CHAPTER 3

PULSAR OBSERVATI ONS
WITH THE SI NGLE FREQUENCY-CHANNEL RECH VER

31 | NTRCDUCTI ON

The sensitivity inprovenent due to the new tracking
facility nmade it feasible to attenpt observation of a few
strong pul sars havi ng | ow di spersion neasures (OV. In the
first part of this chapter, we will discuss a schene for such
observations, followed by a brief description of the data
acquisition system which was built for this purpose. The
procedures developed and used for observati on, dat a
acquisition, data processing are discussed in detail in the
second part. W also present a new criterion for reliable
det ecti on. In the third part, we describe the procedures
adopted to obtain average pulse profiles, estinmates for the
average energy per pulse and the amount of interstellar
scattering.The prine objective of this work was to nmnake

possi ble detection of pulsar signals and estimation of the
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above nentioned average paraneters. However, it was thought
usef ul to investigate sone possibilities of studying
fluctuation spectra and |lowfrequency variability of pulsar
signals using the data obtained during these observations.

Qur attenpts in that direction are reported in the end.

3.2 (OBSERVATI ONS OF LONDISPERSION MEASURE PULSARS

321 The Basic Schene

In this schene, we wuse the existing single frequency
channel correlation receiver (Ref. Section 2.2.2 ), to
correlate the outputs of the EWw and Sarns of the T array.
The narrowest available predetection bandw dth of 30 kHz, is
cl ose to the opti mum bandw dth required for |low DM pul sars.
Post-detection tinme-constants ) 10 mlliseconds are possible.
Signals fromeven the strongest of the pulsars wll be well
buried in the background noise contribution at the detector
outputs of our receiver. Thus, it is inpossible to detect
iridividual pulses in our observati ons. However, the
introduction of the tracking facility enables us to observe a
source over an interval of 42 SEC(S) ninutes. Thus, it is

possible to receive a large nunber of pulses, ngup



(=2520 SEC(S)/P), from a pulsar at declination 6 and with a
period P seconds, in one day. These |arge number of pulses
can be averaged, using standard averaging techniques, to
obtain,jﬁg;; | nprovenent in the signal-to-noise ratio. Wth
this inprovenent, it is feasible to observe the average

properties of some strong pulsars with | ow D spersi on Measure.

The required' averaging techniques could be enployed
on-line by wusing a suitable hardware system (e.g.L741) tO
process the data and to produce a final average at its output.
In such a case, the raw data is |lost for ever. However, nore
fl exi bl e data processing can be used, if rawdata is recorded.
Therefore a data | oggi ng systemwas built, to enabl e recordi ng
of rawdata onto nagnetic tapes using an avail abl e i ncrenenta

nag- t ape recor der.

3.2.2 Data Logging System i Design Aspects

The systemis designed to enable recording of data froma
maxi num of 16 anal og i nput channels. A flow chart descri bing
t he sequence of operations is shown. in Fg. 31 In the
mannual node, the systemwaits for the end of sidereal mnute
pul se befoye initialing the operation, while in the auto node,
the operation starts only when the set start tine is reached.
The tinme information is obtained fromthe Astronom cal cl ock.
In the auto node the operationis controlled by the tracking

control system At the beginning of each newfile, a "header"
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record is witten onto the tape. The header, which is 14
bytes | ong, consists of a source identifiction code byte, the
| ocal sidereal time and Julian day at the start of the
acqui sition, and the codes indicating the front-panel settings
such as sanpling rate, nunber of channels and the input

vol t age range.

The anal og signals for the required nunber of channels
(NCH) are multiplexed, anplified and digitized using an
anal og-to-digital converter (apc). The 8-bit digital output
from ADC is recorded on to a magnetic tape. The data can -be
recorded at the fastest rate of 3 mlliseconds per sanple.
This is due to the speed limtation of the nmagnetic tape drive
used. Slower rates are al so nade avail able, considering the
sanpling requirenments for continuum observations. The nunber
of channels, the anplifier gain, sanpling rate etc. can be
sel ected using suitable settings on the front panel. The data
block is termnated every tine the EW beam is flipped while
tracking or at predetermned intervals of 20 or 60 sidereal

seconds.

Fig. 3.2 shows a sinplified block diagram of this data

| oggi ng system

CMXS digital integrated circuits along with suitable

gnal og devices, were used for the hardware realization of the

syst em
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323 (bservation And Data Acqui eition

Fol | owi ng the basic schenme for pulsar observations, we
now present the details of the procedures adopted for

observation and data acqui sition.

The EW and S armoutputs are correlated using the single
frequency channel analog correl ation receiver. The beans of
the two arrays are steered in the NS direction to the
declination of the pulsar. The EW armis used in the tracking
node. The correlation receiver is used wth a predetection
bandwi dth of 30 KHz and post-detection tine-constant of 10/30
mlliseconds. In an ideal situation, the SIN correl ati on beam
has zero gain in the direction of the source, while the G35
correlation beamhas its maxinumgain in that direction. In
such a case, the SIN correl ation coul d be di scarded. However,
in practice, due to beam pointing error and ionospheric
refraction, the source contributionin the SINcorrelationis
general ly non-zero. This also causes a correspondi ng
reduction in the source contribution and consequent worseni ng
of the signal-to-noise ratioin the G5 correlation. Later in
this chapter, we present a procedure to partially recover such
a loss in the signal-to-noise ratio, using both the
correl ations. Both the correlations are recorded using the
data | oggi ng systemon to a magnetic tape (NCH=2). The data
is sanpled at the fastest possible rate, i.e. at a rate of 3

mlliseconds per sanple. Thus, each of the two correlations
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is sanpled at intervals of 6 mlliseconds. The gain of the
anplifier in the data | ogging system (before the Analog-to-
Digital Conversion) is suitably chosen to use the full range
of the ADC, thus mnimzing the effects. of quantizati on noi se.
The data records are termnated with an End-of-Record (EOR)
mark every tinme-the EW beamis flipped to next position during
the tracking. The tine taken for witing the ECR nark is nore
than sufficient for the settling of the tracking phase
shifters. Thus, data acquisition is automatically avoi ded

whil e the beamis flipped.

The gain of the receiver system is nonitored at the
beginning and at the end of every observation using a
cal i brated noi se source. The arrangenent used to enabl e such

neasurenments is shown in Fig. 33

Usi ng the above nentioned procedure, observations were
attenpted on 20 known pul sars. These observations were nade
nostly at night to mnimze possible interference due to
terrestrial broadcasting signals in the observing band. The
rel evant paraneters for the pulsars and receiver are listed in
Tabl e 3.1. Mbst of these observations were nmade during
1984 ( Novenber) - 1985 (March).
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TABLE 3.1 REL=zVANT PARAMETERS FCR 20 PULSARS

~. No. Source Nane Peri od( s) DM cm’pe) nsamp *A
1 PSR 0031-07 0. 94295078 10. 89 2700
2 " PSR 0138+59 1. 22294827 34. 80 4100
3 PSR 0329+54 0. 71451866 26. 776 6100
4 PSR 0525+21 3. 74549703 50. 955 700
5 PSR 0628-28 1. 24441707 34. 36 2300
6 PSR 0655+64 0. 19567094 8.9 29700
7 PSR 0809+74 1. 29224132 5. 757 7300
8 PSR 0823+26 0. 53065996 19. 4634 5300
9 PSR 0834+06 1. 27376417 12. 8550 2000

10 PSR 0942-13 0. 57026410 12. 4 4500

11 PSR 0943+10 1. 09770364 15. 35 2300

12 PSR 0950+08 0. 25306507 2. 969 10000

13 PSR 1133+16 1. 18791154 4. 8479 2200

14 PSR 1237+25 1. 38244861 9. 296 2000

15 PSR 1508+55 0. 73967790 19. 599 6000

16 PSR 1919+21 1. 33730119 12. 4309 2000

17 PSR 1929+10 0. 22651715 3.176 11300

18 PSR 2045-16 1. 96156688 11.51 1300

19 PSR 2217+47 0. 53846739 43. 54 7000

20 PSR 2327-20 1. 64361966 8. 39 1600

Pr edet ecti on bandw dt h 30 KHz
Post det ecti on ti me const ant 30 nsec*

~ 10 nmsec for PSH 0950+08 and 100 nsec for PSR 0525+21

*~ Approxi mate nunber of pulses obtainable in one day.
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3.2.4 Data Processing

The data processing procedure used here, basi cal | y
enploys the standard "signal averaging technique". Thi s

procedure nmakes use of the known periodic nature of the pul sar

si gnal s. If, P is the period of a pulsar, then the sanpl es
separ at ed by . P seconds are aver aged, wher e
1=0,1,...,(n5M“;1). This reduces the noise fluctuations by a

factor of ’n““W' The procedure devel oped with this basic idea

Is described in this section.

First, an apparent period P is cal cul ated as di scussed in
Appendi x |. Using this period P, the nunber of output bins

(NB) i s chosen as

NB

Int C(P/ATsamp)+11 . Np  ..... (3.1)

where, ATsamp = sanpling interval

6 mlliseconds

Int(X)

I nterger value of X .

nunber of periods over which
averaging Is to be perforned

and the correspondi ng binwi dth, At, —is given by

At = P (Np/NB) see..(3.2)

bin
It can be seen that At,, is less than or equal to ATsamp.
In this kind of processing, the, data averaging is custonmarily

perfornmed only over a single period stretch. However, here we

use Np=2, 1i.e. performaveraging over a two-period stretch,
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for reasons that wll be discussed a little later.

The data read froma nagnetic tape are demnul ti pl exed into
COS and SIN channels. The data in each of these two channel s
are processed separately wusing the following procedure.
First, the data is block averaged to obtain a mean val ue in
each data record. (One data record cosists of data obtained in
one beam position during tracking. The nean yalues are
subtracted from the corresponding sanples. The standard
deviation in each record is also estinmated. The tine t,
neasured with respect to the starting tinme of acquisition,
corresponding to each sanple is obtained know ng the beam
flipping time (BFT), record nunber, sanpling interval and the

sanpl e nunber. This time , in general, can be witten as

t = N[ P.Npl + at,, CI+aIl ..., (3.3)

wher e N = integral nunber of
Np- peri od stretches

integral nunber of bins
in the fraction of the

Np- period stretch ,such that
0 ¢ | & (NB-1)

fraction of the bin

Al

If one wuses synchronous sanpling (i.e. at, =4Tsamp),
then AI would be identically zero and the sanple would be
added in the (I)th bin. However, the situation is slightly

conplicated in the case of asynchronous sanpling as is the



present case. |If the sanple is added to the (I)th or (I+l)th
bin depending on whether AI is(0.5 or )»0.5, the resultant
profile woul d be smeared over At,. . Ve avoid such snearing
by using linear interpolation to add the sanple value with

suitable weights in both ,the (I)th and (I+l)th, bins as given

bel ow
A(I) &—— A(I)+B(t) (1l-AI) eeee(3.4a)
A(I+l) ¢—— A(I+1)+B(t) (AI) eeee{3.4Db)
wher e A(I) = bin contributionin Ith bin.

and B(t)

the sanple value at tine t.

W al so keep an account of the effective nunber of

sanpl es added in each bin as

C(I) é— C(I)+(1-A1) ee..(3.5a)
C(I+]l) &— C(I+1)+ A1 ees.(3.5Db)
wher e C(I) = the effective nunber of

sanpl es added in Ith bin.

The final average sanples, nornmalized for the system

gain, are then obtained as

Ave(I)

K.A(I)/C(I) ceee.(3.6)

wher e K = systemgai n nornalization factor

1/(Dn.G.)
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Dn = defl ection due to the
cal i bration noi se

o< receiver gain
C% = gain of the correl ati on beam

at the source declination _
nornal i zed to the gain at zenith.

In the course of this averaging process, if any absolute
sanple value is found to be greater than 5 tinmes the standard
deviation estinmated for the data in the respective record,
then that sanple is rejected as possibly due to interference.
However, the bin nunbers corresponding to such sanples are
noted, so that the possibility of these high sanpl e val ues due
to very strong pulses from the pulsar could still be
considered, if the bins are found to be confined to the pul se
wi ndow i n the average profiles. The worst case estimate of
the standara deviation of the noise in the final profile is

obt ai ned as

~1/2
[ Nec
| 2
| E 6i
|
| i=1
6 = | -mommmmmmmmemmmeee- ceee (3.7
| NB-1
|
| g C(I).Nrec/NB
|
| I=0 ]
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wher e 61 = estimate of the standard
devi ation of noise in the
output profile

6i = standard devi ation of data
in ith record before averagi ng
and Nrec = nunber of records used for averaging.

Thi s 6} is treated as the worst-case estinate,
consi dering the possibility of an over-estimation of 61 due to
the contributions of much slowy varyi ng beamresponses of the

conf usi ng conti nuum sour ces.

In this nmanner, the average profiles are obtained for

both the SIN and GC5 channel s separately.

As the data is averaged over a two-period stretch, each
half of the stretch corresponds to average of alternate
pul ses. These hal ves can be considered to be two i ndependent
sets of data obtained under same observing conditions and to
have, in general, sane average contribution from the pulsar
si gnal . Wth this understanding, the data over two-period
stretches are tested for significant detection of two simlar
| ooki ng pul ses separated exactly by the period of the pulsar.
The threshold for the significant detectionis chosen to be
three tinmes the value of the standard devi ati on as conputed by
eq. 3.7 . This procedure increases the reliability of such

detections as it can discriminate against the otherw se



possi bl e spurious detections due to interference. However,
the signal-to-noise ratio in the two-period stretch is reduced
by a factor of [5, conpared to that in the case of averaging
over a one-period stretch, making the detections difficult in
the margi nal cases. This disadvantage can be overcone by
using the data after applying suitable running average over
the two-period stretch. It is required that at |east one .of
the two channel s satisfies the detection criterion. It should
be noted that, in any further processing, only the original
averaged data,for which the running average is not applied,
have been used. |In the initial stages, in order to comfirm
the detections, the corresponding ruaw data were folded with
wong periodicities and were confirmed to fail in the

detection test.

Usi ng the above nentioned procedure, it has been possible
to successfully detect signals froms pulsars. Their average
profiles are obtained by conbining the tw halves of the

two-period stretch for each channel.

To acconplish the above described processing, suitable
software progranms in Fortran were devel oped, tested and used
on the POP 11134 and Vax 111780 conputer systens at the Raman
Research Institute, Bangalore and the Indian Institute of
Ast rophysi cs, Kavalur (oservatory, respectively. One such
out put obtained using these prograns and the data obtained in
the direction of PSR 0834+06, is shown in Fig.3.4.
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FIG.3.4 Average profiles in the COS and the SIN channels.



3.2.5 Average Profiles

In the case of each successful detection, the average
profiles over a one-period stretch were available for both of
the GO5 and SI N channel s. Here we describe the procedure
adopted by us to conbine the contribution in the two channel s.
| n our case, the C0s and the'SIN channel outputs (Ac(t) and

As(t)) can be witten as

Ac(t) = g Ao(t) COS(TTLN8/8, ) ....(3.8a)
As(t) = g&Ao(t) SIN(TT0/6s) ....(3.8b)
wher e g = gain factor due to collimation error
© = SINC (TTA6/6,s)
6ys = separation betwecn the peak
and the first null of the
S armbeamin N-Sdirection
No = effective collimation error
in NS direction
and Ao(t) = the QOS5 channel output when Ae = O.

Ao(t), the main function of interest, can be obtained

fromAc(t) and As(t) by using the equations (3.8a,b) as

2 2 /2
Ao(t) = [Ac (t)+As (t)1 /gC eee.a(3.9)



The factor g, can be estimated using the value 49

obt ai nabl e as

—~
A8 = TAN C(As(t)/Ac(t)] 'BNS/ 1T v (3.10)
for Ao(t) 0

However, in a practical situation ,i.e. in the presence

of noise, the signal-to-noise ratio obtainable for Ao(t) is

worsened further, if the above procedure is used (see
Appendix IV ). W present here a new schenme to estimate
Ao(t), such that the estimate,in general, wll have better

signal-to-noise ratio than that available in the individual

channel s.

In this schene, the channel, with better signal-to-noise
ratio is selected first. As nost of the tines such a channel
corresponds to the GO5 correlation, for further discussion,we
wll assume this channel to be the G5 channel (ac(t)). A
best fit pulse profile is obtained for this channel data using
the nininum 7(2 method. The best fit profile (Fl1(t)) takes
into account the intrinsic pulse width, dispersion smnearing,
the receiver tinme-constant and gives estimates for the pul se
anplitude ¢ Ampl) and the anount  of the interstellar

scattering (Ts). The best fit profile can be witten as

F1(t) = Ampl.g(t) eers(3.11)

and



g(t) =1

wher e i(t) =

s(t)

a(t)

r(t)

and *
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(t)x s(t)A d(t)4 r(t) eees(3.12)

a gaussian to represent the
intrinsic pul se profile.

a truncated exponential, with
“Cs as the characteristic
width representing the
scattering in the
Interstel lar nedium .

t he recei ver bandpass converted
into time function by the
dispersion | aw

the i npul se response of the
post-detection filter.

I npl i es convol ution

The wi dth of a gaussian pulse in i(t) is obtained using

the corresponding value at 400 Mz £941 and assuming that the

25

wi dt h c,c(frequency_)O . The best fit function, g(t), is then

used to estimate the best fit pulse anplitude (Amp2) for the

ot her channel out put

As(t) as,
P.Np

](As (t) dt

P,NP n.o.(3013)
/,As(t).g(t)'ﬂ
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The effective collimation error A 9 is then estimated as

_l'
A0 = CTAN (Amp2/Ampl)1.8ys/ TT ... (3.14)

Now, it is possible to obtain two independent estimates
(say Aol(t) and Ao2(t)) of Ao(t), as follows

Aol(t) = Y.Ac(t)/Anmpl ...(3.15a)

and Ao2(t) = Y.As(t)/Amp2 .s+{(3.15Db)
2 |

wher e Y = (Ampll + Amp2 )/Z/C_{C ves.(3.16)

The r.m.s. noise deviations (61 ,6 2) in the profiles

Aol(t) and Ao2(t) respectively are given by

61= 67Y /Ampl ...(3.17a)
6 2= 67 Y /Amp2 ...(3.17b)
wher e 67 = r.m.S. noise deviationin

the profile Ac(t), As(t)

It snould be noted that the errors in the determnation
of Ampl and Anmp2 are nuch snaller than 6; and are therefore
I gnor ed here. The two independent estimates, Aol(t) and
Ao2(t), are conbined wth suitable weights, to obtain best
possi bl e estimate of Ao(t) using the foll ow ng equati ons (see
Appendi x V)
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Aol(t).Wl + Ao2(t).W2

Ao(t) bttt et O...(B.la)
: Wl + W2
2
wher e Wl = (1/6 1) ...(3.19a)
W2 = (1/6—2)1 «..(3.19a)

As shown in Appendix V ,the r.m.s. noise deviation, 6o,

for the profile RAo(t) is given by

6o = 6T /gC ce..(3.20)

and the corresponding signal -to-noise ratio is given by

(5/N)

2 |
(S/H)  [1+(Amp2/Ampl)~ 1'%
Ao Ac

2 \@_
(S/N) Cl+(Ampl/Amp2) 1 eeee(3.21)
As

1

wher e (S/N) Signal -to-noiseratio

for the profile Ai(t)

Thus, by using the above procedure, it 1is possible to
partially recover for loss in signal-to-noise ratio in the CO5

channel due to collimation errors.



W have used this procedure to obtain the average pulse
profiles <(ao(t)) from the <¢0os and SIN channel outputs.

Fig. 3.5 shows one such profile obtained for PSR0834+06.

3.3 FLUX CALI BRATI ON

To obtain appropriate flux calibrations, observations
were nmade on suitable continuum point sources during every
session of the pul sar observati ons. Sour ces, W th
declinations close to those of the pulsars observed, were
selected for calibration. Table 3.2 lists the calibrators and
their assumed fluxes. The assuned flux values at 34.5 MHz for
nost of these calibrators were obtained by extrapolating from
the 38 Mz val ues £961. These val ues were used after applying

the correction suggested by Baars et al.C971.

The observations of the calibrating/sources were made in
the tracking node and with the single frequency channel anal og
correlation receiver. The predetection bandwi dth was 30 KHz
and the post-detection tinme constant of 1 second was used.
The data were sanpled and recorded at intervals of 300

m || i seconds.

The recorded data during each calibration observation
were used to-obtain average deflections, Dc and Ds in the Q05
and SI N channel s respectively. The deflection, Do, corrected

for collimation error was obtai ned as
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TABLE 3.2 LI ST (F CALI BRATI ON SOURCES
AND THElI R ASSUMED FLUXES.

94

A

S.No. Source Nane
o1 MSH 00- 17
2 3C20
3 3C47
4 3C69
5 3C84
e 3C86
7 3C98
8 3C123
9 MSH 04- 218
10 3C134
11 3C144
12 3C171
13 3C175
14 3C177
15 3C181
16 3C196
17 3C218
18 3C245
19 3C249
20 3C263
21 3C270
22 3C295
23 3C310
24 3C327
25 MSH 17-211
26 3C380
27 MSH 22-17

extrapolated from the flux at

Assunmed fl ux
at 34.5 MHz

(i n Jansky)

56
119
137
79
405
85
158
617
100 *
354
2500
53
92
27
34
177
932
44
40
51
130
98
237
179
200  *
234
273 &

80 and 160 MHz LC951.



Do = -=-=====-z=---==== vees(3.22)
SINC CTAN (Ds/Dc)]

If S is the source strength in Janskys, then the
calibration factor Rcal, in Janskys per count of deflection,

IS given by

Rcal = 5/(Do.K) v n (3.23)

Such val ues of Rcal obtained from observations of 5-7
calibrators in each day, were wused to obtain an average
calibration ¢ Rcal > for the respective day which was used in

turn to obtain a calibrated profile, a(t),as

a(t) = Ao(t).< Recal » ce..(3.24)
(Jansky)

3.4 ESTIMATION (F THE AVERAGE PULSE ENERGY AND THE AMONT CF
| NTERSTELLAR SCATTERI NG

The calibrated average pulse profiles were used to
estimate the average pulse energy and the anount of
interstellar scattering. For this purpose, a best fit profile
was obtained in each case. The nature of the functién used to
fit the observed profile is as given in eq. 3.12 . The

estimate of the average pulse energy was obtained by
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I ntegrating the observed pul se profile within the pul se wi ndow

inferred fromthe best fit profile.

The calibrated profiles obtained on different days were
conbi ned together to inprove the signal-to-noise ratios. For
the purpose of estimating the average pulse energy, the
different days data were averaged with equal weights. The
sane input data were averaged al so with suitable weights (see
Appendi x V) to maximse the signal-to-noise ratio. This later
output was used to obtain the estimates of the anount of
interstellar scattering (Cs). The estinates obtained for 8
pul sars are listed in Table 3.3. Qur estimates of Ts nay
have larger errors than those quoted here, if our assunptions
about the intrinsic pulse profiles (i(t) in eq. 3.12) at
34.5 ME do not hol d good.

3.5 FLUCTUATION SPECTRA

A wide variety of intensity fluctuations are observed
from pulsars at high radio-frequencies. Study of such
intensity fluctuations in the unexplored |ow radio-frequency
range is of great inportance; In this Section, we discuss the
possi bilities of such a study and report on our attenpts in

this regard.
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TABLE 3.3 ESTIMATES FOR THE AVERAGE PULSE ENERGY AND
THE AMOUNT OF SCATTERING AT 34.5 MHz.

[S.No.{ PSR NAME : Aver age pul se energy { Scattering wi dth {
E E E in 102 I/m% /Hz E___’gg_i_rl_rlggg____'_i
{ 1 { PSR 0628- 28 { 1750 + 480 g ‘ 45 + 15** 1
: 2 : PSR 0809+74 : 710 + 320 : 3 + 2 i
{ 3 : PSR 0834+06 , 2100 + 100 } 16 + 3 I
= 4 I PSR 0942-13 ‘ 110 + 60 I |I
i 5 = PSR 0943+10 I| 960 + 120 : 8 + 3 ll
{ 6 { PSR 0950408 : 420 + 60 : 9 + 4 !
} 7 I PR 1133+16 I 900 + 90 9 + 3
E 8 i PSR 1919+21 :| 2560 + 400 E :
4 five sigma error bar
A% one Sigma error bar
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A sinple nodel of the radiation received from
pulsars,over a bandwidth much snaller than the center
frequency, is that the radiation is white Gaussi an noi se whi ch
Is anplitude nodul ated. VW are interested in studying the
nmodul ating functi on and not the noi se process. The average
nature of this nmodulating function is studied by nmeasuring the
average pulse profiles. The intensity fluctuations can be
therefore regarded as the deviations of the nodulating
function fromits average value. The deviations are caused by
a variety of processes and can be classified broadly into the
fluctuations intrinsic to the pulsar radiation and those due

to the interveni ng nedi um

The intrinsic intensity nodul ation within a pul se period
or the pulse structure consists of m cropul ses, subpul ses and
average profile in general. The time-resolution obtainable in
our case 1S inadequate for the study related to m cropul ses.
W can, however, attenpt to study intrinsic subpulse and
average profile fluctuations by obtaining suitable power
spectra of the nodul ati on function. Such spectra are known as
the fluctuation spectra for pulsars. These spectra can reveal
the drifting nature of the subpul ses and fluctuations of the

pul se energy including the effects of pulse nulling L32,981,



| n general, the observed power spectra have contributions
due to the fluactuati ons caused by the intervening nedium It
can be shown, that the observed spectrumis a convolution of
the spectrum of the intensity nodulations due to the
i nvervening mediumwi th the intrinsic nodulation spectrum of
the pul sar. Thus, if there are any narrow spectral features
due to the intrinsic nodul ation, then they nay be smcared due
to scintillation in the intervening medium As the
scintillations due to the interstellar medi umhave very snal
decorrel ation bandw dth (see Appendix II) conpared to the
observi ng bandwi dt h, they can be ignored. The interplanetary
and the ionospheric scintillations, however , nay be
significant. Study of the interplanetary scintillations (IPS)
itself may be useful to obtain estinmates of unpul sed flux, if
any, frompul sars. However, the IPS at |owradio frequencies
and when observed at | ow geonagnetic lattitudes is difficult

to separate fromconfusing i onospheric scintillations.

The data obtained on some strong pulsars, from the
observations reported in this chapter were anal ysed using "t he
| ongi t ude-resol ved Fouri er anal ysis" nethod first applied to
the study of drifting subpul ses by Backer(1970)C£981. In this
met hod, the observed intensities as a function of time at each
fixed longitude are Fourier transforned separately. W have
chosen the wdth of the | ongitude bins, within which the data

are averaged, to be 2 percent of the period. A sequence of
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sanples for a fixed longitude is Fourier transforned in bl ocks
of 256 sanples and the anplitude spectra for many bl ocks are
averaged. Such spectra suffer heavily from aliasing effects

because a given longitude can provide only one sanple per
peri od.

Fig. 3.6 shows the fluctuation spectra versus |ongitude
obtained using the data on PSR0834+06. The values at zero
frequency as a function of |ongitude correspond to the average
pul se profile. Such anal yses were repeated for this pul sar on
different days. A high radio frequncies, the fluctuation
spectra for this pul sar show a narrow line feature indicating
strong periodi c nodul ati on at about 0.46 cycles/period [27].
However, at our frequency, the spectra for |ongitudes wthin
t he pul se wi ndow do not show any' significant deviation from
those for | ongi tudes outside the pulse w ndow Qur
observations suggest that any periodic nodulation which can
result in a narrowline feature nust be weak at 34.5 M¥ and
that the depth of nodul ati on does not exceed 6 percent, when
It would have been seen above the noise. It is possible that
there is strong nodul ation, but then its contribution nust be

spread over a broad region in the spectrum

36 LOWFREQUENCY VARI ABI LI TY

Variability in the received flux from pulsars has been

extensively studied at high radio-frequencies (e.qg.[991).
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FIG. 3.6 Fluctuation spectra V5. longitude for
PSR 0834 +06 at 34.5 MHz.



These flux variations have tine scales in a wide range. The
slow variability is generally attributed to the refractive
scintillations produced by large size density irregulatiries
in the interstellar medium [C£1001. No neasurenent of such

variability at decanetric wavel engths has been reported so far
inthe literature.

V¢ have nade sone attenpts to nake such neasurenents
using the single frequency-channel observations di scussed in
this chapter. For this purpose we have selected three strong
pul sars and have nade observation on themon different days
spani ng over 80 days. The calibrated pul se energi es obtained
fromthese observations have been used to conmpute a nodul ation

index , M as defined by Slee et al.CL641.

1/2
[ n, B
| _ 2 | _ =1
m = | % (S1i - S8 ) /nol ( S ) eee..(3.25)
| |
| 1=1 g
wher e Si = the neasured val ue of

the pul se energy in
the 1 th observation

n,= nunber of observations

- No
and v 8 = 3 7si/n,
i=1
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The conputed nodulation indices in tw of the three
cases, did not indicate any significant nodul ati on ot her than
the apparent nodulation caused due to the errors iIn
calibration f'rom day to day. ly in the case of
PSR 0950+08 , we find significant nodul ati on. The estinated
value of m, inthis case, is 0.34 20.15 . The large error in
the estimate is nainly attributed to the calibration errors.
Further observations over |onger tine spans can be undertaken

for detailed .investigation.



