  a " spec t roscop ic"  b i n a r y ,  a s  t h e  

w r i t e r  b e l i e v e s ,  t h e  d i s c o v e r y  of  t h i s  s o u r c e  h a s  t h e  g r e a t e s t  

s i g n i f i c a n c e .  Most of man's knowledge o f  s t e l l a r  masses and 

d i s t a n c e s  comes from s p e c t r o s c o p i c  b i n a r i e s ,  e c l i p s i n g  b i n a r i e s ,  

and p u l s a t i n g  s t a r s  of t h e  Cepheid type .  Cont inued measurement 

of t h e  p u l s e  p e r i o d  of NP-0532 w i l l  e n a b l e  a s t ronomers  t o  d e t e r -  

mine w i t h  p r e c i s i o n  i t s  o r b i t a l  p e r i o d ,  t h e  e c c e n t r i c i t y  of i t s  

o r b i t ,  and t h e  d i s t a n c e  by which i t  i s  s e p a r a t e d  from i t s  v i s i b l e  

companion a t  v a r i o u s  p o i n t s  on t h e  o r b i t .  T h i s  i n f o r m a t i o n ,  i n  

t u r n ,  when coupled w i t h  i n f o r m a t i o n  ga ined  from o b s e r v a t i o n  of 

t h e  v i s i b l e  companion, w i l l  s u r e l y  l e a d  t o  a b e t t e r  u n d e r s t a n d i n g  

of t h e  mys te r ious  p u l s a r s  and t h e  mechanism by which they  e m i t  

r a d i o  waves.  

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

t h a t  i t  w i l l  pe rmi t  measurement of  t h e  speed of  t h e  s o u r c e  t o  a 

much h i g h e r  deg ree  of accu racy  t h a n  e v e r  b e f o r e  p o s s i b l e .  Here- 

t o f o r e  t h e  speeds of  b i n a r y  s t a r s  have been measured by t h e  

Doppler e f f e c t  through t h e  s h i f t i n g  of s p e c t r a l  l i n e s .  T h i s  

method l e a v e s  much t o  be d e s i r e d  i n s o f a r  a s  accu racy  i s  conce rned ,  

Now, f o r  t h e  f i r s t  t ime ,  t h e  Doppler e f f e c t  produced by r o t a t i o n  

of a double  s t a r  c a n  be measured w i t h  a n  accu racy  of one p a r t  i n  

10 . It f o l l o w s  t h a t  t h e  r a d i a l  v e l o c i t y  of t h e  s o u r c e  can  be 8 

determined w i t h  similar a c c u r a c y ,  

S i n c e  improved accuracy  of measurement a lmos t  a lways l e a d s  

t o  new d i s c o v e r i e s ,  i t  i s  n o t  un reasonab le  t o  e x p e c t  b i g  t h i n g s  

i n  t h e  f u t u r e  from t h e  " s p e c t r o s c o p i c "  p u l s a r ,  NP-0552. 
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