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Abstrac t . T iming observa t ions o f the C r a b pu lsar were m a d e be tween 10 M a y 1969 to 3 July 1970. 
Arr ival t imes were correc ted t o t h e ba rycen t re of the solar sys tem; a further cor rec t ion was m a d e for 
the effect of dispers ion. T h e o n l y j u m p in per iod occurred in Sep tember 1969, a l though small 
irregularit ies in the per iod occurred at o the r t imes. A third order po lynomia l fitted all the observed 
d a t a to within ± 0 . 1 5 pulse per iods . 

Since May 1969 timing observations of the Crab Nebula pulsar have been made at 
the Arecibo Observatory approximately twice per week. Observations are made 
simultaneously at 2 or more of the frequencies 430, 318, 196.5, 111.5 and 73.8 MHz, 
with a sampling interval of 32 jusec. For each run of approximately 18 min (32000 
pulse periods) the corresponding samples in successive pulse periods are summed. 
Between 5 and 9 such runs are usually made on one observing day. Topocentric 
arrival times are found by cross-correlating the summed data with an expected pulse 
shape which includes the effects of the receiver parameters, and the pulse smearing 
which is presumed to be caused by interstellar multipath propagation. Further details 
are given by Rankin et al. (1970). 

By using Loran C transmissions the observatory time is referenced to the U.T.C. 
system to better than 10 jusec. Corrections are made for the periodic error of a terres
trial clock caused by the non-circular orbit of the earth (Clemence and Szebehely, 
1967), and arrival times are referenced to the solar system barycentre using an 
ephemeris kindly provided by Ash, Shapiro and Smith of the MIT Lincoln Laboratory. 
A ten day average of the dispersion constant deduced from the same observations 
(Rankin and Roberts, 1970) is used to extrapolate the 430 MHz barycentric arrival 
times to infinite radio frequency. Pulse numbers are assigned successively by extra
polating the known previous behaviour of the pulsar. Finally, daily mean arrival 
times are found from cubic fits of pulse number versus arrival time made to data from 
several successive observing days. For the interval 10 May 1969 to 3 July 1970 there 
are 112 such daily mean arrival times. 

To examine irregularities in the pulsar behaviour, observations on successive 
observing days are used to derive a mean pulsar repetition frequency for the inter
vening days. The pulsar slows down so rapidly that it is necessary to add a linear 
function of the time to these frequencies before plotting. Figure 1 shows such plots 
for successive, and partly overlapping, intervals of approximately 100 days. A different 
multiple of the time was chosen for each section so that the residuals would form 
approximately symmetric curves. 
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The frequency jump in September, 1969 (Boynton et al, 1969; Richards et al, 
1969) is clearly seen in the second curve from the bottom. There are no other such 
obvious frequency jumps. There are, however, times when the pulsar behaviour is 
irregular and some of these irregularities may be caused by smaller frequency jumps, 
as for example in the interval between 12 April 1970 and 24 April 1970 (left hand 
side of the top curve). However the much larger irregularities in the mean frequencies 
seen in June and July 1970 (right hand side of upper curve) do not appear to indicate 
permanent frequency jumps. 

H— 100 DAYS H 

Fig . 1. M e a n pulsar repet i t ion frequency deduced f rom arrival t imes on t w o successive observing 
days , p lus a mul t ip le of t he m e a n of t he t w o arr ival t imes p lo t ted a s a funct ion of this m e a n t ime. 
T h e ' typical e r ro r b a r ' co r r e sponds t o e r ro r s of 20 //sec ( ~ twice the r m s er ror ) a t e i ther end of a 3 day 
interval . T h e e r ro r increases for m o r e closely spaced observa t ions a n d decreases for m o r e widely 
spaced observat ions . B o t t o m cu rve : 1969 M a y 10-1969 Augus t 10; Mul t ip l ier 3.857972 x 1 0 " 1 0 s e c " 2 . 
Second b o t t o m : 1969 July 30-1969 N o v e m b e r 12; Mult ipl ier 3.857096 x 1 0 " 1 0 s e c " 2 . Midd le curve : 
1969 October 20-1970 J a n u a r y 2 0 ; Mul t ip l ier 3.856300 x 1 0 ~ 1 0 s e c " 2 . Second t o p : 1969 December 3 0 -
1970 Apri l 6 ; Mult ipl ier 3.855456 x 1 0 " 1 0 sec~ 2 . T o p cu rve : 1970 M a r c h 25-1970 July 3 ; Mult ipl ier 

3.854558 x 1 0 ~ 1 0 s e c " 2 . 
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It was hoped that a polynomial fitted to pulse number versus arrival time would 
describe the steady rotation and slowing down of the star, and leave any irregularities 
as residuals to the fit. However it is necessary to use at least a cubic to fit the obser
vations, and the interpretation is not clear. Experiments show that a polynomial 
fitted to a set of observations is not a reliable means of predicting the future behaviour 
of the pulsar. Fits to the data prior to the end of September 1969 correspond to 
solution of 

dv/dt = -Kvn, 

with « ~ 2 . However after the frequency jump n increased to nearly 3, and then 
decreased to approximately 2.5. The quasi-sinusoidal residuals evident prior to the 
jump (Richards et al.9 1970) perhaps continued until January 1970 and then dis
appeared rather suddenly. 

If a polynomial fitted to arrival times prior to the September 1969 frequency jump 
is used to predict the future behaviour of the pulsar, it is found, as expected, that 
actual arrival times are systematically earlier. By 3 July 1970 the accumulated error 
is 13 full pulse periods. However, if a cubic is fitted to the whole data span from 
10 May 1969 to 3 July 1970, the departures from the fit are never greater than 
±0 .15 pulse periods. Hence, it is possible that the stellar rotation changed smoothly 
with time, approximately as described by this cubic (« = 2.6), and that the source 
moved relative to this rotating frame by up to + 50°. 

This note reports one aspect of a project in which J. M. Rankin of the University 
of Iowa, C. C. Counselman III of MIT and G. H. Pettengill of Arecibo Observatory 
are also involved. A fuller report of the results will be made at a later date. The 
project would not have been possible without the full support of the staff of Arecibo 
Observatory and the financial support of sponsoring agencies. Arecibo Observatory 
is operated by Cornell University under contract with the National Science Founda
tion with partial support from the Advanced Research Projects Agency. The present 
work is also supported in part by Air Force Office of Scientific Research contract 
F44620-69-C-0092 and NASA grant N G L 16-001-002. 
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Discussion 

F. C. Michel: W h a t is n for all 500 days? I t seems t o me tha t o n e mus t e i ther decide to use 

dv 
— = k(t)vn^ at 

which is what one does implicitly when o n e talks a b o u t a ' j ump in the per iod ' , o r use 

dv 
— = kvn + residuals (t) at 

where k and n a re cons t an t s tha t a re increasingly bet ter de te rmined as m o r e d a t a becomes available, 
a n d the residuals represent t he shor t t e r m drift effects. T o c o m p r o m i s e a n d fit t o cons tan t k a n d n 
for different d a t a r u n s is a n u n f o r t u n a t e mix ture of these t w o app roaches . 

/. A. Roberts: n ~ 2.6 for the who le t ime interval . 
R. G. Conway: Y o u showed t w o per iods of t ime when t he pulse frequency was ' r o u g h ' . A m I right 

in th inking tha t they b o t h o c c u r r e d in J u n e when the S u n a n d C r a b a re c lose? 
A. Roberts: The re is n o real cor re la t ion between the occurrence of roughness a n d being near 

the Sun . 
R. Schwarz: Cou ld the ' r o u g h ' pe r iods be connec ted with changes in the dispers ion measu re? 
/. A. Roberts: T h e effects of dispers ion measure changes u p o n arr ival t imes have been removed . 
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