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1.. Introduction 
Inn 1967 Jocelyn Bell, then a graduate student of Anthony Hewish and investigating the 
angularr structure of compact radio sources, discovered remarkably regular pulsating radio 
signals.. It soon became clear that the signals were coming from a source well outside our 
solarr system (Hewish et al, 1968; Bell Burnell, 1997). Just prior to that discovery, the 
theoreticall  work on neutron stars had reached a stage where pulsating radiation had been 
predictedd (Pacini, 1967). Within a year a few more radio pulsars (as they were called) 
weree discovered, which were rotating so rapidly (up to thirty times a second) that highly 
magneticc rotating neutron stars seemed the only object that could emit such radiation 
(Gold,, 1968). 
AA neutronn star is what is left of the core of a heavy star after that star exploded in a 
supernovaa explosion. The mass of that core is greater than our sun, and under its own 
weightt it collapsed to an extremely compact body of neutrons, with a radius of only some 
tenn kilometres. During the collapse the magnetic field of the original star, frozen into this 
smalll  and rapidly rotating object, increases by many orders of magnitude as a result of 
fluxx conservation (Woltjer, 1964). Focused electromagnetic radiation is emitted from the 
magneticc poles like a rotating beam of a lighthouse. If the beam of this radiation sweeps 
overr the earth it can be detected as a periodic increase in the noise signals received by 
radioo telescopes . 
Althoughh the radiation mechanism is still poorly understood (Curtis Michel, 1991), it is 
clearr that the processes that take place near the magnetic poles (Radhakrishnan & Cooke, 
1969)) make neutron stars very interesting high-energy laboratories (fortunately at a safe 
distancee from earth). Now, more than thirty years after the initial discovery, a thousand of 
thesee pulsars have been discovered, showing up in many varieties, and their signals - in 
radio,, light and X-ray - are being studied to gain more insight in the nature of these 
neutronn stars. Being such extreme objects, the research involves grand areas of physics 
likee Quantum Mechanics, General Relativity and High-Energy Physics. Studying neutron 
starss is still very much alive. 
Evenn the first planets discovered outside our solar system were circling around a neutron 
starr (Wolszczan & Frail, 1992). 

Inn the early nineties plans were made to equip the radio astronomy observatory WSRT in 
thee Netherlands with equipment that would facilitate the observation of radio pulsars. 
Initiallyy a filter bank, designed by Caltech4, was used, but near the end of the nineties a 
moree encompassing digital pulsar machine - PuMa - was installed at WSRT. 

Thee objectives of the work done in the context of this thesis were 
 to guide and to help the project of the filter bank to completion, 
 after conceiving PuMa, to develop and to install it at WSRT and 
 to do some astronomical observations which would illustrate its potential as a 

world-classs radio pulsar observing machine; to this end the phenomenon of giant 
pulsess was chosen. 

22 If you received a copy of this thesis on CD-ROM and your computer is equipped with a sound card then 
youu can listen to the sounds of some of these pulsars, please look at the 'readme' file for instructions. 
33 Westerbork Synthesis Radio Telescope. 
44 California Institute of Technology. 
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Too give some background information on the author's involvement, this thesis starts with 
aa historical overview. The next chapter is on instrumentation and deals with the filter 
bankbank and PuMa. At the time of the hand-over of PuMa from IGF5 to ASTRON6 in 1998, 
thee author of this thesis had completed PuManual, a combination of an observer and an 
operatorr manual. PuManual is an integral part of this thesis. 

Thee following chapter deals with observations made with PuMa on so-called giant pulses 
(GPs),, brief outbursts of power with intensities up to a hundred thousand times the power 
off  ordinary pulses. A method for reducing the effects of scattering by the interstellar 
mediumm of GP signals wil l be presented, together with some results of observations of the 
twoo known sources of GPs, i.e. the Crab (PSR B0531+21) and the millisecond pulsar 
(PSRR B1937+21). A WSRT novelty is a multi-frequency observation of the Crab pulsar, 
yieldingg insight into wide band and narrow band GP emissions. The reader should realise, 
however,, that these results are merely an introduction to the sort of research that can be 
donee with this equipment rather than an attempt to exhaust the subject. 

AA brief description of the software developed for the processing of the GP data is also 
included. . 

Finally,, this thesis contains three articles on PuMa and on the effects of digitisation on the 
qualityy of signals, which the author wrote, or contributed to. As these articles and this part 
off  the thesis were written for various audiences, there is an unavoidable overlap in their 
contentss and the contents of this thesis. 

Thee 'astro' part of this thesis may be a bit 'thin' on introductions and conclusions. The 
authorr is of the opinion that this thesis is not meant as a textbook for beginners, nor is it a 
scientificc article in its own right (though there is a fair chance that that wil l come as a 
nextt step:). 

55 PuMa was built by the Instrumentation Department of Utrecht University. 
66 WSRT is owned and operated by the ASTRON foundation. 
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