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Harwell 1

1. Harwell

Training School

My education as a scientist had already begun while | was still in the
Merchant Navy. My study intensified aftery marriage to Rita in 1954
when | signed up for a correspondence course with the Seafarers
Education Service and they anged tutors in mathematics and physics
for me. By late 1956 | had sat and passed the necessary examinations to
allow me to proceed to a degree course unfortunately we had no money
and so | needed to get a job. As has been related in Volume 1 of these
memars’ | managed to obtain a lowly post at the Atomic Energy
research laboratory at Harwell with a strong indication that | would be
allowed to take advantage of a day release scheme to study for a degree
part time.

| left Frome very early on Monday 21st Feary 1957 to travel to
Didcot to start my newife in science at Harwell. The journey involved
both train and bus; in those days a convenient bus service between
Newbury and Oxford deposited one outside the ngaite and as | sat
upstairs in front seat, my imagination bordering on fantasy, | saw myself
becoming a famous atomic physicist. The prospect of working in a
laboratory where deep secrets were kept from ordinary mortals excited
me as much as the challengkjaining that selected band of British
researchers currently led by Sir John Cockctiwdt founder and director
of the establishment, even if in the lowest capacity. Sir John was world
famous, he had before the war in Cambridigsigned and built together
with his equally famous collaborator E T S Walton, a particle accelerator
to 'split' the atomthus ni t i adcienney 6 bi g

Arriving at Harwell once agaihfound myself as thélowest form of
animal life'. Just under 10 yeagweviously when | joined the SS
Cerinthus as a new cadet in the Houlder Line | was certainly regarded as
a lowly creature and this time the Harwell Personnel officer told me at
my induction interview that a mere Scientific Assistams just a
Ot rai ni which atgny agke(26 years), left me with a lot of
catching up to do. This did not depress me unduly as | fully intended to
try andclose the gap between me and my more 'senior' colleagues as fast

'6So Long to Learnd, Bill (CW) Trowbridge, DO6Arcybo:
2 |n 1932 the first artificial splitting of the atom by accelerating protons and bombarding
on to Lithium target



2 Training School

as| could but first | needed tbide my time and play myself iand
furthermore acquire a higher education at the same time. This was a tall
order but my motivation was strong.

Plate1: AERE Main Gate c. 1956

Although in those days the laboratory was still very security minded
the more sensitive weapons applications had moved to Aldermaston and
the laboratory's roledd changed to concentrate on peaceful applications
of Atomic Energy as well as fundamental research in Atomic and
Nuclear Physics. On my arrival at the main gate (Plate 1), then situated
on the busy A 34 long before the bypass was constructed, | foundf myse
in the security 'guard house' waitifmg line as the many visitors were
given temporary passes. The room had a long counter behind which
stoodseveralsecurity policemen who issued passes after much filling in
of forms. As a new employee | was directedhe personnel section in
the administrative building where | was given a security booklet and
invited to sign the official secrets act. | was told a permanent pass would
be issued to me in a day or so. | was then informed that arrangements had
been maddor me to be billeted in Didcot at the house of a Harwell
employee who would meet me at 5 o'clock. In the meantime, as had been
agreed at my interview, | would be attending the 'Training School'.
Someone then escorted me to Hangay ihéet Mr Robinsvho directed
the courses on basic laboratory technology. Thus began a new and
strange experience.
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Mr Robinsturned out to be an ex army mamom had sered his
time with the Royal Engineers and we had an immediate rapport. He was
interested in my sea career and we enjoyed swapping reminiscences
about our travels at odd moments over the next few weeks. | think he
regarded me as a special case as most ofrdireees were youngsters
fresh from school and had been recruited in the main to join the
|l aboratoryds 'at this ti me' ever growing b
in telling Robbie that my aspirations were aimed much higher thaigh
this stagel had no clear idea how | was going to achieve my goal except
that | must at all costslearn as much as | could. | was apparently
earmarked to join Dr W D Allés Electrostatic Generator group but |
soon discovered that Roblteew onlyvery little of what this involved
but that in the meantime | should learn some basic laboratory. 3kils
it appearedmostly involved joining copper pipes together by brazing,
filing metal, and wiring electrical components by soldering. | was
introducedto two members of his staff, one a little older than me but the
other much younger. The older man, his name | have quite forgotten and
| will call him Colin, had been in the RAF and specialised in electronics
and told me they would guide me through thegss of building a simple
rectifier circuit as a sort of final project of the course but first | would be
shown by the other chap, who answered to the name of Mick, how to file
a small billet of duralumin into a prism. The only thing | can remember
about ®@lin was that he lived in an AER&vnedhouse in Wantage and
he paved his garden with concrete to avoid grass cutting. | was issued
with a white coat and a film badge, which was collected each week to be
processed by the radiation protection departimmtl hardly got started
on the filing job when a maim his late fortiesappeared who introduced
himself as Charlie and said he'd come to collect me as it was time to go
home.

Charlie Carterhad a spare room in his house in Didcot #ad
joined the scheme to provide new staff with temporary lodging until they
could find something more permanent. We walked to the bus stop and
here | had my first impression of the size of khg's work force as over
70 bugs, mostly doubleleckers, coveyed the staff in all directions to
the surrounding towns and villages, some asdany as Swindon,
Reading and \ithey. The owimuster as this daily event was calleand
the procession of vehicles jammed up the A 34 for a good half hour every
evening & some 7000 people were taken home. Many more came from
homes very nearby and added to the confusion with cars and bicycles.
Charlie turned out to be one of the army of clerical workers on site but
was a man of few words whose main hobby was his work thighSt
Johns Ambulance Brigade. He was friendly and helpfully told me some
of the practical details of the lab bsaid he kew little about the
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scientific work. About half an hour later | found myself being introduced
to his wife Barbara at their housefive Acres Rd. | had no enthusiasm

for living in 'digs’ as they used tall it and though the Carters were nice
people | couldn't wait to get settled with Rita in a place of our own. As
soon as | could escape | went out to the telephone and told Rita how
miserable | felt in a strange house with people | appeared to have little in
commonwith, as always she reassured me and we discussed plans for the
weekend as | would be coming home to her. 8hd already been
studying the teaching job market in the tarea and would come up

to see for herself in a week or so.

My time in the Training School passed by quickly; a routine was a
quickly established, getting up seévenam to catch the bus aightin
time to be busy filing and brazing by 8.30. On Fridayoluld catch the
train to Newbury, in these pre ' BeecHihgays the old branch lines still
flourished, stopping at severalown land villages on the way. At
Newbury a faster train soon had me back in Frome for the weekend.

This wasalsoa time of meetig and making new friends. One such
was Nick Allenwho had recently completed his National Service with
the RAF andhadnow returned toHarwell to resume his career as a lab
technician. Nick was very helpful to me lys howi ng me the ropesbd
during his few weeks at the training school to refresh his own skills. He
was also destined for the Electrostatic generator Group and later we were
to cooperate togker in an experiment, whichdeo my first publication.

Dr Allen turned up one day and welcomed me and said | would be
transferred as soon as Mr Robsad | was ready. | was so used to the

service | ife that I r @ut emmarteiscpaol nlsye staoi dhi
questions but | could see tdaenos irritated
on a ship now Bill; my name is Douglas Allen and people usually call me

Dougbd. I did get the chance to remind him

that | could enrol for a dayrelease degree course and although he
admitted this he did, at first, attempt to talk me out of it. We walked up
and down t he 6Deck o6, t he fl oor of huge
experimental facilities of General Physics Division, discussing m
motives and he pointed out the difficulties of trying to do too much at
once, setting up house in a new area and maybe wanting to start a family,
as well as coming to grips in a new work environment etc. | must have
demonstrated my determination as heead that | should give it a try but

he said that he would have to review the situation depending how I got
on both with the study and in the new job. He explained that | would be
joining a section whose job was to build and test the high voltage
acceleratr vacuum tubes for the new electrostatic acceleratorhilsat

® Richard Beeking, Chairman of British Railways (19605 ) , hi s report 6éThe Reshapi
of British Railways (1963)6 changed the rail ways for
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group were todesign andbuild. Shortly after this | was deemed
sufficiently 6trainedbé to take up my duti e
final test was to assemble and solder connections femal power

supply unit, which | did tolerably well, and to complete the filing of the

duralumin prism, in which | failed miserably.



6 Accelerator Tubes

Accelerator Tubes

Doug introduced me to Jack Partrigdgfee leader of the accelerator
tube section whose little lab and office as inthe adjacentHangar 8
(Plated). Like its neighbour this vast space contained many experiments
and was a hive of activitgf which our section formed but a small part.
Jack, a short and quite plump man, welcomed me warmly and my first
impression was of a lively and enthusiastic man, maybe just a few years
older than myself, who having been given a job to do was determined to
do things his way. It turned out that his grade was that of an EO
(Experimental Officer) anche had only recently been transferred to
Harwellc omi ng 6down southdé from Cumbria where
at the notorious Atomic Plant &Vindscale. He was evidently man of
much experience in laboratory technology and was selected for the new
job because of his skill in designing experiments. Though | soon realised
that Doug Allenwas a man having formidable reputation Jack was not
in the |l east bit in awe of him as | was.
fact he came from Sunderland and in voice spoke similar to my old
Shipmate David Waltdhwhom | worked with on my first ship SS
Cerinthus in1948 so once again | was beginning a new career closely
associated with a Geordie. Jack introduced me to the other member of
our small team and this was Gordon Ba#dall friendly man who had
only recently ended his National Serviggh the RAF but who had spent
a period at the lab before being called up. Gordon was a SA (Scientific
Assistant), the same grade as me though he had considerable advantage
owing to his experience. However, from the beginning both Jack and
Gordon treated m extremely well showing no sense of superiority. |
soon discovered that Gordon had no higher technical qualifications and
had drifted into lab work from school and seemed to have no ambition in
this direction; whereas Jack had a general degree in sciaddead been
planning for some years to achieve an honours degree in physics but the
conflict between family, career had continually got in the way. This
situation may have prompted Doug Al l ends
against following a higher educatioor the best of reasons.
These two lost no time in telling me that | was expected to construct
and test a O6high vacuum systemb, t he comp
fl oor and indeed all over Jacko6s desk. I
space was the nexsary environment in experiments involving atomic
particles but had no idea how this was achieved in practice but Jack had
planned the system, ordered the components and soon had me working. It
was explained to me that the two pumps were involved, first a
mechani cal fore, or 6backingéd pump which

‘See 06So Long To Learnbd, Volume 1 of these memoirs,
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atmospheric (760 mm. of HgMercury’) down to the order of a few
microns (16 mm. Hgf and secondly a diffusion pump which operates at
pressures below that obtained by the fore pump arttler reduces the
pressure to a GO°HnmgHg). Tha aseful mahcert ef 1 0
6 mean free pat ho, whi ch characteri ses t he
pressures, was explained to me and is entirely different from that at
normal pressures. At low pressuhe distances separating the molecules
of the gason averageare far greater making the possibility of collisions
between molecules rarer. The mean free path is defined as the average
distance a molecule travels at the prevailing pressure beforeidesoll
with another. For example at a pressure of 1 micron it is of the order of 5
cm.

My job was to connect these components together by sections of
copper tubing, which had to be O6brazed6
preformed brass connectadsa O pl @ mbpegat foravhichi n fact,
my time in the training school had well prepared me. | learnt the arcane
techniques to be used with oO0flangesd mill
flathess and smoothness;Ring grooves in these flanges machined to
close toleraces, the selection of the rubberri@gs themselves with
special greases to effect seals between the larger components and the use
of the two gauges, the Pirani galifer measuring the fore pressure and
the lon gaug&for measuring the high vacuum. Twatchword in all this
was the vapour pressure associated with these components that would
limit the degree of vacuum achievable and therefore only materials with
| ow -gaoudi ngod properties coul d be used, a
standard of cleanliness hamlbe employed in the assembly.

Af ter fixing the major 0l eaksd we soon
running but the multistage oil diffusion pump refused to bring the

pressure below Itmm. Jack had me add Iliquid nitroge
high vacuum end of th system which was the standard technique to
6freezebd out resi dualgassiom fismethe produced b

componentbutto no avail. Doug Allertame round and gave the system

® Atmospheric Pressure, as in the common barometer, suppoltsranof mercury 760
mm. high

¢ Exponential notation for large and small numbers is used throughout; 3140000
and 16 = 1000,000.

" The Pirani gauge in the micron rage is based on the dependence of gas conductivity on
pressure. This conductivitgletermines the temperature of a heated filament and thus its
electrical receptivity, which can be measured.

® The lon gauge is similar to a 6triode valved the
heated cathode are accelerated toward the anode ang thainpassage and by collisions
with the residual gas positive ions are formed and collected by the grid. The grid current varies
with the pressure and pressures as low a@ScHh be recorded.
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the once over, also to no avail thoughdig put me through the hoop to
see if | understood the scientific principles of the gauges. He was baffled

and later brought the Harwelbcuum expert to see our installation but

his only comment was t hestinsigeentieaps | 6d | eft
end Jack decided that lon Gauge calibration was at fault and so after

checking the electronics, redoubling our
system, also the passage of time we eventually achieved the goal of a

pressure below 10

'I,Lz”““h"‘l'l:

il o

Plate2: Harwell 5MV Van de GraaGeneratorcomplete colunth
8 an

°This 6earlyd machine wasn apératiana forenthnyi n Hangar

years.
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It soon became clear to me that this system twdse used to test
sections of accelerator tubes for a type of particlelaater known as a
Van de Graaff machiné®, seePlate2 on page8. The principle 6 the
machine depends on the possibility of spraying electric charge on to a
moving belt and subsequently to remove the charge from the belt at some

point further along inits travet at her | i ke getting
one floor and getting off atldgher one. IVan deG r a aderferatsr the
ground oO6flooré is the déearthd and

terminal (sphere) supported by an insulating column. At the ground level
an electric motor drives a belt made from insulating material that
connects with a pulley inside the top terminal. A set of points arranged
like a metallic comb of needles spray charge from a low voltage
generator at the bottom, which is in turn collected by a similar set of
needles at the top connected to the termimaihis manner charge could
be conveyed continually to the top terminal increasing its voltage. If the
whole machine is constructed within a large vessel containing insulating
gasses at high pressure very high voltages can be generated (~
10MVolts), see Plee 10 (a) page 26. Clearly the voltage obtained
depends on rate that charge is brought up less the rate at which charge
leaks away. Leakage arises in many ways, the insulation properties of the
belt itself, the quality of thesurface of the terminal, and indeed
breakdown to neighbouring objects. The application of this type of
generator to nuclear research requires the construction of a vacuum tube
for accelerating particles which has proved to be a severe limitation on
thevd t ages achievable as additional
introduced.

In 1957 tube design was still an open question and according to
Doug Allenit was the Achilles heal of any electrostatic accelerdtor.
the simplest situation these vacuum tubes are used to transport charged
particles (positive ions say) from an ion source situated within the field
free region inside the high voltage terminal to ground accelerated by the
electric field associated witthe difference in Voltage between ground
and the terminal. Unfortunately there is the strong the possibility of
secondary particles, e.g. electrons, produced by collision with the
residual gas molecules that will load the tube by several parasitic
processes including XRay production that in turn produces ionisation in
the pressure vessel gas and thus leads to severe leakage. Doug was keen
to test several new ideas he had evolved to limit these effects and so
Jackds section had Hae series of @adceleratpr t o
tubes. A standard tube consisted of a stack of highly polished aluminium

10 Electrostatic Generator named after Robert Van de Graaff who demonstrated the first
practical device at Princeton, USA in 1931.

on an Oe
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electrodes with a central hole, shaped rather like a medium sized (20 cm.)
shallow dishplate stamped from thin sheets (1 mm.), separated by
insulatorsmadé r om good quality dédoven war
depending upon the terminal voltage could be as much as 12 feet in
length had to be constructdy first assembling shorter manageable
sections. The electrodes and insulators in each short sectieoreed
together by using a thermal setting adhesive which required a high
standard of flatness on the electrode flanges and upper and lower and
upper surfaces of the insulators. This required that the glass mouldings
obtained from a rveedl If ikkmpownm G&thaeb | Mi
subsequently ground to a very high quality of flathess by a scientific
optical company in Somerset. So it was not long before | found myself
travelling to our suppliers to inspect the consignments of electrodes and
insud ors and reject al/|l items that
In those far df days, a kind of golden age, when everyone voiced
enthusiasm for atomic power and the technical revolution was in full
swing and pure science, which needed more expeegivipment as each
new discovery was made, seemed to have adequate budgets. By 1957 the
Harwell laboratory had grown into a huge organisation and, it seemed to
me, to have unlimited resources. The size and sheer richness of content
of the stores | found astonishing where even lowly people like myself
had signing powers for modest (necessary of course but sometimes
wasteful) items. Also, the laboratory kept on standby a larg@ar
each with smartly uniformed lady drivers which amgup (with section
head or group leader authority) could book for their staff business trips
0 it was easily argued that many firms were beyond public transport.

e 6. A
dwaa nds
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East Hagbourne and Didcot

Plate3: Boot CottageEast Hagbourrne

Running in parallel with my first steps with the Electrostatic
Generator Group was our new life in Didcot. Ritd secured a teaching
job at the primary school in East Hagbourne a village on the edge of the
Berkshire downs, just one mile south of Didcot. This was a great boon to
us as we would be together again aoth earning. We found temporary
accommodatioron the edge of Hagbourne, near the end of the footpath
from Didcot, which pleasantly crossed open farmland, at Boot Cottage
thatched and fairly basic, but charming in the spring (24 April) of Y957
Our landlady was the formidable Miss Bogthe local probation officer
no less. We had a double room upsta@rsiting room downstairand
shared the kitchen but since Miss Booth was away a lot we were
relatively private. Rita started her new post at the beginning of the
summer term and used the AERE bus each dd¥ita seemed happy
with her new teaching post and somade friends with the other staff
members. Our stay actually in Hagbourne was to be a short one as | had
our name down for AERE house in Didcot with a vacancy promised in

1 photograph taken in 2001 but appearance much the same as in 1957 apart from new
road in thefront and TV aerials etc.
2 The area has now been built on
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June. In the meantime we were content in our little cottage; especially
weekends sp# lazing in the garden.

The spring weather that year was delightful and it also happened to
be the year of the Elgaf1857 i 1934) centenary with many
performances of works rarely heard these days to be broadcast on the
radio. These works included the two fine oratorios, The Apostles and The
Kingdom, which | had never heard. It seems strange today when
recordings and performance of nearl vy al |
frequent and his reputation as a great composer salenost secure. |
think the revival began in 1957 following the usual period of comparative
neglect bestowed on great artists following their deaths. There were other
forces at work in Elgardés case generated I
musi c wi ahi sdbmdmpewhi ch l ed to him being
association. Ever since | had first listened to the first symphony on my
little portable radio at sea in 1952 (Vol. 1 page 227) | knew that this
composer would always have central position in my heart. The Elgar
sound world reveals so many aspects of life that one can identify with,
for example, the feeling of aspiration tinged by melancholy, the feeling
of intoxication experienced in hill country with congenial companions
followed by the numbing sadness when aagriback down to earth.

In response to my inquiries as to entry qualifications for a degree
course it appeared that | needed ate¥®l in Chemistry to go with the
Maths and Physics -Aevels already obtained. This was annoying but
there was just time totghis in June which could still mean | could begin
the degree course in the autumn. | applied for permission to take a very
short course in Chemistry at the Abingdon Institute of Further Education
i n Ma Raad; atGhat time the AERE technical training officer was
Mac Snowdena distinguished scientist and gentleman who was very
sympathetic to my cause and witham sure prompting from Doug
Allen, he agreed that if | was successful in obtaining the entry
qualifications | could start the degree course in September. | was so
confident that following Jack Partrid®& recommendation | applied to
The Polyechnicin Regent Street, London and was offered a place to start
a projected four year course, one full day plus one evening a week, to
read for a London University external honours degree in Physics. But
first things first as | needed the Chemistry; so recalling that | had always
done moderately well in Chemistry at Brockenhurst Grammar School |
joined a small group of other late developers from AERE in bussing to
Abingdon every Wednesday in confident mood. In theoup
coincidentally was a young woman, Susan, who was also an ex

13 Jack has attempted a Honours Course in Physics there himself but sadly had to
withdraw owing to family commitments.
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Brockenhurst pupif and so we swapped reminisces and it was fun to
| earn that t hé& wasdnformidabld as everAThe ladg 0
teaching the chemistry class (a Mrs Malired out to be very competent
and we got on from the start. Most of the required syllabus could be
learnt easily almost by rote that was sufficient for my purpose of
obtaining a pass in the exam coming up in a matter of a felwswéae
practical side was enjoyable bringing back memories of my early
attempts in playing with chemicals and studying simple reactions in my
fatherds garage. I n t hegedeough | obtained
performance and this was backed up Wyiendly testimonial from Mrs
Hall that helped me with my bosses at AERE

Plate4: AERE Site c. 1970

4] think her name then was Susan Allum.

15 Miss Agnes Graham, see volume Igg&9

®fThis man has the makings of an Honours degree st
opportunityéo, also the Institutebds Superintendent,
capable student and deserving of every opportunity €«

" Hangars 7 (left) &8 (right) in the foreground with the main gate off the A34 on the
right and the Tandem Accelerator building can be seen on the left.
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Plate5: No. 72 Abbott Rd Didcdf

We moved to Didcoto occupy our hew homi@ Abbott Rd on 24
June. This semiletached house, owned by Didcot council but allocated
by AERE, was quite well appointed withreebedroomsone of which
was quite tinyand a bathroom upstairs with a sitting room, dining room
and kitchen below. At theear we had a fair size garden that threatened
me with gardening and such like. We were delighted to have a place we
could call our o6owndé but with no furnitur
had bought from a local shop when we first moved into Boot Cottage
We also had the radiogram that alsoboughtbeforemoving toDidcot
so we had our priorities sortéd bed & music.To justify this purchase
we both stopped smoking and we kept this up for nearly a Réarset
about naking the place liveable in and though we were on a very limited
budget we obtained credit on the essentials, a studio couch, some basic
bedroom furniture and some rugs. My old landlord Charlie Ctotéus
about some secodthnd dning room furniture going cheap which
though ugly served our purpose. The house was in quite a good state but
needed redecorating which occupied us nicely over the next few weeks.
The summer rolled by with the work on the house and garden taking up
most d our spare time. We established a weekly routine of shopping on

8 Not a contemporary photograph though the house has changed little apart from the
higher hedge. No. 72 is the left hamlise of the pair.
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Saturday morning in Didcot; withdrawing the princely sum of £5 from
the bank enough to last us the week that included the rent of £2 and
groceries etc though in those balmy days most iterakldme delivered.
Didcot apart from its e as a railway junction was then an army town
with a substantial military depot. However as the military base declined it
was becoming a dormitory town to meet the needs of the expanding
scientific establishmenia the area Also, though one of the branch lines
was soon to be axed by the shksighted plans of Mr Beechingther

new projects would soon occupy the military site like the huge power
station, then under constructionhich wouldchange the skyline ithe
Thames valley for ever. Didcot itself with its single long main street with
shops on one side remains.

During the summer Dad and Brendame to see us and were
pleased to see us settled at last and for our paxteve delightd that
they seemed to be happy and that Dad was in good health. We also had
Ritads sister Eva and brot heThisBernard to s
presented us with a slight problem as we had no spare beds and as we
could not yet affordd buy anymore furniture they kindly bought two
beds in the town and left them with us for future use, though we
eventually paid them back. Bernard had hired a car for the trip and we
had several nice days touring the Cotswolds an area that was completely
unknown to usSo that Rita could get to Hagbourne each day she bought
a bicycle in Oxford. Later on | also acquired a motor assisted bicycle, one
of those machines with a twsiroke engine directly driving the mea
wheel This meant | became independenthed bus and could easily get
about the area.

My work at the lab continued apace; we were now building
accelerator tubes to be tested in the Van deafGraachine at
Aldermaston and | was now looking forward ttaring my degree
course. About this time | sustained a minor accident which was a salutary
lesson in concentratioOne day | left Hangar 8 to walk across to the
library and| met Susan, the girl who had been on the Chemistry course
with me andwhilst we were chatting about this and that a van came
round the corner and &svas actually standing in the road facing Suysan
who was on the pavememtmust have steppduhck a little and suffered
a glancing blow to my left shoulder which knocked me down. Tdre v
immediately took me to the site medical centre where upon a macho
doctor aggressively manipulated my shoulder and pronounced that there
was no serious damage. He kept me there lying on the bed for the rest of
the day and mudhaveinformed Doug Allenas within a few minutes
Doug appeared and after showing me sympathy he told me a story of a
bicycle accident héiad sustained whilst working on &lar in Dorset
during WW2. Apparentlyhe had been knocked down by a vehiate a



16 East Hagbourne & Didcot

had cuthis upper lip badly leaving a scar which exptdnvhy he grew a
moustache.
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The Polytechnic in Regent Street and Family Life in Didcot

Time had now come to begin my studies in Londohad had an
interview with John Yarwoothe head of Physics and Mathematics at the
Poly just before the start of the academic year and he accepted me for the
Special physics degree course jusgibning (17" September). Most of
the students he said were like me from industry on day release schemes.
John Yarwooda rather tall spare man in his late fifties with a fine head
and somewhat seveexpression, had had a successful career himself in
industry specialising in High Vacuum technoldgyit was with a feeling
of much trepidation tempered with excitement that | travelled by train
from Didcot to Paddington to begin thestiof overa hundred verjong
days at the Poly in Regent Stréetup at sixAM, awalk to the station to
catchthetrain at severthento join the rush hour crowds on the tube to
Oxford Street, a full day and early evening at study then back home at ten
tired out.Later | found that | needed an extra evening to take in all the
lectures which meant two journeys each week for the next four years.

| subsequentlyealised that the Poly was an organisation with an
exceptional history in the development of viimwaal and higher
education; indeed it was the very first institution of its type in Brisaid
served as a prototype for Polytechnics in the English speaking.vitorld
opened in 1838 at 309 Regent Street in Lonfba site of its present
buildings) unde the inspiring leadership of Sir George CaffeyThe
original purpose was to foster the application of science to industry by
research, demonstrations and trainif@arly visitors included Prince
Albert and a royal chat was granted on 23 August 1839. The
institution continuedof | our i sh after Qrilitwasy 6 s
acquired in 1881 following a fire and financial difficulties by another
remarkable inspiring fjure, Quinth Hogd". Quintin Hogg's vision in
The Polytechnievas to educate "mind, body and spirit". He expanded the
established role in science to encompass arts and humanities funl

®Hi s book, fAHigh Vacuum Techniqued, Chapman

on the subject.

20 Sir George Cayley, landowner and gentleman scientist, was a public figure well
known for his personal inventions and scientific publicati® he established for the first
time the principles of heavi¢hanair flight

2L Quintin Hogg(18451903)had ben working amongst the poor antrking people
of London for almost 20 years and running his Young Men's Christian Institute in Covent
Gardensince 1871.Hogg's Polytechnic was a resounding success because it appealed to so
many sections of the community
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social mission. A a result, the Regent Street Poly developed an
international reputation and became a model for applied education across
London By 1949 the Poly had 11,000 students in evening classes and
2,500 attending day <cl asses and
university*
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Plate6: The Polytechnic Regent St London

As | entered the building in September 195fbund myselfin a
kindof6 Tower of Babel & with hundmeds
apparentlynever ending strearstrugglingtheir way up and down the
central staicase toaccessthe various departments. Mathematics and
Physics occupied thearefied atmosphere obp floor but beforegetting
there one passed through an entire encyclopaedithef subjects My
memory of this first day isague except for meeting the man who was to
be our main guide and mentor over the next three years; this was John
Fewkes who begarby advising us to purchase his new book on

22 The Polytechnicwas formally rededicated as the University of Westminster
in Westminster Abbegn 1 December 1992
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Electricity, Magnetism and Modern Physics written jointly with the head
of department John Yarwoo®r Fewkesmade a strong impression on
me from thestart ashe had an engaging personality peppered with wit
and sympathy; he wasmdeedvery sympathetic to
understanding theompeting problems of juggling,family work and
study | do reamember him saying, at one point during his detailed survey
of the syllabus, that there would not be time to cover everything but if we
wer e very keen we coul d attend
6rhermodynamia3on Sunday mornings with much attendant lauggr.

Two of my comparans also made a strgnmpression, both men
from the Royal Military Establishment in Woolwi@mnd like me anxious
to improve their chances in the promotion stakes by obtaining good
degrees. | got to know these two pretty well in tearg aheadOne of
them Laurie Leakewas a chemist, good natured and recently married
who needed to develop his knowledge of physitke other, Jim
Hawkinsalreadya physicggraduate with an ordinary degree anting
to improve his knowledge. Jim was a more dominant personality but also
very friendly with a fairly detailed knowledge of London, he lived at that
time ina flat,south of the rivenear Lewisham. What delighted me at the
time was that apart from ¢fr sensible approach to study, they knew the
best places to go for a quiet drink and chat at the middle and end of the
day. They seem to know all the local haunts and indeed both within the
Poly and nearby. They took me to the Cock Tavern, just a lalwely,
for a liquid lunch; this pub was omof many tied houses to the Younger
Brewery, of Scotch Ale famgand in those days very numerous in
London Jim had a map of their locations and an ambition to visit them
al. The patter mebdt assetdectued sn\the morning,
experimental work in the lab in the afternoon and then more lectures in
the eveningnterspersed with visits to the Cock Tavern, perhaps a game
of snooker in the fine billiards room on the first floor and much talk
about our aspations | ended my first day at the Poly, feeling very tired,
stimulated angusta little intoxicated

Thus my life yet again was entering a new phase and over the next
three years | had to balance my job at Harwely life with Rta in
Didcot with this new and exciting academic career. | knew | was starting
a degree course very late but | had one advantage, | was well focussed
and very single minded. That | was able to get away with this is due to
two reasonsfirst the understandg and love of Rita and secondly owing
to the relatively routine nature of my job as accelerator-hulieler at
Harwell with the sensitive understanding shown by Jack Partrioigke
Doug Allen Indeed Doug kephis promise to enter me for promotion to
the grade of assistant experimental offiGerd | was successfully
interviewed in April 1958 which meant | was no longer at the bottom of

us

hi

S

6par



20 The Polytechnic and Family Life in Didcot

the ladder.The lectures givenby Dr Fewkeswere inspirational
particularly in atomic physics which | could relate to my work at
Harwell, the lecture room was on the top floor of the building and was
quite old fashioned in its furnishing wittows of hard narrow wooden
benches with sloping desk tops 1
whilst Dr Fewkes was in full flood the double doors at the front flew
open and in walked HRH Prince Philipn a visit to the Poly”®
accompanied by John Yarwoaohd other officials; we all stood up of
course and listened respectfully as the Prince said a few words of
encouragementMy studies pogressed well and | was beginning to soak
up knowledge on Physics in a more systematic way than before with
many gaps in my sketchy knowledge being filled; however it soon
became apparent to me that it was the use of mathematics, particularly
techniques ofolving physical problems numerically that interested me
most. This interest probablstemmed from the thrill of computing a
shipds position that | always experienced as a young navigator in my
previous life.The careful measurements of angles of the abave the
horizon at precise times and the extraction of the appropriate
astronomical data from the nautical almafaltowed by the application
of basic spherical trigonometry to compute the ships position was kind of
template procedure for many of theoplems | was now studying. | will
always remember my first encounter with an electromagnetic field
problem in the lab at the Poly; this was a set experiment to determine the
field distribution for a cylindrical electrostatic lens, the kind of device
that was used to focus charged particles in accelerators.

The experiment used the electrolytic tankthodin which a scale
model of theelectrodesmade from copper, welienmersed in a weakly

Di

ckensi

conducting | i qui dwerdlditaechedtmaldnevbltdgee |l ect r odes

source and theoltage in the fluidat any positiorin the space between
could bemeasured by usingnickel probe insulated except at its point,
attached to an instrument known as a potentiometer. The voltage
produced by ta electric currents in the fluid is equivalent to the
electrostatic voltage in free space in the actual device. So | learnt that the
eguations governing the two physical phenoméerathe electric field in

free space as in the electron lens on theehand and the electric field in

the conducting fluid on the othewmere indeed the same and that | was
directly experiencing one of the most powerfpdradigmsused in
Science, that of analogy and incidentally@nalo@ method to compute

the electric field.Later | was to become heavily involved in devising
methods for field computation and in some sense | had encountered what
was to be the major professional preoccupation of my life.

2313 February, 1958
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After a distance in time of over 45 years the events of my study time
hawe tended to merge into a blurred cycle ofMgiekly journeys from
Didcot to Paddington, tube to Oxford Circus, lectures and experimental
work followed by more lectures in the evening. Though the second trip,
in the week, was just the evening onn one aful occasion | fell
asleep on the train and missed getting out at Didcot and ended up in
Banbury; there was no way to let Rita know as we did not have a phone
at home. | eventually got back to Didcot at 4.00AM. this was quite
stressful but | was detmined to keep it up but on several occasions my
two friends from Woolwich, Jim and Laar would bunk off early; we
became members of a an afternoon drinking club in Soho; in those days
the pubs closed ahree pmuntil six so this was a good way to file
gap. | remember we gave false names honouring our heroes, James Clerk
Maxwell, JJ Thomson and Lord Kelyira little harmless fun but we
found the evening lectures harder to take on those occasions. Irfgund
companions were also keen on music and we would debate our
prejudices and enthusiasm vehemently. Jim was a Beethoven man and
Laurie preferred Mozart but | was impressed when Laurie told me he was
rehearsing Elgés Scse f rom t he Bavarian Highl ands?©d
choral society. | was keen opera buff and managed to persuade them to
accompany metoCove@Gar den for a matinee perfor mance
Parsifaf* unfortunately the combination of the hard gallery seatstlaad
overwhelming length of Act iemanded thawe Ieft for refreshment in
the first interval. Whilst on the subject of music | vividly recall seeing the
newspaper stands Regent St the previous yeamnouncing the death of
Ralph Vaughan Williamsat the end ofAugust 1958 | have always
enj oyed VWO s hasneverireplacbduBlganhmy affections
though he could come very close sometimes, the fifth symphony being
my favourite.lt seemed to uthat thelast ofgreat figures of the English
Musical renaissance had nayene but thankfully we still had William
Walton (aged6) who was now the preminent English composer and of
course Benjamin Britteaged45) in his prime and becoming major
international opera composer.

Whilst the exposure to computational physics was developing at the
Poly and also the routine work at Harwellon acceleratortube
construction my private life was changifRita was now well established
in Hagbourne but she felt that the time was also pressing if wetwere
start a familywhilst still relatively youngWe still had no motor transport
so were totally dependent on the train for visits to relatives; we often
we nt to stay with Ritads weawrely on the f
fortunate that the branch line from Didcot to Newbwas still running

24ROH Covent Garden, Parsifal conducted by Rudolf Kempe, 16 June 1959
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We made friends locally, especially with Frank and Mary Alemo

lived nearby Frank and | enjogd a Sundaypre-lunch drinkin the local

pub for many yeaf@We had a surprise visit from Bill Seybadeh the 15
March, 1958; Bill had been my best man and we had heard that he had
married agirl called Sylvia, a nursewvhomhe met whilston the doomed

ship Empire Windrushin a lifeboat®. In June my first trials in
examinations for the degree began as before taking Part 1 in Physics next
year | had to pass an exam in Mathematics, known as ancillary
mathematicg, | found studyng for this very interesting and | sat this in
June and was pleased to see my name on the pass list in August.
However we also had tstudyand pass exams in scientific French and
German translation, now this could be done in any year before the finals
but since we had had some lectures in German at the Poly recently |
decided to sit it in June alsbhe use of dictionaries was permitted but on
the day of this exam as Laurie and | were having lunch in the Cock
Tavern | realised that | had forgotten to lrimy German dictionary.
Laurie for some reason did not need to sit the language exams and, good
friend that he was, immediately went off to obtain one whilst | proceeded
to the hall for the exam in time to register. Somehow he managed to get
one and smugglit in to me just before the exam was due to start. He told
me later on that he and Jim had a good laugh as they could observe me
through a window from the outside staring at the exam paper hard for a
very long time beforeandwith apparent reluctance picked up my pen

to start writing only almost immediately stop and stare at the paper again.
Needless to say | failed.

Also we exchanged visits with my two colleagues Jack Partridge
and Gordon Baked a c k @ Bat was \fery friendly; they lived in an old
cottage in Upton with a large wild garden withithigvo boys. Pat had a
reputation as a fine cook and we enjoyed visiting th@ordonmarried
in 1959 toRuth,a local girl in Wantage; we attended the weddirgch
was quite big affair as both their families were members of long
established Wantage familie¥heir honeymoon waso be spent in
Penzance and bg coincidence Rita and | decided to have a proper
holidayfor the first time since our marriage and had settled on Penzance
Mar j or i e Pddyfrrered and Briddsmaideecommended a BB
that was both reasonably priced and convenient. In the event the
convenience was somewhat exaggerated as tusehwas a good
distance away from the town. We decided however to do the journey in
some style, to make up for the somewhat Spartan accommodation we

% He was an Engineer at Harwatho eventually got transferred to Winthrith Heath
Atomic Energy Establishment in Dorset.

®See6 S0 Long To Learnd, Volume 1 of these memoirs,

%7 Ancillary in the sense of the mathematics needed for a proper study of Physics
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were booked in to in Penzance, by travelling first class from Paddington

on the Cornish Riviera Expresshi$ was possibly our last long train

journey before British Rail was changed for ever, with superb restaurant

service anadomfortable seating in stylish accommodation. We were even

able to purchase a book about the journ
Wi n d o vich deschibed the route in fine detail and in those days not

changed much since ti@ok was first written in the lyeday of stearf.

I remember wel | rattling over Brunel 6s fi
Bridge, which crosses the Tamar3altash.

All of the sights of the hill and the plain
Fly as thick as driving rain:

And ever again, in the wink of an eye,
Painted stations whistle by.

From a rail way carriage 1T Robert Louis Stevenson

Plate7: Rita and Bill at Penzance9%9

On arrival at Penzance we found that we had to struggle up quite a
steep hill to reach our destination but worse was to follow in the shape of
the otherguests arelderly Scots couple with vam we had to share our
meals for two weeks; | must confdsam not good with strangers and in
this casewe had nothing in common, not even the languyage t he manods
accent was strong and hard to understand h e  w guite adgolds o

28 Through the Window: Paddington to Penzance, Great Western Railway, 1924
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speaker Rita as usual sorted me out and we etheé best of a bad job.

The house was quite small with rooms to match and | cannot remember
our landlady very much and her husband not att@ligh Rita said she
made the best emmbled eggs she ever habley werea very discrete

pair. Nevertheless we enjoyed the aimamensely in those days much

less crowded than noand we used the local lessto travel everywdre
including Lands End, Senné&ove, Mouseble, Minack Theatre, Slves

etc

Plate8: Sennen Cove

We were both impressed with the open air theatre at Minack with its
breathtaking views andould have loved to have seen a play performed
there but, apparently, no performances were going on at that.tivie
did some quite strenuous walks as well crossing the moors to the North
coast visiting some oltin mines on the way. Rita announced thaé s
was pregnant but this did not stop her from enjoying the marvellous
coastal baches with occasional dips in the séd. SennerCove we
watched an artist painting, see Pl&eand would have loved to have
bought the painting but alas we could not affb&b-0. We met up with
Gordon and Ruth Baker for lunch one day which was very pleasant as
they were in good spirits.

29 We came back in 2002 to se@erformance of Cyrano de Begerac but we had to

|l eave early owing to the antics of the an

booze and loutish behaviour

manne



Harwell 25

Plate9: The Tandm Generatot’

Througtout this year the Tandem generator project was becoming a
reality. The new building was up artkle tower was now a prominent
landmark on the Harwebite. The prototypeaccelerator tubes for the
new machine had beetestedin the Van de Graéf machine at
Aldermaston and Jack, Gordon and | went there to carry out the
installation. All seemed well but Doug reportiétait when he asked the
people there how >Ray emission wasffectingthe glass insulators he
was told by a outspoken techniciathat the glass had turned brown,
ibr owbeashabunadts NiTdRte end of the year Doug
Allendecidedls houl d be transferred to the
group to assist Dr Ralph Dawtevho was responsible for developing the
ion source needed to create the charged particles to be injected into the
Tandem Accelerator. So it wasodbye to Gordon Bak&mwho had been
a good companion and work colleague for me in my first two year at
Harwell but though | would no longer be working with Jack Partridge
kept in touch as colleagudswasalso goodbye to Tube building but not

301t was a prominent landmark on the A34 until 2005; when it was pulled down to make
way for new facilities.

31 A sanitized version of the remark; NTP is Normal Temperature and Pressure

32 Gordon left the lab shortly after to take up a career in banking tin which was a success
for him as he eventually became a branch manager.
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to Tube design as | would become more involved in this irydags to
come. | moved to building 477, see platel#rel met Jim Diserens/ho

had recery joined the group as aBO*, Jim was tobecome a firm
friend and colleague for many years, Doug had recruited him to work on
the design ofhestrippercanal see Plate 10 (b).
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(a) Single Ended Machine (b) Tandem Machine

Plate10: Schematic diagram of Van deraaff Machines

The idea of the Tandem Acceleraisrto extend the singlended
machineto be double ended in the sense that the high voltage terminal is
now at the centre of the voltage graded column rather than at one end
(Plate 106) ) , both ermMds( zereo atol desgr tthe
belt charges up the central terminal to a high voltage, 6 Million Volts say,
which is used to accelerate negatively charged i@ng. Hydrogen

33 The governmengrades for scientist were in two main strands, Experimental Officers
and Scientific Officers; AEO, EO, SEO, CEO ( Assistant Experimental Officer, Experimental
Officer, Senior 7 Chief) on the one hand, and SO, SSO, PSO, SPSO (Scientific Officer,
Senior, Bincipal, Senior Principal etc) on the other.

charged



Harwell 27

minus) to an energy of 6MeV (Six Million Electron Volts). Now if the
partide can be converted to a positive charge then the electrostatic forces
will accelerate the particle back to ground to the other end and thus its
energy will be doublg i.e. 12 MeV. The chargeexchange can be
achieved by stripping off two electrons frometimydrogen minus ion to
become gositively chargd proton by the use of a carbon foil or a gas
cell placal at the centre of the terminal. The machine became
operational in 199 and by thattime | hadmoved to building 47Where
Doug was building ugnis team for a new accelerator project to be built
for the NuclearPhysics faculty at Oxford University. In the mean time
family matters were progressing.

Plate 11: Proud Parents

The year 1960 was a momentous year for us as our daughter Dinah
Mary was borrin Oxford in March Rita had left her teaching job at the
end of 1959 and was well preparéd.the meantime | still continued
travelling up to the Poly each week and began to prepare myself for the
Part 1 examination in June. One musical memory at this time was our
visits to the HMV shop in Oxford Street during the lunch break. In those
days the shop still retained something of its former glorg stsow case
for recorded music from the golden age of the gramophone. The spacious
groundfloor area had listening rooms wigeyou could lounge in padded
arm chairs and hear a disk complete. On one occasion | noticed a
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recording of the ElgaYiolin Sonat&®, this was an exciting discovery as |
not at that time ever heard the piece. | was enctidyehe sound world
it conjured up, di fferent frimm El gard6s wus
neverthelessl hadreadabout his late chambenusiccomposed toward
the end of WW1with its evocation of the Sussex woodlands and deep
nostalgiaand it gave mea real glow to hear it for the first time. Even my
classicist friends Laurie and Jim said they dike Jim was particularly
taken with the slow movement. Rita and | listened to this music a lot at
home and it has remained in my mipe@arever sinceas®ciated with the
coming birth of our first child.

The later stages difie pregnancy had been a little tedious Rita as
the baby was aveeklate. In the event she was sent in some two or three
days before the birth to thiglaternity Hospital wing of theRadcliffe
Infirmary and there was some discussion about inducing the blagl
accompanied Rita in the ambulance from Didcot and after ledinmn
safe handsl reluctantly returned home. Nothing happened until
Wednesday 30 March when | came in to \isithe afternoonl was told
that the birth was imminesb Irepaired to the Randolph Hot&lo await
news and after a good dinner | forced myself to sléapas actually
feeling very anxioussomewhatvorried about the future as my career
had not yet wystallised; | was halfway througimy degree course and
working at the same time and | was unsure about how things would turn
out, and of course our income had dropped to half as Rita had to leave
her job some three months before. The next morning | reduto
Radcliffe to begreeted witlthe splendid news dhe successful birth and
to see my dear wifevith our new baby daughter. Dinah was b@th6am
weighing 5Ib 8% obn Thursday 3March

I called my father and Ritabs father &
of the arrival of their first grandchild and they were delighted. Rita told
me thatshe was being transferred to the local materodgvalescent
home in Wallingford for a week jusb make sure that all was well.
remember taking a taxi to Wallingford to collect them and as one of the
nurses handed Di nah sureyomleokaftar¢ghens ai d, 6 you
now. n arrjival & No 72 Abbott Rd Rita noticed that the daffodils
bulbs $ie hadplanted were now all out in full flower. We were home for
Easter. Our lives had changed and | felt the imperative to succeed more
strongly than everLiving across the road were the Turners, Maureen and
Fred whose second daughtBauline arrived & the same time and also a
few doors away the Perkins family, Jack & Jackie who also had a young

34 played by Max Rostal & Colin Horsely, 10 Inch LP TM49 1957
3 0xf or do s anheediess pénselconsidering our circumstances which must
have been aoper &efsemodopgdayslr ef ree sea
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boy, Nicholas So ideas and experiences could be exchangedchanal
help provided when needed.

The Christening took place in Mostent@t the church where we
were married on the™of June. Our original intention had been to have
the baptism in Didcot but the local Vicar refused as we were not church
members; not very welcoming and perhaps a misjudgement on his part as
his attitude dichot encourage us to jaiRita wrote to the vicar whbad
married us andhe readily agreed to carry out the service. In many ways
this was a better solution as it me ant
travel up to us as the onset of crippling rheumatisas Wweginning to
make physical movement very difficult for h€ur journey to Dorset on
the train wasa new experience as we had to bundle Dimdb a carry
cot as well as our luggage with several changes of train ue.idy
father, BrendaPeter and David came so together with Eva, now living at
home, and Bernard we had a family reunion to welcome the new addition
to the family. Rita chose the name Diffato fulfil a childhood dream
and her second namdlary, after Ri t md@herto fulfil a family
tradition

On returning home | was immediately required to sit the exams for
Part 1 of thedegree course. The examinations were held in a large hall
somewhere along Tottam Court Rd.on June 9 & 19, | only
remember one of the questions and that was to dévigex wel | &'s
equations and prove some elementary consequences; | aledathen
that theseequations would occupy me for years to coiftee results for
Part 1were posted up some weeks later and | was delighted to see my
nameamong thesuccessful candidates. We invited Laudevisit us for
the weekend andthey came on August”™5L a ur i eddss nwainiee wa s
Georgie, whom | remember as being rather pretty with very dark hair;
they had a yong daughter called Mandy and | recollect tlage Laurie
devoted to her and the pleasure she showed on being read bedtime
stories. Thig mode of transport was frighteningotigh, a motor bike and
side-car which looked lethal to us. Laurie often spoke ahdp t he o6t ond
but not with the side car attached we hopHakir visit coincided with
the delivery of our first refrigerator; it was a very hot summer and we felt
that a frdge was now essential equipment for the home with the ever
growing availability of frozen food products; besides it kept the beer cool
and Laurie and | had a very deep scientific discussion on how long it
would take to make ice.

13 October is a date | ge not to recall too often; Doug Allemad
put me up for promotion to Experimental Officer and the Panel

% Contrary to what became family hearsay Dinah was not named after my own Aunt

Ri

Dinah Sherrell my motherdé6s youngest sister, despite

named Dinah?
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interviewed me on that glaat the London HQ of Atomic Energy
Authority in King Charles Il St. The merabs of the panel had been
communicated to me via Doug from L B Mullgtie head of Accelerator
Division and in his note he had listed the panel meminitis helpful

comments about them. His overall impressigas that they were a

reasonabl e bunch and pleasant o6fell owsd.

suppose so what was reasonable and pleasant to Les Mullett in the event

appeared to me to somewhat hostile and unsympathetic. The chairman

only allowed me a tile time to explain my workas was mandatory on

these occasionput then | was askedaditseries of
appeared to méhat these weraimed at undermining my confidence. |

was far too inexperienced to deal withich questionadequatly and for

the most part they are blotted from my memdwo | do remember

though andhe first of these wergomething like this

Now why is it that mirror images are transposidm to Left to
Right andnot fromTop to Bottom?

My answer with the ai@f a crude sketch quickly showed by the
laws of reflection why this was so and | added that physiological
positions of our eyes in relation to downward gravity explains the Top
Bottom paradoxmumbling something that if you laid down on your side

then inaked top to bottom inversion would resully e x pl anati on di dnot

seem to satisfy them. The other question | remember was:

You are in an empty room apart froapipe running horizontally
across the room from one wall to the wall opposite; if a fluid isifig in
the pipe then how would you determine the direction of flow?; you have
no instruments.

This one floored mand what | should have saias | thoughtater
was:

| should remove my trousers and wrap them round the pipe, set light
to them and see \idh end got warmer.

Nearly everybody smoked in those days and it could be assumed
that matches were to hand! At the painful end of the interview | was
asked if | had any questions for the panel; | replied by asking them the
answer to the mirror problem breceived no answer. Needless to say |
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failed. Doug had more faith though and re submitted my bid for
promotionthe following year at which time | was succes¥ful

Plate12 Simon with his Dad and nevar (1962)

The following January(1961) we felt we had scraped up enough
money to buy a car and | asked Jack Partridgkelp; we went to the
nearby Garage at Rowstock a mile or so from the lab where amAust
A35 (Registered 1958jas up for sale. Jack, who had considerable
experience in these matters pponnced the vehicle o6fitdé af
thorough examination. édthen negotiated a good and fair price, £300,
and the deal was done. | had no experience with cars and could not even
drive as most of my youth was spent on shipsvidbout Jack | should
have leen all at sea again! We took the car back home to Didcot and
Rita, who had had car of her own in hgouth, was immediately
persuaded by Jack to take us all out for a short diSree needed a little
reassurance from Jack as she had not sat behind &= fohseven years
but he said it was I|like riding a bike, y O
Next it was my turn, | had just got a provisional license so | was legal
with a qualified driver in attendance., and | gingerly backed the car on to
road afterbeng t ol dé pititin deeersk and rélease the break

37 30" November 1961
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ladb |, and t wenmuyed gently pack iwkhig me depressing

the accelerator pedal. My first lesson; it now seems strange to have
reached the age of 31 and never hawveedra cargas it was;it took me

two attemptsat the driving test beforefinally passean the third

| celebrated being able to drive on my own by motoring to Totton,
the place where | was born on the edge of the New Forest. My very old
friend Brian Greenhalglwvas now living nearby in Bartley with his wife
Rolande. Since qualifying as a teacher he had taken a teaching post in
Southampton and had married also, to a French girl also a teacher in the
Southampton area. They had bought a little cettagerlooking the
village green, in those days an idyllic place. | amlivmannounced but
they seemed plead¢o see me and gave mentin; a succulenbmelette
served under a large beech tree in the gantievas good to renew our
friendship after nearlfive years and we promised to meet again soon.

It was in Januaryl961 that the whole of Accelerator Division was
transferred to the newly formed Rutherfotdabordory under the
auspices of NIRNE. Jack, for reasons | never underst@idhe time
decided not to transfer andpted to stay with theAtomic Energy
Authority. He later left and formed his own company designing and
manufacturing electronic instruments. Balack and his wife Pat had
been very kind to us and helped us to find our feet in a new environment.
In November | wassuccessfully interviewedor promotion to the
Experimental Officer Grade at a salary of £1165 pa and was beginning to
feel establishechimy newcareer

Another event in 1962(16" June) was the occasion of the
RutherfordLaboratory visitors day and we haavited fourold friends
from our past, Gerald & Eileen Hollowand Tony& Marcelle Haslett
| had been at school with Gerald and Tony and we had kept in touch, in
fact it was Gerald and Eileen who had first introduced me to Rita in
1952°. During the course of the visit to thabl Eileen spotted a friend
from her old home town, Crewkerne who was now involved in the design
and construction of the Nimrod particle accelerator, the principal
attraction for visitors as the UKO6S number

Our son was born on Dember 20at the Radcliffe Maternity
Hospital. This time | had to look after Dinao | neededto remain at
homeand could novwisit Rita so often. | only remember one incident of
stress and that occurred in the telephone box outside the Didcot Post
Office where | had gone with Dinah to ctike Radcliffe to get a progress

%8 National Institute for Research into Nuclear Scieroriginally set up in 1957 and
receiving a Royal Charter on 23 June 1958. The main object was to provide large scale
resources for common use by universities. Ruthekbgth Energy Laboratory was the first
laboratory of tie National Institute and was transferred from AERE Hatiwél959.

% See Volume 1
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report. Dinah got frightened in the small confines ofttbeth; | had to

put her on the floor whilst | made the call and she started to scream
which was rather embarrassing and attracted some attention from passers
by. However we extricated ourselves and returned home; | also
remember how kindvere our neighbots opposite Maureen & Fred,

who invited us in for a meal. Fortunatetye next dayEva arrived to

take over looking after Dinah so | was able to go to Oxford to visit Rita
and alsogo back to work. In those days we had no telephone and so |
could keep acloser watch on things from the lab and it was on
Wednesday 20 December that | called and was told that our son was born
and both mother and baby were doing wélle decided to name him
Simon Albert, the second name aftershgrandfather, Albert Barnard
Creed.

Now we had a car we could travel with some ease and take our
family to see their grandparents. Then i
William Bruce Bowher, a farmer in Little Windsor, Dorsed small
hamlet near Mostertornfortunatelyl could not spare more than one
day away as my finals werearly upon mandwe decided that Simon
was too young to travel both there and back in the onsalag lefthim
with JackiePerkinsour neighbour two doors away. Dinahtwoyears of
agewas well able to cope and she did this in fine style presenting her
Aunt with ahorseshoafter the ceremony in Broad Windsor Church.

Thenin Septembeme all went to stay with Eva & Bill at Manor
Farm Little Windsoraswe had arranged for Simomo be christened in
Mosterton churcfs o t hat Rit ads moRhéumatoidcoul d be t
Arthritis had been gettingteadily worse and she was now chair bound
and too disabled to make the journey to Didcot. We invited my very old
friend Brian Greenhalgko be a Godfatherfor the otheronewe asked
Bernard who reluctantly agreedbecause goingot church was not
something he did very often but | knew he was very pleased to act. My
father and Brendaame so it was an enjoyable family occasion. At that
time,t o hel p | ook afdBEahadxiow lafth Spanslot her sinc
girl was living-in asa sort of helper, this was an odd choice as the poor
girl could not speak EnglisH asked Brian to talk to heas he spoke
Spanish stemming from his days inmg&ntina, but though she was not
very happy tiere was nothing obvious that Brian could do to help and we
realised this arrangement could not last much longer.

The day ended withDad having a problem with his car and
unfortunatelyit had to be taken to a garades and Brendaecided to
hire a caras they needed to get back to their business the next day. |
agreed with BillBo u c h e rtdes cdreil we Dadobés dar back to

“0The most likely date is Sunday 23 September, 1962

h e

B
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a day or safterit had been fixed. Bill followed me in his car tormgime
back; all this appears pretty mundane today but for a recently qualified
driver in a strange car it was not without anxiety. | heard later from Brian
that Dad had given him a lift back Bartley.

lon Source Development and Life in Didcot

In the meantime | was finding my feet with my new colleagues in
lon &orcery as we named this dRaprci pline of p
Dawton the leader of the iesource group, was another prominent
member of the new generation of scist®#i concerned with atomic
physics that blossomed in the years immediately after WW2. In fact both
Doug Allen and Ralph had spent time in North America and were
pioneers in accelerator physics. Ralph was born in St Albans in 1911 and
had been on the staff of the famous D#&graday Laboratory at the
RoyalInstitution wherebefore the warhe carried out important research
onimprovements in the integrating photometer faray crystal analysis
It was said that he began his scientifareer in the workshops there as a
technician, rather like his great predecessor Michael Faraday, he picked
up a PhD somewhere on the way and had many publications to his name.
A very spare man of medium height who appeared exactly the same
throughout his ong i fe 1 some coll eagues thought
would wasteaway and must have a serious health problem but this was
pure illusionas he was in fact very robust and active. | found him a
delightful man full of a dry and ironic humour and considerat his
colleagueshis skill with his hands was legendry and his instinct for what
would work physically unerringThe other members of his team were
Nick Allen, whom | knew from tk training school and Ernest Beay.

That Nick was a first clagechnician | knew, but Ernie Mgvaywas an
unknown quantity to me, an ex baker with a colourful vocabulary. He
had been working with Ralph for many years and though set in his ways
he and Ralph had a g0 understandingIn fact Ernie had little
understanding of the science behind the apparatesisructecbut the

end result was usually effectivélick Allen had a far better technical
grasp and could be left to devise apparatus waiilly minimal guidance.
Though as an AEO | was senior to them | still had a lot to learn and |
shall always be grateful to them both for the help they gave me.

My first job involved measuring the scattering of a low energy beam
of particlesar i si ng from a charge exchange proce:c
produced positively charged particles e.g. the nucleus of the hydrogen
atom or proton whiclwerethen accelerated to a few thousand electron
volts. Furthermoreif this beam ighentransported through a gas such as
mercuryvapour the process known as charge exchaage&keplace In
this process there is a probability theggatively charged electrons are



Harwell 35

donated to the fast moving beam producing beams of neartitles

i.e. in this case a hydrogen neutral beammore usefully in the present
context a beam ofnegatively charge hydrogen ions. The resulting
negative ions could then be accelerated to high energy by means of a
single ended Van de Graafhachine, see pa@b. A deviceof this class

is known as an injector as the resulting beam can then be further
accelerated by a Tandem Machine giving the possibility of a three stage
acceleator; this was to be the basis of Doug Alesm next proj ect , t he
called Oxford projecmore of which later. In the meantime we had to
establish if thdow energy particles travellinthrough the donor would
experience a large mean scattering angle thus causing severe beam loss. |
inherited most of the apparatus for this experiment which had been
designed by Ralph and Eric Maundérand constructed by Nick &
Ernie. The scattering was téemined by the use of a paddle moving
across the beam and by measuring the beam current transported detected
by an electrode. The differing charged species were separated by a
magnetic field (spectrometer).
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Plate13: Experiments oNegativdon Formation [42]

41 Eric Maunders was a SO who worked with Ralph Daysnprior to my joinig but
left soon after.
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Over several weeka vast amount of data was recorded éhough
the main result of the mean scattering anglas easily deduced
demonstrating that the idea of producing negative ions in this way was
feasible for acceleration by a Van @eaaff machine, Ralph encoaged
me to relate our results to scattering theory. This proved a difficult task
for me as our results were for lateral scattering only and to make a
comparison with theory one needed the current scattered intoaannul
rings rather, as in our casateral strips asthe scattering problem was
essentially cylindrically symmetric. After some discussion with a
theoretical physicist it became clear that | needed to apply a
transformation that involved solving an integral equation numerically.
Eventually | was able to do this and produced a number of scattering
curves Sometime later | realisedhat our results involved multiple
collisions with the gas particldsut in fact our data was unique at that
time; unfortunately, pressure to move odid not allow a comlete
investigation but an internakport on the experimentgas writtef>. This
work was noteworthy for me in another way also as | wrote my very first
computer program in order to calculate the differential esession&’. |
usedt he Fer r ancomputes BteHarwallsing GheAuto-code
language but much more of théder.

Doug had acquird a large part of Hangar 1®uilding 10.3 for the
research andlevelopment worKor the Oford projectand for this he
assembled a fairly large team of about 40 personnel. | was allocated an
of fi ce n e xvhich tater | Woaltl ghdwe vgith a visiting scientist
from India. Amezzame area along the side of the hangar was set aside
for our ion source and beam experiments. The large area in the central
part of the hanger was reserved for the construction of the prototype test
Van deGraaff machine. My work on neutral beam scattering was timely
as it preparedne well for Part 2 of the degree course at the Pbly.
elected to take the theoretical physics option which would involve a six
hourproblem papeas wellas twothree hour papers on ¥ics. In fact
my crudeattempts at fitting the scattering data to theory had led me into
the study ofclassical atomic scatteringand the models of atomic
structure based on Quantum Physwsich supplemented the formal
lectures at the Poly in a fortaits way.| noticedthat oftenthe questions
set in the problem paper in the pgerswere exercises involving the
solutions of the wave equation to determine the energy levels of the

“RHVMDawton E J Maunders and C W Trowbridge, fA Conv
and the Scattering Involved in its Productiono, Unpul
43 0n 8" January, 1961



Harwell 37

hydrogen atom and closely related topicSo when my time came, on
that proverbial 0s t*elaliscpveradftd neyrdelighbn i n Juned
that among the choices of problems to be solved there were at least two
on topics that were fairly familiar to me.
The examiner proved to be P T Matthews current professor of
theoretical Physics at Imperial College, London and to my surprise |
found that | was the dy candidate that had selectélde theoretical
option; he treated me extremely waditting me in a small annex room
near his office andandng me the paper hammediately corrected a
spelling mistake on the front page. Dr Matthews provided me with a
mechanical calculator and made sure | had everything | nedded
selected a problem on heat conduction which was an area that | had
practicedso, all in all, it was a good experience for me. It felt strange to
be given such personal treatment as normally one sits in a crowded hall
lost among a sea of desks and feverish scribbling and sweating bodies. It
was back to normal though the followingegk when | had to sit the
written papers in Physics, an all day affair with three hours in the
morning and a further three houirs the afternoon. Again the Gsd
smiled on me as at least two questions were on topics related to my work
at Harwellincluding an essay on particle accelerators. | felt | had done
reasonably well which was confirmed in August when the results were
announcedand | was awarded an upper second class honours degree.
This, | was téd, was a good achievement for a part time student and in
fact | was the only student from the Polatlyear to gain a 2a degree
which was reflected ithe award ofthe annuaRobert Mitchell Medal
which would be presented to me at the annual Polytechnic dinner.
| duly presented myself at the Annual Dinner at the Café Royal
(Monday 1%' October 1962)and f ound t hat inde di dnot kKnow
peron, hardly surprisingAt my table wassat the other winndrom the
Arts sidé°but | think we were both felt Iike 6
hardly communicatedWe were indeed a minor part of the event as
several awards were to be bestowasd was the acasion for the Poly to
cel ebrate its yleaneniber litdecaboutehe einmem t s .
itself apart from a lively speech by the then Minister of Education, Sir
Edward Boyle and the response by Lord Hailsh#mm Minister for
Sdence who was of courset he descendent o,f the Polyos
Quinton Hogg, see padk/. It was Lord Hailsham who presented the
medalsand | felt quite uptight and not a little proud as | stumbled
through the closely packeda bl es t o receive my 6gong6. |
name wouldbe carved on the honours wall over looking the main

4 Actually late May, Physics | & Il was #9May, 1962 morning and afternoon and the
Problem paper the following Saturdd§ Zune.
5 George Denis Sands, an architect
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staircase at the Poly in Regent St. which was very vain of me but | did
feel that this was a climax of a loh@ulwhich began many years earlier
when I w asse at§iagl tb master elementary physics and
mathematicsluring longvoyages.

15 ton overhead travelling crane

Vertical electrostatic generator (cut away to show internal assembly ).
Vacuum pumps.

Vertical bending magnet.

ION SOURCE and 30° bending magnet for independent operation of tandem.
Horizontal tandem generator.

Horizontal bending magnet.

Typical experimental apparatus

Alternative target positions.

Alternative target positions for independent operation of vertical generator.
Control console
Racks for experimental electronic measuring apparatus.

Plate14: Oxford Electrostatic Generator (Artists Impression)

The award ofa degree in physicsonsolidated my positiom the
ion-source group antlbegan work on design problems associated with
beam optics whichof course involved field computation. | was soon
struggling with the problems of how to predict fields and field gradients
to help with the design of lenses, bending magnets, and quadrupoles and
in the first instance by use of conducting paper and electrolytic,tanks
though somauseful results could be obtained with conducting paper the
technique was at best only an indicator of field behaviour. The
conducting paper itself was very anisotropic and a steady hand was
required with the paint brush when drawing the electrodes. &de h
many an argument about how to correct the essentially XY symmetry
results to axal-symmetry for round lenses. Neubieless one learnt a
great deal particularly about boundary conditions and orthogonality. For
instance when moving to magnetic probtenmstead of painting the
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conductor boundary, as in the electrostatic case, scissors were used to cut
the boundaries for the magnetic poles. In this way the basic art of field
computation could be mastered with simple materials.

As | have already mentiodeon the completion of the Harwell
tandem generator the team was asked to design and build a larger nuclear
structure facility for the Clarendon Laboratory at Oxford. This was
begun in 1960 by building a prototype machine at Harteelhvestigate
critical components to generate a voltage of 10 MV on the termimal.
the Oxford Project, it was decided to seek increased energy by
developing a compound system standard tandem; a horizontal
machine guaranteed to operate at 6 MV oncrgtre terminal would be
procured fromThe High Voltage Corporation of Burlington, Mass.,
U.S.A,, for which ourteam would provide the ion source and beam
bending magnets at earth potentidbwever,in addition it was decided
to inject negative lonsrbm anion sourcdnstalledat the top terminabf
the large vertial machne mentioned aboverunning negative and
designed, constructed and commissionedubyunder the auspices of
NIRNS®. Since thelon source of this machine needed to have
considerabldlexibility, it wasnecessary to allowneamplevolume 6 ft.
diameter by 9fthigh) to houset, see artist impressioRlate 14. The
pressure vessaif the verticalmacdine @0ft. long by 13t. diametey
would be housedn atower. Negatize lonsfrom the top terminalvould
be accelerated through voltages ek@VV deflectedthrough 98 by a 6
ft. radius magnet and inject@&dato the tandenBy these meandeamsf
protanswith 20 MeV of energyandof oxygen and sulplr ionswith 60
to 80 MeV of enegy couldbe realized.

To achieve the above desifoug Allelds t eam was expanded
include a number of researchendho would be usgig the finished
accelerator andhe principal member of this growpas Richard Hyder
(Dick) a former Harwellphysicist who had been designated to lead the
technical team at Oxford and would work alongsidénuge design and
development phasd.o achieve better results we naturally moved on to
the electrolytic tanland it was with some excitement that we took a kit
of specially machined hathodels of our electrostatic lens system t
Cambridge to use the new tank at the Cavendish Labor#tdtyis work
we were also joined by Denys Nicholasan ex pupil of Professor
Llewellyn-Jones from Swansea University who had recently been
recruited by Doug Allen to stretiten our expertise in high voltage
physics. Dick arranged the visit as he was a former Cambridge graduate
and had good contaowith the Cavendish Laiyatory

Although the Cambridgefi EI e c t Tankd yallowed good
precision onfields using the latest electronics in the potentiometer
circuits it also claimed to be able to compute particle trajectories as well
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by measuring current paths. Indeed good fields were obtained and we
were able to achieve some degree of optimizatiorubtdrtunately the
trajectories were not reliable. Our first test was to validate the symmetry
by firing a ray straight down the axis and to our dismay, instead of a
straight path along the axis, the ray shot off to the tank edge! Although
by many adjustments we were able to get some improvement, hand
calculations from the field values proved to be the only reliable method.
One Analog method for predicting particle trajectories that was
successful for beam bending magnets was the use of alpha partisies fro
aThorium90 source. In this technique the entrance and exit positions of
a beam could be checked against the first order optics theory for inclined
pole edgesHowever it rapidly became clear that the lens and magnet
system required for the Oxford peajwould not be amenable to Analog
methods. This meant the construction of costly models and prototypes to
an extent not done by us before. Fortunately digital computing was
becoming available and | was lucky and privileged toirb@ear the
beginning of this evolution.

| have already referred to my firstxperience with adigital
computerwhich waswith the Ferranti Mercury newly sited in a hut on
the Harwellcampus see pag@&6. It is quite astonishing to compare this
device which exceeded a millisecond for a floating point operation and
required a large room to house it with our modBemtium 4PC in a
small boxX®. We had to use Mercury Autocode as a paagning
language with the paper tape as the media. The team running this
machine was led by Jack Howletho later created the Atlas Computing
laboratory nearby. This was a formidable team pioneering the use of
numerical methods in Ence and engineering. Current expertise and
resources in computing in the UK owes much to the work of Jack
Howlett and his colleagues. In order to make sense of results the paper
tape was fed into a printer but it was remarkable how well the user
supportteam could diagnose errors. On one occasion when | was trying
to identify a bug | was told by an expert who read my tape by touch, as if
it were Braille, that | had violatetthe basic law of division by attempting
to divide a quantity by zero

One appliction | remember with pleasure arose in connection with
the design of a magnetic spectrometer and in the analysis of ion beams
from the DawtonMercury Pool arc sourée We needed to identify the
impurity ions in the beam and the com@r was used to tabulate the

46 At the time of writing this was state of the art

47 Ralph Dawtordevised anew type of source which exploited striking an intense arc
using a pool of mercury as cathode. The copious electrons produced were then able to initiate a
plasma arc in the low pressure gas, e.g. of Hydrogen lons to create a source of protons.
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number of different species expect@this work led to my second paper
in which Nick Allen and | wrote up the results of our beam analysis
which wadaterpublishedby Rutherford_aboratory.

In parallel with all these activitiek joined with Doug Allen and
Denys Nicholasin an experiment to measure the life time of a Negative
Helium ion, He . This wasinterestingas, in addition to other species of
ions already referred tdt, was proposed to inject negatitAelium ions
into thevertical electrostatic generatdrhe Heliumnegative ion, unlike
the negative Hydrogen ion, is not stable and can only exist in & meta
stable state for a finite time. So the question arose as to whether
sufficient beam current, to carry out useful nuclear experiments, could be
achieved Although simple calculations shved, based on the theoretical
lower limit for the life time (10 microseconds), that the losses in our
situation would be small an experimental measurement had yet to be
carried out. This waguite challenging as the decay of the negative
helium ion would e small(~10%)s o0 t he O6daughteré product s,
neutral atomsmust beobserved directly, and furthermore, the larger
decay due to interactions with the residual gas needed to be taken into
account. We worked intensively for someweeks constructing the
apparatus, mostly in the evenings and weekends as the time table for
constructing the Oxford Machines could not be jeopardised. The
apparatus was based om ttame lon source thatisused for the charge
exchange experimelfPlate13). The critical measurements werarried
out latein 196 and after some adjustments we were ablestablish a
mean lifetime of 18.2 microseconds. This work was written up and later
published in 6%he Physical Review

In 1964 | experienakmy first aircraft flight Doug Allenorganised
a visit tothe Chadwick Laboratoryat Liverpool University for members
of his group We mustered early in the morning at Abingdon Airfield and
boarded a twirscrewDe Havilland Heroron route for Manchester from
Bournemouth. A new experience accompanied by some slighidealf
nervousness but apart from being able to see the ground between ones
legs through a fine gap in the bottom of the fuselage all went well and we
had a interesting day out. After a coach trip from Ringway airport to
Liverpool we were showithe newlyinstalled 12 MeV Tandem Van de
Graaffby Professor Leslie Green which was of particular interest to us as
this machine is similar to the horizontal machine currently being installed
at Oxford. | must have made some sort of impression as Leslie Green
offered me a job later to join his staff.

8 sAnalysis of lon Beams from a Mercury Pool Arc Souidg.W Trowbridge & N
Allan, RHEL/R115 1965.

®ALifeti me of a Negat jOMeTromimitige andWw D Allend, D J Nichol as
Phys Rev, Vol. 167, No. 1, 1968.
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Our day job continued as the finishing touches to the assembling
and testing of the ion source proceeded. Ralph asked me to carry out
more detailed calculations on the optical system and for thiséhe
computer resouss wee used to develofables for magnetic fields in
solenoids and other primitive coils by evaluating integrals and
furthermorewe started to compute specific solutions to Laplace Equation
by using both finite difference and M@ €arlo methods. Our results
were not always believed of course, a healthy scepticism of numerical
results was essential then as it should be today. However an experiment
usually confirmed the predictions and we began to benefit and spend less
money on cady prototypes. In order to carry out the design of the lenses
for the ion beam focusingl developed a general purpose software
package whichwve called PATHFINDERwhich was based on a general
two dimensional Poiss6hcode first developd at CERN(1963) by
John Hornsbhy but later extended by us to include general boundaries and
particle ray tracing. Using this code we were able to design the ion
optical system for the new accelerator. In thiter work | collaborated
with Jim Diserensvho was a notable pioneer in the use of computers in
field computation as well as an inventive experimentaithough his
main job for the Oxford Project was to develop a bonding technique for
joining the glass insulators in the higbltage stack he became interested
in programming and together we acquired a working knowledgbeof
Fortran programming language; Jim modified the CERN program for
general boundaries and | wrote a seriesubroutines for tracking ions in
electric and mgnetic fields.

Meanwhile our family life was progressing Didcot with several
happy and some sad events. In January 1963 my younger brother David
was marriedDavid had embarked on a career as a party political agent
He had been a prominent member of the yowegservatives in
Bournemouthwhich was how he came to meet Pamela Lovell. The
wedding was in Poole andlespite the very cold weather which had
prevented many people from attendings a stylish affair with evgone
dressedormally; the only occasion when our father and his three sons
appear ed t oget heaterinthe yieanaoy eiderrbgpthes ui t s 6 .
Petermarried HildaGreenwell, arelegant ladywhom he had known for

%0 poisson's equatiois apartial differential equatiomith broad utility inelectrostatics
electromagneticsnechanical engineerirandtheoreticaphysics It is named after thErench
mathematiciangeometerand physicist SiméonDenis Poissor{17811840) In the limiting
case where there are no sourcésdcr ges et c) the equation is known
named after Pierr8imon Laplace (1749827)

%1 Conseil Européen pour la Recherche Nucléaire (European Council for Nuclear
Research)
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very many years. This was a quiet family wedding in Bournemouth
Registry Office in JunePeter and Hilda had been to stay with us in
Didcot a few months before and | remember just two things about their
visit, first, some embarrassment on my part about theepsig
arrangements whicglafter a clumsy enquiry on my pait became clear
the old fashioned arrangements were to be observedsaodndly the
obvious pleasure Hilda experienced when she helped Rita in bathing
Dinah.

Sometime in 1962 Lionel Fglbined the group to take over the tube
building section after Jack Partrid§eGordon Bakerdeft (see pageb).
Lionel had had a varied background in manufacturing & businegsaa
flair for production engineering and was just the right man to take charge
of the tube building activities as we were now into the production stage.
We became friends and when he moved to East Hagbourne he persuaded
me to help him concrete his driveithl only agreed provided he helped
me do the same in Didcot as a base for a new garage | wanted to erect
next to our house. He mastminded both projects and | was amazed
how efficiently he organized the preparation amelhandlingof the pre
mix concreée when it arrived. Lionel did all the work and | mostly
watchedand occasionallp o b e y e dto smpathdhe suéface with my
spade.

As a hobby activityim Diserensand | together with Lionel decided
it would be fun to make reflecting telescopén our spare timé&. Lionel
soon demonstrated that he knew exactly how to grind a concave surface
on to a 8 inch diameter circular glass block using two blocks with
grinding paste of decasing granularityJim and |deviseda simple
optical test bench to check tharvatures achieved. Grinding therrors
turned out to be the easy part as we soon discovered that to make a
decent mounting and all the mechanisms needed to rotate and toatrol
instrument would require more msses than we could afford. Thus our
beautiful mirrors languished in the bottom drawer of a filing cabinet for
years and | suppose were finally dumped

Early in 1963 an event occurred in Hangar 10 which caused some
distress; one day a notice was pinned up in the coffee room which bore
the |l egend 6Juden Rausd which was
staff members a man whose surname was &ausery helpful man,
who worked in a support capacity, drove the greamp and was a general
factotun?® . When Doug saw the notice he was very angry and issued a
stern warning to the effect he did not want see any further notices of this

%2 March 1963
%3n fact Jim told me recently that he rescued theansirand has them still.
% Out with the Jews

very

of f
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kind. I thinkthe notice was meant as a joke rather than a racist slur on a
colleaguebut if the former then it wast best, in extremely poor taste.

However Lionel 6s next pr oHise ct di d get
entrepreneurial appetites had been wetted by the growing demand for
accelerator tubes around the world and he had carried out somet mark
research that suggested to him that the time was right to start a company
to manufacture tubes. So on 23 September 1963 we met at my house to
discuss this idea. In addition to Jim and Lionel we had invited John
Ayres to participate John was also a mémar of the Electrostatic
generator group working on the engineering aspects of ion source and
tube construction. At that meeting we drafted a brief business plan for a
company to be known as MegaVolt ludth the view of floating thedea
to Doug Allenfor his advice and comment®oug was supportive and
even arranged a meeting with the Deputy Director who encouraged us
investigate the potential markkirther and makean assesment of the
cost savings to the Laboratory. Unfortunately, though we established
good grounds fothe costs andnarket, some private capital would be
needed. Lionel remained completely confident amdnsuggestd that
the four d us take out second ma@ages on our housethis, of course,
was untenabfé and we were forced to give up the project. Lionel
however deided to go ahead on hisvnh andwas able tgersuade the
company in Tauntdfithat we had used for many years to grind the glass
insulators tooptical flatness to partner Lionel in a venture to be carried
out in Taunton, thus MegaVolt was formed in 1964

It was in November 1963 that the"5@nniversaryof the birth of
Benjamin Brittenwas celebratefi and it was while Ra and | were
watching a birthday tribute on TV that the shocking news of President
Kennedp s assassination in Dallas was announ
BBCb6bs satirical show O6Thaanheldfgzest The Week TI
tribute to John Kennedy which most movingly included a piece by Dame
Sybil Thorndyke the great and much loved actress. The world seemed
different after this with many illusions shattered and the subsequent
doubts about what actually happeneding forever a profound mistrust
in the reporting of public events.

At this stage | didndét even own a house!

%6 Gooch & Housego Ltd

57 Sometime later Lionel broke away from Gooch & Housego to start up his own
company, Dowlish Developments Ltd which eventually prospered by nctumidg an
improved version of the Inclined Tube designed based on principles researched by Dick
Hyder.

%Born St CetNovernberd®l3d.day 22
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Meanwhile our young family was developing and Dissdrted her
first school in Didcot, also Rita was pressed back totpag teachingat
East Hagbourne School which she accepted provided she could take
Simon along This was agreed and she transported him in a child carrier
basket on her bicycle. Rita and | made a determined effort to give up
smokng and | was helped in this by a challenge made by John Ayres in
the Harwellcanteen at lunch one day to refrain from smoking for three
weeks. In October sadness came to us a®Rita mo t lafeer shodti e d
illness but the real cause, | believe, came about because of the
debilitating effect of the Rheumatoid Arthritis which she had been
suffering for many YyeareanewsRas we 6 s
arrived for a weelend visit to Little Windsor, we were not expecting bad
news and indeed my first word to
smoking yet® The fumeral ioakv gateda week later at
Weymouth Crematorium with only closeelatives present; Bernard
insisted on taking the coast road home a route his mother always enjoyed,
overlooking the Chesil Beach and Abbotsbury. She was a lovely lady and

the centre piece of Ritads family.

Rita and Iwere getting to know each other twelve years beforehend
many kindnesses to me; an effective ally in my pursuit of Rita. She was a
remarkable lady who showed quiet stoicism in her battle against her
illness.

For some time Rita and | had been thinkibgvas time to move. My
career was developing and we felt
| adder 6. In the summer of 1964 we
development estate of houses in Harw#lage which we initiallybegan
negotiations but soon abandonb@m because of the opeslan nature
which we felt would not be a good environment for the children. Then
sometime in the latter months of 1964 whilst walking home from the
station in Didcot | passed a howsgents dice which advertised three
bungalows for sale currently being built next to the recreation ground in
Moulsford near Wallingford; we drove over and Rita thought this would
be an ideal pl ace for us dlageifuster e
a hundred yards away and open down land country nearby. The property
was in the process of being built by a local man from Streatley and was
due for completion sometime in 1965. The price was £5,060 and | was
able to obtain a mortgage from tAbbey National and a contribution to

the down payment (£300) as a long term loan from the Labofatuty

father visited us early in 1965 and | took him see the work in progress at
Moulsford (

sister
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®John Ayresd challenge worked and we have nev

€0 This was under aanlightened scheme to help first time buyers and also relieved the
pressure on OAuthority Letd properties for
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Plate 15). The house was basically ®vo bedroom bungalow
overlooking the village recreation ground and the builder suggested that
we could add a room with dormer windows in the ample roof space
above. Someone suggested that we asked Michael Ayy®ung
sdicitor newly established in Didcot to organize the legal side of the
purchase and we were soon on track for completion later in the year.

Plate15: Visiting the building site

At the beginning of 1965 a great national event occurred following
the death of Sir Winston Church{5 January) which wakis funeral
This wasto beseen by millions on television and afforded day of rich
spectacle, particularly for those of my generation and older, who
remembered him with gratitude for his inspirational leadership during the
war.

Back at the lab preparatie to install our ion source for the Oxford
projectwere now advanced. The main insulator column was constructed
within the vertical pressure vessé@lldte14-2.) and it was now time to
install the ion soum. An important feature of this project was that the
ion source was at a high potential (~10 MV) in a vessel containing 3 tons
of gas: it can therefore be described as somewhat inaccessible with
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reliability at a premi®umoeétedtsionr di ng to Do
the source for different ions generally ended after several hundred hours

because of the boredom/or exhaustion of the operator, rather than

because of the failure of any component 6.
for these tests I can confim Daug r emar ks as the many entri
working in my diary testify.

Plate16: Vertical Electrostatic Generator Terminal

So, sometime towardtheend of the summer in 1964e loaded all
the equipment on to a lorry complete with Ernie Medway and Nick Allen
to make sure the delicate glasswarenlved was protected. It had been
decided that members of the group involved in the installation and
commissioning of the accelerator would move to Oxfdgd accordingly
| found myself sharing an office in Keble Roatth Dick Hyder Doug

51\W.D. Allen, Electrostatic Generators at Oxford, Orbit, Journal of the Ruthétigtd
Energy Laboratory, No. 45 April 1966.
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Allen organized a celebration lurféfat a restaurant in George St. Oxford
for all those involved in the project, this maywhaeen a little premature

as the vertical machine installation and final commissioning was not
quite complete However our confidence in ultimate success was total.
The lunch proved convivial and after various tours around the installation
some of us gndtated to the Eagle & Child public house in St Giles for
further refreshment. | look back in horror at the casual way we had in
those days of driving after drinking. However we all got home safely but
our wives were not impressed.

The actual installatiorof the ion source proceeded in the early
months of 1965 and went mainly according to plan with the maximum
voltages recorded for the acceleration of individual ions in the machine
of 10.2 MV for negative hydrogen ions and ~9.5 MV for other ion
beams. In ater to achieve good performance it was necessary to ensure
that the surfaces of the terminal in ingield was smooth and, to this
end, Doug had all of usorking in shifts rubbing the surfaces with fine
Emey cloth for several days! Coupling the injecto the TandemRlate
14-6) proved straightforward vyielding an acceptable performance.
Several months were required for the final installation of the beam
handling components, the muiap spectrometers and coutgrs and to
carry out the complete commissioning tests for the entire system. The
machine was handed over to the Department of Nuclear Structure on 31
March 1966.

| was promoted to the Senior Experimental Offigeade in July,

1965 with an annual salary of £2045 whigbhilst sounding miniscule

by t od a, wassin factarbughty one third of the house we were
buyi ng, whi ch was borrowing o6rul e
We moved to Moulsforabn Monday 8th November, 196his was our first
experience of major house move and | had saved my annual leave to be able
to cope. We had lived in Didcot for miryears and had accumulated a fair
amount of goods and chattels. As far as | can remember the move went well
enough but we soon found ourselves in a new house surrounded by piles of
boxes and various bits of furniture wondering how we would ever get
straigh t . But I neednot have worried
challenge and we soon had a livable environment and set about enjoying our
new homelt was lovely to be near the countrysidéh good walks
beginning at out back gate and then on up to the dwidy. Plate 17

shows the bungalow pretty much as it was when we first moved in, we

decided to name the property ONorth

6221 October 1964

of t hum
as Rita
Endodé a:
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the estaf® Members of our family came to visit and fiest the property

and likedwhat they saw. My fatherGrandadl and Brendecame up just

before Christmas with presents for the kids, including a pedal car for Simon.

We al so had a vinDstiand hdr husband Rlant teaéhers c o u s

both, at a village school near Hungerford. They had two girls only a little

older than Dinah & Simon and we thought it would a good scheme to join up

for a holiday next year in North Wales. So plans were made andrevers

devised and Dot said énot many people wild.l
they would eat for Sunday lunch on 14 August 1966

Plate17: North End Moulsford1966)

Early in the New Year | noticed that | had an infected thsmh
took it to the A&E department of the Radcliffe Infirmary; the young
doctor who examined it frightedeme rigid when he started to describe
the treatment to some of his colleagues, completely oblivious to me, that
he would have to make an incision immediately. Then he smiled at me
and said but perhaps on second thoughts we will try penicillin first. | am
glad to say that this worked. We also decided to change our car, this time
we would get a new one to replace the old bangestiA AS5 which |
acquired from a dubious second hand car salesman in Didcot and was
giving me a lot of trouble. We decided on awnlorris 1100 which |
collected on I February; it was a joy to have a car which showed no
signs of breakdown.

83 Qur first apartment in Frome was in a road called West End so no doubt the memory
of this prompted the name also.
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During the early months of 1966, see pagfe | was heavily
involved in measuring the liféme of the negative heliumon at our base
in Hangar 10 and the testing of the ion source at Oxford. This often
meant late nights and on more than one occasion | left my car outside the
building in the Banbury Rd but eventually | was caught and done for
illegal parkingi my impassioed pl ea for &éspecial & circums
forgotten the groundsvascompletely ignored.

| was now coming to the end of my time with Douglas Allesnthe
Oxford projectwould soon be completed and he was t@®tap a joint
appointment with Reading University as a Professor of PH{siEer
reasons beyond his control he had missed the opportunity to become head
of the new synchrotron accelerator (7 GeV) at Rutherfidedhad been
appointed the designated head but decided to see the Oxford Project
through to completion despite the unfortunate delays. | owe my new
career in Physics mainly to hirfirst he recruited me from thiglerchant
Navy on the strength of my performee at the interview in 1956 with
only minimal qualifications, secondly he encouraged me to study and
obtain a university degree in physics and thirdly he gave me projects
which wetted my appetite for computational electromagnetics. | had not
hadthelasb f Do u g 6 fiowgveriasivee nvereeto collaborate again
in my next phase.

Others were, of course, involved as | received tremendous tutelage
from Ralph Dawtona true inheritor of the experimtal physics of the
Michael Faraday School, and Jack Partridgeo taught me how to
become a member of a laboratory team. It was also time forlgymesito
colleagues like Nick Allan and Ernie Medway. For others like Jim
Diserensand Dick Hyder ourfate decreed that we should work closely
again in the futuf® The electrostatic generator group had its fair share
of remarkable characters, Lionel Fetho | have alreagdmentioned now

building a new company and O6tubesd down i
Pyrahwho had been responsible for much of the engineering of Doug
Al l enbds projects. Ted indeed was a remar ke

aside once near theetinning of my scientific career and walked me
around the old airfield at Harwedind outlined how | could progress up

the ladder. But | really felt he was somewhat lonely and liked to talk to
good listeners. | believed he was separ&tem his family and now lived
alone; we shared an interest in music, he told me he had a grand piano

® Doug was also head of the Proton Linear Accelerttdarwell in its final phase
from 196668

8 Jim became a very close colleague in the years to come whilst Dick and | got together
again in 2002, in our retirement , to work once again on accelerator tube optics benefiting from
the advances in the inteming years on computer based technology.
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and had even composed a piano concerto and that his favorite composer
was Hindemith. He retired in 1967.

Plate18: Douglas Allen (R) with Ted Pyrgh)
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2. Rutherford Laboratory

High Field Bubble Chamber

Platel> Arti stds i mpression of proposed

The machine at Oxford was in operation by @86éd had achieved
its design voltage of 10 MV and t® minor etent was a successful
example of aplied computingHowever omputers from now on were to
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play an increasingly important part in the design of accelerators and
everything else.

For me a number of important events happenetOBt/67 Doug
Allen recognising my strong interest in applying computing techniques to
problems arising in Technology arranged for me to be interviewed by
Bill Walkinshaw the division head of Technology at Rutherford
Laboratory (RL). Billthought | would fit in very well with the newly
created High Field Bubbl€€hamber Groupunder the leadership of
David Thomas This seemed a good opportunity so | accepted
started work i n wdrel designingDea® Tedl®d €0 t e a m
Kilogauss in old money) superconducting magnet to provide the main
magnetic fieldfor a very largehydrogenbubble chambefl.5m) detector
envisaged for the new 300 GeV accelergmbe built at CERNsee
Plate 19). A bubble chamber works on the principle that a sudden
reduction inpressure abova liquid close to its boiling poine(g.liquid
hydrogen) | owers the boiling point of the
heat i negtéd. If an ionizing particle passes through the liquid at
this instant, bubbles of gas form round the ions, thus marking the path of
the particle which in the presenoé a strong magnetic field is curved.
Several carefully located cameras are then tsg@oduce photographs
of the tracks whicltan then be measured to yield informataisout the
physical nature of the ionizing particles and nuclear events that occur
during collision processe$his exciting projectvhich began with great
enthusiasm butinfortunately, for many reasons, political, financial etc.
turned outin the endto be a paper study only; however, it spawned a
number of activitiesand great deal of research into the design of
superconducting magnets which was of great importance tioefu
devices that were built. All of theskactors were to become very
significant forme

My job was to develop computer algorithms for calculating the
magnetic field distributionthe foces andthe mechanicatresses in the
coils. A well established technique to calculate the fields produced by a
rectangular solenoid is to simply model the helical conductors as an
assembly of currerfilamentaryloops of small area. Thmagneticfield
at a particular pointn the space surrounding the lospthen calculated
by an analyticformula whencethe field for the whole solenoid is merely
a matter of summing the contributions from each of the lomoeed
since the current density is essemjialtonstant over the whole
rectangular crossection of the solenoid, these elementary filaments do
not have to coincide with the actual number of turns and can be fewer in
number (larger elementary area) depending upon how close the field

®8 First proposed by D Glaser in 1952; a legend has it that he was inspired by the bubbles
forming when opening a bottle of beer.
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point is to the wnding region. This suggesan algorithm for calculating
fields within the conductor windingsvhich are needed to estimate the
high stresses acting on thendto establish whether or not the materials
used in fabricating the coil are sufficiently stronghus the solenoid is
divided into a number of uniformly spacéithmentary conductors and
then each is the sudivided by four repeatedly until the sum of the fields
of the subdivisions is equal to the field of the filament within a
prescribed toleramc For points within the conductor space itself the
relevant filament is deleted to achieve convergeticefact we were
given a head start by having the use of a simple computer code developed
at Brookhaven National Laboratowyhich uses the above algorithm. |
was then able to extend the code to produce the forces and stresses within
the coils. In this work | collaboratedith Alan Middleton a gifted
engine€’’ who derived excellent empirical methods to check my
computations and together we produced a paper which was subsequently
published in the proceedings of the forth coming Magnet Technology
Conference to be held in Oxford in 1867Alan was a near ideal
collaborator and | certainly learnt some structural engineering from him.
He even wrote me a letter whilst we were North Wales on holiday in
August pointing outhat if | studied the two bridges across the Menai
Straits | should discovedwo of the main methods of bridge construction,
i.e. suspension and box girdém my Conway days, see Volume 1, | used
these bridges on many occasions but hardly noticed how they were built!

| was getting to know the main players in David Thoinas gr ou p ,
two of them, Ron Newpodnd Paul Williamsad been at Liverpool and
had worked on Bubble Chambers for a number of years and were leading
exponents in the multechnical aspects of bublddamber physics. Ron
excelled in cryogenicas well aghe thermodynamics of bubble growth
whilst Paul, it seemed to me at the tim@salready developing people
skills which would ultimatelylead him toscientific managementhey
had bothpreviously cdlaborated with David Thomas on the National
Hydrogen Bubble Chamber which was a joint Liverpool and Imperial
college project. As Bill Walkinshaiold me at my interview Dast was a
very energetiperson who lé from the front But as | soon discovered he
also had a vision of how the growth of technology should develop by
embracing the emerging new developments rmcroelectronics,
superconductivity and in the use of compsitier degyn, which matbed
my aspirations completely. In November 1966 | was invited to

67 Alan had started his career in Electrical Engineering but later moved over to
Mechanical. He had been a flyer in his youth and still kept his Pilots licence up to date.

® Mechanical Stress in Large High Field Magnet Coils, A. J. Middlatoah C.W.
Trowbridge, Proc. Second Int. Conf. on Magnet Technology, Oxfo6d, 19



Rutherford Laboratory 55

accompany David and Ron on a visit to CERNear Geneva to have a
series of discussionwith the bubble charber group there about our
proposals for a High Field Superconducting devitemet several
scientists and technicians involved in the provision of particle detectors
and as expected they came from many parts of Eutpefortunately

for us the meetingsvere conducted in Englisthough theravere some
lively exchanges concerning our proposal, particularly from the French
speaking participants. | thought themd do still nowthat the apparent
advantage of English being the de facto standard langafeggeinduces

a careless approach and a lack of precjsighich the norEnglish
speakers, who are on their metttdten avoid and gain advantage in
agreement making.

Onematterof interest to me was that it became clear thatctual
appearance of part& interactions in the proposethamber onthe
photographic plates needed to be investigatearderto establish the
degree of distortion introduced by the chamber optics; David asked me to
develop suitable method and software to do thisasalsoobviousthat
my work for the HFBC was expanding and | needed helpamrdingly
David arranged for John Colli&vho had recently joined the laboratory
after graduating from Oxfordo be seconded to help me. John aneile
to work closely together for many years and indeed he was the first
member of the groupwas to subsequently to lead and | soon discovered
that he was a man of considerable talent with a firenband good
knowledge of Physics with a flair for theoretical concepts; he also needed
gentle leadership from time to time bahce motivated he would usually
deliver. We deided that | would develop the methods for tracking the
events based on my TOPIQrograni® and Johnthe effect of the
proposed optics. Our results were published as an internal réport
whi ch we showed simulated tracks O6éphotogr a
of the four cameraand gave all concerned confide that the system
would prove effective in practise.

® European Laboratory for Particle Physi(SERN), an international research
centre straddling the Fren@wiss border west of Geneva. It was founded in 1954 by the
Conseil Européen pour la Recherche Nucléaire (European Council for Nuclear Research).

TOPICT Trajectories Of Particles in Coils, C.W.Trowbridge, 1965

1 On the Appearance and Reconstruction of Tracks in the Proposed High Field Bubble
Chamber, C.J. Colli& C.W. Trowbridge, Applied Physs Division, Rutherford.aboratory,
TCP/9, 1967
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Family Matters 1965-1966

At home inMoulsford we had settlé in and it soon came to the
notice of the Local Education Authority that Ritaght like to return to
teaching so wittDinah safely ensconced in the village Schaolder the
watchful eye of Miss Wight she was asked to do supply teachimg
neighbouring Streatley which she was pleasethelp out.This meant
taking Simonin with her because he was not quite old enough to attend
Moulsford Schoo] it also meant acquiring transport for her and almost
straight away we saw an advert for a second hand Hillmgrchr which
she liked and we bought iShe had ultimately planned to resume her
teaching career and intended to secure a permanent post. The little village
school in Moulsford had gained some publisitigen in 1964 an ex pupil,
Anne Packer, won a gold mh& in 800m in Tokyo. Rita became quite
involved with the church and other local events in the village but | fear |
tended to opt out as my work was all consuming. Both Dinah & Simon
made friends with other children in the village and we all enjoyed the
open space behind, cricket on Sundays could be watched from our back
garden and the downs nearby walgaysinviting for fine walks.

Plate20: Dinah & Simon in the garden at North End overlooking the cricket field

In August we all set off for a two week holiday in North Wales, this
had been planned several months ago when it wasletl to combine
with Dot & Ala n (Ritads c ougmihguse amihe s har e
Patmadoc to Caernarvonoad opposite the entrance to thHgennant
Valley, an area well known to me from my HMS Convaays. Rita was

a

f
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concerned that théong car journey would be tiseme for Dinah &
Simon so we set out enday early (Friday August 18) and booked a
room for the night at Tenbury Wells (Worcestershire) which was
halfway. | remember the weather was awful with heavy rain most of the
way and we feared that the holiday would prove to heashout We
arrived at he cottage (Called Ymich Baklate afternoon on the Saturday
and met Dot and All an with their two girls
of the hills nearby but when Mrs Jones the cottage owneraflagur

gum boots, 8 pairs in all she said it was a good omen as they would ward
off the rainand she was proved correct as the next day the whole area
was bathed in glorious sunlight. was a delightful spot and the kids
loved it, especially the trips ®easide where we all played beach cricket,
Alan had been a sports master and even managed to teach me some
minimal skill. | wanted to renew my acquaintance with hiiks sol hit

on the plan of getting up very early (5 AM) and clioe ofthe nearby

hills surrounding the Pennant Valley hills, and still be back in time for
breakfast and then drive the family out for the rest of the day. | even
managed to get to the top of Moel Hebog in the second week. In the
evenings Alan and | escapdéd oneof the neadny pubsto yarn and
sample the local ale days of bliss. The climax for the whole family was
our ascent of Snowdofince we had small children we took the train!

Plate21: Summit Party on Snowdon
L to R: Anne, Dot, Gillian, Bill, Dinah, Rita, Simon (Alan took the photo)
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Whilst we were awad er nar d, Ritads brother was mar
spent their honeymoon at our house in Moulsford. Bernard married a
Margaret a single mother with a small child, Denisilargaret had
originallycomet o | i ve with the famiwhen to | ook aft
shewas incapacitated with Rheumatoid Arthritis and also to keep house
for Bernard and Ri tead Riftatblse rmu mB ari te dCri ene dlL.!
Margaret stayed on and a romance soon developed between Margaret and
Bernard though | know that Bert was very fond of her as well and he
adored Denise who followed him around the farm everywhere. By the
end of year Simomvas old enough for the Moulsford School and Rita
applied for a full time teaching post at Cholsey Junior Schsiw was
interviewed by Bill CampbeNvho, as well as being the headmasteas
a wi l |l known naturalist and ornithologi st
articles in local and national newspapers. She was offered a job to start in
the new year (1967)his was part time at first tieach a small remedial
class of the slower learnetsut Bill soon offered he a fulime job in
which she stayed for over twenty years. Alaten Dinah and Simon
reached junior school age they moved to Cholsey as well.
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Growth in applications computing 1967-1970

| returned to work much refreshed ame set about installing the
TRIM computerprogram from LRL LivermoreTRIM was written by
Alan Winslow and was aour de force in those daysHe derived a
numerical algorithm for solving Poisons Equation over an irregular
triangular mesh in three ways (a) using a resistor network analogy, (b) a
finite difference scheme and (c) a variational method. This last agipro
was in fact the finite element method in a different guise! So | think Alan
Winslow was the first to develop a Finite Element (FE) package for non
linear electromagnetics applicatioriEarly in 1968 Jim Diserenpined
us Following the completion of the Oxford Projedim had been
working on the design of the Polarised Proton Source with the Proton
Linear Accelerator GroupJim was a most vaable addition to our small
section devoted to developing software for solving electromagnetic
problems for the High Field Bubblghamber. We had worked together
on the Pathfinder codeee pagé2, and were good friends. His first job
with us was toimplement the TRIM program on the new IBM 360
mainframe computer &AL.

We originally used the Atlas Compuf&vhich when it was first
established was state of the with 48K core store operating with a 2us
cycle time in 1964, it was saidp bethe most powerful computer in the
world. It is amazing now to look back on those days and marvel at the
good results we achieved with such limited power. We had to prepare
both code ad data using thélollerith Punched Card system and then
walk a few hundred yards carrying the cards in a tray to the Atlas centre
keeping firmly in mind that if the stack was accidentally shuffled disaster
would inevitably follow The main computing repgon area housed an
army of young women operating punched card machines, which was part
of the excellent service Jack Howleihd his staff offered to clieni§
unlike us,they preferredo have this chore done for them. You would
submit your stack of cards to the reception person on duty for processing.
If you were lucky then your results would appear on line printer output
within anhour or so but often next day depending on their workdoid
was rather like visiting the laundrifoweverthe debugging cycle could
take many days, if not weeks. | often preferred to work at the centre but

A M. Winslow, f@dNumerical Calculation of Static N
triangle mesh, 0 Uni ver-87B4 396401fConmpwt Physflopr 149, a Repor t , UCR
1966.

3The Atlas Computelraboratory was set up by the British Government in 1961. It was
originally administered by the former National Institute for Research in Nuclear Science and
came under the Science Research Council in April- 1965
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always punching my own card® retain responsibility The centre
offered good facilities for visitorgOver the next few years everything
would dhange dramatically with Rutherfordab acquiring a series of
IBM machines with increasing storage and power, ranging from
360/75(1968) to 360/195 (1971) alater there wereonline termings for
users to submit data.

My old mentor and boss Doug Allexame to see me in his capacity
as a professor at Reading University and askedlmat the status of the
Pathfinder programsee paget2, and | told him it could beusedto
investigate problems arising in ion optics &ectrostati@accelerators but
unfortunately we didno6t have the manpower
study. Doug then suggestétat he had goodtadent who was looking
for a MSc project and would | be interested in supervising him at
Rutherford | thought this was a good scheme and so Pat Stejwimed
me for a few months and we worked togeti@d produced a very
detailed study for whole range of electrostatic leffsege also applied
Pathfinder to the problem of beam focussing by the entrance aperture of
accelerator tubes and devedolan empiri@al formula for the focal length
which | discovered years later had been widely used bydhelerator
tube designersThis was only the first of several collaborations with
Doug at Reading as he later asked me if | could give a series lectures to
his stuents on field computation,was pleased to be asked and said |
would write up some of our recent work irsaitable lecturédormat For
all sorts of reasons this got delayed until 1970.

Another event which in retrospect | feel was seminal for me was the
2nd International Conference on Magnet Technology at Oxford in.1967
was strongly influenced by three papers given by pioneers from the USA.
Firstly there was Andrew Halacsy, professor of electrical engineering at
Reno, who described his work using integral equations for solving three
dimensional field problems, next John Colonias LRL Berkeley, who
using a CDC 6600 together with a CRT display showed useradtiten
with the boundaries and meshes produced by the field program,TRIM
and finally Klaus Halbachalso from LRL, who amazingly presented
inverse problem soluti ons withsthen g a Ol east
TRIM program which he named MIRT (TRIM backwards). | was sitting
next to Bill Walkinshaw our division head, during the lecture om th
interactive use of the TRIM progam and he and | had a mild argument
when | suggested we should be doing similar work but he was reluctant
to accept the idea that was where the future lay; | suspect he thought the
heuristic approach to achieve a desigpn ibteractive placement of

“p., Stenning and C. W. Trowbridge, AThe Pathfinder
Il on Opt i ¢ s 0 LabordounyiRbadingf OniversityReport, RU/REL, 1968.
http://mwww.trowbridge.org.uk/downloads.htm
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materials and boundaries in itself lacked a proper scientific basis albeit
the priceless knowledge of the designer; whereas the alternative approach
proposed by Klaus Halbadhsed optimisation theory. Of gmse both
approaches are useful and so it proved in the future.

Plate22 The TRIMPr ogram in 6l nteractivebo
Aspresented by John Colonias at the Oxford Magnet Technology Conference, July 1967

At this same conference Alan Middletand | presentedur work
on computing fields and mechanical stresses high field
superconducting coils and we needed to extend these calculations to
include three dimensional geomegriand lenjoyedlengthy discussions
with John Colonia®n how to modify the TRIMprogram to do this, but
the problems of3D meshes seemed too daunting at that tiHmvever
work was proceeding for the design study of the proposed bubble
chamber with the superconducting magnet parameterse or less
decided, the mechanicangineering design was undertaken by Peter
Cleewho had recently returned from an extended visit to the US and had
considerableexpertise there. We produced a report for David to present
at the forthcoming summer study to be held aidRhaven National Lab
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