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ABSTRACT

During the past thirty years of Pulsar research, several sensitive observations experiments have
been conducted to discover pulsars and study their propertiesin detail. The current sensitivity limit is about a
milli-dansky for Pulsar searches and much better for pulsar studies. To reach this sensitivity, the surveys use
low frequency telescopes with large apertures, large R.F. bandwidth and the observed time sequence is
folded with the pulsar period for several thousands of periods. It is also required to remove the effects of
dispersion, Faraday rotation and Doppler acceleration and integrate the power in time and frequency for
maximizing the sensitivity. The data rate of the digitized samples at the output of these receivers runs into
several tens of Mbytes per second, and the offline-processing jobs demand high through-put (several giga-
operations-per second), making it extremely difficult to store the raw data of large bandwidths and do the
processing later with presently available computers. In practice, a hybrid solution is sought using dedicated,
real-time processing instruments to perform specific real-time processing tasks so as to reduce the data rate
and size and thus the offline processing load. So far, such instruments have been limited in their flexibility to
handle different types of pulsar observations and cater to small bandwidths(typically a few MHz). The first
part of the work presented in this thesis (chapters 2, 3 and 4) describes in detail the design and development
of a 'real-time signal processor “ to be used in pulsar search and different types of pulsar studies. The
instrument is designed primarily for use with the Ooty Radio Telescope and the GMRT radio telescope and
perform the above mentioned operations over dual, orthogonal-polarization data samples of 512 frequency
channels covering a maximum bandwidth of 32MHz. The digital design exploits the advantagesin using look-
up-tables, reprogramable logic circuits and DSP chips to provide full programability and a modular
architecture so that the bandwidth can be scaled from 1MHz to 32MHz and interfaced to work with any other
telescope. The optimizations used in the signal processing algorithms and the associated software

development are discussed.

During the real-time processing, it is desirable to know the amount of Faraday rotation due to the
ionosphere with reasonable accuracy. For real-time estimation and correction of Faraday rotation, a
possibility of using pulsars themselves as probes of the ionosphere is investigated. Suitable signal processing
methods for measuring the rotation measure (RM) of pulsars with a single polarization telescope are
developed. The second part of the work presented in this thesis (chapter 5) discusses these methods and the

results of observational tests.

This thesis is concluded with a discussion of the current status and future scope of this work. Even
though the signal processing system is designed primarily for pulsar work, parts of this machine will be suited
for several other signal processing applications. Some of such applications are highlighted towards the end

of the chapter.
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