Chapter 1
| NTRCDUCTI ON

Radio Astronony began at |ow frequenci es. It rmay be
recalled that the historic observations of Karl Jansky were done
at 20.5 Mz (Jansky 1932). Interestingly, the next ngjor
observations by G ote Reber were done at a nuch hi gher frequency
of 160 Mz (Reber 1940) and this has been the general trend
ever since. The main notivation for this was, of course, the
quest for higher and higher resolution ; this was easier to
achi eve at hi gher frequencies for obvious reasons. The di scovery
of aperture synthesis only accel erated this trend. On the ot her
hand, the quest for higher resolution and higher sensitivity at
| ower frequencies was hindered by the fact that the construction
and rmaintenance of large arrays proved to be difficult.
Although the technique of "synthesizing" a |arge aperture was
available, it was rendered | ess useful at |ow frequencies by the
fact that the interference introduced by the ionosphere and
terrestrial sources was highly variable over the sort of time
scal es that would be required to synthesize a |arge aperture.

Notwi thstanding these formdable,difficulties there were
many early attenpts to observe the sky at |ow frequencies.  For
exanple, as early as 1961 Shain, Komesaroff and H ggi ns (1961)
mapped a part of the Galactic plane st 19.7 Mk with .4
resolution using the MIls Qoss. Five years later, WIIians,
Renderdine and Baldwin (1966) at Canbridge used the aperture
synthesis technique to mnap the northern sky at 38 Mz with a
resolution of 0.7. In the md 1970s Erickson and his

col | aborators used the Aark Lake tel escope to make observations
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of selected regions and obtai ned accurate fluxes of point sources
(Mner and FErickson 1975). In this context, some earlier
attenpts to determne the fluxes of point sources should also be
mentioned: The Penticton array was used at 10.03 Mz by Bridle
and Purton(1968) and at 22.25 Mz by Roger, Costain and Lacey
(1969) and the UIR radio tel escope in Wkraine was used in the
frequency range 10 - 25 Miz by Braude et al. (1969). No account
of low frequency radio astronony, however brief, would be
conplete wthout a mention of Grote Reber’'s work in later years
(1961) in Tasmani a naking the | owest ever frequency observations.
Through a hole in the ionosphere he started observations of the
sky at 2 M.

Turning now to the Indian scene, here, too, the first
efforts were at relatively higher frequencies. The Qoty radio
telescope was built to operate at 327 Mi and the |unar
occultation technique was used to make high resolution
observations of radio gal axies(Swarup et a. 1971). In the md
1970s the first low frequency array in India was built at
Gauri bi danur (latitude 13 % 12’ N) near Bangal ore.  This array
is made up of 1000 dipoles arranged in the formof the letter ’T’
with a 14 kmlong East-Wst armand 0.45 kmlong Southern arm
It has a collecting area of =18000 i whi | e operating at 34.5
Miz.  Athough the telescope was built to be used in the
synthesis node, the early observations used it as a single beam
transit instrunent, The array coul d be phased el ectronically to
the desired declination and the outputs of the East-Wst array

and of the Southern array were multiplied in a single channel



anal og receiver to produce a pencil beamwth a resolution of 21’

x 33 at zenith. A sequential scanning of 16 declinations with a
mninum separation of 0.2 between the beans was adopted for
mpping a few localised sources (Sastry et a. 1981 ;
Daarakanath et al. 1982; Sastry and Shevgaonkar 1983; Deshpande
et al. 1984; Deshpande and Sastry 1986).

As nmentioned above, the main objectivein building this
telescope was to use it as a synthesis instrument to survey the
sky. Ideally, one would have Iliked to do a 2-dinensional
synt hesi s. But in view of the conplexity of the hardware
required to do such an observation, as a first effort it was
deci ded to do a 1-dinensional synthesis along declination. Wth
this in view, a 128-channel digital receiver systemwas built by
Ravindra and Udayashankar and installed at Gauribidanur in 1983
(the details of the receiver systemnay be found in the theses by
Ravindra 1983 and Udayashankar 1986). Though this receiver
system was prinmarily used for continuum observations, it was
also used in the autocorrelator mode to observe pulsars
(Deshpande 1987) and radio reconbination |ines (Udayashankar
1986) at 34.5 M.

The objective of the present thesis was to map the entire
sky observabl e from Gauri bi danur using this receiver system The
declination range of -36°to +64 was covered in the present survey
with a resolution of 27 x 33 at the zenith and a sensitivity of
4 Jy (16). Wsing the East-West array in the transit node, the
declination range nentioned above coul d be mapped in 24 hours of
tine. This along wth choosing the period of observations during

the solar mninumalleviated nany of the problens plaguing |ow
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frequency astronony such as disturbances due to solar activity,
terrestrial interference and the changing ionosphere.  Special
care was taken to include spatial frequencies all the way down to
zero; this enabled us to map the sky at all angul ar scal es.

The details of the instrunent used and the observing node
are described in Chapter 2 while the data analysis and
calibration are described in Chapter 3 The results of the
survey are presented in Chapter 4 in the formof contour naps.

A this stage it is appropriate to mention some of the
scientific objectives of this survey. Cne of the objective was to
map the large scale features of the Gl axy. There were, of
course, earlier attenpts to do this although they had poorer
resolution than the present survey. For exanple, Mathewson,
Broten and Cole (1965) used the Parkes tel escope to survey the
southern sky with a resolutionof 1. Ml ogradov-Turin and
Smth (1973) wused the Jodrell Bank telescope to survey the
declination range -25to +75 with a resol ution of 8. Al t hough
much of the declination range surveyed by us was covered in the
earlier studies, the better resolution possible with the
Gauri bi danur telescope promsed a nore detailed spectral index
map of the Gal axy through conparison of our observations with the
survey at 408 Mz done by Haslam et al. (1982). It may be
mentioned here that the 408 Mz survey has a simlar resolution
to ours.

The pioneering observations of Shain, Konesaroff and H ggi ns
(1961) referred to earlier, and the survey of the southern sky by

Jones and Finlay (1974) using the Fleurs synthesis telescope,



al ready showed several absorption features in the Galactic plane
due to the presence of thermal gas. Mre recently, sone of the
most inportant results obtained by the Infra-Red Astrononca
Satellite (IRAS) pertain to the distribution of this gas
(Bei chman  1987). A detailed mapping of this thermal gas which
is expected to be seen in absorption against the intense
synchrotron background was one of the nain objectives of the
present study. Chapter 6 is devoted to a discussion of the
distribution and the paraneters of this gas as deduced from our
observat i ons.

ne of the nmost spectacul ar discoveries in recent tines has
been that of the mllisecond pulsars. It nay be recalled that
the discovery of the first mllisecond pulsar in the GGlactic
disk, as well as the first one in a globular cluster, can be
traced to the discovery of point sources with very steep spectra
at low frequencies (Erickson 1983; Mahoney and Erickson 1985).
Various theoretical attenpts to understand the origin and
evolution of mllisecond pul sars predict a substantial nunmber of
themin the Gl axy; indeed, their population nay exceed that of
the normal pul sars(Bhattacharya and Srinivasan 1986; Kul karni
and Narayan 1988). If the 15 mllisecond pul sar (PSR 1937+21)
is 'typical' of the population, then in a reasonably sensitive
survey such as ours one could hope to detect them as steep
spect rum sour ces. | f not, one woul d be I earni ng sonet hi ng about
the lumnosity function of the mllisecond pul sars.

Al though the goals nentioned in the above two paragraphs
refer to regions within, say, # 20 degrees of the Gal actic pl ane,

there is al so considerable interest in regions far fromthe pl ane
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of the Galaxy. In recent times there has been renewed interest
in the source counts as well as in the large scale
distribution of extragal actic sources. 1In all these discussions
the nain observational input has been the results of surveys done
at relatively high frequencies. It may be of some interest to do
a simlar analysis based on the observations of extragalactic
sources at a nmuch |l ower frequency. There could in principle be
differences in the source counts, as well as in the angular
distribution. For exanple, some of the sources seen at |ow
frequencies may not forma part of the popul ati on seen at higher
frequencies; this can happen if they have a very steep spectrum
The present survey with its w de coverage and uniformsensitivity
is of particular interest in this context.

Wil e we have enunerated several scientific objectives which
justify a large survey such as the present one, in this thesis we
wi sh to confine our discussionto one particular topic. Thi s
concerns the nature of the thernal gas seen in absorptionin the
Gl actic plane. In Chapter 6 we argue that this gas nmust be
fairly near-by. He al so suggest that much of the low velocity
and low frequency (such as the H 272 line) radi o reconbi nation
lines could well originate in this gas. In future studies we
will attenpt a detailed correlation between our data, the
reconbi nation |ine observations and the | RAS survey. An anal ysis
of our datawth a viewto identifying possible candidates for
m|lisecond pul sar searches, as well as a study of the statistics

of extragalactic sources are also deferred to future studies.



Table 1.1 Some of the mapping efforts made at | ow frequenci es

Freq. Si ze Cbservatory  Resol. Cover age Ref erence
(MHZ) (deg.)
19.7 '+ Array MIls cross 1.4 224°¢ 1< 16° Shain, CA
1.6 km EW -6°¢ b ¢ +6° Komesaroff, MM
1.6 kmNs H ggins, c.s.(1961)
38 Array Canbr i dge 0.75 -10°¢ < +90 Wlliams, PJ.S
1 km BEW 24 H in RA Kender di ne, S
Movabl e NS Baldwin, J.E.(1966)
209  Aray Fleurs, NSW 0.8  225< 1 30, Jones, B.B.
1 km BEW -10°¢ b ¢ +10 Finlay, EA (1974)
Movabl e NS
10 ‘' Array  Penticton 20 -5°¢ & Caswel |, J.L. (1976)
1.2 km EW 24 Hr in RA
0.7 km NS
30.9 '’ Array Oark Lake 0.2 350°¢ 1 ¢ 250’ Namir E. Kassim
3 km EW -3%¢ b < +3° (1988)
1.8 km NS
30 Singl e dish Parkes 11 -90°¢ £ ¢ ¢°  Mathewson, D
210 ft. 24 H in RA Broten, NW
Cole, DJ. (1965)
38 Single dish Jodrell 8 -25% 6 ¢ +7C MI ogr adov- Turin, J.

250 ft.

24 H

in RA

Smith, F.G.(1973)
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Spectral behaviour of different kinds of sources. 'BB' refers
to black-body emission at a certain temperature. lonized
hydrogen regions ('HII') are optically thin at high frequencies
but become optically thick at Ilower frequencies. At
frequencies = 30 MHz they appear in absorption against the
much brighter non-thermal background ('NI' Bg'} which has
equivalent black-body temperatures ==20,000 K to 100,000 K.
Radio emission from the halos of galaxies or from puslars
has a steep spectrum ('SS'). Supernova remnants belong to
two classes depending on whether they are powered by an
active pulsar ('SNR-P') or by the blast wave (SNR-S').
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