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1. Introduction

If each significant component in a single pulse from a radio pulsar represents
emission from a single site and the intensity at longitudes other than the peak
arises from the forward beaming of this emission, the angular distribution of
intensity within a component is given by (Zheleznyakov, & Shaposhnikov 1972),

(1~ 7))
(1= Beos(¢ — o)) 7>

Here, 0 = ¥, with v the velocity of the emitting particles at the emission
site. « is the spectral index of emission in the rest frame of the emitting particles,
and is also the spectral index as seen by the observer. v is the observed frequency
of the radiation. Kv® is the intensity in the rest frame of the emitting particles.
¢o is the angular co-ordinate corresponding to the direction of motion of the
emitting particles, and ¢ is the angular co-ordinate at different regions in a
single component.

L) =K Vo (1)

2. Lorentz Factor distribution

Remarkably good fits (Fig. 1a) to the single pulse profiles are obtained to
the above equation, indicating that the underlying assumption of components
arising from beamed emission is good. A distribution of 4 for emitting par-
ticles can thus be obtained from this procedure by equating the inverse of the
widths of subpulses to the Lorentz factor of emitting particles. This distribution
when observed for components in a few thousand pulses is seen to have stable
characteristics. For 1929410, at 1414 MHz, this is shown in Fig. 1b, where
the number of occurences of components with a value of 4 in a given range is
plotted as a histogram. It is remarkable that a stable distribution of the form
N(y) = y~%, at the high v end, is obtained, for all the pulsars studied. Fur-
thermore, w ~ —2.5 — —2.8 in all these cases. Below the low v turnover, a fit
of the form N(v) = e~(%/7) seems consistent with the data. Most calculations
of pair production cascades in pulsar magnetospheres (Arons 1981, Daugherty
& Harding 1982, Beskin et al 1988) predict particle energy distribution in the
pulsar magnetosphere similar to what is seen for the present data.
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Our suggestion is based on the Rutherman and Sutherland (1975) belief,
that the polar gap discharges through a group of localized sparks, spaced at the
distance nearly equals to the height of the polar gap. The fixed position of the
sparks, which one needs to achieve a stable structure of an integrated profile,
may be conditioned by pinning the sparks to irregularities in the magnetic field.

Based on Ruderman and Sutherland (1975) belief that the space between
the sparks AL is nearly equals to the height & of the polar gap, we evaluate the
value of h

h=AL=R,/n= R(2rR/cP)?*/n. (2)

Here R, is the radius of polar cap region, n is the number of components,
R is the radius of a star and P is a period of pulsar. For R = 10% ¢m and n
= 6, we obtain h = 3 x 10® cm, which is in good accordance with a theoretical
estimation A = 5 x 10° cm (Ruderman and Sutherland 1975).

4., Conclusion

We suggest that the emission region inside of the cone of the open magnetic field
lines represent a mosaic bunch of the discrete outflows of relativistic charges
along magnetic field lines, injected by mosaic group of localized sparks in the
polar cap.

We suggest that mode changing may be produced by the change of an
activity of some sparks pattern without rearranging the structure of the emission
region. : :
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Figure 1.  (a) Data (crosses joined with broken line) from a single
pulse fitted (solid line) with beaming pattern obtained from Eq. (1)
for a discrete number of emission sites. (b) Distribution of particle
energies v determined as discussed in text. The number of data points
(sub-pulse peaks) corresponding to v within a given range are plotted
as a histogram.

3. Conclusions

In conclusion, it is shown that components in single pulses arise from the rela-
tivistic beaming of emission from discrete emission sites. The observation that
different components in the average profile do not have markedly different dis-
tributions in v, has important implications for theories of emission for these
components. The overall distribution of particle energies giving rise to this
emission is seen to be having a characteristic shape which is seen to be very
similar for all the pulsars studied. The study of the energy spectrum of emitting
particles offers the first close contact between the physical processes responsible
for radio emission in pulsar magnetospheres and the observations.
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