CHAPTER 5

RESULTS AND DI SCUSSI ON

51 | NTRODUCTI ON

In this chapter, we present the results obtained fromthe
pul sar observations at 34.5 Mz nmade using the two schenes,
nanel y the single frequency channel schene (sCs) and the swept
frequency dedi spersi on schene (sSFDg), described in the earlier
chapters. Three pul sars, nanely PSR 0628-28, PSR 0942-13 and
PSR 0942+10, have been detected for the first tine at.a
decanetri c wavel ength. The average pulse profiles and the
energy spectra are presented for the detected pulsars. The

theoretical inplications of these results are not discussed

here as it is beyond the scope of the present work.
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The profiles obtained using the SFDS are snoothened
additionally over 3 bins for PSR 1919+21 and over 10 bins in
ot her cases. The error bars correspond to five tines the

st andard devi ati ons due to noi se.

5.2 PSR 0628-28

Thi s pul sar with high dispersion nmeasure of 34.36 cﬁapc
Is detected at such a lowfrequency for the first time. The
average pul se profiles obtained fromboth the schemes (sCs,
SFDS) are shown in Fig. 51 The profile presented in
Fig. 5.1(a) is obtained using SFDS. Note the weak em ssion
feature at about 185° | ongi tude, which can be easily
di stingui shed fromthe rest of the off-pul se baseline. Thi s
feature is probably due to interpulse emssion. |If so, the
ratio of the energy of the interpulse to that of the main
pul se is about O0.15. More oObservations are necessary to
confirmthe possible interpul se emssion. The observed wdth

at hal f-maxi numof the main pulse is 125 mlliseconds.

The spectrumof the pul se energy of this pulsar is found
to be straight in the fregeuncy range 61 to 1420 MHz
(Kuzmin et al.,1978) (€511. However, an extension of the
spectrum to frequencies below60 MHz, using our estinmate for
the main pulse energy, shows a turnover in the spectrum
(Fig. 5.2). The emssion intensity appears to peak at

frequenci es cl ose to 60 M.



IWIHIS NOISH¥3I4S1A30 AON3INCIH4-1d43MS
JHL 9NISN 82-8¢90 ¥Sd 40 3IT1408d J9VH3AY ®[1*G°9Q14

( 3d w3  ge-pg=WQa PYUe S/1lv¥bCl=d )
*seynuqw /) = NOILVYOILINI 3AL133443

3aNnLI9NOY

T | ]
000— °

i
3

ﬁ

¢ 3sindiajui

Sd4ds 8¢-8¢90 ¥Sd



~ JWIHIS TINNVHI AON3NO3Id4 F1ONIS
JH1 9NISN 82-8290 ¥Sd 40 3I1140dd 3FOVY3IAY 91°G 014

( °d wd go-po=W@ PYe S/lyyyC l=d )
S3SINd  000% 40 39VH3IAY

i 0

1 4r ol

S3S 8¢-8¢90 dSd



Energy in 10297 m2 H!

10

S
o w

o

S

0.1

the present work.
B ]
th
; 1 §
]

1 N )| 1

2 3 4
10 10 10 10

Frequency in MHz

FIG. 52 Energy spectrum of PSR .0628-28



156

5.3 PSR 0809+74

This is the only pul sar that was observed extensively
down to a very |low frequency of 10 MHz (Bruck and
Ustimenko,1973) [£613. A though, this is one of the strongest
pul sars at the frequency of our observati on, t he
signal -to-noise ratio that coul d be obtained is - rather poor.
The telescope senisitivity inthe direction of this pulsar is
very much reduced due to its large zenith angle. However, the
i ncreased tracking time for this pulsar, by virtue of its high
declination, has nade integration of. nmore nunber of pulses
possible leading to a partial i npr ovenent in the
signal -to-noiseratio. The pulse profile obtained using the
SCS is shownin Fig. 5.3. The average pul se energy estinated
using this profile is consistent with the turnover in the
spectrum C531, However, it may have large calibration errors
due to lack of suitable <calibration sources at near by
decl i nati ons. Fig. 5.4 shows the spectrum of the average
pul se energy using our estimate along with other observations

£531.

5.4 PSR 0834+06

WUsing the SCS, data were obtained for this pulsar on 11
days. After conbining the data on all days, we are able to
obtain a very high signal-to-noise ratio for its average

profile (Fig. 5.5a). A high tine-resolution profile obtained
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using the SFD5 on one day is show in Fig. 5.5b. The
inprovenent in the time-resolutiondue to the SFOSis quite
striking. The observed width in this case is approxinmately 36

m || i seconds.

V¢ estimate the average energy per pulse to Dbe
(2100i100)X162q J/m* /Hz. This estimate is in very good
agr eenent wth the estinmates at ot her frequenci es
(see Fig. 5.6). The average profile (Fig. 5.5a) does not show
any significant interpulse emssion contrary to that reported
at 25 Mt «r[781. This nay suggest a steep spectrumfor the

I nt er pul se energy.

55 PSR 0942-13

(bservations of this pul sar were made on two days using
the SCS. The final average profile is shown in Fig. 57  The
pul se energy is estimated to be (110i67)x1629 J/m*/Hz. Usi ng
the value for the average flux at 400 MHz [£941, we estinate a
spectral index of -0.76+0.28. Due to the large gap in the
neasured points on the spectrum it is difficult tocoment
about the existence of a turnover in the spectrum in the

frequency range 34.5 Mz to 400 M.

56 PSR 0943+10

The average profile obtained using:-the SC5 IS presented
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in Fig. 5.8. Sul ei manova and |zvekova (1984) [1021 have
reported nmode changing for this pul sar at 62 and 102 ME. The
time-resolution in the profile shown in Fg. 58 is not
adequate to see any details in the pulse profile. However ,
using the SFDS, it was possible to observe finer details of
the pulse. F g. 59 shows a high resolution profile obtained
by conbining the data on two days. The profile seens to
suggest that only one of the two nodes (nanely, B and ¢)
di scussed by Sul ei manova and | zvekova C£1021 becones proni nent
at decanetric wavelengths. This (B) node is observed to have
two peaks wth an intensity ratio of 3.5:1 at 102 M. This
intensity ratio appears to be about the same at 34.5 M.
However, the separation of the two conponents has increased to
about 80 mlliseconds at the present frequency from 31
.mlliseconds at 102 M+t. This suggests to us that the

o : 0-
separation is proportional to (wavelength) 3

Qur estimate of the average pul se energy, when conpared
with simlar estimates in the range 53 to 606 Mz by
Conel | a £521, suggests that the spectrumis still rising even
upto 34.5 M. This happens to be the first case where the
spectrum for a long period pul sar does not have a turnover
even upto 34.5 M. | nvestigation of the spectrum at
frequencies below 34.5 Mz may be of great interest. The
spectral index conputed wusing our estimate with that at 400
Mz £941 is about -1.65.
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5.7 PSR 0950+08

PSR 0950+08 has the snallest dispersion neasure anong
known pul sars. Due to its short period, it was possible to
average a large nunber of pulses leading to  better
sensitivity. Fig. 510 shows a profile averaged over 54000
pul ses using the data obtained fromthe SCS on six days. The
| ongi tude resolution in this case is not adequate to see finer
details in the pulse. The average energy per pulse is
estinmated to be (42016O)x1529 J/m%* /Hz. This estimate when
conpared wi th ot her observations £531 appeares to suggest that
the estinate at 61 M [511 may be in cosiderable error (see
Fig. 5.11).

5.8 PSR 1133+16

Fig. 5.12 shows an average profile for PSR 1133+16
obtained using the SCS The observati ons were nade over 8
days. The two conponents which have been observed at and
above 61 Mz £27,631 are just distinguishable in this profile.
However, a predicted profile (see eq.3.12) assumng a single
conponent in the intrinsic pul se could not give a good fit to
t he observed profile, during the estimation of the scattering
w dt h. Therefore, the intrinsic pulse is assunmed to have two
conponents of width 12 nsec each with a separati on of 45 nsec.
The widths and the seraration of the conmponents at 61 Mz are

0.25
used after (wavelength) scaling. Wth this assunption, it is



PSR 0950+08 - 5CS

15 Jy

0 Jy

AVERAGE OF 58000 PULSES
( P=0.253065s and DM= 2.969 cm pc )

FIG-5-10 AVERAGE PROFILE OF PSR 0850+08 USING THE
SINGLE FREQUENCY CHANNEL SCHEME
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possible to obtain a very good fit to the observed profile,
provi ded a conponent intensity ratioof 0.6:1 is used. |t
should be pointed out, that at 102 Miz (533 this intensity
ratio is about unity , and is greater than unity at 400 M&

281, The' energy spectrumis shown in Fig. 5.13.

59 PSR 1919+21

(bservations of this pulsar were nade using both the
observing schenes. Fig. 5.14 shows an average profile
obtai ned using the SFDS. This profile has the best [|ongitude
resol ution obtained so far by us. The observed pulse width is
about 30 nsec. W do not find any significant interpulse
emssion in the profiles obtained on this pulsar. It should
be noted, that significant interpulse emssion nhas been
reported at and below 25 Mz C£76,771. W estimate the average
pul se energy to be (2560iA00)xlb29 J/m%*/Hz. This estimate is
obt ai ned using observations made using a 16 frequency channel
anal og recei ver [C1031. Fig. 5.15 shows our estimate wth
those at other frequencies £531 on an energy V5. frequency

pl ot .

5.10 SCATTERING |N THE | NTERSTELLAR MEDI UM

The anplitude scintillation of pulsar signals and the
tenporal broadening of their pulse profiles are different

mani festations of scattering by snall-scale electron density



Energy in 10297 me H™!

10

O

o
nN

o

0.1

@ 3§

172

! 1 1

10

2 3 4
10 10 10

Frequency In MHz

FIG. 513 Energy spectrum of PSR1133+16



173

JWIHIS NOIS¥3dS1d3d AON3IN03IY4-1d3INS
JHL 9NISN 12+6161 ¥Sd 40 311404d 39YY3AY PL°G9O14

(94 w2 |Ep-2l=Wa PU® SLOLLEE"1=d)
vssynuiw ¢/ : NOILYY93LINI 3ALLD3443

A ot sl e

as T

Sa4ds 12+6161 dSd



ATl

m

_29 J-

Energy in 10

- 0

10 |

10

I I

10

FIG

2 3 4
10 10 10

Frequency in MHz

515 Energy spectrum of PSR1919+21

174



175

fluctuations in the interstellar medium The observable
quantities Cs and AY , which are respectively the exp(-1)
wi dth of the inpul se scattering function and the decorrel ation
bandwi dt h of the amplitude scintillation, are generally used
to neasure the strength of scattering along a line of sight to

t he pul sar.

At higher radio frequencies it is convenient to nmneasure
AY instead of *ts for nost of the pul sars. However, at |ow
radio frequencies, as AY is too small to be neasured
conveni ently, the obvious choice is to attenpt neasurenents of
“Cs. However, 'Cs cannot be neasured directly froman observed
pul se profile, but needs to be estimated after accounting for
the intrinsic profile shape and the instrunmental effects GCsee
section 3.2.53. The intrinsic profile at the observing
frequency is usually assuned to be the sane as that at a high
frequency (where snearing due to scattering can be ignored)
after suitable scaling of the width of the profile. However ,
many  observations fLe.g. 823 including the present work,
clearly show that profiles for a pulsar at di fferent
frequencies differ in many ways. Therefore, the profiles at
di fferent frequenci es cannot al ways be assuned'to be related
to each other by just one scaling law tlence, any estinate of
‘Cs assumng the extralpolated intrinsic profiles can have
| arge errors. The AY neasurenents, on the other hand, are

practical ly i ndependent of the pul se profiles.
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Here we discuss three cases where high resolution

profiles have been obtained using the SFDS.

i) PSR 0628-28: From the decorrelation bandw dth
nmeasurenents at high frequencies, we woul d expect the Ts at
34.5 M to be about 8 nsec, assum ng that '‘Cs c<_(frequenc§34.
Using 'the pulse width at 102 MZ €631 (after (frequencgl())'25
scal ing and accounting for instrunental effects), we find the

predicted pulse width to be larger than the observed w dth,
even if Ts = 0. This clearly indicates that our assunption
about the behaviour of the intrinsic pulse wdth wth

frequency does not hol d good.

ii) PSR 0834+06: |In this case the observed profile is
consistant with the value of Ts expected by extrapol ation from

hi gh frequenci es.

iii) PSR 1919+21: The observed pul se width of 30 nsecs
Is snmaller than the intrinsic pulse widthitself that is
expected by extrapol ation from hi gh frequencies. However, as
the expected Cs is 35 nsec., we can definitely concl ude that
t he broadening due to scattering is much less in this case

t han t hat éxpected.

Cases i) and ii1i) arerextreme exanples of a situation
where Ts estimation is affected by the assunptions regardi ng
the intrinsic pul se shape. The scaling of *Cs wth frequency

and DM depends on the nature of the spectrumfor the density
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irregularity sizes.The Gaussi an spectruin predicts
Cs o (DM/£2)5, whi | e t he power-law nodels  predict
1°C/ac—2
Cs o< (DM/f*) . For exanple, for the Kolnbgorov spectrum
2:2 :
£=11/3 and thus Cs o< (DM/£%) . The frequency scaling

correspondi ng to a Kol nogorov spectrum predicts even higher

values of Ts than can possibly be attributed to scattering in

all the three cases.

ON THE DEPENDENCE OF Ts ON DM: The observed dependence
of s on DM from high frequency observations has been
di scussed by many authors (e.g.C70,71,723). The dependence is
studied by conbining the estimates of Cs and AY. The TCs
measurements. generally correspond to high DM pulsars, while
the AY neasurenents are available for pulsars with |ower
values of DM |t has been seen that *Cs increases with M nore
steeply than the increase predicted even by the Kol nogorov
spectrum C701. Appreciating the fact that “Cs estimates
(mainly for high DMs) can be affected by the assunpti ons about
the intrinsic pulse profiles, it is possible that the observed
dependence on M nay be an overestinmation. |If so, it is
appropriate that only AV neasurenents shoul d be used to obtain

t he dependence on DM

Further, we observe that the scattering has a less rigid

connection with DMthan has been generally assumed. Support

for this can be found fromthe large scatter in the observed

AY in any narrowDMrange. The apparent dependence on DMis
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probably only due to the common paraneter, the distance. The
turbul ence level, which is the main parameter associated with
the scattering, is not in general a function of DM In fact,
it would be appropriate to define a mure relavent quantity,
say "scattering measure", which represents the right
conbi nation of both; the turbul ence |evel and the distance to

t he pul sar.

511 SUMVARY

The results discussed in the earlier sections indicate
that we have been able to obtain good quality observations on
many pulsars at a |ow frequeicy Dby enploying the nethods

presented in this thesis.

The profiles obtained using the SCS are affected by
disperion snearing over the 30 KHz band and fail to show the

pul se structure in detail.

However, the use of the SFDS has enabled us to detect
finer details in the pulse profiles. The di spersion smearing
. - .
in the worst case (i.e. DM = 34.36 cm”pc) isS only about 9
ml|iseconds. Such swmearing can be further reduced by
observing with bands narrower than that (333 KHz) used for the
pr esent observati ons. The  subsequent loss in the
signal -to-noise ratio, howver, should be recovered by

observi ng over longer |engths of tine.
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The estimates of the pulse energies in 5 cases confirm
t he |l ow frequency turnovers already known from other
observations. Qut of the 3 new detections by us at 34.5 MHz,
only in one case does the spectrum not appear to have a
turnover down to 34.5 MHz. Such a spectrumcan be of great
interest if found to have simlar a character at even | ower

frequenci es.

Lastly, regarding the interpul se emis ion, We notice no
significant emssion beyond the nain pulse w ndowin those
cases where significant interpulse has been d tected at
25 M. However, 1t may be possible to detect; such em ssion
by inproving the signal-to--noise ratio to values better than

that attained in the present work.
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CHAPTER 6

CONCLUSI ONS

The behavi our of pulsars at decametric wavelengths is .
still wvery poorly known. This is so, because only a very few
pul sars out of the nore than 400 known have been detected at
such wavel engt hs. It is, however, cxtremely difficult u.
observe pul sars with a good signal-to-noise ratio and high
tinme-resolution at these wavel engths. The difficulties arise
mainly due to the propagation effects in the intervening
interstellar nedium Further, the bright sky background at
frequenci es bel ow 100 Mz, and the often reduced strength of
pul sar signals at the 1lqwest frequencies observed demand

extrenely high systemsensitivity for such observati ons.
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The linted data from 1low frequency observations have
suggested that nore such observal ‘ons are of great inportance
for a better understanding of the physical processes that
cause the observed radiation from pulsars. Therefore, at | ow
radi o frequenci es, further observations on as nany pul sars as

possi bl e are desirabl e.

Qur aim in the course of the present work, was to obtain
observations of as many pulsars as possible wth high
sensitivity and high time-resolutionat a | owradio frequency.
The Decaneter-wave Radio Telescope at Gauribidanur, India,

operating at 34.5 MHz was used for this purpose.

The main limtation of the telescope system as it
existed, was its poor sensitivity for pulsar observaiions.
The required sensitivity improvement was achieved Dby
increasing the observing time per day on any source by a
factor of ~ 25. For this purpose, a tracking system was
designed, fabricated and installed. This system enables
observation of a source for 42 sec (&) min. in a day,where &
1s the declination of the source. This increase in the
observation tine led to an inprovenent in the sensitivity by a

factor of ~ 5 .

A3

Using the telescope with its inproved sensitivity,
observations of strong hut not highly dispersed pul sar signals

wer e attenpt ed first. The al r eady exi stirig
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gingl. -frequency-channel receiver with a 30 KHz bandwidth was
used. Suitable procedures were developed for observation,
data acquisition, data processing, detection and calibration.
A dedi cat ed data acquisition systemwas built for this purpose
and suitable Fortran algorithnms were devel oped for the data
processing. Follow ng these devel opnents, observations were
made on 20 candidates. A stringent detection criterion was
used for increasing the reliability of detection. For this
purpose, the raw data were fol ded over two-period stretches
and were tested for significant detection of tw pulses
separated exactly by one period. Wth this reliabie
criterion, 8 pulsars were detected successfully. Aver age
pulse profiles, estimates for the average pul se energy etc.
were obtained for the 8 pulsars. Possiblities to study
fluctuation spectra. and |owfrequency variability of pul sar
signals was considered and a few attenpts nmade in that

direction are reported.

A schene was devised to enable high time-resolution
observations of highly dispersed pulsar signals. This schene
i nvol ves a basi c swept-frequency dedi spersion procedure. The
sweeping intensity patterns mapped in the frequency domain as
a result of dispersion in the |ISM are nmde to appear
stationary by appropriatély sweepi ng the centre frequency of
the reveiver. A reliable programmable sweeping |oca

oscillator system required for this schene was designed and
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built. This system was used with the existing 128-channel
autocorrelation receiver to obtain intensity patterns with
higk resolution in the frequency domain. The  tracking
facility was also used to enable higher tinme integration. A
new met hod was used to avoid the need for gain calibration of
i ndi vidual frequency channels, as well as the need for
absol ute synchroni sation of the sweep. It is shown, that with
this nethod, higher resolution can be obtained for strong
pul sar signals. Suitable observational procedures, along wth
the software al gorithns, were devel oped for this purpose. Use
of this schene has successfully denmonstrated its ability to
observe pulsars having dispersion neasures as higk as

35 cﬁapc, with high sensitivity and high tine-resol ution.

Both the schemes have vyielded wuseful results. The

hi ghli gths of these results include

i) Detection of 3 more pulsars at a decanetric wavel ength
which includes the detection of a pulsar with a DM of about

35 cm 2 pc.

ii) Measurenents of average profiles for 8 pulsars wth

good time-resolution and sensitivity.

iii) Reliable estination of average pul se energies in al

t he 8 cases.
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iv) Extension of the spectra towards |ower frequencies
for 3 pulsars where one odd case shows no turnover even down
to 34.5 MHz.

v) A nmarginal detection of interpulse enmssion in the

case of PSR 0628-28

vi) Absence of significant interpulse or of f - pul se
em ssion in those cases where significant interpul se emssion

has been reported at 25 MHz.

vii) The scaling law for intrinsic pulse width as a
function of frequency is seen to break down. In one case
(PSR 0628-28), the intrinsic wdth at 34.5 Mi appears to be,

infact, smaller than that at higher frequencies.

viii) d ear denonstration that neasurenents of €Ts at | ow

frequenci es coul d be unreliable and m sl eadi ng.

Further pul sar observations can be made, using the two
schenes with the present tel escope system, to obtain nore data
wi t h hi gher signal-to-noiseratio and higher tinme-resolution
The observations can be made nore tinme efficient, if the
nunber of avail able spectral channels is increased. These
schenes can be fruitfufly enployed in future to detect
superdi spersion delays in nore cases, if sinultaneous data

also at a suitable different frequency can be nade avail abl e.
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The study of |ow frequency variability for pulsars can be
pursued further by making frequent enough routine observations

over spans of many nonths.



