B Summer Studenthecture Notes 1971

PULSARS"

- R. N. Manchester

Lare ih 1967 aStronomers at Cambridge,-Englénd discdvered»pulsars.
They‘were found by a graduate student who was. studylng 1nterstellar scintil-
latlon w1th a large array operatlngvat Jow frequenc1es Inltlally four pﬁlsars
were found‘in this way. Slnce that time the number of known pulsars has grown
ro 57 and observétions have provided mﬁch information,én~the.processes involved.

- The -basic prépértiés 6f éuléars aré as;folloﬁs:

vl; Intense short'duratién‘ﬁulsesiwith é duty cycle of aboﬁr 52.‘

2..»Greét regﬁlarity in tbe pulsé réﬁétition réte;

3. NotAQuireferratic variation in the pulse amplitude.

See‘Figurevi
. Al rhe obserred pulsars‘are within our galaxy,‘énd many of them are at 
distancesvlarge com?argd £0“thé thickness of the galéctic-diék.v Thisvis

shown by the cluétering-of pulsarsfaléng the_galactiq'pléne.-

~

"GALACTIC' DISTRIBUTION OF PULSARS : PERIOD_ RANGES

Figure 2
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The interStellarAmedium has an important effect on pulsar radiation-—
dispersion. Lower frequenCy radiation oropagetes.with a smaller velocity endA
so arrives later. This effect allows us to meaeure the integrefed electron
density in the line of sight to the pulsar by observing the diffefence in ar-
,fival times for pulses at different‘frequencies; .The dispersion meaeu:e fof.

a given‘pulsar is defined by

DM = n_dr o= 2.41%x 10—
path - : -; i3
. where n = electron den31ty (cm ) . o
d2 = element of path (pc) A
ts tj = arrival time (sec) of pulse at frequency vy vj (Hz).

Aé pulsars have a very stableAperiod,'the signal/noise tetio,of observa-
'tlons can be 1mproved by averaglng together many pulses. The mean pulee pro-

'flle obtalned in this way remains the same for a given pulsar but differs

greatly from one pulsar-to‘another.‘ Observatlons with orthogonal feeds show

PSR 0329 +54 PSR 0950+08. f PSR 1237425

PSR 1508 +55 PSR 1642-03 ‘PSR.1919 +21

Figure 3



that'the pu1ses are often highly linearly polarized with éystematic vafiatidns
of the polarization parameters across . the pulse. ,AS these meén pulse profiles:
do not différ,from day to day, they must be determined by the emitting regions |
at the pulsar and not by propagation effects. |

: Single pulse observations Show that the pulse often has very narrow
spikes of emission, in some cases as narrow as lOOlus; Variations in intensity
this short put strong limits on the size of the-ehitting reéion,”as the region
cannot be much larger than the distance light would tfavel dufing.the rise of
fthe spike. For 100 ué the limiting siée‘is about 30 km. -

OEservations df,successive individual-pdlses-have also shown‘that, for
séveral pulsars, sefiésvof>Subpulsé3»drift sfeadily across the main pulse.
In all casesvwhere the driftvis seen clearly, the subpuises move baékwards
through the mean prdfile. .This effect:can introducé»a periodic:variation into
| See Figure 4iv‘

ﬁhe,pulse.amplitude. Power spectrum analysis_canvbe used ﬁo find the periodic
éomponents in the pulse amplitudg variations. So far théy have been found in -
about one-third of,fhe known pulsars.‘ Scintillationveffects in the inter-
‘stellar medium produce irregularvfluctuations'in the pulse intensity. After
scattering by clouds of intéfstellér‘gas some of the radiation interferes con-
structively producing strong pulses, while some interferes destructively pro-
duging weak.pulsés.

~ Scintillation also affects the'spectrum‘ofvthé pulsér radiation. Some

frequency ranges are enhanced by the constructive interference while some others
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are depressed. The enhanted‘bands tend to last for several minutes and then

die out with a new band appearing at a different frequency.v'

If the'pqwef averaged
ovef.all scintillaﬁion‘effeﬁts
is‘measured at a number-of fre?.
quencies, the overall specérum of
#he»radiétion canvbe determined;.
In all cases the power is less
" at higher fféqﬁenéiesé‘hOWeVer
the falloff is fastet'in some
pulsars than’in others. . These
-measufements are complicated
By thé fact ﬁhat the mean pulse
intensity ‘at a given frequency
can oftenvvary by»largé amounts,
somefimes greater than an ordef
of magnitude, over pefiods_of a

few weeks.

Timing
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Fig. 1. Successive mean pulse spectra from CP 0328 at 408 MHz at
intervals of about 50 s.- The frequency resolution is 60 kHz and the
© speclra include the effect of the receiver pass-band.

The most noteworthy thing about pulsars is their extremely stable pulse

,repetifion rate. Observations have shown that'in most pulsars the period is

slowly increasiﬁg.. For example; the Crab Nebula pulsarf(which has the shortest

known period) had a period of

05033 099 324 10 + 05000 000 000 05
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~at 00h on June 27, 1969, and a rate of increase of périod of
-15 ‘
422,66 x 10 s/s or 36.518 ns/day.

Generélly those pulsars with the shortest period have the fastest rate of s}ow—'
down. To obtain theée‘very accurate périods.and'period derivatives the pulsai :
must be obServéd for a long period. Times of pulse arrival.caléulated using
an assuﬁed periodbare compared.with thosevobserved and new parameters are

calculated so ﬁhat thg differences Between the calculatéd and observed values
are minimized. If‘tﬁe period has a‘signifiCant rate of change the'residuais
form a parabola énd the periqd.first derivative can be calculated from the

shape of the parabola.
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Fig. 1. Difference 4t between measured and predicted arrival times for four pulsars: (a) CP:0834, (b) CP 0950, (¢) CP 1133, (d) CP 1919,
The initial date'is Julian Day 2439900-5 (¥ebruary 14, 1968



Pulsarsvaréinot élwéys so predictable. During March 1969 the period
of ﬁhe Vela puisar'SUddenly decreasedvby'about 200vns,‘and then resumed its .
vregular increase. Since then the Créb Nebula ﬁulsar has also suffered
similat but smaller jﬁmpé.~

The pulsar in the‘CraB Nebqla haé been the most intensively studied
and is_thé most interesting for avnumber of reasons. R

1. AIt has the>éhortest known period and.the largeét known rate of -
change of beriod. | | |

‘i_2}"-1t;is'the only known pulsar aésociated withvannOPtically visible

object--the Crab supernova. ’Thevpulsar-in Vela is the only other fdr which
the pulsar-supernova association ié reasonably certain. |

3. It is the only pulsar from which pulséé éf visible light have been
obseryed. | |

4, Similarly,vitnis thevonly.dne from which pulsed X—réys_and Y—rajs

have been. observed. -

Models

| 0f the many models broposed forvpuisars only Qne,‘the rotating néutroh
star, appears to fit all the observational data. In this model the pulsed
| nature of the radiatioﬁ is.accounted for by a narrow»beam fromAthestar sweepingv
past the.ogserver'as the star rotates;-the so;called lighthousé effect. The
ma;erial of the star must be very dense to prevent the Starbbursting apart at
the high rotatioﬁal,velocities observed. ItAis thpught thatgnehtron stars
vha§e about the same méss~as the'sun,‘but a diameter_of only about 10 km;’that

is, a density of 100,000,000 tons/cm>.
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Neﬁtron stars are‘thought:to be the cOndensedKremnant of a star, formed
following a supérhova-ex?losipn. ‘As the magnetiévfieid reméins frozen in |
dﬁring thé collabse of tﬁe star, the magnetic field of a neutron star will
be very large--about 1012 gauss at the surface.of the star. In genéral the

magnetic axis will not coincide with the rotation axis, so we have the

"oblique rotator' model for pulsars.
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. Figure 5
The pulsed emission from the pulsar must be generatedeithin the
"velocity of light cylinder"; that is, the cylinder'alignedvalohg the rotation

axis at which the tangential velocity due to rotation equals the velocity of

light. Beyond this surface the magnetic field and plasma cannot co-rotate .

~with the star. Observations of polarization changes across the pulse indicate
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that the emission probabiy originates close to a ﬁagnetic pole.  Because of
the cgrvaturé‘ofbthe fieldlline, ultra~re1§£ivistic particles moving out ffom
fhe pole along a field line rédiate a narrow beam at radio frequencieéAin the
direction of their instantaneous velOCity.: If‘the particles are gyrating
rqundvtﬁe field lines they will aiso radiaﬁe optical synchrotron radiation.
Coherent processes are required to account for the pulse infenéities obéerﬁéd.
This médel explainé-thg very stable pulse.repetitionvréte and the slow

increase in period. Because of dissipation of energy in various radiation

-“brdcésses the rotation is gradually slowing down,'resultingvin a slow increase
in period. The period jumps seen in the Vela and Crab pulsars are thought

to be due to a small star-quake on the neutron star. A decrease in radius of

only 1 cm is sufficient to account for thefspéed-Up 6béervedvin the Vela pulsar.v



