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Abstract . N e w observa t ions have been m a d e of s t rong pulses f rom N P 0532. Linear polar izat ion is 
typically 25 per cent a n d circular polar iza t ion is less t h a n 10 per cent bu t definitely no t zero. A 
compar i son of pulse shapes a t 429.9 a n d 430.1 M H z showed significant differences in detailed s t ructure 
a n d polar izat ion. In ano the r s tudy s t rong pulses at 318 a n d 111 M H z d id no t occur together a l though 
a s t rong pulse at one frequency was accompan ied by an a b o v e average intensity at the o ther 
frequency. Similar behav iour was found at 111 and 74 M H z . W e conc lude tha t s t rong pulses d o no t 
have a smoo th con t inuous frequency spec t rum. 

1. Clarification of Previously Published Results 

The properties of strong pulses from NP 0532 have been investigated by Heiles et al. 
(1970) at 430 MHz using a bandwidth of 8 kHz. They found that the pulses were 
sometimes ^ 100 /zsec in width and showed circular polarization whose sense varied 
systematically with the arrival time of the strong pulse within the average pulse 
envelope, whose half-width is about 250 /isec. However, observations with a 300 kHz 
bandwidth (which yields a time resolution of about 2 msec due to dispersion) by 
Graham et al. (1970) showed little circular polarization but did show 70 per cent 
linear polarization in a typical pulse. We have performed two new sets of observa­
tions to clarify the situation. 

One observation used 300 kHz bandwidth and a time constant of 1 msec, and was 
basically a repetition of the work done at Jodrell Bank (Graham et al, 1970). These 
observations have been published elsewhere (Rankin and Heiles, 1970) and will not 
be described in detail here. Only strong main pulses were observed - no precursors 
or interpulses. Most of the strong pulses did not show the 70 percent linear polariza­
tion implied to be typical by Graham et al. (1970). Linear polarizations of order 25 
per cent were typical but many pulses showed much smaller polarization. There was 
no systematic trend in position angle from one pulse to another. Circular polarization 
was nearly always smaller than linear polarization, usually less than 10 per cent, but 
definitely not always zero. 

The other observation was done on 11 July 1970, and used both senses of circular 
polarization, recording each simultaneously in two band widths centered at precisely 
429.9 and 430.1 MHz. Each of the four channels was mixed to baseband and the 
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bandwidths were defined by RC time constants which provided 3 dB total widths of 
about 7.5 kHz, or integrated bandwidths of 12 kHz. The signals were then detected, 
passed through approximately rectangular 100/jsec time filters, and recorded at 
50 jusec intervals in synchronism with the pulsar period. 

As is our usual practice, we computed the energy distribution on and off the 
main pulse; the strong pulses were selected on the basis of these distributions and 
were positively substantiated by detection with approximately the correct time delay 
at both frequencies. Previous 430 MHz distributions have been given previously 
(Heiles et al., 1970; Rankin and Heiles, 1970), and we will not repeat them here. 

The average of all the strong pulses was obtained and is shown in Figure 1. It does 
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Fig . 1. Average of the s t rong pulses at 430.1 M H z ( top) and 429.9 M H z (bo t t om) in to ta l intensity, / 
a n d circularly-polarized Stokes pa ramete r , V. T h e relative t ime delay due t o dispers ion is evident . 

N o t e t he absence of circular polar izat ion repor ted earlier! 
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not show the circular polarization reversal that was found earlier (Heiles et al, 1970). 
We know of no reason why there should be any systematic effects in either experiment. 
We can only conclude that our previous result was a statistical fluke due to the small 
number of pulses involved. 

Individual strong pulses appeared different in the two channels. When the pulse 
was narrow, it would often arrive at different phases of the pulsar period at the two 
frequencies. Also, differences in pulse width were common and the sense of circular 
polarization was often different. Examples can be seen in Figure 2. 

Some differences in pulse shapes observed at the two frequencies are clearly 
expected because the time-bandwidth product for each plotted point in Figure 2 is 
only about 1.2. However, we question whether this can account for the differences 
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Fig. 2a. 
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in pulse width we often observe, or for the differences in circular polarization, especial­
ly in cases where the pulse is wide enough to substantially increase the effective time-
bandwidth product. Furthermore, in the cases where the pulse or its components are 
narrow, they should at least arrive at the same pulsar phase at the two frequencies. 
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Fig . 2b . 

This is often not the case. Therefore the pulse shape differences are thought to be 
significantly real. However, further measurements are obviously called for and will 
be performed in the near future. 

2. New Observational Results 

Most of our new observations are being published elsewhere (Heiles and Rankin, 
1971; Rankin and Heiles, 1971b) and here we will only summarize the results. The 
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new results involve simultaneous observations at various frequencies and an approxi­
mate determination of the spectral behavior of strong pulses. 

Simultaneous observations of individual strong pulses at 318 and 111 MHz reveal 
that a detectable strong pulse at one frequency does not usually give rise to an 
independently detectable strong pulse at the other frequency. However, a strong pulse 
detected at one frequency does tend to produce a pulse which is stronger than the 
average pulse intensity at the other frequency. A strong pulse which is detected at 
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Fig . 2c. 

F ig . 2 a - c . Individual 430 M H z s t rong pulses a t 430.1 M H z ( top) a n d 429.9 M H z (bo t tom) in total 
intensity, / , a n d circularly-polarized Stokes pa rame te r , V. T h e relat ive t ime delay d u e to dispersion 
has been removed by shifting the g raphs by t h e appropr i a t e a m o u n t . T h e intensi ty scales for V and / 
a t each frequency are the same, bu t the scales at the two frequencies a re different a n d are shown . 

N o t e the different pulse shapes a n d widths , a n d the differences in K a t the two frequencies. 
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318 MHz tends to produce a pulse at 111 MHz which is about eight times stronger 
than the average 111 M H z pulse, and vice versa. However, detectable strong pulses 
at any frequency are typically 1500 times stronger than the average pulse. Thus there 
is a discrepancy of more than two orders of magnitude which can only be the result 
of real frequency structure in the spectrum of an individual strong pulse. 

Similar behavior is exhibited between 111 and 74 MHz as revealed by further 
simultaneous measurements. About half of the strong pulses are independently 
detectable at both frequencies, but the other half behave in a manner akin to the 
usual one seen in the 318-111 M H z data described above. These data lead to the 
conclusion that the strong pulses are not received with a smooth, continuous frequency 
spectrum. Our 111-74 M H z observations imply a frequency width of about 30 MHz, 
perhaps implying that 

On the other hand, the spectral behavior may be more complicated. Further obser­
vations are required to determine the spectral behavior more accurately. Additional 
spectral information is given in our other papers (Heiles and Rankin, 1971). 

These observations were obtained with large bandwidths and do not suffer from 
a small time-bandwidth product. Current knowledge about interstellar scintillation 
(Heiles and Rankin, 1971) allows us to rule out interstellar scintillation as a significant 
contributing cause to the spectral behavior described here. The pulse emission mecha­
nism itself, or scattering near the pulsar itself, could be responsible for the frequency 
behavior. In any case, the existence of occasional huge pulses which are characterized 
by complex spectral behavior and random polarization behavior contrasts with other 
pulsars, which are not thought to show these properties. 

Acknowledgement 

The Arecibo Observatory is operated by Cornell University under contract to the 
National Science Foundation and with partial support from the Advanced Research 
Projects Agency. This work was supported in part by the Air Force Office of Scientific 
Research, Office of Aerospace Research, U.S. Air Force, under contract F44620-69-
C-0092. 

References 

G r a h a m , D . A. , Lyne , A . G. , a n d Smi th , F . G . : 1970, Nature 225, 526. 
Heiles, C , Campbe l l , D . B . , a n d R a n k i n , J . M . : 1970, Nature 226, 529. 
Hei les , C , a n d R a n k i n , J . M . : 1971, submi t t ed t o Nature. 
R a n k i n , J. M . a n d Heiles, C : 1970, Nature 221, 1330. 
R a n k i n , J . M . a n d Heiles, C : 1971b, submi t t ed t o Nature. 

Discussion 

F. G. Smith: I t is i m p o r t a n t t o dis t inguish between the averages of Stokes p a r a m e t e r s over m a n y 
pulses a n d the measuremen t s o n single pulses . If a single pulse is measured , the r ad ia t ion is necessarily 
100 % elliptically polar ised dur ing a t ime which is the inverse of the receiver bandwid th . A t ime average 
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m u s t be made , which m u s t be over a m u c h longer t ime. S o m e of D r . He i l e s ' results seem to show a n 
inadequa te t ime smooth ing , a n d wi thou t m o r e detail of receiver pa r ame te r s we should no t accept 
his measurements of pulse s t ruc tures o r circular polar isa t ion. 

C. Heiles: T h e t ime-bandwid th p roduc t for each p lo t ted p o i n t = 1.2. However , there a re m a n y 
cases in which the pulse is, for example , 1 0 0 % circularly polar ised t h r o u g h o u t the w h o l e s t rong pulse 
in one bandwid th , while n o circular po la r i sa t ion , o r the oppos i te sense a t the 1 0 0 % level, occurs 
in the o ther band-wid th which is 200 k H z away . This occurs even for b r o a d s t rong pulses, for which 
t h e effective t ime-bandwid th p r o d u c t is 4 o r 5. F u r t h e r m o r e , in such cases the S tokes pa rame te r V 
looks like the total intensi ty over the whole pulse width , which is clearly i m p r o b a b l e if V results simply 
f rom statistically r a n d o m var ia t ions in the rad ia t ion . 
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