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2.. Historical setting 
Thee reason for this chapter is that the work done for this thesis deviates from what was 
originallyy intended and this will be explained in a brief historical overview. 

Inn the mid nineties the author left industry through early retirement allowing him to 
concentratee on astronomy, an old field of interest. He was accepted at the Astronomical 
Institutee of the University of Amsterdam as a graduate student when Prof. Dr. Jan van 
ParadijsParadijs became his supervisor. As he had some working knowledge of computing and 
electronics,, it was suggested that he should do research on radio pulsars because Caltech 
wass almost ready building a pulsar backend - a filter bank, based on digitally controlled 
analoguee electronics - for the radio telescope observatory near Westerbork in the 
Netherlands.. It was the intention that through this backend he could research the faint 
signalss received from radio pulsars and look in particular into extraordinary phenomena, 
suchh as giant pulses and drifting sub-pulses. 

Whenn the filter bank arrived at the observatory, it saw "first light" after three months, but 
itt took a further year to upgrade it from a prototype to a fully functional and integrated 
pulsarr machine. During this period the author received quite some assistance from 
specialistt staff at the observatory. 

Togetherr with another graduate student, Drs. Marco Kouwenhoven, and scientists from 
ASTRON,, many pulsar observations were made with the filter bank, even of a few giant 
pulsess of the Crab pulsar. Unfortunately for his research, during that time it became clear 
thatt a filter bank was not the most suitable device for doing observations requiring a high 
temporall  resolution and accuracy. An added difficulty was that the machine (with its 
'mere'' 32 channels) often couldn't use the whole bandwidth (sometimes even less than a 
percent)) of the incoming pulsar signal, which had a serious detrimental effect on the 
signal-to-noisee ratio. In order to cover the full incoming bandwidth under the same 
circumstances,, up to some 8000 of these receiving channels would be required, which, in 
alll  fairness, is impossible to realise using this kind of analogue electronic circuitry. As the 
filterr bank was also unable to measure the polarisation of the incoming electromagnetic 
radiationn - an important aspect of these extraordinary phenomena - it became apparent 
thatt it would not be possible to properly carry out the intended research. 

Duringg the many months of observations and data reductions, some ideas for a different 
set-upp began to crystallise. In that set-up the analogue filter bank would still be used, but 
additionall  (partly digital) hardware would allow the signals in real-time to cycle many (up 
too some 250) times through the filter bank instead of only once. Not only would this 
processs yield up to hundreds of times the amount of data compared to just the filter bank 
byy itself (at the time a tough problem to tackle), but a total of two stages of digitisation 
(withh only a limited number of bits) would - as was shown by simulation - have 
detrimentall  effects on the quality of the polarisation information. Obviously there was 
scopee for improvement for that new set-up. 

Duringg the time that the author was working to obtain scientific support and sufficient 
funding,, and to prepare for the project management and organisation, he came into 
contactt with the Electronics Department of the Physics Instrumentation Group (IGF) of 
thee University of Utrecht. It soon became clear that they had the right environment for the 
constructionn of the new pulsar backend. With the project formally started, they were 
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askedd to undertake a feasibility study for this data-recycling scheme. During that study the 
departmentt head, Dr. Paul van Haren, made a major improvement to the new set-up by 
realisingg that with the then available digital signal processors (DSPs), the whole analogue 
andd re-digitisation part of the scheme could be avoided. Just an initial digitisation of the 
analoguee signals would suffice; all further processing would be done digitally. Where the 
filterfilter  bank uses analogue filters to split the incoming wide band into several channels of 
smalll  bandwidths, the processors could use Fourier transforms to obtain comparable 
results.. An added benefit was that the determination of the polarisation - the so-called 4 
Stokess parameters - in this way would even be easier to achieve. 

Overr a period of two years (and within budget!) the new digital pulsar machine, PuMa, 
wass realised, during which Van Haren and the author acted as Project Leader and Project 
Scientistt respectively. The latter's direct contributions to PuMa were to some extent in 
thee field of the analogue circuitry and in the development of the software for the on-board 
workstationss that control the DSPs, store their data temporarily onto disk and 
permanentlyy onto tape. During those years it became clear that a machine which uses 
softwaree to control its operation, could be used in different ways. Indeed PuMa can not 
onlyy act as an enormous filter bank with 16,384 channels but also as a base-band recorder 
withh a (shortest) temporal resolution of 50 nanoseconds. 

Byy the end of the project the author had also completed the user/operator manual, 
PuManual,, which was subsequently handed over to ASTRON's management. 

Itt was very sad that shortly after that hand-over the author's supervisor (and member of 
PuMa'ss supervisory board) Jan van Paradijs died. Notwithstanding his illness, he 
managedd to correct and improve the PuManual with his customary verve. The PuMa 
projectt team decided to dedicate its work and its results to Jan's memory. It was Jan's 
wishh that the author should continue his work under the supervision of Prof. Dr. Richard 
Strom,, who indeed was willin g to take on that role. 

Ass most of the usual period in which one's thesis is prepared, was, in this case, taken up 
byy developing the required infrastructure for the observations, it was agreed that a 
substantiall  part of the author's thesis would deal with instrumentation. In an attempt to 
addd some 'astro' to it, several observations with PuMa were made on giant pulses from 
thee Crab pulsar and the 'millisecond' pulsar. Software was developed to reduce the data 
(withh coherent dedispersion) and some of the results of the observations are presented in 
thisthis thesis. 

AA 'WSRT-first' here is a simultaneous multi-frequency observation, where the signals 
fromfrom the Crab pulsar are observed at three well-separated sky frequencies, i.e. 382, 825 
andd 1405 MHz. 

Thee author urges the reader to pay less attention to the work done on the - now 
decommissioned77 - filter bank (as reported in 9.2 appendix B), even though these efforts 
tookk well over a year. In a way, it was an essential step towards the conception of PuMa. 

77 It is a pity that ASTRON mothballed the single dish at Dwingeloo, as the filter bank - with some 
additionall  programming - could have been installed there for ongoing monitoring of pulsar periods and 
possiblee glitches (i.e. sudden changes in the rotation period). 
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