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Abstract

We have studied the individual pulses from PSR 1055—52, a pulsar which has a strong interpulse.
Their properties, and those of the average pulse profile are consistent with an emission geometry
in which the magnetic and rotation axes are nearly perpendicular. That is, we are observing both
magnetic poles of this pulsar. A correlation between the emission from the two magnetic poles was
found wherein a strong interpulse is followed by a strong main pulse. Also, the main pulse appears
to undergo mode changes that are primarily characterized by a change in the peak flux density of

component I

Introduction

Radio pulsar PSR1055-52 has a relatively
short period (197ms), and its period derivative
(5.8 x 10~ s57!) is near the mean for the pulsar
population. These parametersimply that it is quite
young with a characteristic age of 5.4 x 10°yr. A
multifrequency study of its average pulse profile by
MecCulloch et al. (1976) found a strong interpulse
approximately midway between main pulses. They
also found that its pulse profile, when scaled ap-

propriately in pulse period, was similar to that of

PSR 0531421, the Crab Nebula pulsar.

PSR 1055-52 is somewhat unusual in that the
energy in its interpulse is very similar to that in
the main pulse over a wide range of radic wave-
lengths McCulloch et al. (1976). This property fa-
cilitates the study of any related emission variations
between these pulse components. Also, the main
pulse-interpulse separation is constant from 60 MHz
to 1.4 GHz (Turner 1980) and indicates that the ob-
served emission is emanating from both magnetic
poles of the pulsar. The polarization position angle
study of Lyne and Manchester (1988) confirms this,
and they estimate that the angle between the rota-
tion and magnetic axes is &75°. Thus the study of
any main pulse-interpulse interaction gives valuable
insight into the emission mechanisms above each
pole, and their ‘global’ interaction.

Observations

The observations of PSR 1055—52 described in this
paper were obtained using the 64-m Parkes tele-
scope operating at 645 MHz with a right-hand cir-
cularly polarized feed. The hardware is described
more fully by Biggs et al. (1985). Ten data sets were
recorded at 400 samples per pulse period (= 0.5 ms)
and had a post-detection time constant of 0.5 ms.

Average profile

The average pulse profile derived from all the 645-
MHz data from PSR 1055--52 is plotted in figure 1.
This was calculated by normalizing the average pro-
file from each data set, then aligning component II
with 90° longitude and then averaging all these with
a weighting equal to the number of pulses recorded
in the data set. Three components are clearly visi-
ble in the main pulse (components I to III), and the
interpulse has at least three components. There is
no evidence for a bridge of emission between the
main pulse and interpulse since the difference be-
tween the two off-pulse regions is < 0.01 times the
peak flux density (Biggs et al. 1988) (also see fig-
ure 1).

A comparison of the published average profiles
for PSR 1055—52 reveals that they are unstable over
relatively long time scales. The relative strengths
of the main pulse components and their separa-
tions are given in table 1. This clearly indicates
that the relative strengths of the components in the
main pulse change, while their positions remain un-
changed within the given uncertainties. A detailed
comparison between all the interpulse average pro-
files is not possible because of the low S/N of the
earlier work, however the interpulse presented by
McCulloch et al. (1978) has a similar morphology
to that in figure 1. The separation between the cen-
troids of the main pulse and interpulse remained
constant at x155°.

Variations in the relative strengths of the pulse
components were also seen in the profiles obtained
from the 645-MHz data sets. Changes in the rela-
tive amplitude of the components of the main pulse
were clearly apparent and, to a lesser degree, in the
interpulse. Generally, component II has the largest
peak flux density and component I the greatest vari-
ability. Changes in the component separations do

261

https://doi.org/10.1017/50002731600155295 Published online by Cambridge University Press


https://doi.org/10.1017/S0002731600155295

262

+

' PSR 1085-52
645 MMy

' 84142 puises
!

censity

'
'
'
'

Flux

240 300

Longitude (°)

Figure 1 Lower panel: the average pulse profile for
PSR 1055—52 at 645MHz (solid line). The components
arc labeled at the approximate position of their centroids.
The sample interval and time constant smoothing are
0.9° (0.5ms) and the dispersion broadening is much less
than this. Also plotted (dashed line) is the average pulse
profile multiplied by a factor of 10 in order to detect any
possible bridges of emission between the main pulse and in-
terpulse.

Upper panel: Modulation index plotted as a function of lon-
gitude for the sequence of 2460 pulses that had the highest
S/N of all the data presented here.

Table 1  Observations of the main pulse of .
PSR 1055—-52 near 640 MHz

date May ’72- Jul ’75- May 81
Nov 72 May 76

no. of pulses 712275 64142

rank I 3 1 2

of II 2t 3t 1

component  III 1t 2t 3

strength

separation  I-II 15+1 13.5+1 13.5+0.9
II-III 6+1 6.6£1 6.3%£0.9

reference 1 2 3

tRanks are the same given the uncertainties in the data.
References: 1 McCulioch et al. 1976,, 2 McCulloch et al.
1978 , 3 this paper.

not appear to accompany these amplitude varia-
tions, but the longitude resolution of the observa-
tions (0.9°) is rather poor compared to the widths
of the components (x5°). The changes in relative
amplitude were further studied by forming average
profiles from 2000 P (pulse period) subsets of the
data sets. The information obtainable from these
is limited because of their poor S/N. Generally the
profiles were stable; however, some changes in rela-
tive amplitude were detected from one 2000 P inte-
gration to the next, indicating that the time scale
for change is <2000 P. No correlations were de-
tected between the shape of the main pulse and that
of the interpulse.
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Individual pulse properties

The analysis of individual pulses was rather limited
owing to their low S/N. Only about 2500 pulses
had sufficient S/N, and from these it appears that
subpulses of the main pulse are more sporadic than
those from the interpulse. This is borne out by the
modulation index [= (02, — 02¢)}/ ((In) — (L)),
where o2 is the variance of the flux density, (I) is
the average flux density, and, “on” and “off” refer to
the on-pulse or off-pulse part of the average profile]
shown in figure 1. The fluctuation spectra of the en-
ergy in most of the components were generally flat
or had a slight monotonic decrease with increasing
fluctuation frequency. However, component V has
a small peak (=3dB above the average pov .r) at
frequency 0.045 cycles / P with Q (=v / Av) = 1.5,
and component II has a broad fc+ture (=3 dB above
the average power) at 0.1cycico/ P with Q=0.6.
There were no apparent correlations between the
fluctuation spectra for each data set and the corre-
sponding average-pulse profile shape.

The correlation between the energy from the
main pulse and interpulse was examined on a time
scale of 1P in each of the data sets using a time-
lagged Spearman’s rank cross-correlation coefficient
(see Daniel 1978). This correlation coefficient has
the virtue of being relatively unaffected if the data
set does not have a normal distribution. Before cor-
relation, long-term fluctuations were removed by
subtracting the running mean of the off-pulse re-
gion for the current and previous 24 pulse periods
from each pulse. Figure 2 shows the correlation be-
tween the energy of the main pulse and interpulse
for the 10 data sets from PSR 1055—52. The peak
correlation coefficients are about 0.15 and have a
significance >0.999. More importantly, they occur
most frequently at —1 P lag indicating that a strong
interpulse is followed by a strong main pulse.

Correlations were also sought between the en-
ergy of the components of PSR1055—-52. They
were not as significant as those in figure 2 because
of the lower S/N of the data, but generally gave
the expected correlations. That is, the main pulse
components had a maximum correlation with the
interpulse components at —1 P lag, while correla-
tions within the main pulse or interpulse were max-
imum at 0 P lag. The most significant correlations
occurred for component II of the main pulse and
component V of the interpulse.

Discussion

A two-pole model seems to best explain many of the
radio-frequency properties of PSR 1055—-52. How-
ever, correlated activity between the main pulse and
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Figure 2 Time-lagged Spearman’s cross-correlation coef-
ficient between the energy in the main pulse and interpulse
of PSR1055~52 for 10 data sets. The cross-correlation
peaks (x) and all the points that have a statistical sig-
nificance > 0.999 (e) are plotted. Zero lag corresponds to
aligning the main pulse with the interpulse, and the positive
sense of lag brings the main pulse into alignment with later
interpulses. The cross-correlations are separated by 0.1 for
clarity.

interpulse is easier to understand if these pulse com-
ponents are associated with only one pulsar mag-
netic pole. The supporting evidence for a single-
pole geometry in PSR 1055—52 is based on only
one observed property, namely, that the main pulse-
interpulse separation is significantly less than the
180° separation between the poles. There is sub-
stantially more evidence for a two pole geometry:

1. The main pulse-interpulse separation is con-
stant from 60 MHz to 1.4 GHz (Turner 1980).

2. When the evolution of beamwidth with pulse
period is taken into account (Lyne and
Manchester 1988, Biggs 1990a) the main pulse
and interpulse have widths that are not dis-
similar to those observed in the vast majority
of pulsars—namely, the widths at half power
are 26° and 35° (McCulloch et al. 1978), re-
spectively, and the components within them
have widths 5° to 10°.

3. Any bridge of emission connecting the main
pulse and interpulse has a peak flux density
<1 per cent of the peak flux density of the
main pulse (Biggs et al. 1988),

4. Extremely good fits to the Radhakrishnan
and Cooke (1969) model of the polarization
position angle were obtained by Lyne and
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Manchester (1988) with an angle of ~75° be-
tween the magnetic and rotation axes.

5. From a study of the core-component emission
geometry Rankin (1990) has calculated that
the angle between the magnetic and rotation
axes is x~90°.

The 155° main pulse-interpulse separation may
be accommodated by the two-pole model if we as-
sume that the trailing edge of the interpulse is miss-
ing, probably as a result of the patchy nature of
the emission (Lyne and Manchester 1988). Two
observed properties of PSR 1055—52 confirm this
interpretation. First, component VI appears to be
positioned at the center of symmetry of the emission
beam associated with the interpulse since it is coin-
cident with the point of inflection of the polarization
position angle (Lyne and Manchester 1988). Also,
the fluctuation spectrum of component V is consis-
tent with that exhibited by conal (from a concen-
tric ring aligned with the magnetic axis, see Rankin
1983) emission (Rankin 1986). Thus component V
is positioned near the edge of the pulsar emission
beam and not at its center as suggested by its po-
sition in the observed interpulse.

The two-pole emission geometry implies that
the correlation between activity in the main pulse
and interpulse for PSR 1055—52 results from some
form of communication between the two magnetic
poles of this neutron star. The maximum cross-
correlation occurs at —1 P and implies that the
time of flight along the communication channel is
less than or equal to the temporal separation of
an interpulse with the next main pulse, that is,
~112ms. The communication channel might be
the open magnetic field lines or the neutron-star
surface. Both these possibilities will be discussed
below. In the extremely unlikely circumstance that
the inferred geometry is incorrect—that is, we are
observing only one magnetic pole, the correlation
might be the result of the circulation of a ‘spark’
(that triggers radio emission) around a magnetic
pole. The time scale of such a circulation does
not, however, fit the observations. Ruderman and
Sutherland (1975) predict that the circulation pe-
riod of a spark is P; ~ 6B P!, where B, is
the surface magnetic field in units of 10!? G, and
P is the pulsar period. For the parameters of
PSR 1055-52 this predicts P; ~ 34 P, which is
more than an order of magnitude larger than the
observed —1 P correlation.

If the communication is via the open field lines
then the time taken for particles to move from one
polar cap to the other along the field lines depends
on the component position (or particular bundle of
field lines) within the emission cone (Biggs 1990a).
Components I, III and IV are probably close to
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the trailing or leading edges of the emission cone,
and for them the minimum communication time
Tp—p ~0.44P, or 87ms. Component II, however,
has the strongest correlation with components in
the interpulse and, because the source of this com-
ponent is located on field lines which extend well
beyond the light cylinder, the minimum commu-
nication time is much larger than that observed.
However, as noted by Biggs (1990b), it is probably
unlikely that a signal can pass through the light
cylinder since its azimuthal velocity will, by defini-
tion, equal c.

An alternative medium for communication be-
tween the two magnetic poles is the surface of
the neutron star. The polar-cap surface is proba-
bly intimately related to the emission mechanism
gince it is continually bombarded by either very
high energy electrons or positrons produced by
pair-production in the strong pulsar magnetic field
(Jones 1978, Cheng and Ruderman 1980). The high
magnetic field at the neutron-star surface drasti-
cally reduces the thermal conductivity perpendicu-
lar to the field (Ruderman 1971) and thus rules out
a communication channel based on thermal trans-
port through the neutron-star crust. However, neu-
tron stars can support a wide variety of nonradial
oscillations which may facilitate the observed com-
munication.

Van Horn and co-workers (McDermott et al.
1988 and the references therein) have analysed the
nonradial oscillations of neutron stars and deter-
mined the periods and damping times of the many
possible modes. They have calculated that the g-
modes in the crust have periods on the order of
100 ms, and have electromagnetic damping times
smaller than or nearly equal to these periods in a
10'?2 G magnetic field. Communication between the
magnetic poles may proceed as follows. Bombard-
ment at one pole (associated with the radio emis-
sion process) may induce morphological changes
of the polar cap (Vivekanand and Radhakrishnan
1980). These changes may excite crustal g-modes
because they have low pulsation energies (McDer-
mott, Van Horn, and Hansen 1988). The oscilla-
tions travel through the crust with a speed some-
what greater than the speed of shear waves and so
should arrive at the other polar cap after <2ms
(McDermott, Van Horn, and Hansen 1988). This
may induce morphological changes in the other
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polar cap which may couple to the radio emis-
sion mechanism, and possibly produce a detectable
change in the emission. The short damping time of
the g-modes means that, while there is enough time
for communication, the excitation is short lived, and
thus the interaction does not continue for many cy-
cles which might possibly have the effect of masking
the communication.

The activity in the interpulse and then the main
pulse of PSR 1055—52 is a one-way communication.
This implies that an asymmetry exists between the
two magnetic poles and also argues against an ex-
ternal agency. The most obvious asymmetry is the
polarity of the magnetic poles. However, present
pulsar models are not sufficiently developed to in-
dicate how this asymmetry couples to the polar cap.

The average pulse profiles for some pulsars with
complex average pulse shapes tend to stabilize only
after ~2000 pulse periods (Manchester and Taylor
1977). This relatively slow stabilization is due to
mode changing, wherein the average profile changes
to another stable form for up to about 1000 pulses
and then reverts to its normal form. The change
in the average pulse profile for the main pulse of
PSR 1055—52 is most probably the result of a mode
change that is primarily characterized by an ap-
proximately 50 percent increase in the flux density
of component I for 2000 pulse periods. The mode
changing in PSR 1055—52 is somewhat unusual be-
cause it is not accompanied by other changes that
have been found by Bartel et al. (1982) to be
strongly associated with this phenomenon, namely,

1. the appearance of new components,
2. changes in the longitude of components, and
3. changes of the fluctuation properties.

Also, while the ratio of the energy from the main
pulse to that from the interpulse remained fairly
constant, there were significant variations. This
probably reflects a change in the relative energy
output from the two magnetic poles and cannot be
described as a mode change since this phenomenon
refers to changes within the whole of the emission
region and/or polar cap of one magnetic pole.

For a more detailed discussion of the matters
raised here the reader is referred to the recent work
by Biggs (1990b).
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