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Track 1

I'd like to start today just by asking you to indece yourself?

I’'m Michael John Forrest, born 1934 in London Mielsitx Hospital, of English
parents, father’'s actually a Scouse from Bootlé giakiverpool, my mother’s from

Mill Hill in London, but they were both confectiorseand that's how they met. And
just before the war they moved down to South Wailas, of the Welsh valleys,
Aberdare. This is quite a long valley, it was whevas — well this is the beginning of
the war and there was still some coal mining ahesad of it, so it was basically a
coal mining valley with some heavy industry as wedlbles, electrical cables, and just
round — well | lived on a — we lived in a houseaimad called Bronteg Terrace,
Bronteg means heart of the hill so we literallyetivon a hillside and nice part of the
valley. Behind us was trees, ferns, going up fitecaunice mountain, rivers cascading

down, it was a nice place to grow up as a child.

What were your parents called?

My father was Arthur Leslie Forrest and my wife ¥ mother was lvy Eileen Forrest.

Could you just describe what each of them wasttikae in turn please?

[01:40]

Yes. Father was a real — | think he was a frustrahowman really, he was — one of
his hobbies, he was an illusionist, an amateusidiuist, so he used to go around
giving amateur — or magic shows if you like anchiael a hypnosis type of act which
some people thought was real, some people didhé&veehe could do it [laughs]. So
that was his — he was quite a good conjuror thohgltould have just about been a
professional | think. And later on he became imedlwith dramatics, he seemed to —
another interesting thing about him, he was actwalpiritualist and my mother was
a Catholic, so this is a kind of funny mixture [dgns]. And result of this when my
mother and father got married, they had to actugdlypermission off the Pope to get
married, and they had to actually — they had tarputriting that any issue from the
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marriage, they’d appoint two god — godparents oo, know, look after the child, to
make sure they were brought up in the Catholit fafo they nominated my aunt
who lived in London, 200 miles away, who was a stéwCatholic and when | came
along she was a — and my sister as well. Andhkthil our godparents lived about
200 miles away [laughs] so didn’t have much eftecour upbringing. But my father
used to have these mediums, he was quite a sapaitsialist and he used to invite
these mediums to come and stay with us who weheratrange characters. | think
some were genuine, some were charlatans, just diarfree meal and that. But | —
we got sent to bed when they had these séancasatimer went out because she was
fright — she didn’t approve of this, being Catholi&nd one night | went down,
peeped through a crack in the door and we’d a keayy oak dining room table,
really heavy and they’d actually — their handser¢hwere about eight people there,
they had fingers on top and this table was actuelliyated, so — so since seeing that
[laughs] I've always thought, you know, thought litbkere might be something to
this and whether it's spirits. Anyway that — atid literally take four strong men to
pick it up, but there were people round thereditgronly had their fingers and it was
way above their legs, so that was a — they didérfere with my religious
upbringing at all, they encouraged my daughterlandyo to Sunday School, and |
think the one | went to was a Unitarian, rathearsgle Welsh valley, Unitarian chapel
[both laugh]. My sister went somewhere else andlideghe rounds of all of these

Sunday schools and so that was quite interesting.

Could you describe your father’s personality to me?

Well he was very outgoing and very confident typehap, as | said he was — he
liked to act as an illusionist and magician and &ls was very keen card player,
bridge, stuff like this, two types of bridge, bralg contract and auction bridge, he
played both types. And he was very proud of hidgssion, he was — he called
himself a master baker, but he was into very hlghscconfectionery. In fact later on
he ended up as being a national judge at compwdjtissed to go around judging
them, these various competitions. But my mothes,-swell we were born she
stopped, she became a, you know, professional tfesié you like [laughs] in those
days, in the ‘40s | suppose it was still, womemdid not many women worked so

she was at home. Very good cook by definition gadh laugh] —
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What sort of background did your dad come from?

[Laughs] | have to think to answer that one [lajghsiever knew my grandfather,
only the grandmother in Liverpool and she was amedriarch, you know, she had
four sons and she ruled them with a rod of iromd Ahey all — all the four brothers,
seemed — a bit like my father, very sure of themeseand | think two of them big and
— Gilbert and Sullivan was very big round Liverpaothose days and | think they
were quite major players in that, quite good vaicAad my grandmother, she was
quite musical anyway so the boys pushed thatinktbne of my uncles actually
worked in the Liver Buildings in Liverpool, he was... well ship insurance and so a

lot of it was based — based there.

[06:55]

And | think ... well of course totally involved invery Welsh — Welsh valley, but the
actual area we lived in Bronteg Terrace, were @&myglish people. And thenit—go a
few miles up the valley where my wife came frong\thwere totally Welsh. In fact
my wife, she didn’t speak English till she was alfour or five so as you moved up
and down this valley it depends which part youdivehether you were Welsh or
English and — but there was a terrific lot of crétthere, they had these — a lot of
concerts, eisteddfods and stuff like this and theee a lot of quarries around and so
very Welsh place and very isolated really, it seamalley and each valley was
totally isolated from the next, and our nearesttbign was Cardiff, that was the place
to go [both laugh]. But in — just in those daysdifa didn’t appear to be all that
Welsh and these days it suddenly became Welshatigo reinvent itself [laughs].
We used to walk around in those days and therenwasgn of anything Welsh, if you
go there now you find that they’ve got the sign&mnglish and Welsh and —

How did the Welsh and English people from the diffeparts of the town get on?
Total — no problem at all. Actually | think whadppened, a lot of miners would

come in from outside anyway, because you get Sumters and Geordie miners, so

they were used to influx of English people, or giagglish people together. And in
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fact the only time | came across any — well theeeentwo — two sets of foreigners
working there, ‘foreigners’ [request commas], ttedidns would come across in the
‘30s due to more or less starvation back in Italgt they'd started all their little cafes,
which ranged from very simple little ones to quitphisticated establishments with
silver service and linen. And | think we enjoyelaw| call a café society there as we
grew up | think. The thing we enjoyed most wasgaround these cafes and
meeting our friends, which it's come full circledagise we — tends to happen again
now, we get all these new modern places, Costaktitese other coffee places, but
an interesting thing is the — these lItalian café@ens wouldn’t let their daughters mix
with the boys from — from the town [laughs], soytledviously wanted to save them
to be married to nice respectable Italian boy$at.t And that was quite serious, that
was, you know, quite — looking back that was qodsety in a way. And ironically in
the war there was a Jewish family living just asrthee road who were strict — strict
Jews, | don’t know which sect they were, and theyln't let their children play

with us, so it was a kind of funny ironic inversionthose days in the war [laughs].
But so the only kind of racial thing | came across these — the Italians and during —
also during the war there was the Italian prisaifevars were kept quite — not right
where we lived, but close by, that was anothemthind they could often be working
in the farms, brought in to work on the farms.

Did you have much contact with them at all, or —

Yes, yes, just — but because they were separaisdthreir families they used to like
children, they used to — | mean they liked — | miéeay were treated like normal
people and they made quite a fuss of our — usremldOh yes at the end of our — this
Bronteg Terrace there was a big house, more otikesa manor house where my
best friend lived, this is a three storey thinghvatconservatory and even an indoor
swimming pool which was unheard of in those dagadhs], and the family name
was Chegwidden, Cornish name for white house amdhilty there, her — she was
from a rich sort of west Wales family, | think hgarents owned all the Swansea
newspapers, | think she was a wealthy lady. Anchbsband had been — had been a
miner but he was a self-educated man and he wéslygh up — he was the local
Tory agent. But because it was wartime they hdilliet people and they had eight

American soldiers there, billeted there and theadus — again they liked us children
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and would play with — because we were only, yowkrizetween five or ten, all our
friends, you know, and sadly all these — they vadir@exans and every one of these

chaps got killed in the war afterwards, that was aalutary so ...

[11:55]

And the other thing, just around the corner we thadminers lamp works and so I've
— now we've got miners lamps that were actually enagt fifty yards from where |
was brought up and these — all these old chapsimgpik this lamp works used to
come out for their tea breaks and rest about 18fsyf@aom us and chat to us. So

we’ve got two mementoes of those days.

[12:30]

Could you describe what Aberdare was like at yduldbood? What was in the

town, what was it doing?

It had — the main street had some very high quahtyps, in fact you had the
impression it — well | think you'd say it was arflaént town in decline, but of course
the war, you know, dragged it down a bit furthBut looking round the shops you
could see it had been a very affluent town, withglers and nice restaurants and
some — at least three very expensive tailors, aridveentioned a lot of Italian cafes
[laughs]. And the town enjoyed a — a very nice&kpbeautifully laid out park with a
lake at the top end of the valley and that wasceakoentre for the boys and girls.

The boys and girls used to parade around the éspecially on Saturday and Sunday
nights, socialising. And you could even get rowoagts to go out on this, it was a
manmade lake but it — you could hire out thesedtmago and, you know, paddle
around. And there were four — four — | forgot afthie cinemas, four cinemas which
varied from a fleapit to a very posh one called Rex which had one of these organs
that lit up, it was like a glass organ and as meaup out of the pit and it changed
colours as it came out of the pit. And they hamiaper organist who was obviously
professional and during the interval between thend B films he’d give a
performance and he dressed in his dinner suitliadvias quite a thing, you know

[laughs], people would be waiting for this.
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Which cinema did you go to most?

It just depended on the film, it didn’t — well | ax@there’s another cinema, was called
the Palladium and this had the attraction thaadt lovers seats in the back, double
seats [laughs]. So there’d be all these youngaggens queuing up to try and get into
these double seats and the usherettes were tadd teeshine their torches onto the
back seats, yes. But it's — | think one of the lbeiaemas got burnt down when | was
very young, | can’t remember what that was calletlamyway, | think the Wizard of
Oz was on, | think it was the first — so that muste been a long time ago. And that

was burnt down, Cosy, that was a funny little ciaem

What sort of things did you actually see at thegia?

| think there used to be a lot of these cowboyedus like these B-moves, cowboys,
cowboys and Indians were really the thing that pebked in those days. That, you
know, children liked those because you didn’t hnese Walt Disney films in those
days, there was nothing of that then. And alsdagwell a very nice theatre there
called the Coliseum, that put on dramatics ancetiagre two good opera companies
there, because the Welsh are famous for theirrgingp they could sustain this — one
place could sustain two major operatic companiestaey were — sort of vied each
other to get the best soloists [laughs]. But | wasger a singer so [both laugh] didn’t
join that, in fact none of my family musically —eathat musical.

So -

So it’'s quite a — you know, had every — well sefiained valley, | think that was a
feature about Welsh valleys, they were totally-selfitained that you didn’t have to
go out which was in retrospect not that healthy.

Was it a mining area, you mentioned the mining l@mmppany around the corner?

Yes, there was still operational mines each enthdhmy wife’s father, he was a

miner, he got injured in an accident, then he becarcarpenter, he still worked in the
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colliery but, you know, so — but in some partshd valley there’s steep side streets,
the women used to put seats outside the — chaisgleitheir doors because these
miners, most of them by the time they were thintyaoty had silicosis, and lung
diseases and they couldn’t walk all the way uphilievithout a rest, so the ladies
used to put chairs outside the doors, so they ceti@se poor chaps could — gasping
for breath but have a rest. And most of — som@houses — well lot of the houses
didn’t have bathrooms in those days and you coaldgmetimes they had a big tin
bath in — well it was called the parlour I thinkyavay the main room with a fire
roaring there, and sometimes you'd go in and tlaaefould come back from work,
they finish work about — they’d start early in therning about six, be home by about
three or four, and they’d strip off in this roorAnd his wife might have friends there,
lady friends having a cup of tea, and he would lpa#htin bath in front of — swapping
jokes and he’d say, ‘Oh Mrs so and so, would yoe gny back a rub,” and very
naturally [laughs] and you didn’t think anythingtbfs, it was type of par for the
course and | think people would be quite shockeddhdays if they wandered in and
found a naked man [laughs] might — but that wassah it of culture that’s, you know,
totally gone now. That's before they — becausyg thén’t have the pithead baths in
that area till well after the war, quite amazinglyt some blokes used to come home
really dirty and that. And in fact the miners —

[18:10]

Because of food rationing in those days the minsesl to get extra food while they
were in work and often used to bring bread andebiitbme for their wives. | mean
that's a — people don't realise how drastic ratignivas but they’d bring home bread
and butter and stuff like this.

Did the mining background, you know, so the towalfithave much impact on you at

all?

Well all my friends [laughs] ... job to say reallyeWit made me [laughs] not — one
thing not to be a miner, because | went to — yeaw too many people killed and
maimed, and as | said all these men with terrilg Iconditions and you know. Not

many led — lived to get their pensions, that wasttbuble. So when all this business
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with Scargill and that, tried to glamorous the nsinle- | had slightly different

opinions there. In fact my wife’s father diedwis a drizzling day the funeral, no —

in those days the women didn’t go to the funerats far some reason | ended up
[laughs] strangely as chief mourner and | was [teslig- I'd just become a nuclear
scientist, you could imagine, so | was with allgbeniners and they were singing
Welsh hymns in the rain and they were all cryimgjitsvas kind of emotional. And

the chief miner’s agent, you know, he’s respondittaunions and that, he came up to
me and he said — he said, ‘I hear you're off tauelemr scientist, going to be a nuclear
scientist?’ | says, ‘Yes, | am,” and he said, ‘@bksto it boyo,” he said, ‘you don’t

want to end up like this lot,” because you knowteolf them were crippled or —
[20:00]

So that was quite an incentive to push on [laugbs}g, you know, nuclear science.
What did your father actually do?

He was a confectioner, yes.

So where did he work?

Sorry?

Where did he work?

He was actually a — this little very small chaingobcers, but — but they’d one in
Aberdare, one in Porthcawl and one near Cardiffiloey had a very big
confectionery side to it and he was manager fortttes part of it, for the
confectionery side, so he did that. But it wadlydagh class confectioneries you
don’t even see now, Florentines and stuff like.triit it was quite surprising for a
really working [laughs] — in a working class areat very well off, people used to

indulge themselves in — there’s as one — | thimdy thsed — one of their luxuries to go

and buy nice cakes and —
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You mentioned that your father — I'm quite inteeelsin this conjuror business

alongside the confectionery, do you know how hengotit?

He always had this — | think he was — what'’s thedybe was an extrovert, he wanted
attention, | think that was it, and all his brothes | mentioned, two of them were in —
for some reason their mother had instilled thigfterconfidence into them. But he
was quite in big demand to go round and, you krdmthese. And after the war |
remember he — he did a few Save the Children fandshese big charity affairs and
he did quite a lot of — he used to go to the Cahsd heatre | mentioned, they used to
have quite big shows there, and he did quite afldtese illusionist things. He even
managed to have somebody he levitated but | tiiakwas a straight trick [both

laugh], not a ...

[22:00]

Ah. And you haven’t so much about your mother twiag she like?

Well | think she was somewhat submerged in all filaisghs]. No, she had one
interest, that was the Girl Guides, she seemee tiké support, wasn't a guide
mistress, but she was, you know, | think she usdelp in all, you know, in raising
money and stuff like that. But | think literallhs was submerged [laughs] by my
father’s activities and of course literally phydigdnad to look after us while he was
doing all these things and that. But as | saidve&® very — she really enjoyed
cooking, she was very imaginative cook. | thinkgh days she could have been a
Delia Smith, she was that — you know, she wasantpe of class really, she would

have — well she would come trained as well so —

And she was a confectioner as well you said?

Yes, that's how they met. I'm not sure where, but

Could you describe your mother’s personality to me?
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Erm, well very quiet, she was determined not t&\ledsh [laughs], she wouldn’t — no,

| think she — I think she — slightly snobbish Irtkiis the right way to put it, she came
from Mill Hill but she didn’t have a London acceshe had a neutral London accent
and when she came to Wales she didn’t like the kVatsent and as result of that she
sounded, you know, more and more refined the loagemwas there so that — | always
thought that was a bit amusing. Of course all theiochildren noticed it, but they
were quite impressed by this, they didn’t thinkttha. you think they might be
offended but they thought it was, you know, thatytiwere impressed that she was so
refined | think, compared to their parents [laughiep spoke just naturally, you

know, natural valley accents, not — not Welsh ethem.

What about yourself, did you develop a Welsh acoent ?

Well I think you'll find | sound fairly Welsh on ik [both laugh]. But in — it's one of
these funny things, in England | sound Welsh, bugrvl go back to Wales | sound
very English, which | think it's quite a common pioenena that. But — and well
because of the part | grew up in | didn’t actualbheak Welsh for — | mean | know
some Welsh, | always said, ‘You need to know endivgiish to know if somebody’s

swearing at you,’ yes [both laugh].

Was it actually taught at school?

Not the school | went to strange enough. | thirét actually to be honest in primary
school | think for some reason they taught youfitisé two years and then they gave
up | think, that was — that seemed to be the ingiwad had and —

[25:10]

Because the headmaster — it was a local primatylpwen the road from where |
lived, it was glamorous name of Town Council Schoulas called [laughs], not
exactly a posh name. And the headmaster was & Méatian, he actually lived next
door to us and he was a very — very cultured Wielshe true sense of — | — | don’t

think — don’t get the same effect in England. Ialég you can sense that people are
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cultured, you've got to be — been brought up tovkmdhat this means and sort of
things.

Could you expand on that a little bit please?

You knew straightaway that he was very well reddags by his vocabulary and of
course that’s another thing round there, the WelgH couldn’t detect it, but people
could tell the class by the Welsh you spoke becgasecould tell if somebody was
educated. But — and this chap, he — when | wasisthool he’d push me to read
certain books and my sister, and he said, ‘You shaad this, and read that.” But oh
looking back it's — never struck me so much peatblat you could tell people with
culture. Even now there’s various people in wodould tell if they were cultured in
the sense of, you know, well read or — your diretdatives — your direct contacts you
could but only by working with people for a longhg you could find out how
cultured [laughs] — it sounds a very snobbish worgay but it's — things are — fairly

real thing.

You talked about, you know, nice shops and theaoged the theatre, but was it a

cultured place to actually grow up?

Very very, yes, but because of this — | think beeatlhere’s so much opera and that, |
mean it was — in those days too they had thesersinehen the pits first opened, all
the miners want to get on so they built thesetunsts, mining institutes and they had
their own libraries, very good libraries. In falsey used to pay a few pence a week,
every miner for these, and these were quite graidibgs, every valley in Wales,
mining valley had these nice buildings with libramyd some had theatres and meeting
rooms and that, you know. Again it’s all — it's@ltural thing but you don’t get it in

England very much so ...

Do you think that left any particular mark on you?

Sorry, the ...?

This atmosphere around you, this sort of culture?
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Yes, | think it makes you very broad, it makes yawe an interest in everything, |
think this is — because | just — one just knowsyall know, opera, plays, anything,

but it was just because it was instilled, instiliethb you.

[28:10]

What sort of interests did you actually have wheuw were growing up?

Well I think it all — in those days the hobbies wé¢otally different [laughs] to the
computers and that. There were things like stantipating | think, stamp collecting
was a big thing, well | was into model aircraftvesll, used to buy this bolster wood
which is very light wood and tissue paper and youla buy plans to make these
planes. Initially they were just gliders but wheu reached your teens you
graduated to [laughs] the little petrol engineshwite very — like half cc engines, stuff
like that. And some of the better off people hadre— had very crude form of radio
control, which in those days was quite remarkalaleghs]. But they used to be the
main hobby. And also, yes, the other thing wasrengumbers, people — boys used
to have these — there was a series of books pedligh a firm called Allen, Allen and
Co and they printed every number and name of -agine in each region of the
British Isles, so you'd — like collecting stampswd go down to Cardiff or Swansea
or — and try to see the big engines going pastyant note down the number and
that. Because that — you had to — locally youdwotildo very much because not
many trains, they were just little tank engines earp the valleys, but if you went to
Cardiff or Pontypool, these places you could seebi trains going to London and
that. Makes you sound very provincial talking likat [laughs] but it's a fact of life,
that's what it was like, yes.

What was the attraction?

Again it's a bit like stamp collecting, that wa®th that was it, you know, because,
you know, let’s say you got a penny black, you'gerslike an Edward the Second
engine or whatever it is so — so | think it's vemych like that. So you used to go to

the station and buy a sixpenny pork pie and sretlhd day watching — watching the
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trains go by and — or coming in. Also | think —l\Wehink what happened is it — in
subconsciously these were going to places you dginto, you know, we lived a
very constrained life in the valley, | think thisaw/like expanding — a funny way of
extending your remit if you like, instead of beistgck in the valley. This must have
been subconscious because | can’'t remember faedipged but [laughs] there must
have been reasons for doing that.

Did you actually leave the valley much?

No, not much at all in these — used to catch aabusss the mountain to Porthcawl,
that was the nearest seaside for us, and downrthffGane way and then that was —
you were very trapped and Merthyr the other waycWwhvasn’t very attractive
[laughs], or the Rhondda Valley the other way.—-Sm you'd — and then if you went
up north out of valley you went to Brecon which wasy nice, the Brecon Beacons
which was where we tend to gravitate when you weused to cycle up to the Brecon
Beacons, swim in these — well rivers which you wiattl let your children swim in
now, they’re quite dangerous, but we used to gingahere, near a place called
Penderyn, used to go under these caves. And Heabout probably a ten miles —
twelve mile cycle ride from where we lived. Usedjp — especially as teenagers do

this more, cycle up there and go swimming in thadrrthere and take a picnic and —

Out of the things you've mentioned what would yauy®ur chief interests were? Or

other ones you haven’t mentioned yet as well far thatter?

| hadn’t taken up photography then, | didn’t dottti&l was older, | was probably
late teens | took up photography as a — that'itdidby I've type of kept — kept up

since then.

[32:15]

Oh another thing is, when | was about — when | al@sut twelve | started working in
a garage on Saturday mornings and that was — ahaviis quite — very illustrative
thing [ph] , Bud Morgan this garage [laughs]. Ahdy used to look after any car,

they could — they could deal with any car you lileed | was only about twelve or
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thirteen, fourteen, and we could strip and rebaiitgl engine in the morning and the
Morgan engines— car engine Morgan from those daysl we used to — those days
the engines used to coke up because the petra lradnore carbon and worked at
lower temperatures so it — the valves used to@eta up and also the cylinder walls
used to wear out because the metals weren’t soigdbdse days. So one job was to
grind the valves and the seatings to make suresbaled properly, and then quite
often you'd grind out the cylinders, which was quét skilled job in retrospect,
[laughs] and fit the next sized piston, so theqgmistfitted. And we used to do this
literally in a morning, one man and — the only jatasn’t allowed to do was the big
ends because they had the — the crankshaft saanmps, and this had to be hand
finished, the — the boss used to have a scrapadibat and he’d curve the soft metal
so that the big end would settle in that, but thas$ the most skilful job and the boss
did that.

How did you actually get into working at a garagdwelve?

Well because he was a friend of my father’s, litgrae used to live around the corner
so he was — and | — | think my father mentioned kkeas interested and wanted to be
an engineer or something one day, you know, sg@fiaband this chap wanted a pair
of hands, mostly his nephews and people liked wgrkso | was just — so that — so

slight common interest in mechanical things and ...

Did anybody ever actually object to twelve yeaisohMbrking on their car engines?

[laughs]

Well no because | think as | said he had his —tha&phews and people round him,
so | don’t think — in those days quite a lot of pgsters used to do things like — fairly
skilled jobs. And they knew the [laughs] — Bud Igan the owner, he was there
[laughs] kind of thing, they trusted him. And didhave much choice, because the
other garages there, they didn’t have — they waraybe knew they weren't as
skilled as this particular outfit, you know. Vesgruffy little place and, but —

Could you describe it to me?
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Well it was just literally with a shed with a coepf workbenches [laughs], one
petrol pump outside which actually had a crank,evan electric [laughs] so — smelt
of oil. In fact was quite dangerous really. Anpiawhere you could get under the
car, they didn’t — couldn’t — didn’t have big hydfi& ramps and things in those days,
you had to go down the pit underneath and — whiak ptanked over normally so you
didn’t fall down it.

How did you actually learn about car engines?

Just by stripping them down and, you know, by sles@erience and it's the best
master. | think they were — because they — Bulliyraaderstood engines, he passed
onto you. He was explaining things, he didn't imahe was explaining to you, just
he’s only — even things like carburettors whiclhjuste complex, you know, he — he
could explain. And gear boxes, you know, the iolahich — often didn’t realise
about the gear ratios and things and stuff like, yu know. So you would learn
quite a lot from — in fact it was mechanical engirieg and physics [laughs] in

retrospect there.

What sort of chap was he?

Just very gruff Welshman, short chap, only aboud foot, but very pleasant and
never phased by anything, any problem that canieeiid, just say, ‘Oh we’ll fix that.’
And — because quite often the cars you came — gfiéa exotic — because a lot of
them were like pre-war cars, and some of them weaite exotic makes that didn’t
really exist after that period and so he used fiy ¢ogether spare parts from other
cars and — so he’'d have quite a good imaginatie.used to get the Morgans which
were made in Malvern, sports cars, we used tomginal ones of those in, so they

were quite difficult to work on.

Did Morgan do the three wheeler as well?

That'’s right, we used to work on three wheelersie ©f them had an engine, a little
JAP engine stuck on the front like a V. | thinkyicalled it V with the cylinders,
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instead of being inline, V shaped and, but it wias@oled because it sat outside the
car on the front [laughs].

[37:05]

Did you have any hands-on hobbies as well?

As | say | think model aircraft was the most comnooe. But looking back people —
I mean those are the most common — | wasn't — tweren’t any high-tech things
around those days when you look back. | didn'tvkmmybody that had any radio,
bits of radio. | think a few people had odd cr{stts, but nobody | knew was

interested in electronics, it hardly existed asmc then.

Were there any sort of sciences and technologieswase interested in at all?

In those days?

Hmm.

Well there was [laughs] — | think radio was a —dswnterested in how radio could get
around the world, | mean that was a — things lig, ti think that triggered off initial
curiosity in science. And — well all forms of elecity because — | used to be quite
impressed, used to go round these coalmines apd#tevery, you know, heavy
machinery for lifting the cages up and down andieting and all this, so you used
to see quite a lot of very sophisticated heavymawying so that — so it was a lot of
high-tech stuff around there. So I think thatmdan got me intrigued into how these
things worked and ... as | say the cables workedfadhour next door neighbour in
Bronteg, he worked in the cables works there aay Were one of the biggest cable
companies in the world at that time, made all thetigey pioneered a lot of these

high voltage cables and stuff like that.

[38:55]
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Had you given much thought of to what you actuatiynted to do when you were

older, you mentioned engineering a moment ago?

Well | got — [laughs] yes, well, the first thingManted to be a car designer, that was it,
| think that was — that was probably just direahsgf of — from working at this
garage, | wanted to be a car designer. And evdraheery imaginative name for my
— it was going to be a Hassington Staveley, if gan imagine that, it sounds a bit — |
don’t know where that came from, out of my imagioaflaughs]. But it doesn’t
actually all — when you think there’s a car calfgdhstrong Siddley it isn’t all that
[laughs] — I don’t think there’s any connectionriaeHassington Staveley [ph], | can
still remember that, no logic. But | must admiviis more — the car was more the
extra design, it was the body, not the mechantegies| was interested in. But nice
looking cars, rather than the mechanics, becaassumed they’'d all be the same
engines that I'd worked on [laughs]. So | didilink in terms of developing the
engine because we didn’t know about superchargelHwew vaguely about
superchargers, blowers and things but | didn’t esxye that being in saloon cars, so |
was much more interested in — well in fact | sugpstseamline them to make them —

because cars were pretty just box like in my epolyth anyway.

What sort of car was it going to be?

It was big [laughs] — very aerodynamic | thinkhe tright word [laughs], aircraft — a
bit like an aircraft shaped car with the back whemlvered in and very long and low
and no chrome or anything | recollect, it was [lasig- | don’t know why no chrome

on it, just very streamlined and ...

Why do you think the shape actually interestedsgomuch?

| think it as just glamorous, | think it was — Irik it's because of the spin off that
you’'d see in these 1930 science fiction thingsthede shapes had — | think it must
have been my subconscious I think. And also Ikiipirobably a reaction to
everything being so broadly square and [laughs], krmow, not that good looking

around, the stuff you saw around was very basicsanidof thing you try and look to
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improve the shape of things. Because you didiniktm terms of fuel economy or
anything in those days.

So was this an ambition you actually kept for amgth of time?

No, that switched then strangely to a fancy brigdiaeghs] — | forget which bridge it
was, bridges started to impress me. So | — | thihkhink the first one again | was
actually in Pontypridd, it was just a few miles dothe valley from where we lived
and they had this — it was the biggest single stwak bridge in the world and that
impressed me. It was a single span but it must baen a good fifty — fifty yards
across and it was built about 17 something | thiAkd | was very — | think that must
have triggered off this interest in bridges andneteethis day when I'm going on
motorways or anywhere, | — a bridge catches mywye know. Sort of the first time
we went to the States, you know, to New York, Idisetake — | took taxis to go and

see these various bridges [laughs], bit strange.

What was it about bridges that interested you?

| think it was the sheer challenge, just even te dlay | just — I'm more impressed by
a bridge builder than the work | do for examplaif/as], when you look at the Severn
Bridge or something and these — and these suspenisdges are just incredible. |
mean and also there’s a lot of science in themyaknow, [laughs] stressing them
and working out how — because they’ve got to stgndgainst the elements and load
and traffic and everything, so they're a very ingsige thing bridges | think. And
materials, of course you've got to get the bridigestand up to the environment, the

loading.

[43:15]

What did your parents have in mind for you workeyigere they pushing you in any

particular direction?

| think — I think they wanted that kind of thinggraething not arty anyway. My sister

was — mentioned my sister yes, she was into argshand in fact she ended up — she
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went to art college and having been — when — thedcshe went to in Aberdare, the
girls grammar school she went and the headmistinessght that art college were

sinful places and she didn’t want her girls goingre. She thought every girl that
went out of this grammar school should be a tea¢hat was her ambition, but
nothing to do with art [laughs]. So my sister ded best friend Tessa, they rebelled
and they — they got their own A levels in art arehivto Birmingham Art College

both of them. Ironically my sister ended up agadmistress in a primary school and
she didn’t do art until she retired effectivelytishe is quite a good artist now, she’s —

she’s in this artist set in Sheffield over there.

What's your sister’'s name?

Monica.

Is she younger or elder?

Two years, two years younger. And she was — ohtiags something I've forgot,
yes Scouts was the other thing, yes Cubs and Sddatgot that totally. Because she
went to Guides ... but | quite enjoyed Cubs and StoApain | think because it's
slightly more adventurous and we did actually -yttook you places and that, | think

it was [laughs] — yes.

What sort of things did you actually do in Cubs &wbuts?

Well they took us camping and this and buildingfgiat the [ph] chap we had was
guite adventurous, he used to make us build —dntifés brings us back to bridges
[laughs], building bridges across streams and chbk in fact quite dangerous
things they wouldn’t allow these days. And tookymsu know, to quite severe rock
climbs, without any equipment, it was just, you wnatraight stuff and a lot of |
suppose these days they call orienteering [laugdisg, us places and try and find a
way around, those sorts. So developed it quité vieink, gave you quite a lot of
confidence. And they were quite strict, you knovarally as well, | used to, you
know, it didn’t — you know, nobody should swearywu know, you had to be very

clean, well dressed when you turned up at CubsSaondts and —
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How did your parents actually expect you to behatveome?

Well it's funny that they were — what I'd call cadly strict, you know, they never — |
can’t remember [laughs] them being particularlycstbut my sister and | seemed to
behave, in fact all our friends were the same, Hiegeemed to be pretty well
behaved. But very few youngsters around that Wwaddy behaved. But | think it
might have been just the moral pressure round figlig was, you know, it's
expression chapel, you know, lot of chapel peopberad, very strong moral code. So
children if they stepped out of line somebody waeltithem, even if it wasn’t their
child they’d tell you off. We had a Mrs Morris alidour doors away and if she saw
you doing anything she’d tell you, which you wolutditare do these days, but quite a
lot of people like that, that correct children d@atll them off if they were being noisy

or, you know, beating somebody up [laughs].

You mentioned that your parents actually — youndatvas a spiritualist and your
mother was a Catholic.

[47:00]

What are you, what does that make you then?

Well kind of neutral I think is the honest [botlugh] — open mind | think is the right
word there. | get definite — if | go to church Féel — funny, even that’s a bit ironic,
some churches | go to and | feel there’s sometthiagg, | feel that some churches
haven’t got a soul. Some churches when | go inesdike one in Abingdon | go to |
can feel something there, and other churches tistygave me cold, it's a very
strange — but it's almost a psychic feeling | this& | don’t know if that’s religious or
psychic [laughs]. But on ... I think, you know, weBuppose this open mind is the

right word, so ... | mean we don’t — I'll go to chiaroccasionally but ...

What sort of actual religious upbringing did you ¢jfeen?
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Well it was — it was like that because | was [blailgh] — and sometimes you'd tend
to go to other churches with your friends, theylddae anything, you know, from a
fantastic array of churches in the valleys [laugiell could have the complete
spectrum. And | didn’t go to a Catholic churchiulntvent to — I think it was one of
our friend’s marriage and it was a full nuptial mahat was quite surprising
compared to the basic other Welsh churches aroBotwe used to quite often go
round other chapels and things and — with youn#éf$e but it was almost a social

thing, | don’t think it was all that religious [lghs].

In what sense a social thing?

Well because it was, you know, people — your magiedriends or whatever having —
well one thing | did notice there which I've beasmamenting that — about the other
day is that the ministers or vicars there, theyaweuch more involved with the
community and they actually went round people’sdesuand they went to help, you
know, round here we noticed the, you know, the chyreople don’t do that, church
people now. They were really hands-on the — andlwed with the families.
Especially the church my wife went to, there, | méa was really involved the chap
and he — and not just his chapel, he’'d go and argrbody in hospital, he’d go and —
if they’re from that village, he’d go and visit thebut yes. So that’'s — | think that’s

something that's gone away a bit now.

You mentioned your two parents sort of particukisof beliefs, but were either of

them patrticularly religious?

Not — well my mother then — she went against thih@i faith because you know
this concept of limbo, where that unless you'verbelaristened as a Catholic child —
if you die — that baby dies before they’re chrisithey used to go to a place called
limbo, which was between heaven and earth andeietid this — my mother couldn’t
stomach that and that stopped her being a Catlsblecactually broke away. She
thought it was horrible to have — imagine that balead baby being suspended in
this limbo, I think that's where the word comesnfirdimbo, so that term — but she
didn’t switch to any other religion. And | donhitk — think some people practice

spiritualism as a religion, but my father didn’g was just | think he just liked the
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technical aspects [laughs]. Because he used ®thage pictures of people
producing ectoplasm from their nose and photograplsthese things and used to —

used to take magazines of all these things or ...

Are there any other ways in which your father' sigpalism was actually exhibited

that way?

No, it wasn't outside the family, he kept it faidgiet, | think he was a bit frightened
[both laugh], | don’t think the locals would havedn all that approving and —
because all — any spiritualist he knew was importedn’t think he had any locally —
| don’t think any friends were spiritualists. Besa everybody who came to the

house was — | don’t know, | presume he got to artteem through these magazines.

And did these séances happen often?

Must have been about three or four times a yeaguiess. But — but as | say it didn’t
—once | saw [laughs] an actual — but used to lsawié— and all these — used to —
they seemed to record all these séances in watidighave photographs, they used to
take an awful lot of data. There used to be nepeysaph] hanging around | used to
read it and that, he didn’t encourage me or disssgeime, you know, he was quite
good like that, he didn’t, you know, try and infhee me at all. And my mother was
actually quite anti it | think, yes, she used tg,sBon’t you bother with that, rubbish’
so | think she was literally frightened of it, itk it was just her religious upbringing.

How did your parents actually — what sort of paseewere they towards you?

Very — very caring and trusting and very keen yioousd get on | think was — but that
was the general culture round then [laughs], | nieds who really pushed, it's a
Welsh thing so. So that wasn’t an unusual thimg, know, was quite rare for parents
to be interested in children, if they were usublgzause they were drunks or they had
problems or ...

Do you think you've inherited anything, nurturer@ture from either of your

parents?



Mike Forrest Page 23
C1379/48 Track 1

| definitely didn’t get my father’s extrovert chataristics [laughs], tend to be the

reverse. And | think people say I'm like my motineore, quiet and ...

[End of Track 1]
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Track 2

| was wondering if you could tell me about any oth@bbies and interests you had as

a child, what did you actually do with your spairae for fun?

| think we used to go — well spent a lot of timstjaxploring the countryside around
us and behind us it was called the Graig Mountath@uite magic names really, there
was — we used to walk out our house, along anislasdd railway line, kind of down
an area called the Cwm which is a nice little wabdalley with a stream going
through, and then go up, it was called the red,pathup to the side of the mountain,
then you were on the mountain proper. Then the®awdisused quarry on top, that
was called — it was called the Giant Footstepsumei literally looked like that, they
were big steps and if you had two metre legs yfladghs] — these’d be footsteps for
you. Which we spent a lot of time up there explgrihat. And also as | said the
coalmines were running down so a lot of disusetiec@s there, so we used to — they
left a lot of equipment there so you could playusweh with the — they still had railway
tracks and there were these drams and everytlongesised to push these around
and was quite a lot of gear you could play with{letd was great fun. And nobody
seemed to get hurt but in retrospect they wereglgixjuite dangerous. So it was
just one giant playground for us really, the whalkce, and as | said we — that was
just locally next door to us. And just behind timuse — | forgot to mention that,
there was a farm, the farmer’'s name was ldwal &wds called Idwal the Milk
because he actually delivered milk on horse anidacett he’d have a churn of — a big
churn of milk in the back of the cart with just aistin over the top to keep the flies
off, and he’d have a ladle round — ladle that It jised to ladle a quart of milk at a
time, people used to bring jugs out rather thatidsthen, unless you went to the
Coop or went to the shops, but people used to Imiigjugs and used to get your
couple of quarts. And they were still — | can rember there were still hairs from the
cow floating on top — top of the milk, despite —itswas very fresh and he used to —
this chap used to go and help — in fact he usedi® was a bachelor and he didn’t
have any sons to help him, so in the summer hetasask us local kids to go and
help him get the harvest in. It was only a smailirf so we used to help him with the
bails and that, and he used to give us cider whie@ry rough cider [laughs], which
our parents weren't very keen on but — and ... | rabver he kept his Welsh black
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bulls which it was okay until they had calves, thén they were really dangerous and
wouldn’t let us — when they had calves, he woultst'us go on the farm when they
had calves because they’'d literally kill you, yowl. And he used to borrow this
bull I remember to service the cows [laughs], ligasion this bull. Again it — we
couldn’t be around then because these bulls and e@re quite aggressive then, this
particular breed so — so we missed a lot of thd think there. But | think he —in the
end he sold his farm up to a property developerthed they built houses on his

farm, it wasn’t very big, probably about 20 acrenfaso they’ve spoilt a bit of the
hillside there by build — I don’t know how they gmérmission but anyway so —
another one of our playgrounds had gone into hgusin

You mentioned that you — caving was one of yowardtitle hobbies as well?

Well wasn’t really a hobby [both laugh], I thinksitwhen we used to go swimming
there were caves there | think is the right wapuiting it and these weren’t the nasty
ones you see in these films, these were quitete gig. The rivers used to run
through them, so they were quite wide but probalty or three yards wide and you
could go up about fifty yards without any real dangSo we used to enjoy those.

But usually find — because we’d gone there swimmwegdidn’t have anything, didn’t
have torches or anything so we just used to garaasfthe daylight [laughs], the
daylight went before we lost our nerve and camé loaevas very slippery too, it was
quite dangerous then. But other — other parts aled/had more dangerous caves but
we didn’t — nobody | knew used to do that, in faever heard about these till |

[laughs] was quite a bit older.

[04:50]

| was wondering if you could actually describe whaitir house — your home was like

to me?

Yes, just standard three — three bedroom semmallyesemi detached and very basic
really, you know. No central heating, just | thibkvas fireplace in each room, and
the fire in the kitchen had like a back boiler s® ad hot water for washing and

bathing and that. But there was no — no — it way basic really compared to
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modern standards so. And I think our house — ousé was quite well furnished
because my mother and father when they lived irdbarbefore they moved to
Wales, they’'d been to this Ideal Home exhibitiod #mey’d bought this dining room
suite and chairs which was kind of ultra moderthattime so — and so we had
furniture that [laughs] none of the locals haditsgended to impress people. | don't
know if it cost any more but anyway it was differémthe average per — you know,
labourers furniture. And also we had quite a piego so — but | think my father
discussed — my sister and | weren’t very keen, exenbothered to learn, but in those
days | think it wasn’t all that carpeted, thereduszbe a lot of linoleum, lino floors,
so a lot of the house was just lino which needkd af — so the housewives spent a
lot of time cleaning that. As far as | remembeewt was younger we didn’t have a
vacuum cleaner, it was all — it was quite a longetbefore people had vacuum

cleaners | think [laughs].

[06:35]

Can you describe what your room was like to me?

It was just it was nothing, just a bed and a cupdbaad nothing really [laughs],
nothing like these days. A few bookshelves and tisdave quite a lot of books, you
know, | think the standard gift at Christmas amhgoiays was books then. And of
course they all — for me dinky toys and dinky card stuff like that.

What sort of things did you read?

Then | used to read everything, anything | [laudie] — like — like Biggles, you
know, used to be the thing and a famous wartinet ptbry written by W Johns, that
was the standard thing. And comics when they caomwg, yes. But | think used to —
I’'m a very quick reader so | used to — used tavas always up and down — used to
go to the library a lot which was a very good lddadary, and get through a few
books a week. But I think my reading rates depsmnodn the interest of the book, |
mean if it's not very interesting | can whip thrduig, and if it's engrossing | slow up,
it's — otherwise I'm a scanning reader [laughshldo think, yes, we used to get

National Photographic [National Geographichagazine, things like that, they were
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guite — because that was look into the outsidedwsd didn’t have, | think that was
another thing.

Did you go on any holidays?

No, we did tend to go to the local seaside plaaed,was my parents — used to like to
go to a place called Caldecott in Monmouthshire ijushe country, they just used to
like to chill out in the country which wasn't tasty exciting [laughs] but they seemed
to like it. My sis — my — well it was quite nic&ge used — just join in with the local
kids and play with them, but it wasn'’t ...

How did you get on with your sister as you're gnogvup?

Fine, yes, we didn’t use to quarrel that much [fe]g As a family joke she did beat
me on the head with a china doll once and brokeltitiss head, that's gone in the
family [laughs], stories so to speak. She stilsteer children and my children about
it so. But no seriously never — | don'’t recollgaiarrelling, no. | think by the time
we’d — she had her friends, | had my friends aredehvas — sometimes we had
almost separate existences, you know, it's — iselitays it seemed to be a lot like
that, she would have her girlfriends and I'd hawenmale friends, this because of
hobbies — | think it was partly the hobbies, giit was girls did girls things and boys
did — more so than today | think.

[09:35]

Who were your —

Well that's — well that's just yes, forgot that ookethe major hobbies, Meccano, yes, |
forgot that, Meccano. My friend Oswald and | hadjé Meccano sets and his was
actually much bigger set than mine but [laughs]etomes we’d combine them to

build bigger and better models.

What sort of things did you make?
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[Laughs] Dare to say bridges, cranes, cranes thatitw We even wrote to — there
was — | forget the name, a big northern firm, hkhit was Ruston Bucryus or
something and they made these big cranes for dodt&yand we wrote to this firm
and said, ‘Can you sent us some catalogues bewaus@nt to make a model,” and
they sent us some engineering drawings as welkaiewe were only fourteen,
fifteen, whatever it was. So we built these craatgsut — well four or five feet high, it
was quite big Meccano and they said, ‘Will you sesghotographs?’ and they
actually put photographs in their works magazinthete — because we made them
pretty, you know, to scale and they worked and bsegou used to be able to get
electric motors for these Meccano sets and — sagalsee a bit how | became

[laughs], mechanically if not scientifically invad.

What's the attraction of Meccano?

Because you can get something to work quicklyrikhit’'s — it's a quick — quick
hobby and you can create something very quicklgy versatile — and also extremely
versatile, you imagine — it's only limited by imagtion | think. So it's sad it's gone
out really, it's — | say it's quick but children wahink it's too slow [laughs] but my
children — grandchildren got bored by it, so itistjdifferent mindsets, yes.

| was just wondering, you know, you mentioned mgl@¢ranes to these plans,
Ruston, I'm just wondering, you know, where doesamtually start when one’s

making a Meccano model, do you start with a plad@wyou just get on with it?

No no, just get on with it, | never put anythingp@per, that was the only time ever |
think we — you know, that’s a lie because Meccadasdpply in their catalogues they
used to send you models to make, but you soongyetltof that and did your own.
But in the — depending on the size of the sets gsufrttee models were very ambitious
but, you know, we soon got through that and we tsesppend | think probably a

good percentage of our pocket money on Meccano bits

Was it expensive?
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Yes, it was relatively expensive, especially thitigst you'd use gear wheels and that,
because they’re made from brass and they’re quéteigpon things but — by today’s
standards not expensive but then | mean it wag gqliimean you could pay say a
week’s pocket money, could have been five shilliypgs’'d be lucky, but a gear wheel
could cost you a pound, so that's the scale @fwas — so you’'d be fairly keen
[laughs] before you expanded your ...

Hmm.

[12:50]

| was going to ask as well, you talked a bit abguir parents, were they just — | was
just wondering did they have any political mindseall?

Mother was totally not interested in politics, nagHer | think went through a Liberal
phase, | think that was kind of social things,ihkhhis friends were all Liberal so |
think — I think he was — | don’t think they wereeqidy held | think. But — because
Aberdare those days was just strongly Labour, arfelwpeople were Tories, | mean
this was the measure of it, and possibly my faitees Liberal because they were a bit
different. Again it was this extra — all of thig b his friends were all like extroverts
and because they’'d been in the drama and theseamttidties. And they tend to be
Liberals because they couldn’t be Labour becausenhs too — well that was all
miners, you know, just another world, and the bessnclass in Aberdare were the

Tories, it was just typical Welsh set up.

Did you have any sort of awareness of growing u@ jparticular social class at all?

No, it’s interesting, it was very ... there were peoground you acknowledged as
being posh [both laugh] that we didn’t mix with kmrt the whole it was pretty equally
all round, I didn’t — you know, people mixed in fiyewell except that | told you
Italians wouldn’t let us mix with their girls anéwish people and that, but not — not —
it didn't ...

How did your parents actually come to be in Abeed@arthe first place [laughs]?
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Well | think he just — | suspect he just scannezlidhkers’ magazine which he
subscribed to and wrote in and saw this job antdappealed to him. But | —I'm
fairly sure my wife — my mother didn’t want to deere. So | think — because she was

a Londoner, | think — | don’t think she ever realbttled.

Do you actually have any memories of living in Laomat all or —

I can remember | think Caterham for a very shanetiwhich is outside London but
got very very vague memories but ... can’t rememia@iig any — well | must have
been under — under four then, so. I think | was fehen we — well between four —
between four and six when we moved to Wales sofaily formative years have

been spent in Wales [laughs].

Did you think about yourself as being Welsh or bdtmglish?

Yes, | felt English strange enough, | didn’t — bdidn’t feel excluded because of that
[laughs], it just — just slotted yourself in. Besa | — | mean my wife is, you know,
definitely Welsh and knew that and ... but it wasnliig issue for me ... actually |
think in a way we’re in a type of limbo, quasich bf people — if you weren't Welsh
you were, you know, quasi English or quasi Scoftanighs] whatever. But there
was no distinction, nobody looked down on you @and we didn’t look down on
anybody, vice-versa.

[16:35]

I’'m wondering if we could talk a little bit aboubyr actual schooldays, when did you

first go to school?

First of all | was in this Town Council Primary S, that was — | can remember the
very first year there, you start — you startedehghen you were very young, about
three, and you actually had to go — after lunch lyad to go into — they brought out
these little truckle beds and you actually hadd@gd have a sleep for an hour or so

[laughs] which nobody liked doing, that was the st@spect. And also the other
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things, all the teachers were old because all thing teachers — because in those
days they had a lot of men teachers, they’d gohtodhe war, what had happened,
they’d drafted in a lot of retired teachers, sotaof these were grumpy old men or
women who’d, you know, packed up teaching. So theg weren't all that — | can
only remember one — one good teacher, Mr Presgbti,was my last year in the
primary school that | can remember impressing me gsod teacher [both laugh],
because | think sadly they were, you know, clapmédeachers, you know, had been,
you know, forced back to work and they’d had enoagtl ... and some of the women

teachers were really miserable sort of [laughsppeo

What impressed you about Mr Prescott in particular?

I think it’s just he seemed like a gent — he was joterested in us a bit, you know,
and he made it interesting, he wasn’t bored, Ikhivat's partly why [laughs]. The

others, you know, they were just going throughrtiwions and ...

Could you actually describe what the school waes {tkme?

Well just a single — single storey school of twdvika, there was like a — a junior end,
you went in your first and then when you got to déige of about six or seven you
moved to the other half which was more senior kidlad you all had your own —

your own desk with a lid and an inkwell sunk inte desk, and the only heating was
black coal stove stuck in the corner, and we ugedthen you had to have milk, you
had to drink these little bottles of milk which washird of a pint and in the winter,
the milk would come in frozen, so they used tatsin top of this [laughs] stove to
thaw. So you — and you were forced — it was aenafé not to drink this milk because
it was good for you and you were to drink this niilat when it had unfrozen, de-
frozen [laughs] it was only — hadn’t gone back tbge again [laughs] so that was

terrible.

Did you enjoy school?

It didn’t — I didn’t think in those terms, it justyou just went, it was — again | think it

was more of a social thing, you all went — you wenéchool with your friends, you
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played with your friends [laughs], you went homéhajour friends. Didn'’t really
think about it at that stage, didn’t realise youevieeing educated | don’t think, it was
like subconscious, you've been, you know, somehowlgarnt to read and write and

— but it wasn’t a big deal.

[19:50]

Who were your friends?

Well tended to be neighbours, people who lived \edoge by definition really, yes.
Roger was my best friend and he lived in this lmgde | told you about with these —
when the Americans were billeted. And sadly whemfent to university he got

killed in his first year, he drove off the edgeaomountain, after being to a dance with
his girlfriend so that was — he was an architecstmelent so. But of course we had
mutual friends, my — because my sister and | wesel-two years apart, used to go
to school together more or less, so her friendewsyr friends and vice-versa, so.
And one of her friends, Peggy, we're still frienaWth, she married a doctor, again
from Aberdare [laughs], a bit incestuous. But naistur friends, you know, we've
lost contact with now because they’re all dispers&d | mentioned a feature of the
valley seemed to be that if you got educated yont\®ad worked outside, not — not a

lot of people | knew stayed there.

Why — why was Roger your best friend?

Well it was partly geographical [laughs], | suppbsehonest, he was the closest. Or
— and then another one, Ozzy Gates, the one wlelidano with, we actually in
retrospect probably did more together and agawdseclose and also he — he had
some more exciting — he actually had air riflesised to — so | wasn’t allowed any
rifles, so we used to go shooting things with higifie [laughs]. Again a good thing
you can do if you've got a mountain there’s no peal And in those days they
didn’t care about guns and things, it was easy so ...

[21:40]
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| was wondering, it's come up a couple of timesdnversation but | was wondering

what you saw of the war in Aberdare?

The bottom-line is very little [laughs], except whiewent out. In fact | — all the
munitions factories were hidden at the top endhefalley, a place called Hirwaun
that there were a lot of munitions factories thedad the main thing — well we used
to get a lot of evacuees, that sort of thing, agalrathis big house there were — was a
family from London billeted there and so evacueesew that was one thing made
you realise. The valley — we had very few — | khive only had two bombs in the
whole war in the valley, well Cardiff and Swansed all these coastal places got
really battered. And of course the main thinghia war that affected us was just
strike — food rationing, but even then | — we didniffer too badly because there was
a kind of black economy on — because you lived neoilless in the country, you —
with the farmers you could get extra stuff, eggg;dm and my father being a baker |
suspect we did [laughs] — we weren’t short of sugat things as the average person,
so. But no — | mean for kids there were no swaetsdidn’t have bananas a lot of the
war, these things, you know, you don’t realise mavat you miss if you don’t have
them, but yes. But we didn’t seem to be terrildpscious whether we were winning
or losing, until | suppose you got a bit older, tvds — towards the end of the war |
was getting to ten or eleven, and then you becaore aware of politics and you
heard the news. But when you'’re younger it didedlly impact on you. Well | mean
there’s a nasty side like you hear so and so’sdnghad been killed, and be nice to
so and so because she just lost her son and, you kasty things like that, that was
the only time it impacted locally. But the onlyng | had real contact was when — |
mentioned my grandmother lived in Liverpool, wemstay with her one Christmas
and the train couldn’t get as far as Liverpool,vagl to get off at Crewe and take a
taxi from Crewe to Liverpool, a long journey. Angwwhen we got off the train in
Crewe it was actually being bombed as we got iniawds glass and everything
showering down amongst this — and this fireman cogt me and | can remember
him saying, he said, ‘Don’t step on the pipes, {laibp the water and we’ve got to
put the fires out,’ [laughs] and it struck me adirange, all this going on, glass stuff
coming down, smoke, flames, and he’s worried albsugtepping on his hosepipe,
you know. So | must have been about — | think $ wihout eight then. But | don’t

recollect being scared though, it was just — aed thie had this — father managed to
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get a taxi to go to his mother’s house and we wekeng along and there was a bus
in front of us and it suddenly disappeared and whapened, it had gone down a
bomb crater and the taxi drive just said, ‘Oh thas lucky, that'd have been us if he
hadn’t,’” so just shows the extent of the mentalityhose times. Because they didn’t
have proper head, the headlights had like a gnmdjtbn which just gives them the
barest — lights the road up just a few yards alyeadsee and this bus wouldn’t have
seen this crater and so we just — we just aroudd;tctop, it had just gone in though,

it was watr.

[25:25]

They didn’t stop to help?

No [both laugh]. But that was the only time. W=dl, then we went to my other
grandmother who lived in Mill Hill and there wageav air raids there and she had a —
one of these Anderson shelters and we had to tetréaat but for some reason they
didn’t seem to get attacked in Mill Hill, perhapp®te was no industry round there or
something, | don’t know. But my aunts who liveckndoor to my grandmother, her
husband was in the navy — merchant navy and hstdléot of — he was lucky to
survive because he’'d been on — he’'d been defestied][a few times, he’d used up

all his nine lives he told me. So ...

[26:10]

Did you see much of your extended family when yeye growing up?

No [laughs], it's as simple as that. They weréeytwere in London or Liverpool or
—and it's partly because of — | mean it's becafdbe war, | think under normal
circumstances — so we were — we were like an offisbbthe family, we grew up

hardly knew my cousins, it wasn't till in fact alstaadult life | got to know my

cousins.

Did you see any evacuees, your school for instanee
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Yes, used to come in and — but that — they jushedeo integrate very quickly and
most of them seemed to be — well | think a lothefmh were better off, | got the
impression some lived better than they did whewg there back in London somehow,
a lot of them came from very poor backgrounds &adl t1 think some were literally
starving we heard when they came, so. And thhe-Hiteresting thing is a lot of
them their parents didn’t seem to bother to coriteeatn when they came [laughs], it
was a bit strange. Because we were used to thishViamily thing of being very
close families and we couldn’t get over that thiade were sent, you know, 180 miles

from London, whatever it was, and the parents didather.

Did the evacuees actually get on with local chifdte

Yes, | never — | never saw a single problem. Bey tvere a bit scared first of all,

well some were scared and some were a bit aggeesbere were — there were a few
Cockneys who were really, you know, Jack the ladsthey calmed that down after a
bit because they realised that wasn’t the way fialitp behave round there. But
there was — honestly | couldn’t think of any traailk all, either way, they — they were
never victimised or — and they never turned on adylas | say.

| was wondering if you could give me a little indignto what family life was like?
You mentioned it was a close sort of communitylydife you've got there, | was just

wondering if you can give me an example of it ofllastration of how that was so?

Well | think — 1 think we were forced to be a veight family because as you say we
didn’t — we didn’t [laughs] — the extended familgd't exist for us, so we were
forced to — we did everything as a small unit,ihkh In fact | used to feel a bit
envious of people around, you know, the Welsh peapbund had their aunts and
uncles and everything and in fact of it, | meahihk my wife’s family became
[laughs] — when | — became eighteen-odd, | was tyveefore | got an extended
family, more or less my wife’s family became my fgnthen. Because I'd never
enjoyed that before, it was quite — sounds a tnhge but [laughs] it was just a
geographical fact. And plus the war, you knowt #raplified it, otherwise we’d
have visited each other and had, you know, muclenmcommon. Because when

I've met my cousins since we’ve had ironically tefothe others actually work for the
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Atomic Energy Authority but up north, and the ottyng we have is common is that
we’ve all worked [laughs] for the Atomic Energy Awrity.

[29:15]

| was wondering if you could — so we started aiffj went to Town Council Primary,

what school do you go to next?

Then went to — it was West Mon — Jones West Mom@rar, those days was a

haberdasher’s school.

What's a haberdasher’s school [laughs]?

Well just a group of — these haberdashers, you ktiswthe Worshipful Company of
Haberdashers in London, they sponsored a groupaafimar schools and put their
imprint on them, | think it was — don’t think theyere actually Quakers but that type
of philosophy, you know, high moral ground, theylha think these haberdashers of
London had made a lot of money and | think theyisgltheir conscience by
sponsoring these group of schools and as wellrag #o London — well based
obviously in London, but there’s one near Watfond éhere were two in — | was west
Monmouthshire, West Mon, and there was one in Martimas well. And they were
kind of — | wouldn’t say they were full blown publschools but on the way [laughs],
behaved like public schools I think is the way puat it. You know, you had school
Saturday morning and [laughs] that was the measute Sports afternoon on

Wednesdays. You went to — you wore — you wore clotep and uniform.

Did you have to sit any form of exam or anythingdbin?

Yes, there was entrance exam for there so it walsieh is about the same — | think in
fact | ... | don’t think I would have got in the Idagrammar school because I think |
was two — missed it by two places | think on thaey took 100 people and | think |
was 102 or something or [laughs] — one way or ther it was a narrow pass [ph]
[laughs]. But in fact the entrance exam seemdukteasier than the scholarship exam

for the local grammar school, but that's just barmte | think, but they were meant to



Mike Forrest Page 37
C1379/48 Track 2

be, so. But again that — it was — it had beenra geod school, but that suffered a bit
from having wartime — lots of teachers there haghbebecause | went there in was it
‘46, ‘47, and a lot of the teachers had done arrgemey degree after the war, so they
did a degree in two years so they — so there weavdytpe of teachers there, the proper
grammar school teachers, the old ones who weregaag, but there was a new

influx of young ones who weren’t very well trainednd | mean they — it wasn't their
fault, they just weren't [laughs] — they were ngperienced in that, but it was —

educationally it was a good school | think.

[End of Track 2]
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Track 3

| was wondering if you could actually describe witiegt school was like to me?

It was an all boys’ school, it wasn’t that big, pably about 600 — 600 boys, and went
in at twelve and right up to A level. Was mixedabaers, | was a boarder there,
mixed boarders and day boys. About hundred arethaps 150 boarders, the rest
day boys, who lived Pontypool and that area. #aylthe masters were a mixed
bunch, experienced teachers and these new typaady iqualified teachers for this
short degree business. And they — they — we wereusly screened, once you got to
— once you’d done your O levels, whatever you tikeall it, the first exam phase
after that you were arts or sciences and the hestémthere was a Latin — Latin man,
classics, classics man and he tried to get albtigdt people to go into the arts or
classics, that was a kind of a class distinctianghs]. So a lot of people went into
the arts even though they didn’t particularly wembecause he — he said, ‘Oh you’d
get to Oxbridge,’ or whatever. So they were cuisdit, so some of my friends got —
got diverted, but because | wanted to do sometsangntific then — plus | wasn'’t a
top — top stream guy, | was middle of the road lohdloke, so | wasn't pressurised
into this stream. So that was quite a strangethia rejoiced in Naz, Latin for nose
[laughs], because he had a big nose. But he kébutas ... that was the only bad
thing about the school, | think this direction @fghs] — direction of labour if you
like.

What —

But it was a very — sectionally, there was a rugtdyool on Pontypool [laughs], it was
aperture of rugby, our two sports masters we hackftbut one was the current
captain of Pontypool, and the senior sports mastdrbeen captain ten years before,
S0 to say we were a rugby school is an understatteamel so you played rugby three
times a week. And I did this until I — well | supge about three or four years, then
my shoulder kept on going, so | took up swimminsjéad because | — the breaks |
had meant | could only do — | couldn’t do over areny well so | stuck to

breaststroke, so | took up swimming really instefidigby [laughs]. | wasn't really
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big enough anyway, | was a middle sized guy, | wdgrfor any of the parts
[positions] really, so — so it was a relief | codld swimming instead.

What breaks, you mentioned breaks?

In the shoulder, well this — you know, tend to -€®it had gone once, dislocated or
breaks, it's the shoulder that was the main trquae know, so was quite a relief to
[laughs] not have to play rugby three times a wsakghs]. And also if it was — if it
was the ground was too hard to play rugby they Wwees on cross country runs
which we quite enjoyed those, used to — becausewoe just let loose and you were
just told to run to — let’'s go somewhere five midé@gay and come back in your own
time, so we liked that, it was, you know, a fornfreedom if you like. Most weeks
we used to find bits of the country you hadn’t sbefore round there because it was

quite nice around Pontypool. But it was very, ¥oow, steeped in sports and —

Did you actually enjoy sport yourself?

Yes, but | was — | wasn't terribly good, | was aywaniddle, even in swimming |
didn’t used to come first, | was always seconchodf you know [laughs], but |
enjoyed — still enjoy swimming, but | — but | wasfanatical about the sport like.
That's the only trouble of that, | mean when yolyaget like two best teams, there’s
only thirty guys out of the lot you see so it'sib-bin a way it's a bit elitist in a way,
it spoils sport for a lot of boys that, that’s iy trouble of that sort of set up. And
some people feel a bit as if they don’t get inftrs or second team they’ve failed
which is a bit crazy because it just means it's gusatter of it's a numbers game.

But | didn’t get any — any particular hang ups dlbat, | just used to enjoy stuff and

What were actually your favourite subjects?

| used to — for some reason | — well | think weesljoyed biology because the — we
had a lady teacher and she was — one of the laestdis [laughs], she made it
interesting. And also we’d always heard she nbadranybody fail an exam, so that

was a — quite an inducement [laughs]. Quite —ediked English again, it's all — it
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was always because the teacher, you know, thae¢doher made it interesting. And
the science teachers were very — and the physichée was variable, some are very
good and some not so good. And the maths teatttedrs what happened there, they
tend to put the best maths teacher went into fhestream and if you were not lucky
enough to be in the top stream you didn’t haverg geod maths master, so — but |
was lucky on maths that | was in the top streammfaths [laughs]. But that was a bit
discriminatory | thought. But this is — | thinksthow grammar schools work, | mean
if they’ve got the stream system that is, so it walsat was the name of the game.
And geography was — we had a bit of a non sublest,tit was — wasn'’t very
interesting so wasn’t very inspiring. And we et woodwork which was they did
quite a good job of that, they had very good faesiand people used to enjoy that
and ... well | think a lot of grammar schools dondt ahything like that [laughs], they
think it's a bit, you know, below them, but. Anbemistry, that’s, you know, the
chemistry — again we had good teachers in chemistry

Are there any —

And art was — they tend to treat art as a jokey ttever had any good art teachers
[laughs] so that must be to do with the headmastdr you know, just his personal
preference, | don’t remember anybody going in fbirathat school [laughs].

[06:40]

So it's a bit strange when you take that many biv\sssomething a bit wrong so.

Were there any teachers who you remember in pdati@s being good or —

Well | think probably the English master was prdigdhbe best teacher we had, but
that was just in professional terms, but | meabJiausly didn’t go that way [laughs],
that direction. But | tend to remember stuff hegiat me, as a measure of the teachers

[laughs].

What do you think made him a good teacher?
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Just he made English interesting, you know, hedirbthe characters out in plays and
... I think I only had one dispute with him that hdiud] and we were doing obviously
Shakespeare for exams, | used to say — say thegdtketo read a lot more into it than
Shakespeare put into it, you know [laughs], youknpeople analyse these plays for
exams and I'm sure when Shakespeare wrote it helgished it off and he didn’t

have the deep thoughts that these English teapbéermsto it [laughs] to get their
degrees, so | think | slightly offended him the&ut | think he got my point
afterwards, so — but so he decided | wasn'’t degtioeEnglish degrees anyway |
think after that and —

And how were the science subjects taught?

Sorry?

How were the science subjects taught?

As | say it almost varied from year to year, | méamas ... overall it must have been
quite good | suppose because there was, | mearhdteyuite good teachers, but |
think ... I think we only had one really bad teached that was a French teacher
actually, you know, and | had learnt years lateemwhwas learning French as an
adult, I'd actually been taught something wrongifflas] because this teacher, she
said to me, ‘What did you say?’ and | said — shé, s&hat’s wrong,” and said,

‘where did you get that from?’ | said, | can rememib, but. So — but his wife was a
biology teacher and | think they only kept thisriale teacher because his wife was so
good, | think that was the — he was — but he wasubrst teacher there, a long shot,
he was boring and [laughs] — and he got it wronfgctv— which is hard to believe,
but. But I think the physics, chemistry, maths evgquite good, they were quite good
teachers. But they really had — chose the beshéega for the arts side, that's what it
looked like anyway, because that was the headnmgnsonal interest. But — but,
you know, a lot of my mates went into medicine #mat, you know, they did — and

so, you know, [inaud] alright.

Why do you think that you were attracted more &dtience side?
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Just the boys’ thing, hobbies, | think it's juseevhough | think it's — treat it like a
bit of a hobby, | mean [laughs], the wife says, ti¥@ got very big toys to play with.’
| think most scientists are a bit like that, it'®sh— if you ask most of them, speak to

them, they all had the same hobbies and same stéeand —

Could you talk me through what actually — what wicléppen in a science class at

school?

| think — do you mean the actual doing experimentactually the — the thing ...

Well which is it, is it experimental, is it theorys — how were you taught science at

school might be a better way —

Well it was a mixture of, you know, the theory @hdn very basic facts, first of all as
you went through the school, and then putting vpp®se the physics and chemistry.
| must admit we used to enjoy the chemistry expenits more than the physics
because [laughs] it's more spectacular, could mames fun, but [laughs]. Because
the — the physics experiments are a bit staichkiithe optics, | can remember
sticking pins in corks and then looking throughsiesrand moving them and it wasn't
quite as dramatic as having explosions and flahaeglhs] that we had in the
chemistry lab. No, the electrical experimentsytivere — they were quite interesting.
And | think they were quite well done too becausgll remember some of those
[laughs], you know.

Which ones?

Apart from making — one was — one of them was nakisimple electric motor with
just a bit of cut — bending copper wire and makiran a spindle, and the battery and
making it go round and that was — you could do, ttnett was quite impressive | think.
You know, when you're what, fifteen, sixteen. Amidcourse magnets were

fascinating too | think, magnetism and effects aigmets.

[11:45]
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Are there any other topics you particularly enjoyedrning about?

No, | think I really enjoyed biol — | could havesjuabout done biology and medicine |
think, yes. Chemistry | wasn'’t really that intdeabin the science of it, and the
physics | thought was more interesting, | founchdre tangible the physics because
you can measure, the facts you can measure ingghgsd you can actually — could
see the light for [laughs] — do things with eledityi, but chemistry was a bit more — |

found it a bit more nebulous.

Had you given much thought to — well other thanryariginal ambition to make
bridges and then cars, have you given much thadogltis point to what you wanted

to do next?

No, not really, it was [laughs] ... this is in schgolu mean?

Yes.

No, not really, no, it was still — still at thaage | think. And of course things like
atomic energy, we didn’t even know about then seai$ a lot of things happened. In
fact that's the trouble, you — in school, you comog, you're eighteen and you don’t
really know much of what’s going on in the outswderld and you make a career
choice on what you’'ve done in school largely, onchlteacher you like best or what

turned you on the most because you don’t know nalidut what's going on outside.

Oh where were you about things, you know, of tbeat nature when you were

actually at school?

Nothing, didn’t do nothing, literally nothing. lean chemistry you knew a bit about,
you know, basic things, ions and electrons butwe about all, but didn’t know

nothing about uranium or plutonium or any of thésegs [both laugh].

Just sort of wondering, you know, there’s all @ttbther interest that comes out after

the Second World War after Hiroshima and sudddmihygs like nuclear physics were
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a bit better known, | was just wondering does anhat actually infiltrate to your

school level or not?

No, because that was a bit after my [inaud], it afsr — near the end of my — yes,
education, secondary education. So that was b#fereme to think about it then. |
think overall it was quite a good school | thinkgded up with a fairly good all round

education [laughs], fairly well rounded.

How well did you actually do?

| think, you know, just basically Bs more than A&esu know, exams. Wasn't A star
definitely, you know, no. | think partly becausédn’t have a terribly good memory |
think, which is [laughs] strange. | have this vithat if you've got a very good
memory you do better, but | think none of my fantibve particularly good

memories, | think it's a genetic thing, you kno®o ...

So when did you finish school?

Well | went — | did one year in the sixth and tlistided | wanted to do this — | didn’t
do A levels in there — sorry yes | did A levels dhen | decided | wanted to go to

engineering.

[15:08]

And my father had sussed out what was the Schadimé then, in Pontypool,
Pontypridd sorry, where he knew a lecturer theesanl went and had an interview
with the head of engineering initially, becauskdught | might like to do mechanical
engineering. So this — it was still a school ohes just being converted to — well
between a technical college and a polytechnic fiaighow is University of
Glamorgan, and it was in the transitional stage.tigut it had a very strong
engineering background because of the coalminestnguSo the two main courses
there were on mining engineering and mechanicaheegng, perhaps with
chemistry as a third and physics as a very miniagttwhich | didn’t know about first

of all. So I had an interview with the head of iegring, mechanical engineering
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and | told him I'd, you know, worked in a garageusday morning and knew about
cars, [laughs] all these things, and it seemedthfréss him more than any exam
results and he said, ‘Oh we’ve got this new sankdwmurse now, pioneering this, you
do six months with us and then six months we fiad & placement in industry,” so he
said, ‘I think you’'d be suited for that.” So —kstarted that, and then but after about a
year, a lot of my friends — well not my friend, @auple of friends were just finishing
physics courses there and | thought, this souruisraore interesting [laughs]. So |
had a word with the head of physics there and e suggested that | switch —
switched courses, | think he was trying to head Btudents as well, not because of
one’s ability, because he was short of studentgfla]. But in fact it was quite a
good physics department, there was only aboutdofive lecturers, but they were
very good, and because a lot of the — the topeoétigineering side was geared
towards mining industry, heavy — heavy machineny éwat, you know, electrical and
stuff like that. So that that turned me off a thie course was — if I'd gone on that I'd
have ended up being a mining engineer, mechandm| ar electrical. But | thought
the physics side was more exciting. And as youtimead then, there was stuff
coming through about atomic bombs, you know, thialvas aware of atomic bombs
and things then [laughs], so physics reared itg bghd if you like. And also | was
interested in photography as well, in fact whileds there | ran the camera club and
stuff like this, and in those days you did your gevocessing and enlarging, black and
white mainly, so | was very physically into photaghy and had quite a good club,
yes. So that stood me in good stead I think latein knowledge of optics and
photography. But | was — you know, when | chanigephysics course soon became
a lot more interesting. And then — then of cousge was the six months of
academic things, switched to industry so | did spells with Rolls Royce and two

spells with the Electricity Authority.

As part of the physics sandwich course — was tlgsigh sandwich course as well —

Well the first one was [laughs] — the first one wath the electricity people, but that
was still with the mechanical course, but whatasywou — it was with the efficiency
section of the — and they commissioned a new pstegion, this outfit from the

Electricity Authority went and measured the effiag of the boiler or the turbines so

you had [laughs] — you had to go as a raw reagoitand measure the efficiency or a
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boiler or a turbine for the list — what is it, thek list. You can imagine that my first
job was to go to this huge boiler which is — wélDXfeet high, very dangerous thing
because of course superheated steam and allrbigoa’'ve got to measure the
amount of fuel that goes in and the temperatutbetteam in and out, superheated
steam, stuff like that. And you’re surrounded hyteese guys, Geordies from
Newcastle who built the boiler, and of course tkegw what the efficiency is
because they built the thing and they’ve got tlisng chap of eighteen, nineteen
coming in [laughs] measuring the efficiency, sauttthey were very kind, they
looked after you because they realised that yoe waewr, so. So you had to climb
over this — thermocouples in places to measuréetiperature of water going in and
steam at different places and the amount of cahkeahaust temperatures and all
these various things and that. It was quite —qtige difficult actually when | look
back [laughs], but | couldn’t fault these guys whalt the thing had helped me, my
own people didn’t — | mean they were nothing betgical experts or chemists even,
and | was given this job. But that was the acaegddest, this millions of pounds

worth of boiler.

[20:30]

What was the thermocouple sorry?

Thermocouple is just you two dissimilar metals,dvlem together, if you heat it up
you get electricity generated and the amount afteéity is proportional to the
temperature so you can calibrate it then. Sa.it'so kind of an electrical
thermometer.

So what did you actually learn in those — those ebsix month period at the start in
doing mechanical engineering at Treforest, and thigrmonth placement with the
electric people?

Electricity, yes.

And then you returned to do physics.
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Physics, yes.

Just so I've got the order right in my mind, okay.

Yes, and then | — and then went back doing physicsl did another stint with
electricity people and this time [laughs] — got ssthen, | had to go and measure the
— the smoke that when they — boiler — smoke froenbibiler comes out, that they try
and precipitate out by electrostatic means a lthefparticles so it doesn’t — the
charged particles they go through and drag thenow@inother grid, so you don't get
too much dust going out into the atmosphere. 8gab was to measure the
efficiency of these things, so you’re up in the &metack about 300 feet up in the air,
shoving probes in, measuring the smoke and muaiggai and then after it goes past
these precipitators, to see how much dust it dgttetes out, which is not terribly
exciting thing to do [laughs]. But I think it wélse hottest summer ever experienced

as well, and I think was my twenty-first birthdawas ...

And that was the sort of typ —

If nothing else — if nothing else | had a thirsbiio laugh]. But it was quite — you
know, experimentally it was, you know, good tramigou’re measuring a real thing,

| mean it was — took quite a few skills and —

| was going to ask, what sort of things do youkhiou learnt from those two six

month periods?

How to do experiments, | mean that was good fardhes] that, you know, hands on
and also | think important thing you learn is t& psople not to — not be frightened to
ask people and there’s always — | always founcetbelways experts around and you
can always ask an expert [laughs]. Don’t be slopuabhowing your ignorance or —
but anyway that’s — that’s — you act much morecedfitly, you can waste so much
time, you know, don’t reinvent the wheel, that'saf my philosophies, you know.
Even now | just — I'd go and ask somebody rathantlyou know, | don’t mind

looking an idiot, I'd rather do that than wastedim
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[23:15]

So could you tell me a little bit more about sdrthe six month initial mechanical

engineering academic side of it, what side of + gbthings did they teach you?

Well a lot of it was [laughs] — in fact things likears, you know, how many — why do
you use different gearing and | — | — you know, effeciency, how do you get
different — if one — one lever moves so far, howyda make — how do you calculate
the gearing to make the other end different — ssmall bigger movement, stuff like
this, you know. And hydraulics, stuff like thigydraulic rams, how things like this
worked and ... there was quite a lot of electricaffsas well, you know, the basic
things you had to learn about the different, yoawnvarious phases, you get three
phase electricity, star and delta, three phasedijhaSo a lot of that was still geared
into the mining side you see because they do hitmeg phase electrical. And one
thing they were very keen on was drawing, engimgedrawing, they — they used to
give you [laughs] horrendous things you had to dr@awe was a cross section, a steam
engine of the — the master cylinder and all theeshround it and you had to doa—a
cross section drawing at different — halfway thitodg a half section and somewhere
else you do a different section and you had tolidih@se very complex drawings
which were — which again stood you in good steahbse when I've had to design
equipment since [laughs] | can go into a drawirficefand | can tell a chap in a
drawing office what to do because I've done it.dAnl’ve done, you know — and

also about these projections, you know, if you labkbjects as a third and second —
all these different projections they call it andijx@ got these things. And also the
first year mechanical — it — very inviting [ph] tig, they made you do the City and
Guilds workshop practice, which was quite strang@aegree level course [laughs],
S0 you actually to, you know, do workshop practicss lathes and milling machines
and all these things, so it was very — it was \gggd training really, good course |
thought. But it was just basic out — because h'tidant to be a — an engineer in a
colliery somewhere, | — that was — most of themydid see, from that output, so |
thought physics would be a lot more glamorous beeany friends were going out

[laughs].

[25:43]
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So after that | ended — when | changed to phy#ies) of course went to Rolls Royce
for the industrial, it was just chance then, | cblvdve gone there for the mechanical
bits, but. And the first — first one there, agtiay make — they got — they treat you a
bit like an engineer, they make — the first thremnths they put you through their
apprentice — apprenticeship in three months ifganuimagine that. You go to the
apprentice workshops and they crash — they hayraduate type people, and they
crash train you in three months to use everytHathes, milling machines,
everything. And at the end of the — that three ti®gou have to take the stuff you
made in front of their examiners who are the topraptice trainers for Rolls Royce,
you can imagine what they’re like. And what | folwas that they're real jokers, the
—and | showed them all the bits | made, | madee-af the hardest things I'd made
was a pair of bevelled gears, if you know what tledegears are, they’re — looks like
a gear that’s cut at forty-five degrees, they watrkight angles to each other, that’s
quite a hard thing to make and that’s your finalggi, you have to make that. So quite
hard to make on a milling machine. And | made #rat all my bits turns out alright
and they were satisfied with that and the chairssd — and he said, ‘Oh Mike,’ he
said, ‘we’ve got these two bars here,” and he sgaili know how tolerances work at
Rolls Royce?” Ten to a thou,’ | said, ‘Yes,” hedsdOne of these bars has got a taper,
a one tenth of a thou over it's length of a foatdg and he said, ‘you’ve got a plain
table, | give you a set square,” and he said, thtwau to tell me which of these bars —
one is perfectly parallel, the other’s got a temitla thou taper,” and he said, ‘I want
you to tell us how you can,’ so I've got this pwegaive rolled it, | did everything and

| rolled it because | thought it might, you knove, @ different circle to the other one
because it wasn’t — that wouldn’t do it. But anyvedter — after about five minutes |
gave up you see and all these chaps are grinniegcatother and he said, ‘Ah,” he
said, ‘if you look at the end of it, one’s got antlen it, and that’'s the end that's got a
tenth of a thou taper,’ [laughs] he said, ‘we gatthis to show that — what we’re
looking at is to see that you show a bit of imagoralike,” [laughs]. And of course
they all fall over — all the blokes fall over laugg, they’'ve had the exam and they
know because it's their set piece. So — but ihd&pparently I'd done alright, I'd
shown up a few — | was the first bloke to suggdeistidea of rolling it you see, if it
moved a slightly different way you see, so it jsisbws that was a bit of physics input

[laughs], well kind of physics. But it’s the firsime I'd come across really tough
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engineering — you know, and the blokes are reafbydf their — top engineers who
sharp end of Rolls Royce.

What sorts of things did you do at Rolls Royce?

Well it was the main thing was ... on combustion chars in jet engines, the big
problem is you get hotspots that you can imagine, know, when they’re burning
the fuel inside the combustion chambers, you'vetgafet the combustion even
otherwise you get hot points and the wall can karough. So | — so | was doing ...

[break in recording] well —

You were talking about combustion chambers sorry.

Yes [laughs]. Yes, if you get hot points it jusiribs a hole in the combustion
chamber wall so my job was to have all these varmmobes which were put into the
combustion chamber as it was running and you sexv@yound and that was my task.
Anyway, the thing was, it was the engine was —adled Conway was the first bypass
engine, the thing about a jet engine, the effigyeshepends on the — the mass of the air
that gets — gets through it. And one trick theysdgou get the compressor at the
front end and they bleed some of the cold — sontkeoéir goes through and it gets
burnt with the fuel, and all they do, they put caldround the outside of the engines,
it's called a bypass, and when it joins the hotyain get a sudden increase in mass,
mass energy of the stuff coming out, so that iregsdhe boost to the — boost to the
engine. So this — and this was the first engin@énworld, the Conway engine, the
first engine that did that, so — and we were ddivegfirst 100 hour run of this so it

was a very important engine you can imagine [laligBe that was my particular task
on that, | was doing it as they were running it, ¥060 hours because they wanted to
make sure it was [laughs] — it wasn’t having hots@mnd — so this was actually in the
test beds at Sinfin which is part of Derby. Swedis the main test bed, so | was with
their top engine testers, it was quite — ironicalhgineers [laughs], and — but these
were old hands who did the major tests on the meyines and ... so that was my task
there. And then —

Sorry, what is 100 hour test?
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Reliability, just make sure it can run for 100 r®without blowing up, | mean it's as
simple as that, that's — it's done in stages, wmurs first engine might blow up after
ten hours. If it survives ten they monitor it, yiaull it apart, they measure every little
bit, to see where the wear is and or if the efficiefalls off or anything in that time.
100 hours is the most important one, if it does BO0rs that means it's flyable. If it
blows up before that they [laughs] start again ael they analyse and see why it's —

but this one was —

[31:20]

Anyway the dramatic bit here is — story | like is were nearing the end of this, |
think it had about four hours to run, it was gejton for midnight because they run,
you know, obviously day and night with 100 hoursd #imese — the two testers | was
with, they went out for a cigarette, they got boaad they gave me a checklist and
they said — well | knew anyway because I'd beemwiem a few days, ‘If this
happens you just stop the engine and there’s thmedure,” which | knew anyway. |
wasn’t supposed to touch the engine because foowbveasons [both laugh], but if
anything went wrong it wouldn’t matter because dildgust kill it, as long as these
safety minutes went, you know, past. Anyway, dftese two guys went out there
was a knock at the door and these two chaps caa&imne was — you know, one
tall portly chap with a tweed suit, ruddy face, t@o chap looked — more military
looking guy, anyway this chap came and he said, ‘@hsaid, ‘who are you?’ and |
introduced myself and he looked around [inaud] la@daid, ‘Well I'm Lord Hives,
I’'m the chairman at Rolls Royce [laughs], and thisVhittle, Frank Whittle, you
might have heard of him,” [laughs]. And | thougBid [laughs]. And he said,
‘What's going on?’ and | said, ‘We’re just,” so asd — he knew exactly where we
were and everything, and he said, ‘Where’s?’ anthbetioned these guys by their
first names because they were old hands you seksamtof said, ‘I don’t know, |
think one had a problem, he had to go out,” ancey, you know, couldn’t say
they’d gone for a smoke. Anyway, then he said, t€hme roughly what's going
on?’ and | said, ‘There’s no problems,’” and bladthhlbecause | knew that anyway
from — and he said, ‘Do you say you're on a sanbwimurse,” and he said, ‘| hadn’t

heard of that,” and he said, ‘tell me about thatl ¢ime others come back,’” you see, so
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we sat down and talked about that. He wanted ¢ovkhit worked and, you know,
when you get back after industrial experience aanget back and vice-versa and
what's it like to — you know, those right questiomsnyway after about ten minutes
these two guys [testers] came in and they saw Hiaaghs] and Whittle there and
they were white because they realised — it wagjuibé¢ the high jump but they were
in trouble you see. And Hives said — he didn’htarhair, he just said, ‘Oh this chap
has been giving me a good run down of what youeenbdoing,” which | hadn’t, you
know, it just — you know, putting the boot in a.b&o — he said, ‘Would you like to
put your half penny worth in, tell us what you’vedn doing?’ so that was — so that
was quite — quite, you know, illuminating. And argy we — anyway they — he called
in for some tea and coffee because they had rutimers to do this, and we’re sitting
down afterwards and | said to Hives, | said, ‘Olwldid you start?’ and he said, ‘Oh |
was Royce’s first apprentice,’ [laughs]. And Wlaitbbviously knew this and he
looked at me and sees me surprised and he sait'sl8omething to tell your
grandchildren isn’t it?’ | said, ‘Yes,’ | said, ‘dryou as well,’ [laughs]. Gosh that was
a — yes, crikey. So | always remember that, thet av— just him being there, | mean
it was just, you know, no credit or anything, jught place, right time and, you

know, a bit of history.

Do you remember what you actually told Hives alibat— your sandwich course

experience?

Yes, | mean he — he wanted to know how long it timogget back — | said, ‘Well it
took me two months but it depends on people,’ [felgl said, ‘Some people took six
months,’ [laughs] and he thought that would beabfam, he couldn’t — he thought it
would take — he had second thoughts about it, #&td+ you know, he didn’t think it
could be more than that [ph], he thought six momtight not be enough industrial
and — but | thought — he said, ‘Have you got al?’ and | mentioned I'd done the
other work you see and he was quite impressedthait) and he said, ‘We’re lucky,’
he said, ‘that they can give you stuff to do.” Amelsaid, ‘you’ve obviously got
something here and we can give you something,hbidaid, ‘be a problem to have
large numbers of people coming through and findntkaitable work for six months,
and that'd be useful to [laughs] — | mean to bedsbrmve don’t care about you,’ he

said [laughs] — he said, ‘we want this for Rollsyg® and that as well,” he said, ‘in
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your case you're doing a useful job, important aadhat’'s okay,’ but he said, ‘we
couldn’t say take on twenty or thirty people likat because it'd be too — disturb
things too much, take too much supervision and tfiaat was quite interesting |
thought.

[35:45]

How did you actually find the experience of fligtibetween being taught and actually
doing?

| did actually find it quite hard | think, took nzelong time — | think at least a month
to get back into the academic side. That's — s worst part, when you’ve been
in work and how to get back — because obviouslywetorgotten a lot of your work
[laughs] you're doing. And obviously it's menta well, to get back into the
academic environment again. But I think it's -hihk they should do more of it
actually, you know. Some have gone for the otheey,khey’ve gone for a year. Year
course and year placement in the middle, a thittkck sandwich you call that. But
the — that could be worse because you [laughsjghinie more out of tune by the
time you get back, so | wouldn’t — I think theret®m for both. But really | think
they should — most degrees they should shortemdgears anyway because there’s
people spend very short time in universities rebily1’'m sure the courses could be
condensed. And they do actually do some — whertlyiolg of long summers
students take out, they forget a lot [laughs]ndw it wouldn’t be very popular
students but when you think students have gotyapldhese fees now, if you reduce
your fees by a — pay £6,000 instead of £9,000vitse attractive to do the course in
two years | think.

Speaking of fees, what were the funding arrangesrfentyour university course?

Free | think.

[End of Track 3]
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Track 4

We're talking about your university funding and ysaid it was free, were there any

sort of scholarship exams or anything you had tehgough to get that?

I don’t think there were, | think | just appliedds | know it was a — it was just a
straight county council grant in those days, justds only conditional on you being
successful in each year, so you wouldn’t — if yqapdd a year that was it, they
wouldn’t — so they did expect you to work each yddnless there was obviously ill
health or some mitigating circumstances, but onmthele if you were — they funded
you for the whole thing, and expenses for — yowknshen | went off to those —
because the — in fact they both paid me, Rolls Bayw Electricity Authority, but if

you hadn’t been paid they’d have given a, you krewontribution towards it.

How generous was the actual university funding?

I was living at home so it was, you know, so it vaérsght because | was only about
twelve miles away from — as | say | was living atrte, my parents moved away and |
moved in with the next door neighbours [laughsheyd moved down to Devon so |
was away from my family then, but essentially liyiat home, so it was only just
nominal — | paid them a nominal amount which | knivas four pounds a week or
something, which is probably not all that little#e days but — but enough to live on
— live on and ... but you know, typical lunch we hadhose days in college, we’d
have a cup of coffee and a penguin biscuit, | meauidn’t have a set lunch like
these days. | mean that was — | think everybodylshbe kind of equally broke |
think for a bit [both laugh].

What sort of social activities were there availafdeyou at uni?

Well it was all the usual, the bar and the danoekthey did actually have quite of — |
didn’t bother with the university sport becauserided to be more back in Aberdare
itself so | didn’t get too involved in that. It @'t terribly sporting as a university
there. Not like some, in some way, Oxford, Candmi@lues, nothing like that, it

was just — | think the thing was a lot of the baysl a few girls were based at home so
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it tended to be not quite the same as a lot ofarsity campuses. Modern one now is
because it's much more residential — there’s —'#feegot — it's a huge university,
26,000 people and they’ve got a lot more residefa@lities there so it's more of a
campus facility than a — in those days it was nsea place you travelled to
[laughs], so you didn’t get so many outdoor, extiaahactivities that you’d normally

get in a university.

What were your chief social pastimes?

... | have to think [laughs]. | have to think faitiyard on that one, yes. | think it was
a hell out of my — | hadn’t met my wife during tfiest year, so because I'd met her
after that it was obviously, most of my activitigere my wife and myself. But
before that it tended to be with the, you know,rage student things, you know
[laughs], go out to the bar and things like that.

When did you actually meet?

... Met when | was twenty, she was eighteen so ... beggther some years [both
laugh]. So | —that was about ‘55, ‘56 must hagerb... might have to correct that
[both laugh].

Was she at the university as well?

No no, we just met through a friend, a mutual fiieMy best friend Ozzy who |
mentioned we did Meccano models with was goingwatit — Anita, my wife’s best,
you know, friend Jean and so we were kind of inicetl. It was like a blind date,
literally was a blind date. And then we seemegddbon — she lived at Cwmdare
which is a part of — a village up from Aberdaresrtis a lot of activities there based
round this youth club really, so a lot of our frilsrwere there. So | tended to move a
bit away from the, you know, college environmenufhs] to, back to being a local
guy again. | don’t think it would have been, yowol, a campus type university, but

as | say it was better that way | think, yes.

What did you like about each other?
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[Laughs] Looks to start with [both laugh], be haneNo, | think we just get on, no
we just got on together and ... liked the same miisioks. Didn’t agree on
everything obviously [laughs] but ... trying to thimkhat we — trying to think what
we didn’t agree on [laughs].

[05:45]

I don’t think we were terribly political then, litkk we talk about more politics now
than we did then, don’t think when you’re youngelass you're that way direct —
that direction you don't ... | think we agreed on fnibgngs and —

When did you actually decide to get married?

Well — well I'd just finished college and startednk in Harwell, it was Harwell those
days, that prompted that. So we’re getting alnmaststarting work aren’t we [both

laughl].

I guess there were a few other things you wanskoyau about university before we

got there, it's —

Yes, | think we save work probably as — best shaetb next time, that’s work,
because that's a set whole package.

Whole new chapter.

Yes.

| was wondering what sort of things you were adyugught on the physics

component of your university course?

Sorry, what 1?
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What sort of things you were actually taught onghgsics component of your

university course?

... They’re very strong on the electronics — wellrgdhat’s — | forgot to mention that,
it was actually applied physics [laughs], now teatuite an important thing, the
course was called applied physics with electrorsost was very heavily biased
towards electronics, and transistors had just flalig you wouldn’t believe this but
transistors had just come out and we had thetfassistors, [inaud] OC72 was one of
them. And the — actually this is because the lnéa@partment, he was basically
electronics man, head of — so he — and he was@mah so the course was biased
towards electronics. And also | think becauseas yust post-war in a way, there was
a lot of equipment around so the college had aflétee equipment [laughs],
electronics, military, and other stuff. So a lbtlee lab work was built up around
quite good electronic equipment which | suspect &1 places didn’'t have. And the
optics was quite good with that, special optics lary good again, I've always been
interested in optics, so that was very good optie-had a very good optics teacher,

lecturer. And the electrical stuff was very strasgwell, the electrical component.

[08:27]

Were there any parts of the course that appealgatoin particular?

I think it's, well it's always been optics reallp s- and to this day I'm intrigued by
optics [both laugh], and light and ...

In what sense optics? Bearing in mind that I'm aghysicist myself so what I think

about in optics is maybe quite different to —

| think partly the nature of light, you know, beingves, well you can go into
quantum effects if you like but there’s no needdaahat and you — always treat
everything in optics classically as waves andntigch easier to understand and so
I’m not saying you shouldn’t do quantum stuff, lawg don’t [laughs] — but | found it
— I've never really needed to go to the quantura sidit. So I've always just done

simple imagining just as waves and the physica&at$fof how light goes through
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different glasses and media, how it bends, you kibe/waves change speed because
of the refractive index and stuff like that. Se #lways — everything’'s — | visualise
everything very physically, | mean I can write fobemulae down for this but | —

before that | have a physical — I've got to hayshgsical picture of what's going on,

where other people can do the reverse, they [Idughs

What's the practical aspect of optics at university

Well it is main — you obviously start with lensexlaefractive bending light through
that and prisms, prism light and spectrums, spéttight into colours and methods
you do that. And the detectors you use, protoaatets to view and stuff like ... and
then spectrometers to analyse the light, splitdigin¢ into various components. And
then the — well obviously telescopes, microscofige-whole range of knowing how
they work and how to make them more efficient and —

What was it about optics that appealed to you iripalar?

Just from starting back in photography, as simpléhat [laughs]. Because to really
get into photography you’ve got to know some opticgess you're at the arty end,
which nowadays has gone to reverse, you can’tyrealinless you're a real expert
you can't really do the front end on the detectord that, | mean you’ve got nothing
to play with now. But when I started you couldyplaith the films and everything,
but now you can’t take a chip and can’t touch d gou can’t see it and so it loses

physical significance.

[11:15]

So it tends to switch now to the, you know, doithaging — you know, doing the

images and processing that and ...

When did you actually develop an interest in phaphy?

When | was about sixteen | think, sixteen or sezentthen we had the 35mm

cameras, 35mm film [laughs]. As | said we useddall our own processing and —
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but the initial colour films you couldn’t, you kngwevelop yourself because you —
you could do but it was very expensive and wasary\good anyway. So | tended to

stick to black and white.

What sort of things did you take photos of?

Anything, everything [laughs]. Through my life halsviously gone through different
phases, but — but these days it tends to be gradisoh[laughs] and the children,
grandchildren and dogs, cats, you name it, holgtaytographs, and get to all these

different phases.

I've never been much of a photographer myself, witaé attraction of photography

as a hobby in its own right?

Well first of all it's a record, you've been somesvh and you forget places and things
and you see a photograph and you think, oh gogtipigot that place was so good or
so bad [laughs]. And also — and also your owrdeén, you forget what they — initial
photographs, you forget what they looked like, @ungelf even, | mean [laughs]. So |
think that's — I think as a record to see — buntit's also a technical challenge to get
it — well originally just to get a sharp image [tgns] and these days you don’t have to
try, but in those days just to get a good image ayg®stour de force And | used —
we used to have photographic competitions wherecellege and used to get these
quite — well proper photographers come and judgs,was quite interesting, yes, and
criticise your photograph and they’d say the contpmsis bad, when you look at it
your eye is drawn out of it or you should have useft focus or hard, you know, and
all these technical things. | quite enjoyed tkta, artistic side of it, as well as the

technical side.

You mentioned that you were involved with the girajghy society at university?

Yes, yes, yes. So | was, | think | was secretatyeasurer so | used to organise talks,
used to get people to come and give talks and ®atthough | did get — this is a
semi-risqué story, being a group of lads, | thinthwane girl, we decided we should

have a model so they — so they thought — and westia& money, we were quite well
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endowed, that the college endowed all the sociqtiés well, so we — so | was
volunteered to organise a model for the sessianl r&ng up this agency in Cardiff
and spoke to this chap and he said, ‘Oh yes, lotdlgs woman for you, I'll send this
woman,’ and we booked her and everything and itquate expensive, in those days
| think it was about twenty quid which was quiteoaof money in those days.
Anyway, so — and | was — they said, ‘Oh,’ | wasamging it so | had to go and meet
this lady at the station, local station and thigy\adtractive woman drove up and she
said, ‘"You Mike Forrest?’ | said, ‘Yes,’ she saidn,’ | forget her name now,
anyway and she — | said, ‘Shall we go our meal4irand we went and — because I'd
been, you know, given money for a meal and allybis see. And we went up to the
college then to the special room we had laid otit Vights, we had proper studio
lights with — and had this meal, went back, she avasry chatty lady you see. |
found out that her husband — her husband actuatlyire agency so she was the
boss’s wife so she wasn't the [laughs] lady ofriight of anything, she was properly
genuine model. And she was professional modelhaldeall her kit with her and
everything you see. And we got there and whert tlggre | thought, it's very quiet,
S0 you can guess what happened, I'd been setwgs bn my own, nobody else
turned up ... and she didn’t turn a hair, she s&h, I know,” she said, ‘I know
you’re not,” you know, she could see | was so skd¢khe said, ‘Do you want me to
undress and we’ll start?’ [both laugh]. Anywaydd a master class in — she was very
professional and it felt perfectly natural, you tneshe was so good, you know,
didn’t turn a hair, to coin a phrase but anywayribgt day | saw these guys and |
said, ‘Thanks very much mate.” They were all jeald showed the photographs, you
know, | had the last laugh because they woulddiete that I'd go through with it
you see, | wouldn’t have if she hadn’t been suaita lady and — but that was a —
some ... one of the better photographs [both laugh¢H-better or worse. But | think
it was a kind of ultimate practical joke to play smmebody to drop them in it.

[16:20]

[Laughs] There are a couple of questions sort cfdzhon things that have come up in

passing, one was like transistors and how were Huotyally seen when they first

started coming in?
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Well just fantastic, | mean they were, you knowyati'd had to fiddle around with
valves, which have filaments you need and thirgsthis, and there were — | mean
have you seen valves [laughs], I've got one in niyl show one afterwards, I've got

one, | mean they’re about that size [demonstrates].

How big is that size, it's just for the benefittio¢ [laughs] —

Oh sorry, about — well anything from two to thraehies high and about an inch
diameter and very complex inside. And they acyualvell they deteriorate as well, |
mean they don't last — | mean transistors lastverenless you overload them but —
or chips these days. But — so it was a major ltheakgh really, | mean to be going
down to something about, well say five millimetezsoss which sounds bad — instead
of inches, so it was a major breakthrough. Andalmsly you'd — in valves you used
to get electronic noise because of the electratiadpithe various filaments and that,
but transistors are much quieter, you didn’'t getnsh electronics back from
background noise and — of course you get very gaihs as well, which you couldn’t

get in valves.

Does it make any difference to how you were beinght electronics?

Yes, we learnt a whole new topic [laughs], yes.lI\iWdact | hadn’t done any solid
stage physics before that, it was all, you know salid state. So that was a bit of a

culture shock, went from valves to solid state and

When you said you were doing an applied physicsseou.?

Well that was it, they really — was all practicapacts, it wasn't like — it was
everything you did had to be applicable to indusiryesearch, you know. It wasn’t
done as a — [laughs] in fact ironically not meanbé academic which is a bit of a

strange thing to say.

Is there any particular sort of — you mentioned mwthe mechanical course the idea
was that, you know, you go and become a mininghergi was there any sort of
particular direction behind the way the physics rseuwas taking you?
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No, because well those days communications haaketrt off, so | don’t know, it was
a bit ... | suppose it was really — Atomic Energy \st&t — you know, that was the
only new thing. And of course there was even aauntos, there’s physics come into
that, into all the diagnostics and, you know, lowkat jet engines and, well, materials
as well, development of materials, testing matsridlhis involved physics and
chemistry, so. But | must admit | think when wergvdoing the course we didn’t
really know what we were going to do [laughs], jtist it sounded glamorous, which

| think it's the case most students on most coutbey ...

| was going to ask as well, how did you actualhgfiyou know, the adjustment from

doing mechanical to doing physics?

That bit very little — well in fact when you're dysicist you do a lot of engineering,
in my topic anyway. We’re more or less physicsieeers | think is the right word
and there’s total overlap on topics and ... becausgything we’d built physics wise
has got a [laughs] mechanical, you know, structaresyou’ve got to know quite a
lot of engineering, basic principles anyway. Aodtjdesign equipment, you've got to
be able to — and brief the draughtsmen and chatbhe iworkshop how to make things
and ... which is quite useful. In fact | mentioned @id this City and Guilds
workshop course, meant | could go and speak tige lio the people in the workshop
because | knew what their machines — | knew hongthcould be made because |
knew what things could do. And most scientistdat do that, | mean they, you
know, they hadn’t had hit practical experience aflhthe thing about the sandwich

course really, you have this extra depth, like.

Erm —

Yes, | was making the point that the six monthgigach course, that really helps you
because you can actually, when you're doing rekdater on you've got all these
extra practical skills and you can speak to thesha the workshop and drawing
office and they’ve got a lot more respect for ybyou know what you're talking
about [laughs]. Because what they don't like isone drawing office said once, ‘The

engineers tell me what to do, and you ask me —-agthow can it be done,’ | ask —
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you ask me and | know, and I'll ask them the besy o do it, | don't tell them — |
say, ‘Is this the best or that,’ really not — thigge that, you know, bit psychological
move to be able to talk the same language to people- also | think you appreciate
the people in the workshop, you know what — becgosése done these things you

appreciate their skills and —

[22:00]

Hmm. Had you given much thought yet as — wellenyjolu’re at university as to what

you wanted to do next?

Not really, it was — well you tend to scan the jalnsl you, there were — | mean there
were some — | think there were some exotic onesltikking at the aircraft
establishment, Farnborough, looking at the physinegical tests for test astronauts
and things like this, quite a few jobs like that¢ihs], bit exotic. You tend to look at
jobs like that and you wondered if you were quetifor — but trouble is those days all
the atomic energy jobs weren’t advertised becausas all classified you see so — so
most — a lot of the work went on, and military r@s#, we didn’t know — when you
were in college you didn’'t know anything about ##sings. So it’s ironic, until you
actually start working you don’t know what’s goiog so you can’t expect young
graduates to — you know, when you're looking fdrggou just depend on these

blanket adverts from defence agencies or whatever.

[23:00]

So how did you get a job after university?

It was purely because this — our head of departieaethiis college, had a friend in
Harwell, called Pulsford, Mr — well Dr Pulsford, vked in Malvern with him years
ago, and they asked him to come and give a lectioewe had this distinguished
chap from Harwell and he told us all about it, ¥mow, military electronics and what
they do in Harwell, the electronics there. So ragtbdriend with me there, Albert
Packwood and | doing the same physics course, algbgd him afterwards and said,

‘How do we get a job in Harwell?’” and he said, ‘Ohsend you the application
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forms,” and that’'s how it happened. No particedave didn’t apply for any particular
job, we just asked for a job in Harwell, because gouldn’t anyway because the jobs
weren’t advertised. So this form came and théadih CV in and wrote off, | was

called up for interview in Harwell, but —

[End of Track 4]
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Track 5

Like I think last time we spoke we’d reached thiatpehere you were just about to
leave for Harwell and | was wondering if you cotétl me first what was Harwell,

what did you know about it before you got there?

Well [laughs] the honest truth is we knew absojutedthing, it was — as far as we
were concerned it was a secret place. And | ordlgaged to get a job there because
we had a visiting lecturer at college, a friendhef head of department and he’d been
a quite senior chap, electronics in Harwell andemntl of mind, Albert Packwood and
| went up to him after his talk and asked him, ‘Hdavyou apply for jobs in

Harwell?’” and he said, ‘No problem, I'll send ydwetapplication forms.” And then
about three days later the application form arriy#léd these in and then | was
invited for interview and came to Harwell and —abitwo weeks later | suppose and
had to go to this hangar seven in Harwell, thabt'w lit all started, fairly casually and
then. | wasn’t applying for any particular — yadrit apply for any particular job

there, you just applied for a particular grade bseahe jobs weren’t advertised.

What grade did you apply for?

| think it was in those days assistant experimeoifider. Because in those days they
had a very vicious class distinction, that the rstdiie class and experimental class and
you only got to the scientific class if you hadratfclass honours or a PhD, and this
new course | was on wasn't yet recognised as begvalent to a first [laughs] so |
was automatically put into the experimental stre&o.that’'s not saying I'd get a first
anyway but [both laugh] — but anyway so there’seajaivicious class distinction
between — so the — like a lot of organisations pinaple — there was a fast stream, so
the people with firsts got fast streamed so theypgomoted quicker. But it was two
edged, they were meant to fly these people, kheilf didn’'t do — live up their, you
know, level expected, that they did very badlyfact they got treated worse than the
experimental class because they hadn't performed thgeir potential.

[02:30]
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What was your interview like?

That was a very formal affair, it was my first [hs] experience of a proper civil
service interview. There was chairman and fousrggts, the chairman was very
senior, A grade scientist and there were four ash@mtists there, | didn’'t — you
weren’t told who they were, all you were told, theames and you didn’t know what
they respected or what. And in fact they represefaur different aspects of

Harwell, and then there was a secretary to thedbaamvell. So you just sat down, it
was — it was Dr Harding was the chairman, very naémed chap. Ironically he
finished work thirty years later to become a s#weith so [laughs] — but he was quite
distinguished neutron physicist, in fact | thinkdhbad a — won the Institute of
Physics prizes for his neutron physics work. Ame format was that they just asked
you to speak for about three or four minutes ontwinags you’'d done, your actual
experience. | was struck they weren't particulamnbgrested in the degree course,
they were more interested in things you’d doneidatthat, so | — | had the advantage
having done the sandwich course, so | had a fairbstantial thing to talk about and
you could see they — they leaned forwards in thedts a bit when | started talking
[laughs], they were actually interested. And afirse this threw up a few questions,
but — but | was quite surprised, | didn’t get aaglly hard physics questions at all
because they were just purely interested in witatiéne. And also they picked up on
the fact | was a keen photographer, and they gava real grilling on the actual
physics of photography, you know, the optics arad.tiwWhich I could handle quite
well because I'd actually — purely because | wasrasted so | knew a lot more than a
standard physics course they teach you in uniyer§b | think that was useful. And
it turned out these four characters, four scientibiey’re all different types, there was
one from — at that time | didn’t know, but a classiphysicist and there was a chemist
type person there and there was somebody from ialgtand there was another |
think from conventional fission reactor work. Butu — | didn’t know that at the

time, you know, you couldn’t tell from their queasts what they did. But | think the
interview lasted about three quarters of an hoaulcceven have been an hour, but it
was very friendly and, you know, no really incisgpgestions, you could feel they
were trying to see what you could actually do rathan what you didn’t know
[laughs]. So after — they said, ‘Oh well perhdpgou wait outside we’ll, you know,

have a coffee and we’ll call you back in and wgll you our decision,” so — so that
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after — after — well the secretary of the board€aut and said, ‘Mr Forrest, will you
come back in?’” The chairman said, ‘Oh we’re pldaseell you that you've passed
the board and we think the four people who actuaitiyfor you, all four have offered
you jobs,’ [laughs] so that made me feel fairly dotut we think the most pertinent
avenue for you is with Peter McWhirter, Dr McWhittend then the chairman
turned to Peter and said, ‘Would you like to saysthing to Mr Forrest?’ and he
said, ‘Yes,” he said, ‘Well | can’t say much beaaits all still classified,” [laughs],
‘but all | can really say is that looking at yowadkground, particularly the optics and
those type of areas, you will fit in well with mype of work, so | think, you know, if
you want to confirm your acceptance here we’ll sgod the paperwork on,” so | said,
‘Yes,’ [laughs], | said, ‘No problem.” So — andathwas it, | didn’t know what the job
was and | wasn't going to know until | actuallyiged to take up the appointment.
But a week later | had the actual confirmationh& &ppointment, but principally a
salary of £600 a year, that was the starting salagmember that. And a lot of
details about pension schemes, and with retrospee actually quite useful [laughs].

Came to realise that.

[07:15]

And then there was — of course | had to be clefmesecurity because in those days
they just had a few scandals, Fuchs had just gotieetother side, so they were very
careful about checking people. So | was actuadlyisg at my — near to my future
wife’s house down in Wales and this chap came fnanal intelligence, the authority,
from Atomic Energy Authority, was recruiting so nygoeople at the time that they
had to bring in extra security officers to vet peggo this chap was from naval
intelligence [laughs], but — which seemed strangeyway, he came to the house and
he said — and laughed as he came to the door ahd®eere’s one obstacle already
because | can see you've got a girlfriend,” he,sthése days the biggest problem is
if you're a homosexual and you’d be well..." anddaéd, ‘we haven’t got anything
against homosexuals but they’re actually pronddokmail,” because those days it
was illegal. Because nowadays people are moreketdor their financial probity,
because if you're short of money you're more likidybe tempted by offers from the
other side. Anyway there was quite a humorous drackd to this, when he arrived

and he said, ‘I've just had a funny encounter dthWVilson,” and | said that was
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rather strange because I'd given Dr Jack Wilsomyas- my doctor as a referee,
because one of the few professional people | kiewghs] who you could use at the
time. And apparently this security officer had\ad at this long Welsh valley, got a
bit lost and he’d asked some little lady where gould find Dr Wilson and she
directed him to a couple of streets away and thégpavent in and indeed there was Dr
Wilson there and this chap gave a preamble expigine was from security
department and he was looking into my — you knohetiver I'd be safe enough to
work with the government, and this Dr Wilson laudl@ad he said, ‘“You've got the
wrong Dr Wilson, I'm Dr Alistair Wilson, Dr Jack iy brother, but for good
measure I'm the secretary of the local communistypao he said, ‘we both had a
good laugh about that.” And then he said, ‘Wit gjet back to Whitehall, they will
be pulling my leg over this,’ slighitux passo anyway | got through my — he found
the proper doctor in the end and | got through sgusty clearance, so that was

alright.

[09:56]

And then — then there was a very — you had to dgtetovell for a very detailed
medical because obviously radiation workers hduhice extra in depth medicals,
make sure you're fit before you start, so. Sothialty had to come up here and stay
overnight and have a very thorough medical and &t a fortnight after that | — |

got a starting date for Harwell.

How did you feel about the prospect of working atwell on radioactive and

nuclear matters?

I had no feelings because | didn’t know what | \gagg to do you see [laughs], it
was literally leap into the dark. | had no ideaaivthe job is going to be, so | just
travelled up by train for the first day’s work ajugt didn’t know what was going to
happen. And anyway, first thing was to get allpaperwork done and get special
passes, photo plaque, because then in those dgyd tise photo plaque areas where
you couldn’t go into an area unless your photograpk already on the room, so the
watchman could look [laughs], see if you matcheavith the picture on the wall, it's

got to match you. So initially you were escorteauad until you have one of these
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special passes and it really was very tight secthign. And then | met — well

actually first time after — since the board, P&ekVhirter who was to be my boss,
and he explained to me roughly what — that | waegyto be working on fusion and
he explained the basic physics of this, tryinggoroduce the process that goes on in
the sun in a laboratory and the basic problem igsmeng — well then explain how
plasmas — he asked if | knew what a plasma wasd] ©Only very vaguely,’ [laughs]
and thought I'd better not bluff, so he gave mee&f bundown on what plasmas were
and he explained that he was actually a spectrastcaqd it wasn’t just — it was quite
a real thing and it turned out he was one of tiesfmectroscopists in the world so —
but he was atomic — very theoretical, very clevep So | was expected to become
more or less an instant spectroscopist, but myvjobld be on the experimental side.
And they had a basic problem — well go back a stepmain thing was I'd be

working on this device called ZETA which was théuat equipment to try and get
fusion reactions going. And this was still clagsifand this is a large doughnut
device with hydrogen inside, it’s like a secondaiya transformer where you induce a
current into it, except that it's much larger scétés machine is several metres across
and they were discharged between two and 300 klgsanto it, to generate a

plasma.

The benefit —

And the — and of course the big problem was that tho you measure what goes on
inside these things and get a fusion reaction gafrygu’'re running deuterium you
need about ten — well more than that, ten to 10omidegrees, but in those days the
only method they had for measuring temperatureg wpectroscopic. So that if you
look at the atomic emission from the plasma, lootha spectral lines, and they had
two methods, they measured the spectral widtheofities, that how much the light is
broadened because the hotter the plasma the nereithfact they look at the
impurities in that. The hotter the plasma the Hervdhese lines get, but that isn’t as
simple as that because you get other facts thatlerolines, so this is where [laughs]
these atomic spectroscopists come in, you know, dibethe actual analysis and that.
And then there’s another method where they usentkasity of various lines which
temperature plasma — they can work back and frematio of the intensity of lines

you can get the actual plasma temperatures andidsrend that. But problem was
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at the time, they didn’t have very good instrumeat®ok at that, so my first task was
to, well, design and get built a very stable instemt. Because you didn’t have much
light given off they had to use very long exposutesean a lot of it was done on
film, they didn’t have very good photo detectorshinse days and to get actual line

widths it was all recorded on film or actually @at old fashioned plates ...

Before we go any further would you mind just byiefkplaining the basic principle of

spectrometry?

Of what sorry? [coughing]

Would you mind just briefly explaining how spectetry works?

Spectrometry?

Is that the word [laughs].

[Coughing] Sorry.

Do you want to take a quick [pause in recording] —

[15:20]

Yes, | was wondering if you could just briefly eaxphow spectrometry works as

applied to -

Well I'll make it very simple, just a basic onen all atoms, if you actually excite
them, you can either do this by impact or heatirggrt in some way, you can raise the
level of electrons in the atom to a higher leval amen they drop back down they
emit light, because you've given — because eadatl lhvan atom has got energy
associated with it — with it. And so what happehsy all — if you excite a hydrogen
atom, you get a whole set of lines out, charadteriges. In fact you can identify
which atoms you have in a plasma by the lines yolgoking at. And what they do

to find out what you're looking at, they use stamdamps, like you'd have a
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hydrogen lamp, you can use — you have a standaaf bees, you look at all
hydrogen lines and deuteridammp to get deuteriuriines, or helium or any of these,
or argon, that they use these calibration lampggete- so they can identify what
you’re actually looking at was a plasma. And sa gan identify — and identify the
basic fuel gas which is hydrogen, from impuritiésad then you've actually — once
this light is coming out you have to collect it,ysau'd have in that — these collection
optics depends on the wavelength because sometimesif you're going towards
the ultraviolet, that gets absorbed by glass sohaue to use quartz lenses, and if you
go to the other extreme, infrared, you have tokurse of salt lenses, that will transmit
infrared. So the optics has to match the actghat you're looking at. But in those
days most of it was just in the straight visibl@sw't too sophisticated, and just
standard optical lenses. And then the instrumestased to disperse the light, to
analyse it were two types, a) simple prism, whgh splits light out, but to get — that
doesn’t give very high dispersion and doesn’t sptee light out much, but to get
much higher dispersion, you use diffractignatings, these are like a mirror with a lot
of grooves, about 1,000 grooves per inch or mocethis gives much higher, this
spreads light out, well spreads much — differedeos, so you can then actually get
much higher resolution than if you use a prismcase in those days the
temperatures weren’t very high so the spectratlimeren’t that wide, so we had to

go to the — these gratings to get the correct uéisol, or enough resolution.

What does the output of this look like?

It looks like [laughs] — the simplest way of loogiat it is if you took a comb and
broke some teeth off and left a few standing [lalghthink that's physical, but
different height teeth, yes, so that's — and totigese spikes sticking out which are
the individual characteristic lines. In the badkiyve got a background noise, which
you always get this, so that noise is either confiiagn the plasma, or it might be in
the film, so it's one problem is actually noiseige of the enemies of it. In fact we
had these big electrical machines, you had elattnigise as well which also sits on
your signals, so these are the problems and —steavith photographic plates you
didn’t get electrical noise, it's when you go te tbhoto electric detection you get

electrical problems.
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[19:30]

While we’re on the explanation front, would you dhjast giving a brief explanation

of what plasma is in this context as well?

Well it's simply when you split an atom up from ewionise it, So it goes into ions
and electrons, that's the simplest way of explanin So the most common example
is the florescent tube in the house | think, thattr in a factory, that's — people see
this every day, that's the most basic plasma peogiee across. But of course now
you’ve got these plasma screens on televisionse#i§laughs] but —

How much —

But — but they’re quite a complicated. Plasmasvgey complicated because what
they — the electric fields associated with the mraehand the magnetic fields and
they all interact and these all cause differentspeffects. Like the ZETA had very
powerful magnetic fields in it and this can givaiyaroblems because the fields can
actually split spectral lines, so — but that's veertessed later on to actually measure
the magnetic fields, yes, so it's Zeeman splitfpid, so.

What did you actually know about fusion when yrsi ftarted there?

Nothing, nothing, well we didn’t even know it wa$at topic and there was nothing
in the literature, it was all classified. And se Wad to start — in fact there was very
little to refer to. In fact basically when you &l work there you found it very hard
to start work at all because even the plugs anketetad exotic names, they weren't
ordinary things we come across with these strangading plugs or, lemos, bulgin

... there were all loads of different names of plugshad been developed for
military purposes in the war, so you had to — befayu’d even start doing the basic
stuff you had to know what all these bits of equgotnwere. And the spectrometers,
they had fairly exotic names like Hilger Medium|d#ir Quartz, and there was Fabry-
Perot as well which — which are more for high rasoh stuff, these interferometers.

So you had a — before you can start work you hagkt@n top of this basic new
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vocabulary, that's without the plasma physics wiyene get the words like
Bremsstrahlung coming in, this is the backgrougttlyou get from a plasma.

[22:10]

What sort of training did you get?

... None as such, it was just purely finding out sod just had to — you had to be
very bold and ask people, if you didn’t know angthiyou had to go and ask them,
you know. So it wasn’t — you know, it was on thb Jiterally, but there were some
very experienced people around because quite Adelvcome in from Malvern, from
the older people had been in military labs and, thatvith the senior guys had a lot of

experience and ...

Anybody in particular of any help to you?

| think a bit later on, because the first job | .ddn’t think | was really — | learnt a lot
of spectroscopy, but the actual — the experimen&hods and interpretation of
things, | didn’t learn until | went to my next boss to speak, Alan Gibson. That was
after I'd been to the army, that my work was inipted by a spell in National

Service.

[23:35]

| was wondering if you could describe — if | wapeurn up at the gates of Harwell
one day, the year you started which was 19 —

‘57.

‘67, thank you. What would | see, what is Hankiké?

You'd see these huge aircraft hangars, in factg¢ink you'd just gone to an RAF

station, that’s — that they — when you first golnt beyond that there’s some very

strange looking towers and one it turned out agamde Graaff generator, which
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was a — it looked like a tall chimney but with anjpon the top. And there were quite
a few chimneys around and low brick buildings whigdre obviously handling active
stuff as well. And on — just outside the perimdgégice there was another perimeter
fence if you like, there was these spheres thatt@donventional fission reactors in
... and then there was the — there was another bgilglist a — looked like an
asbestos clad warehouse, and that had LIDO whishavgavimming pool reactor that
had — if you went in there you could see the fodsrsubmerged underwater and this
was glowing blue with — because it had Cherenfaairation coming off it. So that
was quite spectacular, | had a friend working @t #nd | managed to see that. But —
but if you walked around you would — you couldeli tvhat was going on if you just
walked round the streets say, you'd have to — thead the security of every

building there, and every building there had itsxamatch keepers outside. Even the
admin building because the — they had this vegyeldayping pool, where they used to
type a lot of classified stuff, so even there thayl security people on. And some of
the girls had cub — the girls had cubicles, thatginl next to them couldn’t see what

they were typing.

Could you actually just, you know, wander roundgtte in the way you've described

or was there security?
Well at lunchtime you’d just go and walk — the resestaurant, canteen was outside
the walls so you'd, you know, had to go outsidefémee to go for lunch or that. And

also there was a social club there and some didbtels were outside the fence there,

some people lived in the hostel, but | was in @gSutton Courtenay when | started.
[26:00]

Whereabouts on the site did you actually workrati

Was actually as you first left, as you — [laughsyas the first hangar seven which
was the biggest — big hangar on the left as you wethrough the main gates, so

didn’t have far to go.

And what was it like inside?
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Well it was all full of galleries is the impressigou had and it was very high, it had
about three floors of galleries and the centrerfleas where the experiments were
and all of the — on these galleries they had ldtfell labs going off and offices, but
the main experiments were done at ground levetaBse this hangar is probably
about — must have been 100 yards long and this, HO§eyards by about fifty yards

in old [laughs] measurements. And ZETA was a faat ZETA was more or less, as
you mentioned, in through the gate, this big meikér doored gate with a small door
led into it, ZETA was on your left as you went mthis huge concrete bunker, it had
three metre thick concrete walls round it. Butytb&pected a lot of neutrons
[laughs]. And this was surrounded by suites o$ labt | had my own two
laboratories with spectrometers in, looking in #meh other labs with all the
electrical equipment in. But the control room,tthvas an array of cathode ray tubes
which were in fact the old precursor to televisiobes, yes. | think there were about
three or four of these and the — the one chap@experiment, the chief experiment
officer, the name of Ted Butt, he — he was in chamgd it as if he was orchestrating a
— well [laughs], conducting an orchestra, he’'d edng people left right and centre
to set various parameters on the machine. Ankldse days the — all the results, the
electrical signals and a lot of the diagnostic algnvere recorded on 35mm film, on
these rotary cameras which held — they had hugeettas on them with about a 100
feet of film in them. And after he’d shot they dde tear the film out, and develop it
very quickly and ordinary mortals weren’t allowedtoduch these films, but Ted Buitt,
this chap in charge used to hold them up drippiegand tell people what had
happened and — because the signals just flasheslsatie screen, they weren't stored
in those days like they would these days, so ystijad a transient signal which
people got quite good at analysing as they wertt[fzagyhs]. So it was — that plasma
only lasted milliseconds you see and that wasitwas a very short event.

[29:00]

When you think that JET, the later device in Culhahots there last two seconds,

there was a much more substantial time.

What was ZETA actually for?
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Well it was really just to prove you could generfatgion reactions in the lab, under
laboratory conditions. Using — well deuterium gdtogen, they couldn’t use tritium
on it yet because, you know, got to have speciatithm wasn’t to come in till twenty
or thirty years later, on JET. So it basicallygdrof principle experiment to show that
you could get fusion reactions going in a lab aadts- well in fact what it was, start
the learning curve for plasma physics because theren’'t even any textbooks on it
really, it was just a few odd references. So weevgert of like writing plasma
physics from scratch and that's what everybody easg. But very — people in very
specialised groups, | mean there were people dwungon stuff, people doing
infrared, electrical and that. People lookingnstabilities in the plasma, and that was
a big problem really to contain these plasmas,oesocan make them hot but they just
don’t want to be there [laughs], so try to escape.the idea is to make an efficient
magnetic bottle that contains the plasma, but s@oyou start driving high currents
through a plasma you get instabilities and thempé#agies to escape. And when it
does escape it actually produces x-rays and se#fif you can get a measure of
particles escaping by looking at x-rays, and thatis of the experiments | did was to
actually look at — or estimate electrons comingbyftooking at the x-rays. And it
was quite interesting because we actually usedaliectorian — well pre-Victorian
device, pinhole camera for this, but the pinhols wédnad to be done in — made in
beryllium because it had to be something that ddesbthe x-rays around, so we
actually — actually myself drilled a tenth of a tihoole in beryllium. In these days
you wouldn’t do that because beryllium is a, yoownnot a nice ... so we had these
arrays of these pinhole cameras, by putting diffefiéiers behind, like very thin
sheets of aluminium, few microns thick, you couttually work out the energy and
the number of electrons that were hitting the \edt by working backwards from the

amount of x-rays you had.

[31:50]

| was wondering if you could — sort of talked abadéw different sorts of
experiments, | was wondering if you could give mélaa of what you actually do on
a day to day basis, you know, you turn up at thte gaHarwell to start your days

work, what happens from then on?
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Well I think it depends really whether you do —r#is two ways, if you might be
going there just to build a new bit of equipmenhjah is totally different to doing
experiments. But if you do actual measurement&yactually see what the
conditions are if you go in and discuss with thggutists there, want to know what
parameters they’re using so you know what sigraéxpect. In fact to find out is it
worth you — because your equipment might not pglanything that day, so you have
to ascertain is it worth you even switching on yequipment, that’s the first thing
you do. And then you have to actually check yduff $s working. And as |
mentioned previously, there’s a lot of calibratrequired before you use your
spectrometers, sometimes you have to calibrate bedare you even start doing
anything, otherwise the information you get ounsaningless, that you have to know
what you're looking at. So you'’re torn betweemagsihe plasma as test shots to test
your equipment, or to take actual measurementssaswe have to, you know, work
on two fronts at once really, a) sure your equipimesrks, because until you do that
you can't really say anything measures meaningfuti] you've got confidence in

your equipment. So a lot of your time is spenicating equipment and that goes for
every diagnostic | think, whether it's electricalaptical or anything like that, or
neutrons. And then | think it's quite a lot ofenaction with the other people as well,
you find — you ask what they’re doing and what treethinking and all of this. That

was it, you try not to be insular [laughs].

[34:00]

At least | did anyway because | was — because yimkdyour results with other

people, that was ...

| was wondering if you could give me an idea ad afeivhere do you fit into the

group that are working in hangar seven?

Well they tend to have various groups, on ZETAwhgous groups, like the
spectroscopy would be a separate group, neutronkie a separate group and
electrical, so you'd be in one of the empires ifiyike. And then — and those — the

people in the white clothes [ph], the theoreticia® [laughs] obviously didn’t fit in
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there but they were considered to be the top peteretical people, rightly or
wrongly but that was the way and time. And so waue in — very much of a

pyramid set up, so they were very grade conscimss,so you had sort of the banded
people at the top and it cascaded down till — measeprinciple, principles, senior
scientific. And every year your — you were — ti@yl annual confidential reports
where you were assessed and then they’d decideftyen were fit for promotion or
not. So—so ... alot of it depended on publicajanwas quite interesting because
until ZETA became declassified, people then couldnblish their stuff [laughs], so
it's only when | think just after I'd — a year aftied started they declassified fusion
work and people could actually start publishinggyapn the journals.

[35:55]

You mentioned there was this class division betwsescientific staff and the

experimental staff, could you expand on that kelhit and describe it to me please?

Well it was quite extreme, because in some cages tinly the scientific people

could write the papers and the — you might dohalwork, and the experimental
officer would not get his name on the paper, hadaoge all the work. The — quite a
common thing was for a principal or senior sciéntiffficer to be in his office and

just tell the experimentalists what to do and ttiezy produce the results, they hand
them to this chap and they analyse them, writg#peer, and then the heading of the
paper would just be the scientific class peopld,the experimental people would just
be acknowledged in the end, thank you for helpimaps, type of thing. But after I'd
been there about five years it became much moredertic and they didn’t — they
stopped that practice and experimentalists got ttanes on the papers as well. And
then | think when I'd been there about ten or &figyears they amalgamated the
grades, they stopped this division. Well theoedtycdid but they still — when you
recruited they put people in categories, they wibrdt people’s potential, so it was
still — it was hidden there behind the — behinddbenes and obviously somebody
with a first class honours degree, they thoughtrhace potential than somebody with
a lower second or third [laughs]. Yes. In praeitcoften didn’t work out because —

because just because you've got a good degree’tibegnyou do research, you
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know, because a lot of these people were goodsaimpexams, but couldn’t do
anything creative, so this is — that’s a fact wheame in.

Do you know what your potential had been assessedoayou have any idea?

| suspect it was not high [laughs]. But I thinklitanges — | think my potential would
change as | went through [laughs]. | actually ttagroduce things to change my
potential | think, because | did switch — | actyaitched classes to — so | got
promoted, you know, across the — across this nizgiger. But it — a lot of people
had chips on their shoulders, quite understand&ibhgan you can imagine if you do

all the work and somebody else gets a credit.

So the experimentalists then?

Experimentalists who do all the work and then ttierdtific class got all the credit,
and they'd get promoted. It was something likeepeyears ahead if there was a —
some people measured the actual gap, there wagma wear gap in promotion rates
SO ...

[38:50]

Why did the system actually become more democratic?

I think it was just across the country, it wasnit ¢ab, it was — it was a whole — it
wasn't just Harwell, it was all the other militalgbs and research labs. So | -1 don't
know where it came from, | don’t know that peopleamed a lot or people just — but
a few people — in Culham started putting namesedarb this actually started,
gradually eroded. But there was still a few peaph® took all the glory [laughs].

But | think it was a very divisive system, you knatwas — just because people were

labelled straight off and that, you know.

Was it a social divide as well as a work one?
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No no no, quite reverse, they tended to | thinknestingly enough not. Because
quite often people mix socially right across that.had slight social effects that the
SO class earned more and there was a salary difii@rebut it wasn’t huge, | mean it

was probably twenty or thirty per cent, not — yawoWw, not double or anything.

[40:10]

Who was your boss at first?

Sorry, my —

Who were you working for at first?

That was Peter McWhirter, the spectroscopist, ye$,only worked for him for just

over a year before | was called up for Nationavger

Was it normal to be — if you’re working in the stiéc civil service to be disrupted

by National Service?

Was it sorry?

Was it common?

Oh yes, that was a regular fate, | thought | wotldave to do it but what happened
they — somebody decided they wanted some techpecgdle in the services, so they —
they grabbed some of us that had been deferretiebd deferred for educational
reasons, so I've —myself called up into the arnmgl well, my call up papers it was

for infantry regiment which somewhat surprised reeduse | thought I'd be [laughs]
to a technical regiment. And | learnt later thappened, you had to do your basic
training with an infantry regiment and then tramgéea technical or — like
professional type regiment. So | started off at@ueen’s Royal Regiment in
Guildford, which is so called second afoot, ang thithe very famous regiment, it's
the one that stood on the — stood on the burning,dkis — in this poem this ship

with all this regiment on it sailing out to the onles and it caught fire and there were
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only a few lifeboats so the whole regiment stoodleok while all the women and
children on — on this ship were put in lifeboatsd ¢he whole regiment stood and
went down on the ship. On the — the symbol, tldgbdor this regiment is a lamb
standing on waves, which is a regimental badge Bad.that was fairly tough training

there, it was the full, you know, typical squarshiag and that.

How did you take to army life?

It wasn’'t too bad because I'd been to a boarditgakcand | didn’t — it wasn’t too
dissimilar [laughs], just they swore — swore mdaeighs]. But no, the company was
a bit different because it was a much fuller spautof people there, but this was at
effectively a London regiment, so there were —dheere boys there my age who
actually had been in these razor gangs, someouallgdhad been in the East End
carrying razors and slashing people and ... butrite¥asting thing was, those people
were the ones that cried in their bed the mosy, Were — they were just bully boys,
they, you know. All us other people had done -nbe@mal schoolboys and done —
played rugby and everything [laughs], we could —ocmeld handle the life a bit better,

yes.

What did you think about having to do National Ssnat all?

A bit annoyed at the time, yes, because — in thE BRy said, ‘We’ll only take you
on, you know, sign on for three years,’ so | tdéldrh to go away and, you know, as
plainly as | could and so that’s why | went inte trmy, you know. But as | was
nearing the end of basic training, two of us wexked up to the commanding
officer’s office and frogmarched in by the regimardergeant major and we didn’t
know what this was about [laughs], didn’t know & were in trouble or — the other
chap was Tony O'Reagan, he was actually a bankav\g street and this chap said —
the very young CO, he’d been and he said, ‘Dontryybhe said, ‘we’ve got — it
might seem good news for you,’ [laughs], he sardu’ve been transferring to the
intelligence corps, both of you,’” he said, ‘youtjuame here to be toughened up.’
Because even in intelligence you could still bacted to a fighting regiment and
you've got to be able to, you know, hack it asghging goes. But he said, ‘We’'ll be

sorry to lose you, you've both shaped up fairlyhétey — might say surprised in



Mike Forrest Page 82
C1379/48 Track 5

that. Anyway, as we walked — and he dismissechdshe said, ‘Best of luck,” and he
said, ‘You'll be going to Maresfield in Sussex, tteavhere the intelligence corps is
based there,” and he said, ‘the best of luck, koow, as we walked back the
sergeant major said, ‘Educated,’ f word, A, he s@dt you're not bad the pair of

you’s two, best of luck,” so that gives you a, ymow, a feel for what it was like.

Did people that you were with actually take Natib8arvice seriously?

Well you had to, | mean it's [laughs] — it's — | arethe training was so severe, | mean
you couldn’t relax, you had to go along with it ahdas — and as you find yourself in
— I 'mean | liked — I liked the shooting and stiiElthat.

What did they actually train you in?

Do everything, you — all the — all weapons and #rat bayonet fighting, that was in
fact that was the most frightening thing was baydigating, that's — | think that’s

the only time I've really ever been frightened iy hfe [laughs]. This — with this
sergeant there that had been fighting in the Koi#anand he’d actually killed — we
knew this chap had killed hundreds of Chinese faligvith bayonets so — and he
were training us and you had to have fixed bayandthe’d stand about twenty yards
in front of you and you had to try and kill him Wwiyour bayonet, you had to run at
him. And if you didn’t run at him hard he’d actlya$pike you, so you had to go in
hard and what he did, it was like a judo — he’d pery, he’'d send you over his top
and if he did that you'd probably hurt yourself ewvaore. One of our chaps got — his
leg impaled on a bayonet because he went in too by $he second or third time you
go in you'd go in fairly hard because you've readis But | think everybody there
admitted that was the most frightening thing thelyat — quite interesting that. That
was — you know, that’'s when the army became reai kpow, because when you fire
guns it doesn’t seem that frightening, but that,was know, when you actually see

it, naked steel as they say and —

[46:30]
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How did you get on with the other recruits, younentioned these East End razor

gangs [laughs]?

Well fine, yes, they — after they've realised, ymow, we were [laughs] — we were
okay that — in fact we had to like nurse some efrtlthrough in fact because they
could — they weren't all that tough, they hadn’hd@nything physical often, they'd
been couch potatoes and that. And they explaimeghad to pretend they were
tough and carry razors, otherwise they’d get badlirewhere they lived and that was

the background, and so was quite interesting.

What was the social life like as a national sermea?

It wasn’'t much actually [laughs], yes. It was lweainly drinking and all this type -
[ph] fairly heavy drinking, yes, was par for theucge and —

[47:25]

But ... after I'd been trained in intelligence cotpsas actually posted to
Cheltenham, GCHQ, that was — so | didn’t spen@rly spent probably six months
of my service as, you know, in proper army ternes. yThe rest was behind a desk in

sunny Cheltenham or Woolwich or ...

How did you feel about the transfer?

Do you mean from the fighting regiment to —

Yes.

Well | was quite relieved [laughs], we thought thets quite glamorous. But we had
a bit of a shock when we got there because wedgd through another form of

basic training which was worse and it was actuadlgder, more severe, and there was
an intake of SAS people around that time so wetbalh some joint training with
them, so that raised the ante a bit. On the dtaled there was some much more

interesting stuff going on, we had night exercised you know — well the other lot,
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we’d done map reading and orienteering in the daylibut with this lot we had to do
it in the dark. They'd dump us in places and woddshdown Forest which was
close, and we had to find our way out or find daiartarget, or intercept the SAS
people on their exercises, so this was quite fod,iawas getting out of the — of the

camp was the best part [laughs].

How does this relate to being trained for intellige work, I'm not seeing the link

[laughs].

Well that was the basic training, that’s the likg/gical side, so that was fighting and
then they send you then off to specialist — | weagt $0 this manor house, Woodhouse
Eaves in Leicestershire where | did the speciabshing, so this was — was signals
intelligence which is — and we were there for abeuthink it was ten weeks. And
then we were told there were four postings, theas @heltenham, Munchengladbach
in Germany, Cyprus, | forget the other one, theeeanour anyway, places, and the
officer in charge said, ‘You can choose, you cawdstraws where you go.” So we
all drew straws and | picked a straw and endedhphieltenham [laughs], there were
about four of us on the course that were senttih€heltenham. And one on — at
least one of those is still a friend of mine, hdeghup in the Atomic Energy

Authority as well but he was a chemist, he endedtupellafields.

Who's that?

It's Alec Colghoun, he’s another friend of mine,lsodid well on there. But — so
ironically I'd been taught how to kill people inmerous ways and then put behind a
desk with these very high level — well the diplomatrade people, GCHQ, most of
them were women, double honours degrees and laagw@agl ... obviously that's

highly classified, just can’t say what we did thfzeth laugh].

Yes, I'm trying to think of a question | could adty ask at this point [laughs]. Do
you think the experience of working there affegiaa?

| just found it interesting, | can’t — can’t sayhiélped me at all to be honest ... | mean

... ho, | can’t say it furthered my career at alkc&pt that you just learnt to meet sort
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of — some different type of people you hadn’t caaneoss before, very clever people,
who were [laughs], that's the other side, thesgl@aeren't actually scientists, | was
the only scientist in this office, the rest werggliists or arts people in there, or other

types of intelligence people but —

Was your scientific training any help to you?

Yes, | think it's — not directly, my topic didn’tefip me but there was a mental attitude
you could look — | could sense | was looking ahgfsi differently to the other people

in the office, obviously — but a lot of those peotilere were very clever anyway, |
mean by any [laughs] — wherever you put them thégde been clever full stop and
they were obviously top stream and they — like wé bur streams in the scientific
side, they obviously had their diplomatic streamsvall and these people were very

good.

Did you feel the work you were doing there was intgm?

I ... I couldn’t assess it because you’d no — no wiagssessing it, it wasn’t — that was

— that was part of the [laughs] ...

| was wondering were you sort of treated any défifely because you had this sort of

scientific background?

Yes, | think yes | was given different tasks thlae dther people in the office, but

that’s about all | can say really without ...

[52:30]

Maybe it's best to go back to Harwell [laughs]. ®¥daa sort of given that you would
go away for a certain period and go back or did yave to reapply?

Oh no no, in fact they treat you well, it's treat’s pensionable service they — the two
years that | was treated as continuous servicgamdincrements and everything so it

was — you didn’t actually lose anything. In fache people said it was actually a
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plus on your reports that you’d done this form @fimagement training | suppose they
— so it broadened you out. It was only just thespts had gone — gone [laughs] for a
burton for two years [laughs], so you had to tuoerymind back into — into it when
you got back into work. And | found myself backhva different boss and doing

actually different work, so ...

Was it a hard transition to make back?

Not particularly, | mean it was — | think the biggehange for me was because I'd —
towards at the end of the army, army life I'd garmed, and we had a — just as |
started work we had our first son, so [laughs] #lli:1appened simultaneously, so |
think my social life was — my family life was maiteat changed me than going back

to the lab. But had to settle ourselves in Abingddere we live now and —

Where did you live?

Just north of Abingdon, it was — well north endAbingdon, it was just a flat in those
days, yes. In fact there’s a huge — when | joithey recruited a lot of people here
and we had priority in housing over the localsthere was some bad feeling amongst
— quite understandably, yes, we had priority, sdae this quite nice flat. So
ironically opposite was where some of my grandekitdwvent to school years later
[laughs], but ... but then after a few years we - web years we bought a house in

the centre of Abingdon where we’re talking now.

When was your first child born?

That was December 1960 [both laugh], that's Andrew.

Do you think becoming a parent changed your outlmokfe at all?

Yes, | think so because it's — well | think | hadthink about three of us instead of
two of us [laughs] so that was the bottom-line.dAso our activities changed and

when you have — you’re an unmarried couple thehergys you do socially and —

until you don’t when you’ve got a child.
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Could you give me a flavour of what it’s like orttbeides of that, what sort of things

you do socially before and after?

I think you have different friends because onenefdtrange effects is you tend to
socialise then with people who have children threesage, so that was something that
changed that | hadn’'t expected. And was — wa®qguieresting because at that time
everybody was in — | worked with about the same ageverybody was producing
children, so [laughs] all my friends were — sudgdrdcame, you know, family people

instead of yuppie parents so to speak.

Was there much of a social life that came with wigylat Harwell?

Well if ... the social life was better when we actygot to Culham, | mean because
— because Harwell was a bit isolated in the fesag,our social life depended a bit
more on the way your home town, because — becag#ewere spread out in a
huge area from around all the villages and — so-ybut when | went to work in
Culham, it had its own social life, a lot more dasiand parties and things, yes, much
more sociable than Harwell. Because it was a smaifiit | think, it was more of a
family feel about it. | mean Harwell probably istlveen six and 8,000 people there,

where Culham was probably about just over 1,00pleeso totally different view to

[56:45]

| was going to ask as well, you mentioned obviotakng about a lot of people
working there now and you talked about these diffegroups at Harwell, how much

contact do you actually have with different groups?

Not much, you're allowed — | mean because of thssification, electronics we used
to use lots, so we had a lot of contact with thend the special workgroups, if you
needed equipment made you'd — there were a lasafurces there you could use, but
so the fission reactor people and all these ottargg, you had no contact with at all.

I mean you know them [laughs] — you know them beeauy friends worked in these
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but actually when you walk into the — you couldndlk into people’s labs and that

because of this classified problem.

Does this mean you can't even talk about your watk people you're working with

in the establishment more broadly?

Well it depends on — | mean initially yes but wh#aTA was declassified then |
could talk about it, but for the first year or se wouldn’t talk about it. And — but a
lot of my friends could talk about theirs becausefission reactors was open to the

country and —

What do you tell people what you do [laughs]?

Well just said — just — you'd just say straightuycan’t talk about it, that's no messing
around, you just — and people seemed to respdgcittias | think what happens is

some people were in this era like that, so it weaitig deal.

[58:20]

| wonder about ZETA, how long had it been runnitgmyou actually got there?

It had only just — about between six and nine m®sthit was very sort of raw if you
like on my starting. So they were just feelingitheay with it really, just — they’d

only just finished its commissioning.

What did people think its future would be?

Well they all thought we’d have fusion within twegrdr thirty years but [laughs] you
know we're fifty years on and — | think they werery optimistic because it — well
partly because people honestly didn’t understaagttysics then, they were naive. |
mean | think even the very top they were naivehenphysics, so — because they
thought ZETA was doing things that didn’t — | meha neutrons it produced weren’t
fusion neutrons, they were from other processethesfirst claims that, you know,

when ZETA went public, they actually had — they gotrong. People like Cockcroft
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made statements and that and they were ninetypaineent certain these neutrons
were fusion in origin, in fact they weren’'t andnHfact | mean it was rather silly really
because the chap they had doing the neutron measote was a very young and
inexperienced chap. While in the adjacent hartyznetwere some of the top neutron
experts in the world, they didn’t bring those irtilafterwards, it's only when
guestions arose that they brought in experts.h&owas very strange management

[laughs] mistake.

How did you feel to be working on something lilag,tthat was, you know, predicted

to be the next big thing?

It was very exciting, | mean you went in excitedteday and — but | think the main
thing was you just — everything was — everything gal was on the edge of
technology and you were sort of trying to — well gay trying to measure things
where you didn’t quite have the technology, youen&retched. | mean on ZETA
sometimes we had to work through the night to gi#@ent exposure on the film.
Well these days you'd — you'd have that within Hlwicroseconds you’d have — and

data coming out straightaway.

Could you give me an idea of — so you've descriietA as this sort of doughnut
shape, where does your instrumentation equipmentrshere, what does it look like
and how does it work with ZETA?

ZETA, well it's got — it has — ZETA had windows time side, various ports, portals if
you like, and so you were allocated your bit of tieéchine if you like, and also a lot
depended on what you want to look at, some peaudadscan across a radius so
they were given slotted ports and we — | think \ad bne slotted port. But if you just
had one line of sight, you just had one portholehien you — you had to take your
signals out from that area to your equipment is¢habs surrounding, they were like
satellite labs. So there’s a whole array of tudres wires and [laughs] you know what
coming out — out from the machine to these varrooesns. And some of the rooms
had shutters in front and some didn’t and ... buheddhese rooms was, you know,
specialist — specialist diagnostic. Because there some machines — some

diagnostics sat on the machine like x-ray detectarsatron detectors, they were
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adjacent to the machine so they — and just theesatme out from those, but the
actual detectors were sitting bang next to the machlt’'s only us optics people who
took our light for a walk to analyse it, this isdays before fibre optics and things you
see, so you'd had to go through [laughs] — andethers much more loss even present

than in the technology these days.

How accurate is the equipment you were using?

Well we only — I mean that was a problem, it wakigy per cent accuracy on — if
you’re lucky at the temperature measurements, wast— you know, well these days
you get down to a per cent or so accurate. Somge trying to — so you were
making advances in physics when you could measimgd, that was the basic
problem, this is why they’ve always had a massf@teon diagnostics and I've
always managed to ride this crest, so I've alwaentdducky enough to be involved

with the advanced diagnostics and —

[End of Track 5]
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Track 6

| was wondering what about your job interested wden you first started at

Harwell?

| think it was just the challenge of — the techhd@llenge of everything every day, a
new technical challenge. And we’re just trying-tthe basic object was try and find
out what's going on inside the plasma, so we wasegtriving to get better
diagnostics all the time, that's what we were dniby and somewhat frustrated
because as far as | was concerned spectroscopyt gaem the — the answers,
required an awful lot of — of modelling and thatigfh— so the measurements you
made weren't direct measurements, you had to irdetpem and depend on
modelling. So we were keen on getting diagnoshias you’'d get a direct

measurement out, that wasn’t subject to peoplééspnetation.

How important was the diagnostic problem seen as?

Well vital, | mean we took — our director then, Bease, like all the senior
management, but we always had carte-blanche falolewmg diagnostics equipment,

people and ... and could do whatever we liked. &ad-...

You talked about this — this divide between, yawkmifferent sorts of scientists,
experimentalists, your theoreticians, do you thhdoreticians actually understood

the problems with diagnostics?

They knew the limitations, they knew — they wereyvgood at [laughs], you know, if
you told them what your accuracy was, they knewtiligt meant. But — but they
didn’t really understand the technical problemshad and couldn’t understand why
we couldn’t get better accuracy and that. But gomes we did call on them for help,
like | say we were doing the noise analysis whi@s & bit hairy to analyse, we’d ask
theoreticians to help us a bit, topics like thahd the — and some people used to use
them, if they were looking at instabilities theyutwork out the growth rates,

instabilities and — because things have — instasldidn’'t grow very fast, they didn'’t
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matter much but you — these theoreticians coulclitate these different things for

you. So it was just interaction.

Who else do you actually work with personally?

When | was ...?

In your first period at Harwell?

... Was a whole group, in fact Brian Boland was drmewas actually a neighbour
[laughs], incredibly still a neighbour, he was a&poscopist and Mike Hill again
another young spectroscopist. And there was as@or ones, Bernard Jones who
was much older, he’d come in from a military lall dre was a senior experimentalist
but he was quite good at analysing informationtipaar analyse — taking data and
analysing it. And a few older experimentalists Wiaal quite a good sort of depth of
knowledge. Of course there was another set oflpdd@mven’t mentioned, we used
to have these very good technicians working withvesy highly qualified and very
able, so those could be mechanical, electricaljwag but we were totally dependent
on these and that [ph]. And electronic technigiaonswve had this terrific backup of

anything technical you wanted it was there and —

[04:00]

What was the difference between — you sort of destthree different sort of groups
of people working here, so you’'ve got, you knowy gxperimentalists, your
scientists, your technicians, how does the woddldhese groups compare with each
other?

Compare, or what do you mean?

What's the difference between the sort of work ¢laah of these levels is doing?

| think theoreticians, they’re just trying to make a model for the plasma, it's not —

and in those days | don't think there was that nfeeldback of experiments into the
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theory, | think that the difference these dayfies¢’s much closer coupling. Also |
think the experimentalists are much — they’'ve mawgdlaughs], | think they’'ve
moved up a level and the theoreticians have coma @olevel, they put real — there’s
a feedback mechanism, which didn’t exist thennkhiThey were — tend to — ivory
tower faculty theoreticians and — but the plasmah®rrendous thing to type of
quantify, so [laughs] they’re very brave the théigrans who tried, you know, to do it
at all. Because there’s so much interaction ofvdréous things in the plasma, so it's
very hard to isolate individual effects, and thatisat you try and do with diagnostics

really, you're trying to pick something out of thisige milestone of facts going on.

What sort of things did the technicians do?

Well they’d actually get things built for you, yémow, say you wanted — say you had
a photomultiplier and you wanted — it's got to asly plug in a base and it needs
various voltages to feed the various stages, $bligkel that, they’d do what they —
they’d look after all that. They'd get it manufadd and they might even test — it
depends how good your technician was, some couttlearhole thing, they could —
you’'d just give them an outlined sketch and theyged it made and they’d test it and
someone would get involved with you in the calilmat A lot depended on how
good the technicians were. The ones we had tetodeel very well integrated, they —
there [laughs] was hardly any demarcation betweethey ... and also | had the
advantage of having done, | think | mentioned oo before, this kind of
engineering course as well, so | could conversteaasily with technicians. | could
ask them — if | designed something, | knew whatmreewe’d need to make it so |
could — that helped me. So | could say to thertetdins — I'd know which | thought
was the best way and I'd say — we’d have discussipou know, is it best to weld

this or make it as a solid or whatever. So we -beleeved in this and also a thing we
believed in is a lot of these technicians were \@ight and it's only because they’'d
escaped the education net that they — the techsiaig not scientists, so we used to
encourage a lot of them to go and study and &flibteon did very well [laughs]. In
fact we lost a lot of our best people by encourgdimem because the authority was

very good on part time release for study so thahieh was a good thing I think.

Are there any technicians you remember in particula
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Well Harry Jones was our best one, | mean hels-stiill a friend of mine, he was in
Wantage, about ten miles away, he’s the one tllaaltlithe Russian experiment for us
and worked with him for years and ... but he uselet@hief electrician on the
Cunard Line so he had a very good pedigree [laugHs]s one that when he came
for an interview at Culham, not Harwell, there wawe of us physicists, David Evans
and myself, physicists, and two very high up engisend they didn’'t — because he
was a technician, the engineers had this main sayho we recruited, and they didn’t
want Harry because he didn’t have any paper qaatibns. And our argument was,
if he could look after a Cunard liner at sea [lagigliho else would you trust, you
know, so we just overruled these two engineers wi@ actually senior to us and
took him on, so. That was the best thing we eiet think, enlightened decision ...
that's something we did find, the engineers tenbieg@ bit more formal and I think — |
know some boards, you know, the physicists couldadly see if a chap had a bit

more imagination, while the engineers wanted muokenformal qualifications and —

[08:45]

More rigid attitude of the people, you know.

| was wondering as well could you actually giveanddea of what sort of things
actually take up most of your time?

Well | tell you what | avoided committees [both ddu}, even quite — when | got quite
senior | used to avoid committees, | think theyhre biggest waste of time in
organisations. | spent quite a lot of time actubdbking at research papers and that,
because I've got a phobia about reinventing theelyhalways — before | started
doing anything | always used to check — initiathycheck it hadn’t been done before,
or something like it. And quite often that's vergeful because it throws up a lot of
ideas that you hadn’t thought of yourself and thagfore you even start doing
anything at all. And also talk — in the same véatking to people, but | always used
— if I was going to do something new I'd go arowasting people if they had any
ideas, in fact had they even done it [laughs]. aBee quite often you start doing

things and somebody said, ‘Oh so and so used thadden years ago in Malvern or
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Aldermaston,’ and that’s very common. So it'sthihk communication is very

important.

What sort of people will be telling you those tlsingan you think of maybe just one

example, give me —

Well especially people in Aldermaston because thelgne so much — and in fact in
classified times they’d done things which ... onerepke was we — the first very last
laser pulses, we couldn’t measure these becausstiiscopes we had, these are
the measuring devices, weren't fast enough, anasl speaking to a chap who worked
on weapons trials in Aldermaston we worked a bibvand he said, ‘Oh we've — a
chap down the corridor, he’s got one they’ve justtptravelling waver oscilloscope,
but it's classified,’ it's not these days, it waeh. And | said, ‘Do you think we could
borrow it?’ and he said, ‘It'll have to go up teethirector to see because it'’s ...” SO
that was an example of where you could spend yeang to develop this thing while
it was thirty-five miles down the road in Aldermasst So it was really vital you talk

to people and cultivate friends and —

How did he know the chap from Aldermaston?

Well because [laughs] by the time when Culham wal$, bve actually uncovered this
very easily, after ZETA, the next phase of fusicaswoing to be this new device that
was going to be built, so they built at Culhamtfas and the idea was to combine the
fusion people from Aldermaston and Harwell. Sosthad two divisions, A and B,
and division A were people from Harwell, which Isyand division B people from
Aldermaston. So because this division A and B feoame together they all had —
there’d been people had connections still backldeAnaston, so we used to use their
connections to get things done, because the weggasmmde had a lot of techniques
we didn’t have and we could draw on those unofiligigo that was — and likewise

we had things they didn’t have, techniques, andiviaelp them sometimes, you

know. So that would be fairly unofficial becausealltam wasn’t supposed to have
any connection with weapons and, | mean we nevekeudoike on the hard side, but

background stuff, you know, we were connected. Wrfact they used to like — as |
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mentioned later on, they built a lot of the stafigo to Russia ironically, the trials

people so [laughs] ...

[12:50]

| was wondering we talked about you sort of goiray ¥0 GCHQ and then coming

back, what did you actually work on when you regal?

Well the big thing was | mentioned this x-ray thimgnentioned that before the
pinhole camera, that was — that was this phaseenlieractually made the pinhole
camera to look at the x-rays from ZETA, and bniltithat was — that was this work, it
wasn't in the spectroscopy, this is when | cameklfismm [laughs] — we jumped a gun
a bit there. Because before | went to the armgd doing purely spectroscopy, but
when | came back then | joined Alan Gibson, witimve did this pinhole camera

work.

What was Alan Gibson —

His job was to — well estimate all the losses flOETA, that he had to work out how
much energy was kept inside the plasma, so hisvasbto look at all the avenues of
escape particles or radiation and that was his - so | was given the job of
looking at the actual x — well electrons comingw# x-ray machines which |
mentioned before. Anyway he was just — we juse-were still in the middle of this
work when Bob Wilson, who was our division headwas actually a spectroscopist
but he was in charge of all of this really, he @@line in and this is where | first came
involved with lasers, and he said, ‘Mike,’” he séidg just got a letter here from
Nature,the journalNature, Tom Hughes,’ he said, ‘do you know Tom Hughes?’ |
said, ‘Yes, from Essex,” because he wrote — heshadents with us sometimes.
Anyway he’d written a letter suggesting using lagermeasure electron temperatures
in plasmas, laser scattering, and he said, ‘| damdw anything about lasers,’
[laughs], he said, ‘Do you?’ and | said, ‘No,’ idayou know, ‘I know they exist and
I know how they work roughly.” So he said, ‘Go awar a couple of weeks and
come back and first of all find out what powerswesd to do scattering, and then

come back to me after a few weeks and, you knoywweether you think it's a starter
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or not,” that was — and he said, ‘if you do thitik a starter, I've got two new chaps
coming in, there’s an American, de Silva comingram University of Maryland, and
David Evans is a cosmic ray physicist from Bristbgy’re both very high calibre
flyers [laughs],” and he said, ‘if it's a startesyywill be with them, you will be the
core team on looking at this technique to see itam® use lasers to, you know,
measure electron temperature and densities. lde‘sknow you're not a dyed in the
wool spectroscopist like [laughs] McWhirter,” lida'That’s true,’ | said, ‘you know,
| don't find it — that side of it particularly exaig,” and he said, ‘No,’ he said, ‘you'’re
more of an optics man, | know,” he said. But hgss&0 away and look at this.’
Anyway | spent two weeks in the library and lookargpund and making phone calls
and it looked as if we could just about get a |ggaver from a — so | went back and
told Bob Wilson this, and he said, ‘Right,” he sawke’ll go ahead,’ he said, ‘I'll see
the director and he’ll set up a lab and full stedmad.’

[16:26]

[Laughs] What was there actually to read about tasa the library at this time?

Well just the first papers, you know, Schalow, Maimoriginal, none of them were
highly theoretical really [laughs], there wasn’atimuch practical stuff out then. So
they — and as far as | can make out, the weapa@edidn’t have any particular —
they hadn’'t been developed them as far as | candtdut, | did try. But | found out
later we were actually quite ahead [laughs] of theetause they used to come and,

you know, use our stuff.

What was the — what was the subject of the origiiweh Hughes article?

Well it was actually he — he said if you scattghtioff electrons, the faster they move
the more the light shifts, so it’s like into the fipder affect, you get sound. If a train
sounds his whistle as he goes past you in the@stdahe sound changes as it goes
past, well light does the same thing. So if yotugmwn a monochromatic laser light
in, if it scatters off moving patrticles, the ligkppreads. So if you can measure the
spread of this light it tells you the actual tengtere and it's a direct measurement of

temperature. And the amount of light that scatérsells you the density of the
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particles and — because the more particles tHezenbre light you get scattered. But
the amount you get scattered off is, you know, yeed — well tens of megawatts of
light, so that was — in that moment — at that tyae can only get a couple of
megawatts, so we found ourselves, well go back#yjigthey — that they formed this
team with David Evans, Alan deSilva and myself eugdwere given two scientific
assistants, strangely not a technician in those flayghs], they were these young

chaps, so two — two assistants.

Who were they?

There was a Frank Page and John Ford ... and Jokdnafemt on to become in charge
of developing the whole new telephone exchangeéltarg Kong, he’s one of these
students we put — he went to study, went to Bativétsity and then ended up doing

very well for himself.

The original Tom Hughes paper, how that sort ofas \t a theoretical paper or was

there more of a practical —

Mixed, it was the theory wasn't very deep and it fahink [laughs] a lot of people
had been faffing around with it. Actually whatigshe people — | think he’d been led
into it because the atmospheric people, you knbevradio people knew about waves
scattering off round the ionosphere and variousr®yso he — he realised that if you
can scatter off, you know, the space you couldadigtalo the same thing in plasmas.
So | think he’d only been studying plasmas acadaligiso he — he worked on — he
wasn't interested in fusion point of view, | thihk just was given basic lectures |
presume in Essex on plasmas and he had this idgapbfing lasers as a diagnostic.
And Bob Wilson to his credit saw this was goind&a — he was actually a
spectroscopist [laughs], he thought this would &g out of the accuracy problem
which you get with spectroscopy, because we’d eanid] for a measurement of

temperature.

Had the idea been suggested anywhere before oitwas/?
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It had very not — not as direct as that, | third&+ we never found a direct — spelt out,
| think it was quoted in a few papers but — butdidn’t pick it up till afterwards, no.

Hmm. You mention you went through this phaseoofkypow, reading around what

material there was on lasers and making telephatis,avho did you call?

Well we — I'm very big on using used librariansufihs] strangely it might still seem
[ph]. No, we used to have very professional lilanas, in fact they still do in Harwell
and Culham, and so — so it was a case of, you knothkeeping a dog and barking, |
always used — that's my philosophy. And you js#t lhem to do a search and of
course in those days they didn’'t have Google othang, you know, anything
sophisticated, they had to use, you know, tradiiomethods and often they’d ring
their friends up in other libraries and — but thesre much better at — well they knew
magazines and journals which we didn’t know abaut gee. And that's — | think
that's — | think the library is very important aadrery social place and it's important
to have proper — proper librarians. We were alwagssed with very — | think ...
most of the ones in Harwell had science degreewayythe librarians, and then
qualified afterwards as librarians, but they wesenhigh grade people. And also

they knew about patents and things as well.

[21:45]

The authority was very keen on us taking patentsleas [laughs].

When did you start patenting things?

It's when we started work on lasers because themosly [laughs] it was — the
authority philosophy was not to make money out biit to protect yourselves so that
what they didn’t want was somebody to take youajgmtent it and we’d have to pay
for it, so — so we had | think they called it ateied patents, which you just say this
is our idea and we thought of it. And that's — @fglour patent and so we won'’t have
to pay for it. And I think the first one | had wasmewhat a strange one, the first
lasers we used were ruby lasers and the first oty we used were very inefficient

because ... the rods had to be doped with — growvficemity these ruby rods, and the
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critical components in the — it's the chromiumne tcrystal that actually does the
lasering action and it's very hard to get the rightcentage in. And in the early days
they didn’t have the right percentage, so thess veete very inefficient, unless you
cool them, so we used to blow liquid nitrogen abem, and trouble is when you had
a ruby rod sitting in room temperature the end ueedist over, so that would refract
the light rays coming out and that does affectdiversions, so the laser in fact
couldn’t even stop it. So | had this strange idiputting a very thin metal tube on
the end of the rod and put a heater core rourdlitttead a plug of warm air [laughs],
so a demister in front of the ruby rod which adtualorked, you know, like one of
these simple ideas that worked very well. But wiggipened was that suddenly they
found a way of making efficient ruby rods, so werdi have to cool them so that was
a useless patent them. But it could have beéméd gone the other way, it could

have been important.

Was it something you took out on your own initetiv —

Oh no you wasn't allowed to, it was — | mean if yweorked for the authority,
anything you thought of was — it’s in your contrdmlongs to the authority.

| mean was it your idea to take the patent out?

Well anything, you know, we were always taught —hae a special patents officer in
the library and you'd just go up and say, ‘New idehat do you think?’ and they’'d
say, ‘Oh no,” or — they didn’t really want to dad much because it's expensive to
take — it's not cheap to take patents out, but theyght this one was worthwhile.
Another one was to get more than one pulse ouladex [laughs]. Instead of
switching at different times | had the idea of &pig it optically and putting the
dividing line down the rod and putting two setge@flectors each end and that was
another patent. But that got superseded whenavatlbow to multi pulse rods. But
quite a lot of patents you find, you know, solvegmoblem but they get superseded

by progress.

[24:55]
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After your initial research onto lasers, what diolythink of the idea for laser light

scattering?

Well we just — we knew we couldn’t start until wadhthe laser right so we spent
about a year, almost two years on developing therJave know we needed about
twenty, between twenty and 100 megawatts of lagesep.

Is that a lot?

Well no [both laugh], it was then, | mean this waagain as | said we spent all our
time right on the edge of technology and the thiag, if you just put the light into a
laser rod as we did the initially, the light wasdrout in a few — in a millisecond,
you’d pump — you have a flash tube pumping thecttieg the ruby rod up, and the
pulse is about the same length as the flash tulse puhich in those days was in the
order of a millisecond. So your light drew with@umillisecond — millisecond to us
is a long time, drew the light on that. But thesaifact called Q switching, where you
can hold the build up of light and it's in an opticavity, if you’ve got a rod in each
end you had mirrors, and what you do initially @iyhave 100 per cent mirrors each
end and the light builds up in the rod and wheeatches its peak, you suddenly open
on one end you have a shutter, electronic shuttepén it. And then we spent about
six months developing this electronic shutter. réhgere crude things like rotating
mirrors and things like this, but we went for thgitching technique, one thing
[laughs] Pockells cell was one and the Kerr cetithar, The Kerr cell was the
chemical — was a liquid which was quite dangergas,needed about forty kilovolts
across nitrobenzene and you flipped this fortyJyalts across it and it acted like a
switch, but if this cell blew up it was carcinogeflaughs] and we tried to get around
that. And we went for crystals instead, and stedaPockell effect with crystals,
some crystals, they rotate the polarisation oftlifjiou put a voltage across it, so we

went for that type of —

Where are all these ideas coming from for diffesamitching techniques?

Well the mirror was external, but the crystal oraswlone — partly your own idea and

partly [laughs] — it's very diffused because thekeas tend to come together, you
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couldn’t say it was somebody’s definite idea, I inirror was a — the rotating
mirror prism was an external one, but that was eeugle by the time that came,
might have been Aldermaston [laughs]. But thetatysve knew what crystal we
wanted but at the time we couldn’t get it. We krtae optical properties of the
crystal, then we heard that the people in Malveenendeveloping crystals for entry
purposes, and we contacted somebody there andaiieg out they did have these —
right crystals, but they were classified, so we W1l told our director and he had a
word with their director [both laugh] and a weetelawve were in our director’s car
going to Malvern so the — and we were introducethése, well top blokes there, they
were very interested in our scattering because &alknew about — because radar,
they knew about scattering and so they were fatazinay us doing — so they’d — they
said they’d help us all they could and they tookauhis wooden shack with a young
chap who was working on these various crystalshtengas like one of the old type
alchemists [laughs]. Anyway, he did have a crystat would do for us and — but the
problem was we couldn’t take them out for somearas other, he said, ‘I'll work
out a way of getting them onto you,” anyway as vesinto go he gave me a little
brown envelope and he said, ‘Oh here’s a reje¢tdbasn’t do anything,” he said,
‘put that in your pocket anyway,’ so we got backl aras very smoky looking crystal
[laughs] which looked terrible, but it did work @&ofashion. Then gradually we found
we could get military ones from the States and maddo use military contacts to get
these crystals in. But it just shows by interagtvith people you can push — if you're

insular you wouldn’t make progress at all.

[29:27]

| think it might be good at this point if you jumstefly explain the level that laser
development generally was at, how a ruby lasertfaned, it's — I'm aware there are

different types, what's distinctive about the ridser, how does it work?

Well all you really want is an atom that if you ppimt up with light, then you can
build up a big pile of electrons at an energy lalaeh initially in an atom the
electrons that we call ground level, at low levelt if you shine light on them you can
excite them to a high level. And some crystal$ wihey can pile up at the next level

up, a lot of crystal would just drool away. Bujust happens that chromium is one of
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these atoms that if you excite it it'll — you gepige up on a level, it's more than one
level but — then when the electrons drop backraghtit’ll light and that’s the laser
action. So then as these come off as a — if ywauditravelling wave, but you — but
the thing is, on a laser, that they all — they donme off in random fashion, they
come out coherently, that means each wave is sgnobs to the next one. So each
peak of a wave is sitting on top of the next waeeyou — you’ve got coherent light
and that’s the definition of laser really, overadinary light source, but — but the

waves are all synchronised with each other.

Hmm. Where do you go about actually getting arlase

Well we actually built [laughs] — we literally boltya — bought a ruby rod, bought a
flash tube, we bought a capacitor [laughs], weedidrything, we built it with our own
bare hands and that, because nobody else — yodntololy one so — not for a few
years and then after about three or four yearslpgomped on the bandwagon and
started to make them rather badly. In fact thesyea had to build around it until the
— in fact the Americans were the first to getghti, a firm called Korad. They're the
first ones to have a proper — a reliable commetassr.

[Interviewee correction: a commercial laser waspased from a firm in the US that

traded under the name of Trion which the team adbjat their own needs]

Working to plans or was this making it up as yowafgmg?

Literally just sketches and, you know, lash — theeee lash ups literally. In fact I've
got a photograph in [laughs] — it is actually ehlag and ... but it's quite — there’s
quite a lot of technical problems because thesh flabes work at high voltages,
kilovolts, and you have to cool the rod as welhtth just — we actually cooled with
distilled water running around, so you’ve got alpeon with having high voltages in
water and so the engineering is quite a problemd &so you have to trigger these
flash — you've got to trigger the flash tubes, w@ugot to trigger the — this optical
switch, the electronics is quite sophisticated.ttad took | mean three — three of us a

lot of work to do and those other chaps were ggod,know.

[32:30]
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Can you describe what each of them was like to me?

[Laughs] Well David Evans, he was the — he’s atyu@hnadian but did his PhD in
Bristol under, | forget — anyway the Nobel cosnayg chap | forget his name now, he
was very — he was a very clever chap but he watare beaver, this David Evans.
He was very keen on Shakespeare and he and histlngfeannual holiday they used
to go to Stratford for a fortnight and one day thegnaged to three Shakespearian
plays in a day and his wife used to — she wasmgyi school teacher and she used to
convert Shakespearian plays into a format thatgmyrschool children could — that do
them, so quite a guy. And he was extremely wetlost well read, best — | don’t
know, think I've ever — best well read, doesn’tisdwery grammatical but anyway,
chap | know. He — he was every topic he knew sbimgtabout. And he was — in
physics — physics wise he was very good on anallgsisvas very good analysing data
and that. Also he had very broad — he seemedadw knlot of physics [laughs], |
mean wasn't just — he was actually cosmic ray leukrrew a lot about everything on
there. And he had quite a mathematical approastutbas well. He had a — at the
same time he had a very good physical feel assedtie was more or less a perfect
physicist in a way, and cultured as well into tlaedain. One — also he could write
beautiful English. If you wrote anything he’d —dh@sually come back and put a few
marks and comments on it [laughs]. While Alan tle§ihe was quite a sophisticated
American, very intellectual guy, very very practjand he had — he looked very —
well academic looking chap, glasses, and we hadirstiChristmas party that they
came along to and he did a fantastic Charlest@rybwody dropped their glasses of
drink [laughs] because he’s the last chap you m&gine doing that. And it turned
out his — | think it was his mother or his mothe#aw was the champion chutney
maker for California, he carried some strange bggdhis chap. But against all that

he was a very good physicist, you know.
How did the three of you get on?
Very well, it's — well socially and ... well | saydhsocially, | think David Evans,

Canadian, he wasn'’t that sociable, like they ditlké& to go to dances and parties,

while Alan deSilva was more sociable. | mean thveye perfectly friendly, Dave and
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Flo Evans, but they weren’t social animals, theyenmaore cultured, super cultured
animals [laughs]. But you just wouldn’t believelimean even | have to pinch

myself to remember what he was like because hets [ghh].

And you mentioned the other two people being the —

We had these young scientific assistants

[Closed between 35:42 — 38:48 until May 2032]

John Ford, he was much — he’s the one at muchs-the’one that ended up in charge
of the — doing a telephone exchange for Hong Kanghéef project engineer so he

did very well. And he was the quieter of the two

[Closed between 39:00 — 39:04 until May 2032]

So where are you all working?

This is in Culham, we had our own suite of labseheght on the ground floor, very

extensive labs.

Where —

And then — well once we developed the laser thehagkto start doing thing [laughs]
— what we set out to do to actually do scattersagwe had to build our own plasma
source. | mean this is all literally, everything wid, we did all sorts and this was just
what we called a straight pinch, it was just likglass — a glass cylinder with
electrodes at each end and we put 30,000 voltssthas from a capacitor bank
which is — we had a capacitor bank across it, adiws corridor in other rooms, we
had to run cables under the basement up to us whieked a bit of a fracas, but we
had such priority to let us do this and —

[40:00]
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We did call an engineer — an electrical engine¢o ido this for us rather [laughs]
than do this ourselves. But we built the actuatpia device ourselves. And what we
had to do is we had to know the parameters roughlyhat plasma we needed for this
experiment, because the basic idea was if we sedtteif we looked at the light back
scattering, we would get the electron temperatuweif we went to forward

scattering, the clever thing about this was we ¢ geit the ion temperature, this — if
you ... you're always scattering off electron — whappens depends on the scale
length you're looking at. If you're looking at @iy small scale length you're looking
at the individual electron scattering, but if yautg a longer length which is called a
Debye length, then you — the ion and the electrertiad together, and though you're
scattering off the electron, it’s reflecting the vement of the ions so it's odd

[laughs]. Itis a very sophisticated bit of physhut it's what we call scale length
scattering. So just by swinging the angle rouncceu@d go from scattering off single
electrons to scattering off — still electron, kg tied to an ion. So in one case when
the electrons scattering you've got a very broatspm, but when — when you're
going off the ion features, now because the ionsgan’t — they can’t move that

much because you move them much slower.

Basic Physics 101 question, why do | need to kheset things?

Because we had to know what [laughs] — we know tlesd — got to have twenty to
100 million degrees plasma and if you can’t meathedemperatures, | mean that's
where you start so — so this is really the stantioigt of plasma physics, the basic

building block which we didn’'t have before so ...

Hmm.

So this was a real — | mean this is actually, | meaetrospect it's the most important
experiment of my life [laughs], this is in fact@ way before the Russian thing, but
if 1 had to pick one thing that'd be it, you knownd that went straight into Mature

paper that one so.

Was it secret?
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No no, last thing [laughs] — you wanted to souretthmpets [laughs]. And then
after that Alan deSilva, the American, he went bacthe States to work — a proper
prof, he was associate prof when he came to usaneent back there as a full prof
to Maryland. So David Evans and | went — then veated to actually expand this
technique to measure other parameters in plasiad.everybody else in the world

jumped on the bandwagon and started using thideshaique.

[43:00]

But what | didn’t mention on the way, we had theelaon the plasma and the problem
was stray light, because you only had a very sfradtion of the light scattered, if
your main beam hit anything at all that would swayopr actual scatter signal. So
we spend months and months just developing badfiels— oh add dump for the laser
— you have to dump the main beam, laser beam as Aiér it's passed through the
plasma you’ve got all that energy to get rid oftsdtoesn’t come back and swamp, so
we used to have all these ingenious ideas for blvgptaser light and that. It was

very tricky [laughs], even to this day it's a preiyl so —

How are you actually measuring the scattered le®ers

Well in those days it was photoelectric, photo-plitrs — but we could manage to
get — again it was type of military connotationg, wsed to get them from RCA, from
the military division, but we could only do thisdaise we had connections through
Aldermaston. And also the same thing, this Q dwite called on the laser, this fast
switch, we depended on very fast electronics andseel a thing called a Krytron
which is a special little fast switching tube, thet was developed for nuclear
weapons in the States so we managed to get thoaas®ewe had — we used our, you

know, weapons connections in Aldermaston so —
[44:35]
But the big — other — the laser — the problem wWas get the laser and then b) to get

rid of this straight light, they were the main teaal problems on the scattering. And

there were some more sophisticated problems omgelte — | mentioned the
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forward scattering gives you the ion temperaturat's a very narrow scattered light,
so your laser lens has got to be narrow, so alsbagdgo narrow down — [laughs] the
laser naturally isn’t a single line, so we had tb geevices in the optical cavity to

narrow that down, so there was a lot of real serjghysics on that.

[45:15]

You talked about this group of five of you workiogether on this thing and just sort
of trying to see this in my mind, can you explaimte firstly where are you in the

process of this, you've mentioned this lab in CaoiRa

Yes.

What's Culham?

Well Culham was built because they’d started thesron work in Harwell and it was
on hangar seven and they decided after — aftera@uthat there’d be a device to
follow ZETA and that it couldn’t be done at Harwetd that it should be done at a
new site. So that was either going to be Winfoitla little old air force station at a
place called Culham which is about three miles f@xfiord. And the top people at —
from Harwell refused to go to Winfritim Dorset so it was built at Culham, custom
built lab. And was built — more or less like awarsity, was built with like a
university quad system, because all our top pefapleied themselves as academics |
think. We ... yes, our top people, | think all fagtithemselves as academics so the
place was modelled on a university system with caragles and the common rooms
which became tearooms in our case with — with acadéedd lady in each tea room
which, you know, sort of knew what we — you knovhether you liked two sugars in
your tea or whatever, you know. So that by vergimof a — it was university
atmosphere then more than Harwell, Harwell wasdikeell military site, old
fashioned place, but Culham was done as more atademic, much more open and
we — and also they took on a lot of research fedlawey used to pick off the best
PhDs and take these honours research fellows rfiee rear appointments. And also

we linked a lot more in with the universities besathe work was now not classified
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at all so we used to have a — always have PhD mtsid& you found yourselves
ended up as examiners or supervisors for thesesRiu@nts and —

[47:30]

| was wondering, you mentioned there were fiveoafdeveloping this, what — what

do each of you contribute?

[Laughs] | think of the three — | mean there ared¢hlead ones anyway, | mean we
were top of the creative ones, I’'m not being snolioy the bottom-line. | think it's
pretty mutual, | mean it was just a blend of skillsvas throwing ideas to each other
and | could have an idea what — what the intergghimg is nobody was frightened to
say anything, you could come up with the maddesdsdand that might not work
they’d say, ‘Ah no, but — that won’t work but yoautd do this,” that was — that was —
we tend to use this technique a lot, throwing idedake melting pot and the two
having a go at it. Either — if it didn’t work — i@ often we got something out of it
because there was a spin-off, that's the way weegno work and even the most
outlandish ideas we’d consider. And this seentsetquite a powerful technique.
Again you've got — haven't got to be frightenedbeing criticised or — I think the one
thing about having aggressive management whichaslerhCulham, people like Bas
Pease and the director used to come through arstigugou about things. And
really vigorous questioning, | mean and, you knbacause quite often new areas of
physics you didn’t know and he could take you aparthat. Because the — the
chairman of the authority, a chap called Walter $hiatl, he was a neutron scattering
man and he used to come to see — after — afterdd&ilva had gone back to the
States, he used to come and see David Evans arelfmgd he’d say, ‘You see these
features, when you scatter neutrons why haven'tsgan them when photon
scattering?’ and he’d [laughs] have us on a raglsigs wise, he was a theoretician
this chap and so — so we were all subjected tactimsinuous bombardment of
academic challenge really, you know. And Bas Pedmewas the Culham director,
he — his favourite time was to come round at sttazk at night and when most
people had gone home, if you were still workingdhe’he’d tear into you and say —
ask questions about the plasma you're lookingHye you seen this, have you seen

that?’ and this. Very aggressive all the time\mry professional, you know, so
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really stretching, | think that's the idea is tokaayou really think and ... some people
couldn’t hack this [laughs] type of approach but ...

[50:10]

But you didn’t have to be a sensitive soul, | thih&t was the ...

Are you all working together in the same office-or

No, separate offices and our offices the lab — sgg@dhe lab, was in the main
building in Culham, so as | say we were very wall@ved [laughs] with everything
and superb library there and that. Workshop f&&dj oh and that’'s — | should
mention that, a special workshop so if you wantegttang specially made that an
ordinary manufacturer couldn’t make they’'d — thegidke it for you. Like | say very
high tolerances or special — say you had two mgtalscouldn’t join together, they
could develop vacuum brazing techniques or whateWs had all these extra skills
and thing they had — we used to use quite a Igtasfs in those days and they had
glass blowers, a team of three glass blowers sy skilled — they used to work
for other people as well. And later on these pedpbk up doing optical coatings for
us and stuff like this, we had all these speciakhg — terrific depth of technical
expertise. And don’t forget we could call on thieole authority and the weapons
people or — well mainly the weapons people, dilate much time with the

industrial people up north.

What sort of links did you have with the weaporopfe?

Well as | said this is because of the [laughs] e.ghople with me had come from
Aldermaston. In fact when we got to Culham thess uite a — | mean that's —
that's when these two divisions were formed, that®n they combined these two
lots of people, so quite often I'd — I'd be talkitgsomebody who’d come from
Aldermaston and they’d say, ‘Oh so and so backldeAnaston has done this and
that,” anyway my main contact was a chap callet\Bdller, he was the engineer that
actually built stuff, testing the bombs and he dieped these high speed cameras and
rotating mirrors and in fact this is partly [laugkssome of these rotating mirrors we
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used for — tried to use for lasers. And also wlvermentioned we wanted a — a
shutter for the front of the laser, we found thay these explosive shutters, glass —
they actually had a glass window with an explosirarge at the — on the end and
you’d fire this and it would make the glass go apgcso you could use that to stop —
stop light but open it, so. But our director wasmry keen on us having [laughs]
explosive shutters in our [both laugh]. But thistjshows the type of, you know, the
—well ... but the beauty was, if we want anythingi@aery quickly and to the
highest position we could get Bill Waller’'s, becaukey were used to doing stuff for
weapons for tests very quickly and he had a vergkgieam of engineers. But he
could do all this precision stuff, a lot of it wiisked to optics anyway, because

obviously cameras for bomb tests and that.

Out of the three people you've mentioned who’srtieeltly in charge of this
[laughs]?

Well that was blurred, | think — | think normallywwas David Evans, | think it was
meant to be, | don’t know how — but — and thendheuldn’t really be because they
were — they were research fellows. So technidallgs kind of [laughs] management
wise but | was kind of junior to them, they werelght in above me because they
were, well a bit older and more experienced attiha | think. So | ended up kind of
having to do the management stuff, well being ui@re. In fact many years later it
turned out that we had role reversal, | came ow@rer him because he wouldn't take
management responsibilities, so that | bec — swfih| became my boss’s boss and
even to the extent of having to write his annuaédid] report [laughs]. Which was a
bit of a joke [both laugh].

Were you still an experimental officer or had yaeb promoted by this point?

Oh yes, | was up, yes. I'd gone to the sciensifream then, so ...

[54:25]

How did you make the transition between the two?
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Well you just get put up each year you're considened then you go to a board,
which is horrendous. You have to go to King Chatles Il Street in London where
you face a board of much more senior — recruitrbeatd and only one will be from

— from the fusion side, the other three people Wi from — well in those days
would be Aldermaston and other labs. And that reafly rough. In fact | should
mention Alan Gibson because | think the first prtiotoboard he was my boss and he
called me in and he said, ‘You're up for promotidout he said, ‘the hardest part is
the board,” and he said, ‘I'll train you up for theard,” he says, ‘you’ve got to treat it
like a military exercise,” and then every day fananth | had to go in and he’d say,
‘What's — make a three minute spiel about what yeuseen doing,” and each day
he’d pull me apart, put me together again [laugbshe trained me up for most
promotion boards. So when | went up for boardad this — and it was nerve-racking
but I had this bit of confidence because | knew teuld defend whatever | said. But
he say — but you mustn’t say a single word youtcdgfend which is quite ... you
know mention — say you mention some effect, yowkrrillouin scattering you say
or something, they’ll leap on that and say, ‘Tallwhat Brillouin scattering is,” and if
you haven’'t — so it was very useful advice. Sagemgle word you say in four
minutes [laughs] you've got to be able to defeAad as well because you work
through mainly your weak points, so he’'d type ofi@dgou on those and that. The
trouble is you didn’t know who you were going td,g it could be a — a chemist or
a metallurgist or — only one from your — althougiuye — the chap from your
speciality is supposed to do most of the questmrtime other people are supposed to
chip in as well and quite often they — well thegkpup things you've said and they —
and because they’re very high level chaps theyealty, you know, take you apart
there. But most — they used to say most peopkedfait board just from sheer nerves
and that was — which | can believe [laughs] ti&dt | had a friend, he never passed
his boards because he just couldn’t explain theuginctly enough, he just — you
know, went — made too long — as they used to dayen’t say his name, but they
used to say, ‘If you asked him the time he’d telliynow his watch worked,” which is

... S0 it was another world these promotion boardak-an

Did you do okay in them?
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Yes [both laugh], | never failed one luckily. Brdu literally didn’t know when you
came out if you had it, | mean this ... you'd feetty drained. | think this is a fairly

standard scientific civil service — | think thati$hat they do.

[57:30]

It's very democratic in a way, if — if not a bitris, yes.

Do you think being a scientific civil servant cadiany particular connotations?

... No, I don’t think so, | know we got paid lessihgcientists outside [laughs]
because our pay was always compared with peopédewso we always lagged
behind by a fair percentage, yes. Because | rbiideen | met people equivalent to
me in industry, they seemed to be much betterhaif twve were. A big amount by the
houses they were building and cars. The only thiegised to have was the, you
know, protected infla — inflation proofed pensiordahings like that. But
professionally | don't think it was any differemt + we weren’t superior or inferior to
scientists outside in other labs.

Did you ever think about jumping out and doing stbrimg different?

Yes, | was ... a friend of mine went to the Isle ofg¥\l to work for Plessey on radar
and this is the time we were doing laser work d&y tvere interest — their technical
director was interested in developing lasers tor-when it was foggy, for when
there’s fog around for landing devices or somethingd they wanted to head hunt
somebody so they headhunted me for this, | wetitddsle of Wight to see the
Plessey people, and — but luckily this friend ohenwvho worked there, his wife was
the secretary there and she said — | was offeegbthbut they said, ‘What they do,
they just extract what they want from you and tizen don'’t get any further, they'd
offer you probably perhaps 10,000, 20,000 a yeaertian you get now and once
they’'ve — they’ve finished with you, that’s it, thevere these type of employers,’ in
those days | mean. So | said — when they offdreddb | said, ‘Thank you but
[laughs] no thank you.” And the other time was.irwhen we did this — | forgot to

mention this very famous Professor Bradley fromeénmd, he was an optical
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consultant during all this laser work and he helpgdvhen we had to narrow the laser
line down, so he was an expert on — well if yoe likterferometry in a way because
we used these Fabry—Pépbates. And then he went as a professor — we&llueens
University, Belfast, so he asked David Evans — ldkid Evans and | to join him in
the University of Queens and we both took — | thirkboth [laughs] took one look at
Belfast and said, ‘No thank you,’” nothing to dotwithe job, it would have been —
because he was going to start a very big lasepptical group in Queens and we
were to be the king, you know, linchpins of thsattually make it work but we felt —
we both came away almost in tears from Belfass, ihbefore the troubles had
started, it was just the general atmosphere.

What was wrong with it?

Just — oh just depressing industrial kind of — sitvng funny about the place, we
both had the same feeling [laughs], we both gaherplane, we looked at each other
and said [ph], “we couldn’t go there.” But it wasuperb, you know, facilities and

everything, nice people, but just the place, jostidn’t have lived there.

[1:00:50]

What does this laser actually look like?

What the laser [laughs] — if you could just imagimost lasers are the same, it’s just
arod —in ruby case it's a red — like a red rggdidally from — anything from four to
ten inches long, anything from a centimetre torex iwide and surrounded by — well
in those days a helical flash tube, these daysukeytinear flash tubes, but with
elliptical cavities reflecting light onto the eltipal mirrors, reflect all the light onto
the rod, and that'’s all enclosed in cooling waténd then outside the cavity you can
see there’s an optical switch one end which yott ceally tell is an optical switch
[laughs], it's just a block with this crystal indthe other end would be 100 per cent
mirror. And then after that you have — that’s diseillator, that generates a small
pulse, then it goes through another rod and thaties it and you might have a
succession of these. But in — on the first expeninwe just had one laser, but on our

current experiment in Culham they’ve got eight {asers, which is another laser
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again and one ruby all on one experiment, so yogbteeight beams going through to
get spatial measurements and in time. So | thiel get 56,000 data points each —
each plasma shot from these lasers, you knowmi@ éind space. And they can
analyse this in real time so — because the datarsy# helps them. So thisis a —
well we did it shot by shot with one laser, onecgran a plasma [giving one space in
the plasma], back in ‘64.

[1:02:35]

Do you know how your work was seen elsewhere ihaoofP

Oh yes | mean when you went to the conferenceaaligibn this it was, you know

[laughs], best thing since sliced bread and it defsitely a world beater.

Which conferences did you go to?

Well the — the main one we went to was diagnostliere’s a specialist topical
conference on high temperature plasmas which gndstics of that. That was one —
that's one we wanted to go to because that's wyaue fellow diagnostic people
were, but of course this is big — we got invitedhe big machine conferences which
we didn’t normally get to, you know, because notynitls the — the top theoreticians
and managers for the — the big machines that gfuose. And ones who do the
overall progress of the machine and we only gat this case we actually got to go to
the big conferences as well. Although I still greéd the specialist one because that
was your type of person that — all the other deksyahey were fellow diagnostic

people so they really appreciated what you’'d done.

Did you make — make any interesting contacts?

Oh yes we still [inaud] [laughs], we still know seepeople. Especially the
Americans, | think we had very close contacts,dnisally was always close links so.
Not so much the French, they tend to be a bit nms@ar, you know, nothing wrong
personally, but they just — it wasn't until JET waslt that we had any contact with

the French really.
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Hmm. Why more contact with the Americans?

Well because they were, you know, building simiteachines and again partly that
was [laughs] — there was a tenuous weapons coonediecause there was Los
Alamos and there were people in common flittingnsstn the two which we knew
and so there were these — these — that happenieémtedly these connections and of
course the elite lab in the States in Princetod,that was — | think the contattere
was not so much us but the senior theoreticianghatcad good bonds with them.
So if ever we went there we got treated very wetlduse we [laughs] — we were

friends of these top people.

[01:05:00]

And you've actually got this — having never builaser, you know, is there a day you

just switch it on and it works or is there a moradyal process of building.

It's gradual [laughs].

Could you talk me through what the process of dlstioilding something like this

is?

Right, you have to — first of all you have to gatlke individual component. |
mentioned the big problem is to get — the firsgetevas to get the right ruby rod, the
right doping and that we know would work. And thee'd have to get a flash tube
with enough power to excite it which was to us e d¢imly flash tubes we had were ex
photographic ones, which were about 100 timesgesserful than we needed so we
had to get special flash tubes made. And therhyolito make — find a flash tube that
would work underwater [laughs] so you can seettxinical problems as you went
along. And you had to put all this — seal all tinis that's before you get to the optics
and then we had to work out the switching whicle lalready mentioned, the optical
switching. And also you had to have mirrors thatild stand up to these powers. If
you just had an ordinary domestic mirror it wouldtjget blown off because what

people don't realise is that if you shine lightaomirror, some gets absorbed because
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they’re not perfect reflectors, so if you absorimec- a lot of laser light they just
explode so your coating gets blown up. So themagkto go into dielectric coatings
which are these multilayer coatings which anothranbh of physics again, so then we
— then we linked in Professor Heavens at York Unsie who was a world expert on
coatings [laughs]. So it just — you can see @llhild up of all these things. And
then as | mentioned Dan Bradley, we needed tohgelser to go in the single mode
and so we needed these special reflectors thatvemly reflect single wave lengths
back to narrow — only accept single wave lengt®s.Dan Bradley was our adviser on
that from Imperial College. So all these — allsth¢hings just to get the laser
working. And then you need the — the high voltagek for the — to drive the flash
tube which was our own electrical engineers. Waddo it but it was a bit — we had
people in-house so we didn’t have to do that. #ad had to be switched as well so
they — and these people didn’t quite know that acethey had to do — deal with some
switch development for that and this is just tothet laser working, so that was a
major thing. That's before we started doing thettecing which was the whole

purpose [both laugh] —

When does it work?

It didn’t work, the first few times you get eitheaters squirting everywhere or bangs,
in fact the biggest trouble is electrical, we wgedting flashovers and trying to mix

20 or 30,000 volts and water. And the secret waget water pure enough and that —
and most of these created seals and things likenthich we had developed. And all
these were developed in real time and as | sayghighese things all come together.
But | think the ... that took a long time, but | thithe biggest technical challenge was
actually the stray light on — when we fired theelathrough the system, that the stray
light didn’t swamp your scattered light because ywaue so — that was the biggest
technical problem. And it still is when you — tltatme up on the MAST system. |
went back in retirement to do the stray light sysflaughs] for them, so it's — but it
sounds rather crazy but that’s — it doesn’t sougt physics but it's quite tricky to

do.

How do you get over the problem?
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Well it's we use baffles, light baffles, you haweput — first of all you've got to clean
the laser beam up, because when a light comesiilaiger it isn’t a — a nice clear
defined beam, it tends to have nodes outsideybadave to pick these off and you —
and well before that you have to actually reallyaswee what your laser beam looks
like, so that’'s quite a problem. So you have nidy the shape of the laser and then
tailor sets of light absorbing baffles to cleantiup beam, and then when it's got — got
a path through the plasma you’ve got to have @unap, some mechanism to dump
the laser. So we tend to use this special blussglagraphite, that we call the
Brewster Angle, it's a magic angle that if lightshit it's most likely to be absorbed
so. And then that's reflected down to — well ingh days we had what you called a
Rayleigh horn, that was just a — if you like a ballcow’s horn and the light goes into
it and beats itself to death as it [laughs] argkis absorbed. So that was another —
way — our glass blowers made this, ‘We said we wantething like a ...’

[End of Track 6]
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Track 7

We were talking about glass blowers and this ctitb@chorn.

Oh yes ... yes, we needed this horn to collect tig,lwe reflected this — several
jewels of laser light which we had to get rid oflame had this idea of putting it into
like a cow’s horn, if you can imagine a curved cewbrn, hollow, and we didn’t
want a straight cone because the light would jastestraight back up, so we thought
if it was curved away like a cow’s horn and holltws would do the job. So we
asked our glass blowers to make one of thesenM #iter twenty-four goes they
made this, it had to be that shape and also the witde end had to actually be
vacuum sealed into our plasma set up so it was quiifficult job. So had to make
this horn without distorting the glass and matcimad our optical — our vacuum
system. So they made this and went through vadoasinations of putting black
paint on the outside and coating all of the insidd in the end we found this was
actually — if we found a coating we could put oe thside that did the trick, it was
effectively carbon black on it, they called it, ssmedieval concoction [both laugh]
and this did the trick. But these are the typthofgs we had to do just to ...

Once you'd got it, you know, is there, you knowag when it works for the first

time?

The laser or the whole experiment [laughs]?

Well both for that matter.

The laser yes, there was definitely a first timetfat, but the — the plasma and the
scattering was a much more subtle thing, becaudeadé¢o get the plasma optimised
so we knew it was the right type of plasma, so thak quite a lot of work. And then
we had to synchronise the laser with the plasmausscthey both, you know, the
plasma only last a fairly short time and the |laseyn shorter so we had to
synchronise those electronically. And also we thade problems of electrical noise
that when we [needed] several kilovolts for ourspia, that was getting pick up and

the laser was picking up voltage signals as w&tl.we had to put all our electronic
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detectors and oscilloscopes into a screened roatsgmpped this noise, so we’d all
these extra laser problems. So we gradually hategrate the laser, we got the
plasma working, the laser working, and we had tegothem all together, first of all
physically and then with time, and then we hadrid the right time in the plasma to
look at because the plasma parameters changedinvéhso we had to find the
correct time to hit the plasma with the laser. Ameh eventually it all came together
and bingo we had, you know, signals in a — a breedsignal. And the main thing
was to get — before that we had to have just tiie-€entral laser shot and no light
outside that, but once we’d got rid of the strgyli— what happened initially, when
you have stray light it comes in all the channetsich you don’t want, and what you
don’t want is light in the broadened channels, shatitside the laser line. So once we
started getting laser light in the outer channedskmew we’d got proper scattered

signals then and ... so we’d, you know —

Channels?

Sorry?

What are the channels in this context?

Well spectral channels, looking so many angstrommsaaometres each side of the

central line.

So what do you do once it's working [laughs]?

Just get more and more [laughs] results. People\a&ell have you looked at this,
have you measured that?’ and people are nevefisatiBut | must admit we were
pretty quick into writing a paper on that [laughsg didn’t bother with too many
results, it was so big when you did that, just Badugh under our belts so —

What sort of a reception did you get?

Well | think very — very enthusiastic, the directord everything, yes, so ...
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[04:40]

You know, sort of from outside the nuclear physicdd, how important is the

development of this technique?

Outside of the — probably —

Sorry, my perspective as an outsider, you knowknotving how the field works, I'm
wondering how important is it within the field?

Well it’s just, it's a simple question, if you'veoga fusion reactor, it's got — needs
100 million degrees to work, how would you meaghet? Unless you can measure
it you can’t have a fusion reactor, so that's -yso need this technique to — there’s no
other method that'll do it, not directly anywayattpeople will believe, that’s the
[laughs] — that’s the beauty about this technidgigethe first — it's one of the few — in

fact there aren’t that many absolute measuremerbysics [laughs].

Do you get much publicity?

In the scientific [press] — likBlew Scientisand things like that, obviously published

in Nature that gets around the world and ...

Any articles you remember in particular?

Not so much for that, because | think that was noodess treated as a pure — you
know, there’s no — | think you only get publicifytihere’s political connotations, like
the Russian thing we did obviously picked up. Phess aren't interested in pure
scientific things usually [laughs].

So once you've got laser scattering tool that works

[06:10]

Do you start trying it on other things, do you ltsen ZETA for instance?
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Well ZETA had gone by those times you see, by thhenwere onto new generation

machines.

| meant to ask actually, you mentioned that ZETdh'diwork, do you remember when

the news came out?

That it didn’t work? It was type of gradual [lawgjhl mean type of — | think we knew
pretty soon in — people in — on the inside, butri’tithink the news was — didn’t

come out for about six months before they reallyell what had happened, they
brought these — | forget the chap’s name in — vautxpert to do the measurements
again, so that took several months. So it wasnit they held back on purpose, it
was till they got the neutrons species identifieaperly by an expert and gave an
independent assessment. So that must have takeas almost a year | suppose after
the announcement before they — they came out add'lsaok chaps, they weren’t

fusion neutrons, they were from some other protess.

What were the feelings within Harwell about that?

I don’t know, it wasn’t as bad as | ... looking batky quite surprised, people
weren’t that depressed about it. | think it's hesm&[laughs] a lot of us — | probably
thought — | didn’t realise so much about neutrdnisink, you know, which just
thought, oh a bit naive about that, | think thaswlae attitude, yes. But it does
surprise me in retrospect that we had very googleeat the top, we should have
spotted quicker, I'm still puzzled to this day wbgople like Cockcroft and that
didn’t, you know, ask more questions, or why thend insist on somebody in
doing neutronics at an early stage so that — buppose even they suffer from
naivety sometimes [laughs]. Can't all be perfdgtt there was never any cover up

on — no, it was just sheer ignorance really, | meainety.

When you were actually working on it yourself, kaow, were you expecting it to be

a success?
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Yes yes, so — well it wasn't ... really — | mean asverything — the actual — in fact
there was — there was a hidden bonus in ZETA Heaetwas a — what they called a
quiescent and quiet period where it actually maddageyet containment like the
modern Tokamak’s do, so there was a hidden boraue that they didn’t find out till
probably a couple of years after this bad news,ttteae was good news buried. But
that was — you know, came out later, so that wasa@ [laughs] every cloud has a
silver lining, that was literally an example of thand that's been quite an important
fact in plasma physics since, they found this quéas period where the plasma was

stable.

So if ZETAS —

Which is probably more important than the actuaioal neutronics, scattering, you

know.

So if ZETA is not there for you to test, your lasgattering tool on, what do you use it
with [laughs]?

Well we used — well then before the big machinesecalong we — we used — actually
had other devices called Thetatrons which we ueddae actually had our own —

built — they built our own — we built our own — owmade one before and then we had
the professionally built thetatron, by the Aldermoas[laughs] people because they
used that for weapons stuff and we had some af pfeesmas. So we used that as test
bed, and also we could go on other machines, we g@gsts on other plasmas
[laughs], but were preferred to have our own beeaves could dictate what we did.
Because if you go on other people’s plasmas yoe hafit in with their programmes,
and also you occupy space on the machine, timegautal.

[10:22]

Hmm. So where does the story develop from there?

Well the next stage was the Russians had declkedsifeir Tok results — Tokamak

was a — the stage beyond ZETA and they came arelgtalk in Harwell and
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explained they had these very good results anditbdytemperatures of ten million
degrees, which flabbergasted all the fusion estaivient, here and Europe, America.
And that’s led to declassification of ZETA in tharly days. And then the Russians
claimed these very high temperatures of ten millegrees and the Americans point-
blank wouldn’t believe them and Artsimovitch whosathe chief Russian scientist
was — was a friend of our director’s, he’'d beerywapressed by our results and we —
and he invited him and the top layer of Culham peépgo to Moscow and discuss
collaboration with them. And the off, well, prodwf that was that they invited us to

go and measure — confirm their temperature measmsnout in Moscow.

Did you go along to this lecture at Harwell yourt&el

No no, it was very — it was a very closed typeati and so | think it was only a top
probably twenty or thirty people. But of coursernwas — the results made, you
know, it wasn’t kept secret off that, it was jusey — well | think it was closed
because they hadn’t expected these — it was giyétubchartov who was the head
chap — the institute is named after him where thieaimaks are, and he actually gave
the talk and they haven't expected — he actuathatwas the declassification of the

Russian stuff you see, the first to be mentionettiénwest. So ...

Do you know why they declassified it?

| think because they — it meant they couldn’t pesgranymore unless they had

collaboration | suspect.

[12:30]

Brings me onto a sort of question about Cold Wat s&curity, | was wondering how

much did security actually impact your daily life?

Well until ZETA was declassified do you meatt@idn’t really effect because you
just [laughs] — when you walked into hangar sevwat was it, you’ve another world,
that was a classified world, when you walked bagktbat was it, it didn’t exist [both

laugh], I think that's — that was your mindset. ef&were two separate worlds ... and
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you — you met other people doing classified staff gou didn’'t ask them and they
didn’t ask you. No matter how curious you were yain’t ask.

Did secrecy come into the laser scattering at allvas that all known?

No, no because it was — it was well after ZETA tatdeveloped that. | think they
only — the way it did come in is when we were wigjtother places and we saw things
which [laughs] was obviously secret that you didnitou don’t compromise your
friends by saying what you’'ve seen or heard orHbatigh] ...

When did you learn about this Russian connection?

What Tokamaks? Well as soon as they’d given diktreally, they — everybody
came back all excited, the top people and said kpow, ‘The Russians have got this
thing called a Tokamak and now we can declassifyXBnd they’re way ahead of

us it looks,” [both laugh].

And when the idea was first floated that you mgghto Russia?

Well that was years later, | mean that was ‘68 rev&lking nine — nine years after
ZETA really, so ...

Shall we leave ZETA and the Tokamak’s and the &ussintil next week do you
think?

Yes.

because it sounds like a whole new chapter infitsel

Yes.

[End of Track 7]
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Track 8

Mike, | was wondering today if we could just resdightly of the start of your trip to

Russia, when was the idea first floated that yoghtgo out there?

Well it was after the Russians had made very stobaigns for their Tokamak, they
claimed much higher temperatures than the westéentssts believed, in fact they
were very highly sceptical about it. And Lev Antsivitch who was the chief Russian
scientist and he pioneered the Tokamaks, he debigleldask the British to
collaborate on these — confirming their resultsalose — because there was a lot of
cynical disbelief, if you like, by the Americanat the time | thought this — this is
political because of the Cold War but having spaketihhese people since I've found
it was just that results were such variants witgirtbwn practical and theoretical
situations, that they — they thought they were beythe pale.

Who were the Americans you spoke —

The Americans in particular, but the British wererminclined to believe the
Russians, particularly our director [laughs] whaswary keen on the Russians and

great respect for their abilities.

What did you think personally as someone workinguiclear physics about the

claims?

Well I'd — | was slightly dubious because | knewyldidn’t have the diagnostics
because | had good reason to know [laughs] antstwaty we developed Thomson
scattering and we knew the Russians didn’'t haeeshiwe — we always knew there
was a question mark over the Russian diagnoslibsugh Artsimovitch always
claimed that every measurement he made he didhi o techniques, | mean and
he was a very good physicist and so you couldtetliodisbelieve them, you could
put a question mark over them which isn’t quiteghene thing. But the Americans

just blatantly thought they were wrong because these claiming too much.
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You mentioned that you spoke to some Americansdbteit this, got their side of the

story, just out of interest who were they?

The main player, | spoke to a chap called Gotthlidlo was a — an American German,
one of the very senior guys, and he was quite wdsn't anti Russian at all | found
out and he was a theoretician, but he just thotightheories didn’'t add up. The
American theoretical work was at variance to thegtan work, so it was — and that —
so — but he wasn't surprised when he did — you krii@ahad an open mind on this,
but he said, you know, there was — the Americasisrgally didn’t — had, you know,
generally didn’t believe the Russian results.

When did you meet him?

| just spoke to him on the telephone [laughs], hetdted to Germany, | had a job to
track him down. In fact I'd asked senior Britiglsfon people, the head of theory,
Bryan Taylor, and he said, ‘You should speak totk&tt because,’ and | rang up
Princeton and they said, ‘Oh he’s retired to Gewriaand they gave me his number.
So | had a two and a half [hour] one sided convensavith him where [laughs] he —
he told me all these reasons and — but | didn& tades of this but the — that was the,
you know, summary that really they’d gone one stepfar on the theory of the — the

Russians.

Was this a conversation you had back at the tinteani60s or more recently?

No, this is recent, this is since I've been writthg book because | thought it was
important to get this right, | didn’t want to —fiaact | wanted to pull the politics out of

the equation really, that's — make it a scientiiason for us going.

Hmm. Why do you think it was important to actupliyl the politics away from the

science?

Well it tends to blur, people get emotional, emefifvyou like ... but | must say very

rarely I've had politics come into science at all.
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[04:15]

And in fact it's quite striking the fact we coulden [laughs] work with the — the

Russians at a very dodgy time in politics.

Could you briefly explain to me what a Tokamak altyus?

Well Tokamak is essentially a hollow doughnut, rmdtaghnut with hydrogen gas in
it and this forms a secondary of a transformatsmnwhat we do is we induce — we
induce a very high current into this, effectivelgiagle turn in the secondary of a
transformer, and this heats up just by initiallyrot heating, this heats up the gas and
then eventually you hope to — we do need very tegtperatures, but by simple
ohmic heating you don’t get high enough temperaturat the initial experiments
were all just done by ohmic heating, so just byugidg high currents inside a, well a
single turn secondary in fact, as a gaseous segpnftla transformer if you can

imagine that.

What is it actually for?

Sorry?

What's it actually for?

Well the idea eventually is to get a fusion reatgoing and to do this you need to
fuse the — the two pipes of hydrogen together,need temperatures of — well
between ten and 100 million degrees and — becaiisdly the trouble measuring
these temperatures. And again this is one ofabiifs that made people doubt the
Russians because we knew these things — plasmagiara are so hard to measure,
because it's very tenuous and you can’t — you caaty probes you stick in can tend
to perturb it, you can look at the edge of the plasbut you can’t actually look at the
very hot part. And if you look spectroscopicatlyat's where my ZETA work started,
this involves very heavy modelling, atomic — sdratomic physics and very

sophisticated modelling which makes a lot of asdionp and puts a lot of factors in
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we just didn’t know. In fact | think knowing whate know now we’d have been
[laughs] loss optimistic with our results.

[06:28]

How different was the Russian work on the Tokammak the ZETA?

Well the big thing they had was they had the — Tadda has — well ZETA has two —
two magnetic fields, one is due to the actual curme the plasma, and the other one is
externally applied via solenoidal fields, and onT28he — the biggest field was due
to the current going through the plasma, well witim the Russian device was much
more balanced, in fact almost the same fields fiteerexternal field and the cell field
due to the plasma. And this was the main diffeeamith Tokamaks. But also the
Russians caught on at a very early date that itimvpsrtant there were no impurities
in the plasma, so they’d spend very long periodsnigathe torus, or the doughnut, it
was stainless steel walls and they bake theserahigh temperatures to get rid of the
impurities before they fired the plasma. In fdetyt spend — when we were there they
spent a whole day — a week just firing shots jostandition the walls, so if you like
just had hydrogen in the wall instead of, you knawessy impurities.

[07:45]

You mentioned that the director was in favour o itiea of meeting up with the

Russians, who was the director at this point?

This was Bas Pease and he was descended froontbadéPease who founded the
Fabian Society, so — so he was from a very kinéfoiving — well socialist party, so
he had a lot of connections, socialist connectioitis the Russians. And I think ...
because of his political leanings, he wasn’t a comist by any means, he was a
democratic [laughs] socialist, but because he efasving | — | think the Russians felt
happy talking to him. And also he was a very aeltuman, he seemed to have, you
know, musically and everything, so he was very muath Russian culture, especially
on the music side. So | think the Russians had aflrespect for him and they felt

they could speak to him but | don't think they abdb to the — to the Americans
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because | don’t think the Americans had an equintatantellectually they had them

but not — not a cultural type of person.

You mentioned him once or twice in the interviengady, how much of him had you
actually seen when you were working in Culham up tims point?

Well this is back in Harwell, | knew him from th&eZ A days because he was the lead
- yes, lead physicist really, you know. And he aafriving force and very dynamic.
He was basically a neutron — neutron physicist, s his expertise, but he was very
keen on diagnostics because he — he recognisefiidhatlay one that the world was
going to progress in fusion work and that’'s whydegeloped advanced diagnostics.
And all the time | worked with him he gave us atdilank cheque on money, staff,
whatever we wanted to do we had top priority. WWHithink is about the only project
[laughs] | could ever say that for.

What was he actually like as a manager to work for?

Very supportive, but he was very — quite hard ptg/srise, he’'d take you to task,

he’d like — he liked roughing, he liked intellectwaughing people up, particularly my
colleague David Evans, he used to enjoy a tussia fim. Because he came in from
a different background, he was a cosmic ray marh@toss — his professor had
been a Nobel laureate so — and | think he usedue h go at Dave Evans and try and
— well find faults in our physics. But the problevas that in neutrons you — we
looked at light scattering and we used to see din@ws phenomena, but he knew a lot
about neutron scattering where you get differepé tgf phenomena and he was
always trying to ask us why we hadn’t seen thes®wa phenomena that the neutron
physicists, so it's hard to argue on things likatfftaughs]. But he definitely enjoyed,
you know, as | say roughing you up a bit on yowsits, and challenging you and ...
but it's all done very positively, it wasn’t a peral thing. Though | did notice
sometimes we had this Professor Bradley working w# on optics, and he took him
to task on some plasma physics once and he waswupset [laughs], that wasn't his
expertise so — but Bas Pease wasn't, you knowastjust his normal currency, it

wasn’t meant to be aggressive or anything like. that



Mike Forrest Page 131
C1379/48 Track 8

[11:26]

When did you first personally hear about the pabsitof you might be sent to

Russia?

Well it was in 1968 when | heard this being mooted,knew that this — well Nick
Peacock who | was working — well he wasn’t actually boss at that time, he told me
that there’s a team going and he was going asdarspeopist, he hadn’t done
scattering [laughs] and there were going to bectltber high — high powered people
going to Russia to speak to Artsimovitch. And while were there Bas Pease
realised there’s only two people back in Culhamli@@gtually do it and that was
Derek Robinson who had done scattering on ZETArayself, so we — he actually
spoke to us and he was very keen from day oneindatstch wanted us to work there
and do Thomson scattering, because he’d seeNaturepaper, Dave Evans and
myself, and de Silva, so he knew we could do ihdAe’d seen Derek’s paper on
ZETA which had followed out work, so he knew heldado it. And I think he also
knew that the Americans were capable because imtd@m the Americans had done
some Thomson scattering on the stellaratothey had the technology as well, but |
don’t think politically the Russians could have edlithe Americans [laughs]. And

I’'m pretty sure the Americans wouldn’t have gongvaaly so politically they couldn’t
have done it. Anyway, after this high powered date®n had been to Russia, they
came back and Bas Pease called Nick and mysetidia said — and | can’t
remember if Derek Robinson was there, | don’t thiekwas anyway, and he said,
‘We’ve got to form a team, who’s it going to be® &aid, ‘Peacock,” because Nick
Peacock was senior to me and — because as | s&yalass spectroscopist, though he
didn’t have the scattering experience, they needeelavyweight physicist to front it.
And Derek wasn't senior enough either, Derek wasdhs] even younger than me, so
Derek — so Nick Peacock was put in charge, andnegvkhat Derek Robinson was
going to be out there for a year from the autumi®®fwith his wife Marion. So we
needed one other person so Nick Peacock had thesimentalist with him, Peter
Wilcock, who was exceptionally good all-roundertiog electrical, electronics and
engineering design, he was good at everything, diymas well and | had this very
good technician called Harry Jones so that wasgtitbe the team. And when we —

equipment and we were to go out to Russia evegtuad’d then join up with Derek
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and the Russians would lay on one of their youpgeple to join us and this was
Volodiya Sannikov who had really just — he didréive his full PhD, or kandidat they
call in Russia, he didn’t have his full PhD so tigs going to go towards that | think,
but — but he was going to be the man that — thaydtto get it all done and interface
us with — with the Russians, which was a non-ttithang [laughs].

What did you think about the idea of being semussia?

Personally I think it's — | was more worried abowy family because my family was
quite young, so | think that was — and | knew iswg@ing to be quite — although we
weren’t going to go there for a year, like DerelbRson was going to be there for a
year with his wife, we were only going to be owtréhfor six or eight week stints
which is still [laughs] — we knew was going to hetgq difficult, so | think that was
my reac — on the personal side that was my reaalmit nervous as far as the
family. But I think | — on the physics point ofewr | saw it as a chall — you know,
logistical challenge more than a physics challdmggause | didn’t think it was, you
know, physics wise it wasn’t really much more adsethfrom our previous scattering

experiment.

Whereas the logistics was?

Well logistics was they wanted all this — well By go back to the trip, to the
planning trip, after the planning trip, we realigbdy’d wanted all out there within
four months of us — the visit, so we had to plat design and manufacture a very

complex scattering experiment in three or four rhent

[16:10]

What was the planning trip?

Well when the high powered delegation got backasthey sussed out that we
couldn’t just build something in England [laughapaake it out there, so the

Russians asked the state committee if two of uklapu out and make a planning

visit to reconnoitre the experiment and environneaerd report back. In fact at that
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stage we could have — if we come back and said rtit practical,’ if we’'d said —
found reasons why it's not practical they'd hawepgied it, but. So we had this very
formal invitation from the Russians saying, welauphs], ‘State committee’s
decided, Peter Wilcock and Mike Forrest can conteraake a planning visit,” so.
And as part of the agreement, ongoing agreemetiteomain Thomson scattering
experiment on T3, they saw it as part of the mgire@ment agreed with the Minister

of Technology.
So where did you actually go?

Well it was direct to Moscow, that was my firsptto Russia and Peter Wilcock’s, so.
We were met at the airport by Volodiya Sannikoe, yloung Russian who was going
to work with us. In fact when we arrived it wasvell | think it was December the
9™ so it was deepest Russian winter, cold one as{laeghs], so that hit us quite a
blast when we got off the plane, and even morelsenvwe got out of the car to go
into the hotel, so. 1 think it was quite a nicddiaight in the middle of Moscow,
Hotel Budapest we stayed in. That was a bit ¢faxk because we walked into the
dining room and it was full of Russian officersyywe- most of them type of general
grades and full of these very high ranking and Igeddl of them had ladies with them,
a lot of them had very attractive young ladies ariew had fat ladies, so we were
musing that the ones with fat ladies, those weeé thives and the others were their
[laughs] various assistants and various guisesd wa actually — the restaurant was
full and this — two Russian officers were on tleim in fact at this table, there were
four Russian generals dripping with gold, red, t#rey beckoned us across and we sat
down and as soon as we spoke we could see thes feaze, they realised we were
English, anyway they made their excuses and —lveddire that we were getting very
slow service off the waitress and they signallesl Russian waitress across and told
her to serve us quickly and then they pointedvers nice bottle of Georgian wine
and they said, ‘Please, have that,” and they wiitezause they obviously didn’t
know how to handle this situation. So that wasfwoat taste of Russian life. And
then the first day — in fact I've — my colleaguetdt Wilcock and | have diversions
on this, | think the first day we went out to ske + the Park of Achievements, and
the second day we went to the lab, but Peter WKi§latighs] has a different — he has
complete reverse, so this is one of these memtiniegs where we remember totally
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different things, but it doesn’t affect anybodyt kils just quite interesting how
looking back you remember different things, differevays and — but it doesn’t affect
the materials side. So given my — my version, ¢hep Dennis Ivanov who was the
engineer physicist who designed T3, he picked uatuipe hotel and took us to the
Park of Achievements in Moscow, this is where thlegw off all the latest — they’ve
— exhibitions of all the latest stuff. Of courben it was all space, so we —we
actually saw Gagarin’s space capsule, which waly flaorrific, it was like a
cannonball with — with leather straps inside, yast couldn’t imagine, you know,
going inside that, but you could actually touchht was quite, you know, in your
your life that's one of these things, you know, yend to remember and | remember
that. And I think this is a huge — must have baleout 100 acre site, it was middle of
winter and | think we were about the only touristsre [laughs]. There were these
troikas going around, these little sledges pullgdhoee reindeers, a lot of those going
around with nobody on, anyway Dennis said, ‘Letisagd eat and we’ll start talking
about the project.” So he took us to this restaiaad plied us with vodka, by the
time the food had come [laughs] we were getting,sstoshed | think is the right
word. Anyway, then we started technicalities ardemnded up drawing — didn’t have
any drawings in the machine there, so we endedawidg things on the paper
tablecloth and in fact | — I can recollect tearintg of this back because we’d had a

record because we honestly wouldn’'t have rememtéeedonversation [laughs] so —

[21:20]

But what sort of things did you draw, I'd ask yooawsort of things you actually

talked about but do you actually remember it or walsat bad [laughs]?

Well no he actually — it was really what the acosas, and what he saw were to be
the problems which — and he saw the main problemthafact that the — torus it was
baked to get rid of impurities, they bake the kteery high temperatures, few
hundred degrees centigrade and the problem is-thats that it might distort all our
optics, so that was a big problem. So — but aléhfell into shape the next day when
we visited the lab and we our first night we — [ke@d Marion Robinson who were
going to be there for the year, we went to viséinthat their flat and we had a meal

there so they filled us in on the, you know, tlie in Russia and the problems because
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they’d already had about two months there to gittesiein. Well Derek had started
his theoretical work, he’s one of these guys whadado theory and experiment and
in fact the Russians really thought he was a partan, he — that he was much
[laughs] — considered much more important than weevibecause he was the
theoretician, even though he was much younger,dseseveral years younger than
me and a lot younger than Nick Peacock, you know,Reter Wilcock’s and —

What sort of chap was he?

Very dynamic, slightly — well overenth — overentiass$ic | suppose is the right word,
but very very bright, but he was hands-on expertalest as well as theoretician as
well so — and as | said he’d done scattering bacKBTA as well so he knew all the
technicalities of — about the scattering. Andreaplan was he’d join up with us and
Marion would suss out any day to day problems wvelde living outside the lab, you
know, getting food and any — if any problem shauide, and in fact — and she’d find
out where we could get things and — or visits wal@onake to she — but she’d

occupy herself some time because she wasn’t allanvda lab.

[23:30]

But anyway the — the second day we — we went tétethand then we met Slava
Strelkov, he was the group leader so he’s the reahdown from Artsimovitch, in
charge of Tokamaks. In fact he’s the man thatyeidl the day to day development
because Artsimovitch was the chief government sisigiso he had a lot of other
projects on like the, you know, observatories twtaf weapons work and rockets,
everything, he was in charge of everything fronul-dtop, so fusion was just one
part of his — | think it was his main interest Ritelkov was the one that kept — kept
the ball rolling. And —

What sort of welcome did you get?
Very very warm welcome, and he’d briefed us onghgsics of the machine because

Derek knew about Tokamaks but Peter and | didniwedad a lesson on physics

Tokamaks and what he saw the problems were. Taéesked us to wander round
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and do our own evaluation of what we [laughs] —tleight would be the problems,
you know, they — they soon fell into place. Onene he pointed out was the voltage
supply was very variable, you could drop by thirtjts, the main voltage, and it had
a very old power station nearby, not — not atellble. But the story went that one
day the voltage dropped that everything startegmng out, the machines started
playing up, Artsimovitch happened to be around lamdang up the power station
manager and said, ‘This is chief government s@ehgre, turn the power up or you'll
be in trouble,” so the — this is true story andRessians fell about at this, they — they
thought it was a great joke and — but anyway dlfftar they’d apparently — the voltage
never dropped [both laugh]. But because of thegriggested we actually put a
device in, so that if the voltage did drop we hagbacial transformation, so if the
voltage did drop we could sense it and turn théagel up because our equipment
wouldn’t tolerate more than a few percentage viamadn mains voltage. And then
[laughs] — then we soon found a lot of problembe F we went down to the
basement where the laser was going to be, wedtsiti) and you could feel the
vibration through your feet, in fact what it wasete was a membrane full between
concrete rafters with sand underneath, but the Badgulled away so it was a drum
— drum effect, and when the generators startetiiggloor went into resonance and |
think it was actually moving probably a millimeuleflection and so. Totally —we
couldn’t have lined up a laser or any optics. Beter was an expert on building very
stable mounts, so he knew as soon as we got batk#ee to design a special mount
to handle this. And the other thing again in Petéomain was a lot of stray
magnetic fields from the machine would have knoatetour photomultipliers which
we used to detect the laser scattered light, thatamother problem. And then when
it came to the optics, we realised, well they smaliwe’d have to put re-entrant optics
because they'd had long ports on long cheese ldage sections, so the windows
were quite a long way away from the machine, abtuabst a metre away from the
plasma, so | realised I'd have to design a [spkciaptics that would slide down into

this re-entrant optics we called it.

Re-entrant?

Well more or less just like a periscope stickingvdpexcept it was like elongated

telescope if you can imagine that, like [laugh&ffectively a set of periscopes putting
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in, but the trouble is you know | mentioned thad liming was baked, well the
windows would have to go up to those temperatunestiae optical glass we used,
those temperatures would have flowed and would ,haue know, become very —
very — distort the image going through it. So weoeuld have to allow for that in our
design and in fact in the event we — we actuall{eweooled, had to put water cooling
round the lenses. Another thing was | — | mentibtiat they spent a whole day
conditioning the machine trying to get rid of theibbish, well if they — they did this
our windows, our collection windows would get caemwith a — the rubbish, if you
deposit on our cold — because our windows were tt@dubbish would, the
impurities, deposit on that [laughs] so we to puitgers — we had to get shutters that
worked on a vacuum [laughs] to protect these wirgjame that's another thing as
well. So these are all sort of things, you knowew you see experiments you don’t
realise that these little things, they could kinllexperiment, you have to allow for.
And also | started saying there were a lot of sinagnetic fields, so Peter designed a
— a double metal shielding for the — for the miuikifs which observed the metal, the
magnetic fields. And also we decided then we’ddreeecreened room to put all our
photomultipliers and — not photomultipliers, theilescopes equipment otherwise all
our signals would be wiped out by the stray magrfetids and electrical signals and
— because in Culham we always had a much moreougazarthing policy to get rid
of electrical signals, noise. But the Russians'tidave any firm philosophy on
earthing so we knew we’d have to have our own dooiilr own earth system, so this
was effectively a Faraday cage, you know, a st@st that you mount all your
equipment in that can’t see the electrical noise.

[29:45]

| was wondering, could you actually describe winat+ where was all this taking

place in Moscow?

It was on the outskirts, about three miles ouhmAtomic Energy Institute which
effectively their weapons [lab] — it had been higtally as a weapons place and when
we were there it was — there was areas we coujgnitto and we thought it was used
for nuclear reactor — you know, well naval reactevelopment, that's what we

thought it was but — but we purposely weren't istfiue about these things. You
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know, | mean didn’t want to rock the boat or [lagpAnyway that would embarrass

our guests if we said — asked anything untoward, .er

Can you actually describe what this — you knowyipgan mind, I've never been
there before, I've no idea what the place looks,likhat's — what's actually there in

this research institute if | were to turn up at finent gate, what would | see?

As a somewhat forbidding gate, arched gate whiechdan't actually go through
[laughs], a grand entrance. And then a — to thefdhat was a mansion which |
suppose was their admin HQ, and then behind thésti@equivalent of our aircraft
hangars that we had in Harwell, but in fact theyenauch smaller than that, they
were — and they were stone built. And all this wary nicely situated amongst trees,
I mean it was, you know, quite pleasant environmé&hit was quite — what was quite
striking, when we went to the lab, not just thetfolay but after that we could just —
this is a very highly classified lab and neitheths# security people had been told
about us but they just — they just nodded as weeryalay, we — like even you know,
| couldn’t get into Aldermaston or Harwell justdikhat, without having to fill in
forms or — but that was quite surprising. Butppose what it was they’d had so —
they had so few visitors there they [laughs] — itideen told who you were, we’d
obviously been photographed and I think they hagd shots of us but they were all
quite affable. In fact | don’t recollect them bgiarmed as much as our — the
Aldermaston were, defence lab here, and they nigih had arms hidden but they

weren’t outwardly carrying arms.

What was it like inside compared to working at Gufthor Harwell?

Wasn't — except for the language it wasn’t too mdiferent, | think I've noticed that
when you go to international labs they can drop iyaue or less anywhere and that
once you've got around the plugs and sockets siwins to be the biggest thing

[laughs], plug anything in, that's —

[32:40]
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We — that was what the other thing we had to pkretty quickly on, we had to
interface all our electronics with the Tokamak T&c&onics and wiring systems, so
we knew we’d have to take a lot of equipment jusidcomplish that. Again that was
Peter's — because Peter was the electrical antt@ézman and | looked after the
optics. And also back to the optics, we were -waated to scan the radius of — of
the plasma to look at the temperature at varioust®so | knew I'd have to design
some optics that could do this, so | developeddiof prisms you could push up

into these periscopes and each one could lookldfteaent part of the plasma.

Whereabouts in this research establishment is dkamhak?

Well | should say it's about [laughs] fifty yard#ty metres if you like away from the
main entrance, very very close and it wasn't in-thewasn’t in the inner fence, it
various obviously, more classified areas had meneds around, but it was inside the
first fence so it obviously wasn’t highly classdielt might have been in the past but
— but I don’t think many ordinary Russians wouldé@ot in there even. In fact |

met Russians in other establishments and they’dmasen there because it was

essentially a military or weapons place.

You mentioned what the Tokamak actually was, ljustsvondering could you give

me an idea of —

[34:30]

| should probably mention today we’d wandered ab@ulham labs and I've been
very much struck by not just sort of experimekis JET which are in the middle of
all this, but all the paraphernalia around it, amgvas just wondering if you could
give me a sense of what it's actually like to sbrvalk into that room with the

Tokamak there and look around, | mean what do yuadly see?

Well the — the main thing you look for is how muth like or not like your own
equipment [laughs] and that — | mean the main tkingck me, how crude it looked
compared to our equipment and it turned out treRbssians obviously had a lot less

resources, in fact that was the other thing on exgeriments that there were a lot
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less staff working there. And the only — if yowsa vacuum flange, the only
machine - the bit that matters to a good finiekytmight leave other bits quite —in
the original format on the machine. And in faaitiphilosophy was you don’t do
anything unless you have to do it because it qostsey effort and time so it — so
their equipment didn’t look as pretty as ours, ybl&ve noticed walking round ours
looks like a Swiss watch factory [laughs], wherdesRussians tended to be the
reverse of that. It was very functional, | meastin fact the lesson was their
Tokamak worked better than our [laughs] — our dewvigo even though it didn’t look

as good it actually worked more efficiently.

What do you actually see in that room, can you rlesevhat the room actually is,

what does it look like?

Well the first thing you see, like all these thingsetal cage, screened cage with
interlocks because it's high voltage, you havertak — get through those. And then
it's just like ZETA, a large transformer, about tand half metres high, with a torus
threaded through the middle with a lot of blackurrgunded by a lot of black cables,
almost seen in random fashion compared to what &re wsed to and the diagnostics
were mounted on much — well less fancy mounts Wamwere used to. But all our
diagnostics was always on very precise mounts,omdachange things, but theirs
tend to be, well lashed up | think is the ... bestodiption. But again it worked so
what can you say. But also | don't think they laadnany diagnostics honours [ph], |
think they used to concentrate on the few diagosséind have very good people on
them. That was a — one feature they tend to #kthny diagnostic, any physicist on
it was quite a distinguished physicist, perhaps, kmow, | hate to say it but probably
higher than our people. On ZETA quite often yol&Vve a chap, might not even have
a PhD on a diagnostic, but there | think any diatjlsavas manned by a very
competent physicist. And historically | think tisaivhy ZETA got in trouble on
neutrons because there was that philosophy thaténeled — because this young
chap came from Cambridge, they trusted him to dagrutron diagnostics, well
Russia wouldn’'t have done that, they'd have usedBloggs who was a top neutron

guy [laughs], no matter where he came from, evémey’d got him in from outside.

Who was the chap from Cambridge?
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... | forget his name now [both laugh].

[38:00]

| was wondering, you’'ve mentioned quite a few offeaple sort of in passing, both
British and the Russians you encountered, | wasdenng if we could just sort of run
down the list of people you actually were goingvtok out there with, you mentioned
that on this trip — the first trip when you went ¢lere you were —

Peter Wilcock was the one | was with first of aind he’s a big burly chap, he was
Imperial College, a rowing man, and very — vernyhestastic and perfectionist,
whatever he did was, you know, even his hobbig&lughs] carried it through to,
you know, to get maximum extent. And even in egtient he’s — he plays bowls and
he went from not playing bowls to being a coungyglr in three months and this is a
measure of this man, and he was like that in ekigrgthe did. And also he was a
local politician, which somewhat surprised the Rarss [laughs], | think he was a
Conservative councillor. But he was very good twkwvith technically, well
probably best people I've come across, all aroectrically, but he didn't like — he
didn’t like writing things up which was his downffélecause that’'s how we know —

that's how we were measured, in your publication€ulham and Harwell.

What was his speciality?

Well basically electronics, but he could do anyghieally. And he was very good at

mechanical design and ...

[39:30]

Hmm. And you mentioned that your boss was Nickdtdéa

Yes.

And what sort of person was he?



Mike Forrest Page 142
C1379/48 Track 8

Well [laughs] what you might call a Scottish hardrmhe was weaned on single malt
whiskeys and he was a mountaineering man, wheraeati_iverpool University, he
was a mountaineer, and he — very keen on — he cedcilé nearly all Robby Burns
poems. He always used to have a party at his rmu8irns Night, but you didn’t go
— I never went because | didn’t drink whiskey [lagl seriously, you wouldn’t
believe that, you didn’t go unless you were a hvelncskey man and | just don't like
whiskey so | didn’t go. But — and also he wasgete in his own right, in his young
days — he started off in Aldermaston, he was aweapons bloke and when he was a
young man he didn’t have a sports car like othem,rhe used to have a van with a
mattress in the back to accommodate the localddtheghs]. This impressed all his
mates, yes. But time | came across him he’d caldos¢h a bit and he was married
and respectable [both laugh]. But again he haeraabrasive sense of humour
which used to — another one who liked to rough aded to rough people up on their
physics, he’d challenge whatever you said. Andvaen’t very gentle with it, | mean
he was almost to the point of rudeness but youpdeddhat, | mean you knew that
was the game. He’d quite often — well not quiteof he reduced a few students to
tears because he just said that they weren’t —tveellas, he was trying to get more
out of them, he knew — he used to assess what ffemg#e were capable of and he
used to get really annoyed if they didn’'t produagy know, the goods, this is

particularly for PhD students. And he wouldn’t bavhe wouldn’t have girl students.

Why?

Well he seemed a — | mean slightly chauvinistiaglas], used to push the girl
students to me [laughs]. But I think if — | thiifkhe did have them they'd have been
in the tears most of the time so — because he was gou know, hard on ... we had
one very good Italian physicist who I've mentioredll mention later on and he
reduced him to — he asked him to design a lasewéed he showed the design to
Nick, Nick said, ‘That’s about what an A level stund would do,” and this guy had
passed out top in Rome on the physics exams,ust +jhe actually cried, so |
thought [both laugh]. But it had the desired effbe went away and put his standard

up.
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You said that Nick was technically your boss os fnoject.

Yes.

What was he like to work for [laughs]?

... Well he left us to it to be honest [laughs], @svonly when we got to Moscow that

he flexed his muscles at all and | think well halisd he couldn’t ... really compete.

[42:40]

| think — I mean sorry, going back slightly, obvébyl had to do the — doing the
optics so | had to do the signal to noise calcohetiand that, and he checked all these
and there was the big problem which is going teuleaquite largely in this later on
but — but the background light, because the Rusgjanrid of the impurities, they
argued the background light was very low and tHayred they’d actually measured
this, John Sheglov, their chief spectroscopist Mia&’s equivalent, he’d measured
this so | based my signal to noise calculationghes) quite naturally. And when Nick
Peacock checked all this and his — he said [laugBskh, they've got a very good,’ z
effective is the word that tells you the amourntdhe background light you get as a
measure of that, he said, ‘Very good z effectivaythe got, but John Sheglov, yes,
okay, we go along with that.” So that was his inpttially, checking my calculations
which is naturally his job. And also we ... theresvigpe of — not a review, but we
had to present our plans in front of the — our grjust to make — so people — other
physicists around could have a go at us to seatiieh is slightly false because none
of them had done scattering anyway [laughs], baut, know, people can always ask

awkward questions and — but most of them aboupliysics, you know.

What sort of meetings were those?

Was just a bit like a divisional meeting where tldegall in all the top physicists and
— well and senior staff and you’d outline what yeujoing to measure and how
you’re going to measure it and they’'d all say, ‘Hawu thought of this, have you

thought of that?’ but as | say there was nobodyadd — the only person who could
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challenge was Derek and he was out to Moscow anylatih laugh]. So there was
nobody there with any scattering experience, bey ttould ask us about the Tokamak

physics which none of us knew anyway so that was ...

[44:40]

| think the other person you mentioned was Harnye3®

Harry Jones was our chief — well he was — Davidniswvand my chief technician from
before, he’s the guy that we were trying to recauthief technician and on the
promotion board there were two — not promotionfuiiment board, there were two
very senior engineers, in fact senior to Dave Exartsmyself, and they wouldn’t
take him on because they said, ‘He hasn’t got peadmal qualifications,’ but | said,
‘He’s been chief engineer, chief electrical engimmethe Cunard Ship,’ | said, ‘If
you can do that, you can do anything.” Imaginexgen the middle of the ocean and
the electrics goes on, wouldn’t want — don’t mattbiat degree you've got, it's you
know, anyway they huffed and puffed and in the amdjust overruled the engineers
because going to work for us. They actually pigrenal complaint in but because he
was going to work for us — well the problem wagy gechnicians, promotion came
under the engineering side, so they would havey @sdis future, you know,
progression, so we took a slight risk in doing thatwe just wanted him. And it was
— it was one of the [laughs] best decisions we ewvadle, yes. And the other thing, he
was a Scouser, so he soon got the football teabulimam together, so that meant we
had — in every workshop, whatever in Culham, we d&abtballer, if ever we wanted
a job done [laughs] Harry got top priority so — hetwas a very useful guy. But he
was marvellous at logistics, he — you could tath what you want done and he’'d
organise it all and he’d lick all these people istape and that.

Can you give me just one example of that sortingth

... Trying to think of something offhand. | thinkathmainly in the workshops,

there’d been like prior — if you went to workshte’'d be a priority list, they’d say,
‘Oh we can'’t do it because so and so has got abieaoli,” ‘Well Harry, go and have
a word,” and [laughs] we’d suddenly be top of tihenty list, that was one example.
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And also | think when we ... dealing with the Russiane found he was very good at
man to man, he could speak to — in fact | thinlotten spoke football to them, that
was one of his strong features there. In facetubat technique when | was — bit
later went to Italy, | found it quite hard talking technicians and then suddenly |
found if you started talking football and concedthgt Italians are better than us they
suddenly became friends. So funny how these thleng®e into science and ... but
seriously Harry was actually very quick technicallythe — | mean he could take
onboard — though he had no physics or any realfmagions, he could understand
technical things very quickly. And he had a veopd feel, if we were designing
things he could say, ‘Oh that won’t be strong ermugr, ‘there’s a better way of
making this,” he was — he had a good feel for etemg. And he wasn’t frightened to
— I mean when you look back, when you had fairlyrfal people in charge of him,

that he could make — make input which is the wahauld be.

[48:10]

We also talked about the British people involvedas wondering if we could collect
one or two of the Russians as well, you sort d&kehlabout a few names in passing

but who are the most important?

Sannikov was the chap to be — attached to us, hiheavas — felt quite sorry in a
way because he wasn’t very experienced and hellydaa the job of interfacing
everything we had with, our equipment with the Rarsgquipment. So he was in a
sharp learning curve, he had to — straightaway déundwhat our stuff did and he had
no scattering experience so that was quite trickyd then the things that we needed
to — some equipment we didn’t have for the intenfig@nd sometimes he had to go to
other institutes in Moscow even further [laughsg&t things. And so some type of
valve we wanted which — a vacuum valve, and hetba to a local vacuum
institute, pull strings there to borrow one of thesmd so he'd be running around and
... S0 he did a marvellous job really, but | thinklpably the best thing he did, he
actually had to quickly understand what we weragoiWe — you know, and the
optics and because he hadn’'t had an awful lot péeence, a lot of advanced optics
or electronics. So he did a very good job, ohthiglvibration stuff on — he actually

got — Peter designed it back in England and healigtiold the Russians to get it



Mike Forrest Page 146
C1379/48 Track 8

manu — they actually manufactured, that’s the galst they manufactured, they did
these massive concrete benches and supports, aodsviayered lead and felt and

various layered shock absorbing mounts and heactually sorted that out for us.

What sort of person was he?

Very self effaced, very quiet, in fact he was ptaipdlaughs] ... | think the trouble is,
he was very inexperienced and he was surroundeetyy- well very top Russian —
there’s a big gap because there aren’t many myuletbple there, there was a layer of
top people and young graduates like him, not $freten postgraduates, like not
quite — not quite PhDs. So it's a big gap, so ¥gwu were dealing either with the
people like him or world class theoretical sciestig was a very weird, bit different,
whereas in Harwell and Culham it was a much maderot all the gaps were
continuity of grades, it wasn't a big jump from tio@ to the bottom, it was all, you
know, gradual steps. | think that's happened beeat a lot less people, they had
very good people and then a few soldiers workimghHem, | that was — that seemed

to be the way it worked.

What sort of background did Sannikov come from?

| think socially he was — | think he — | think hesvfrom an educated — impression he

was educated family, and I think — he was Moscowvelsity and he was —

[51:15]

Well put it this way, the people there on fusiorrevall selected, they were direct — in
the early days they were selected on — they weeetdid into weapons work but
Sannikov told me that him and all the others hashliirected, the top people, that's
his words, top people were directed into fusionicihells you something. So
anybody there that was — were the absolute eliteeoRussian, and without someone
in charge because he — you can imagine he wassthesftist, so he just chose the
best people, so you were surrounded by these.th#erdthere was the technicians
who didn’t speak any English at all, but they weeey [laughs] enthusiastic. Then

when they saw our equipment it was great becawsettiought these were new toys
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and they were very quick on the uptake, very —theg really enjoyed and very
helpful, didn’t have to tell them twice how to dorigs, they just picked up very
quickly and ...

| was going to ask about language actually, | meduat — did you actually learn

Russian or did they speak English or —

Well | knew — | knew a bit of Russian from my pflatighs], we had a crash course

before we went in Culham, but | knew a bit fromdyef

From GCHQ I'm assuming?

And — but it was mainly I think day to day stuffdayou tend to get immersed really,
it's a ... but | was never a very good linguist, Uil it very hard to — Derek, he'd —
they — because they knew they were going to godsddw for a long time they did a
proper — he and Marion did a full time Russian seuand | think he was quite good
linguist anyway. Plus the fact that he’s one elthguys with a photographic
memory, rather painful but he did. And he hadldest Russian. | could get by ... |
was quite adventurous going in the shops on your awd [both laugh] — because

there was no — no foreigners at all in that paitlotcow, yes.

How did you actually get on with Russian scientigten you first met them?

Well they were just — no — it's actually no diffatel mean French, Russian, German,
there’s no difference. Can’t — | couldn’t, you knd’d have to search pretty hard to
find any difference between nationality of scietstisvherever I've worked it's — it's
like a common bond I think.

Do you know how they actually felt about you beirege to measure up for this laser

scattering work?

| didn’t detect any — you know, they weren’t hasgit all about it, in fact, you know,
when we did actually get the temperatures, thetimawas, ‘Well we told you so,’ |

mean which is [laughs] — | think what it was, theéy | think they had — well not
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being rude, but unjustified confidence in their sil@@ments because | don’t think the
measurements were, you know, that accurate, adetigiiem to be. Because in fact
we did find — when we did some of the longer rumsastually found some of the
temperatures were higher than they thought sonayathey’d down — underestimated
the stuff. But as | say to be fair they were viligrough because they always had two
handles on every parameter they were measuringwtsathe official — they had two
ways of measuring density, two ways of measuringsitye — temperature or
confinement, beta [ph] or whatever these paramet®es... but — but trouble is if
[laughs] — in both of these methods, if they’relbatbit wrong that can actually make
it even worse if you think about it. But as | shgre was no — | didn’t detect any
hostility about us going there, | think some ofrtherere quite surprised [laughs], they
thought it was a bit adventurous. | don't thinkyh- | don’t think it — they didn’t

think they could have done it.

[55:20]

What did you sort of — sum up this first trip tosRia as it were, I'm just wondering if
you could briefly just sort of sum up what you atifulearnt from this first expedition

out there?

Well | think the first thing | learnt was that itas worth making, it was 100 per cent
justified making this trip, if we hadn’t made it wethe experiment just wouldn’t have
worked because — because if we'd just designednalatd scattering experiment and
then taken that, it just literally wouldn’t have tked. We had to have handled all
these special problems. In fact there was ondn’dinention, was that in a Tokamak
plasma, when they initially formed the plasma theegevery bright spike of light,
plasma light, and this can knock your photomulkéfdiso again we had to make a
special shutter, optical shutter to stop that s your photomultipliers weren’t
knocked out before you started. This was anotiiegtbut ... we didn’t know about
until we went there [laughs]. But that was pabtécause we didn’t know much about
Tokamak physics so —

How different was Tokamak physics to what you \abeady used to from previous

experiments?
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| think the big difference was this emphasis onunitpes which we hadn’t — | hadn’t
really thought about but ... | — the trouble is, ihthmy viewpoint is already different
because | spent all my time trying to measure thangd not looking at the actual
plasma physics [laughs] so — so | found it veryditarcompare the plasma physics
with that to other devices in Culham. If you likeras the guest performer on
[laughs] — | was given a plasma to measure and eekl— or we'd get a plasma and
use that was a guinea pig source if you like, aadewver got too involved with the
physics at that stage. Later on | found myselfiggtmore involved with the physics
of plasmas but the challenge really in those daas t@ do the actual measurements
and all the understanding of plasma physics wasdehe — in fact that was the
difference then, there’s a much bigger gap betvleertheoreticians and

experimentalists, now they’re much closer.
When did you actually return to Britain?

That was the 1969, about the autumn of ‘69. Thatien we, yes, published all the

results and —
From the first trip | mean.

Oh sorry, that, oh I'm sorry, I'm way ahead thef@h we only spent just before
Christmas, we went on th&'@and | think — no we only had three or four days ou
there, so must have been about thB 112uppose of December, that was '68. Then

‘69 we had to get everything ready for the sprifig April ‘69.
Why the need for the deadline?

It was something to do with the lifetime of the rime, | think they had this window
which | — which in retrospect | don’t think was fified, | think it was just to get us
there in a hurry, but Artsimovitch who was a man ywuldn’t argue with, he said,
‘That’'s a window, April till December,” and I'm ptty convinced to this day that it
was an artificial window, set by him, but he wagswerful that — but it was good —

and it was good for us in a way because it focasgdaninds. Mind you could have
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been negative, it could have made — | mean we duané tried to do things too
quickly, it happened — it actually worked but weulcbhave skimped on something or
— under this pressure, but | think we were verkyyeverything worked. Plus we
had a massive back up from the [laughs] — | meahadeunbelievable resources to —
| mean you can imagine, just all of Culham and Atdston if we wanted it, all —
because all under the same atomic energy umbretiaise we had all the resources
we wanted, so we could really, you know, a bit Bkenoon shot effort | call it

[laughs].

Had that been the case before?

Oh no because it was almost academic before, ghimifirst time I'd — we’d enjoyed

full total priority.

[59:40]

We’d — bit — but I'd always had full financial baok before, but not on a global scale
[both laugh].

Why the difference?

Well because it was so political, | mean it had this had to work [laughs], | mean it
was our prestige on the line and | think even nsoréhe Russians, yes.

It's interesting what you said earlier about notmtiag to sort of get involved in those
political things almost, | was just wondering wiyau made of that political angle at

the time?

Well politically 1 was quite anticommunist but, y&now, | didn’t want to ever show
that or — and what | — when we got there we redlibat the scientists were so
apolitical you wouldn’t believe it, you couldn’t em — they couldn’t even be pulled
into a conversation, they just weren’'t used toitgjkabout politics, it was quite
staggering, | mean that was a ... so | found it ettopplly funny because we were

very used — at lunchtime in Culham, Harwell, staddmnversation would be politics
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or if you went off science or other things, it wastine to have a political discussion
and people right across the board you’'d have oppugws, good discussion but they
just weren't capable of having a political discossbecause it had obviously been

suppressed for so long.

Got one final question, just to tie up this biyds just wondering do you — do you
think it was ... do you think the Russians actuadlyenapolitical that way or were

they just not talking about politics with you besapyou know, because of your —

| think — no, because | never heard them, | thinkas genuine. And I think they
were totally focused — they were much more focysedjhs] — | hate to say it but
they were more focused on the work and they didante interests outside. In fact
even the social things | noticed, when they weatgsd at the weekend they went with

their comrades rather than outside friends, wisdluite interesting.

[End of Track 8]
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Track 9

Mike, | was wondering if we could start today bgatdissing some of the preparations
you made after your first trip to Russia for prejparto return again. How did you

actually prepare for it?

The first thing we had to do was evaluate all #ehhical problems we’d found were
going to face us when we made the proper triphsetwere quite a few — we knew

we’d have to make some technical innovations toaee these problems.

What problems and what innovations?

Well the — one of the severest ones was that tttesaehat was going to — going to
contain our collection optics would collapse on ¢hbéection lenses and actually
destroy it so we knew we’d have to make a mechadesign to stand up to that, and
before that we'd — we’d detected there were sewvidrations on the basement floor,
where we were going to stand the laser. And tkare’'way you could keep the laser
aligned unless we could damp down these vibratiogry, severe vibrations. So we
had to design against that. And then there waslalgm of magnetic pick up which
could knock out the photomultipliers which we usedletect the scattered light. And
we also had to work out how we interfaced all deceonics with the Russian
electronics because they obviously use differemdards, and that area was actually
Peter Wilcock, he was the electronics expert. Arwydask really was to work out an
optical design that collected — well first of alget the laser beam through the plasma
accurately and stop any stray light being genenatadh is the prime problem in

laser scattering, because you're detecting su@nasmall signal, any stray light can
actually just stray — if the laser beam hits ammpsbr any — any spectral reflections
you can lose your actual scattered signal frormetbetrons. So a lot of care went into
designing the collimator section for the laser.dA®yond that, after the laser passes
through the plasma you have to dump the laser, mateall the energy doesn’'t come
back into the plasma so you have to have a veigiait laser dump. We had many
years experience of that's 0. And then we — waadlst had to measure one point in
the plasma, we wanted to do a spatial scan soiseltthis set of prismoidéénses

which we could actually enable us to look at vasipoints in the plasma, so that was
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a — kind of a novel bit of optical design. Andithee had to get the spectrometer and
the collection optics matched into the collectiend, so we collected the maximum

amount of light from the plasma, we couldn’t afféodose any at all.

Why a spatial scan rather than a single point one?

Well because they want to actually work out thedifg@f the plasma, it’s critical to
the understanding of Tokamak physics, you neeatwkthe profile of — of the actual
plasma. So obviously the temperature peaks imilddle and as you get towards the
end it cools off, but plasma stability depends awihg the right shaped profile, so
that was — that was quite important to find ouhéir Tokamak, which we knew was

the most stable, what the profile looked like.

Which of these problems was your most pressingetnfic

| think [laughs] they're all equal, any — if youddi't solve any — any one of these
could have knocked the experiment out, simple ats tAnd also there was a problem
of when they started Tokamak discharge, as it lsrelakvn you get a very big flash of
light and that could swamp your photomultipliersshad to devise a shutter that
would open after this bright flash. So Peter Wikcdevised this shutter which was
just a bit of metal on the end of a solenoid whiehdischarged a capacitor through
and this is more like a weapon than a — becauskrshéew prototypes, the actual
shutter plate shot across the room and so thatqoibk a lot of — well empirical
experimentation you might call it. And even theafidesign, when you fired the
shutter the — this blade used to get stuck atrideoéthis range, so Peter had a bit of
cotton tied to it so he could pull this back aftetd shot, which is — so we had this
very sophisticated diagnostic with a bit of cottorjlaughs], you know, actually make
it work. And this was picked up by Artsimovitchgtchief Russian scientist, because
one day | was on my own and he was walking arobadkperiment and he said,
‘Mike, what's this bit of cotton for?’ and when kxgained to him he slapped his side
and roared with laughter, and he said, ‘That's wieail real physics,” you know.

And then there was the — there were quite a fewrgiloblems I'm trying to think of.
Oh I think I mentioned before the problem with ttudtage supply, we knew the

voltage was going to droop by tens of volts so ateally took a bit of equipment that
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would detect if the volts fell and we could brirngtvolts back up to the levels our
equipment worked at. Again that was something thiaeunless you covered our

equipment just wouldn’t have worked.

[06:10]

Did you see what you'd been asked to do in Russ@adahallenge, as a big

challenge?

| saw it as — | didn’t see it as a physics chaleehgcause we’d more or less measured
these parameters before in our own plasmas, amouglh we hadn’t worked at such
low density we knew the people in Princeton haldey'd done it on stellarator
plasma, so we knew that — from our calculationkn@v we had sensitivity [ph].

But to us the real challenge was just logistiaajust design and have this
manufactured in three or four months, because tlssiBns had a time slot, they
wanted us to get in by the following April. So weajone in this December one year
and they wanted it by April next year, want us éotheere and they were going to give
us a six to nine month slot, and then | think tteehine was due to be upgraded after
that.

When you said low density a moment ago, is thatllensity of the plasma or ...?

That's the actual plasma, number of electrons petimetre cube or per metre cube,

however your units go.

[07:20]

What was that three to four month period actuakg?

Frantic [laughs]. Well first of all we had to — lkd had to check our calculations to
see that we had a laser powerful enough and wéohadvell the main thing is to get
the laser light to stand out against the plasnid,ligecause the plasmas emit a
background light called Bremsstrahlung light. Ahd Russians had told us about

this background level — light was, this is quiterigical thing as you hear later on.
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And John Sheglov, their chief spectroscopist, leetially measured — well in —
absolutely the level of background light, thougatitad anyway from the plasma,
through a sapphire window on the machine, and sedaur signal to noise
calculations on the figures he gave us. And ti le®ked a very clean plasma, so
what that meant was the z effect of the plasm#haomeant that atoms that were
emitting were very low atomic numbers, so not gl&mydrogen light plasma. But —
so we assumed we’d had very low light levels tatend with, to overcome, but this
was to, you know, prove a stumbling block laterthig is an assumption we'd been

planned on which was actually wrong.

Where does background light actually come front, sloat of reaction?

Well this is from the electrons — well it's a Idt-eit is a lot of impurities just

emitting, because you get impurities off the weadtlining off, gas line radiation, then
you get the electrons called Bremsstrahlung, tletentinuum radiation, so two
forms. So quite often you see a continuum radiatidh lines sitting on top of it.

But if we look at just the few hundred angstromshatt, or tens of nanometers of that
range, so you — usually we do surveys of these mesiio see what the background
light is in that particular area.

How much of a problem is background light for takactcurate —

Well that is the [laughs] — the basic — that's wioy need powerful lasers to

overcome this, that’s the basic physics.

[09:50]

Hmm. | was wondering if you could talk me throtiggt three to four month period

of actually getting prepared to return?

The very first thing obviously was to just lay itand get — get ... | can explain, the
overall concept, get that agreed between oursdRetey Wilcock and | were — more
or less that between ourselves, | did all the aptiesign and he did the electrical and

a lot of mechanical details. And also we had t&ensure we had enough effort and
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we knew we couldn’t do it with just the Culham restes, which were pretty strong,
we had a lot of resources, but to get it doneshat scale — timescale we had — we
knew we’d have to call in Aldermaston as well. Buthose days the weapons people
were under the same umbrella as us so our dirgptike to their director and they
laid on the effort, and we already had an histbgoanection with these people, this
chap called Bill Waller who built all the trial 9gsns for weapons, he was a close
friend of ours and he was very interested in ouicap— he was actually an optical
man, so his outfit was geared up to build our spestters. And in fact all the way to
the optical side, except for the lens and winddiws,optical components which were
made outside, all the mechanical stuff was donaldgrmaston. And he had quite a
big team working more or less round the clock f®ion that. And then we had — then
the whole logistical thing was pulled together byriy Jones, our chief technician,
this is a chap from Liverpool, very good chap arccbmmandeered all the
workshops, all the resources we needed and ... aodaad needed quite intense
drawing office effort initially just to get evenryitig drawn up, to get it manufactured,
so again that [laughs] more or less we used aliithe/ing office resources in the lab
to get this underway. It was a pulsed effort, knaw, so everybody was very keen
to help.

[12:15]

Is it still the same sort of core team of peoplekivig that we discussed last time,

have there been any additions or changes?

The only difference was that — well we mentionedriov, the Russian out there, he
was preparing stuff out there and Derek Robins@hMarion, they’d gone out for
their year, well we’d met them on a previous tiptisey were preparing the ground
for us and when we had queries we used to telepthooegh to Moscow to — because
we’d obviously — we hadn’t taken all the measuretsiene had to go back and say,
‘Can you check this is a certain height?’ or, ‘Gaun check these flange dimensions?’
or, ‘How does this fit?’ and a lot of actual phyadiparameters we had to get checked,
so it was useful having somebody out there whotdally done some scattering on
ZETA as well so — very useful having that. Andrtherere — well [laughs] wasn’t

just getting an experiment done, there were paliigsues as well because at that
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time there was an embargo on taking certain stuRussia. Americans had largely
generated this list and one of the areas was desewith an extended red
performance, they could look into the far infra-re&hd our photomultipliers we
wanted to use had this extended response, sotithiacwere on the banned list, so
we had to disguise those and not admit that they Weughs] — did have this
performance, because they were actually militagt@multipliers and — which RCA
had supplied for us. But this didn’t present aopem because once they were inside
the equipment, nobody know — they weren't labeddeduch, you know, and we knew

they were due to come back to the UK after thaedarpent was finished.

[14:15]

What does the photomultiplier actually do, juselfigi, it's —

Well it just amplifies light, if you get — when tlhotons come — scatter photons
emitted by the — well scattered back to the — ftbenplasma, there’s a lens that
collects this as efficient as you can and this go#e photo cathode on the
photomultiplier and this then generates just &leiof electrons, so after that you
have a string of what they called dynodes, witfed#nt high voltages on, which
amplifies the number of electrons and these arthink there are about twelve stages
so you had to gain a few million to — so you stéth just a few electrons and then
you end up with millions of them, electrons, so g@&t then a current you can
measure. Then we put the signal onto what in tdags were oscilloscopes, old
fashioned cathode ray tubes, but the problem wengadthese laser pulses were very
short so we had to use very special oscilloscapeseasure these. The pulse is only
twenty to thirty nanoseconds, so we had to usee¢hglatest oscilloscopes to

measure these signals.

You mentioned that one of your major tasks overgkriod was doing the optical
design and I'm just wondering what exactly were glesigning and how do you

actually do optical design at this time?

[Laughs] The first bit is you've got to know exac# you've got to cone the light

you're collecting from the plasma, and you've gotiake sure that you don’t throw
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that cone away. So if you like you match that cohleght right through all your

relay system and through your spectrometer, sésthdiasic thing. And also you
have max — obviously the maximum aptitude you caretand in those days we
didn’t have antireflection coatings which we woblave these days, so we did have
quite a loss — a lot of loss on components. Stried to reduce the number of
components and to do this we actually used fibtegpso that saved a lot of relay
lenses, you could just put the light in one endrobptical fibre, and it was all
contained and came back out of the end at the sanm& same f-number if you like.
So we were pioneering fibre optics in those daykthase — and these have been built
for us by Barnes Stroud in Glasgow who did a latndftary optics. And then the
spectrometer had to be — this is the device thatly spreads light out spectrally, so
we had a spectrum of a few hundred angstroms &l this was split up by putting
it onto a diffraction grating and it went on thenat series of optical fibres that split
the light up and each one of these ten channels ov#a a separate photomultiplier.
So the hotter the plasma was, the more spreadaeifrom your light so you'd have
more channels activated. So the basic thing igufjust have laser light you just
occupy one of these channels, but as the plasmaotfet it spread into further
channels so — and this spread was a direct meaktire plasma temperature.
Another factor was to the amount of light you gettgered, as a direct reflection of
the density of the plasma, so the more electronshave in the plasma, the more light
you get scattered, it's quite a simple thing [lasigbut the complicated part is to
actually calibrate this real — relate this scattesignal you get to actual densities, so
that was — that was quite — that was quite a phymicblem. Absolute photometric
calibrations is one of the most difficult thingsdo. In fact later on we’ve [laughs] —

we couldn’t agree between us how to do it.

[18:25]

That was one of the few disputes we had.

How much contact did you have with — well let’setakysicists in this case over the

physics problems, how much contact did you have etiter groups then outside your

own?
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In — do you mean in Culham or back | Moscow?

In Culham?

Well no because [laughs] — well because we — alktkpertise was with us [laughs],
nobody else could help us, well except — | meatigimet totally true, things like
electronics, once we drew on expertise, that REtkock could do most of it, we

still drew on people in Aldermaston who had hadegignce of fast pulse techniques
and other things. But we were pretty well selfteamed because we’d been doing
this for five years or more, so we had the experitsvas just the physical effort we
had to get hold of.

You mentioned the involvement of the drawing oiffi¢his as well, I'm just
wondering where does the drawing office fit intis fhrocess of getting everything

ready?

What — well everything’s [laughs] — | mean all thygtics, that's been mounted on
precision mounts, so that itself was quite demapndrcupation, and the spectrometer
again had to be mounted on a — you know, a trol\&e used spectrometer we’d
developed ourselves, but this had been mountedvenyaigid base, this had to be
made, then there had to be a box to contain theophdtipliers which sat behind the
spectrometer. And then there was all the relaicpibte periscope that looked at
these prisms | mentioned, that had to be mountessarell on a — again also a
precision engineering, what you might call Swigsetgngineering | call it. So it was
very big engineering content, and then there wadaber benches and the mounts for
the lenses in the basement that directed the —tinerprism, that directed the light
back through the torus. So quite a lot of mechardetail there and this took, well,
quite a lot of drawing office effort. And then thd mentioned this — at this —the re-
entrant optic that looked in because we neededltect maximum amount of light,
we’d all stick our lenses up into the machine,laseas we could, but the trouble was
they had to have windows there and these windowsdaget dirty if you left them
exposed to the plasma all the time, so the dranghitdhad to design these special
shutters that worked in vacuum, that we could apahclose just when we needed to.

So it was quite a complicated design, and alsousecthe bake the machine between
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300 and 400 degrees the reflections windows wowdud actually melt or distort,
so we actually had to have water cooling on thedawrs as well, so all these had to
be fed through into the device. And of course ith& high voltage machine as well
so you had to be aware of that, had to make swraligin’'t conduct the high voltage
out of your equipment. And this — a lot of probtewith earthing, when you’ve got
these machines with a lot of current flowing, yaugot a lot of electrical pick-up, so
Peter Wilcock sorted out the best way to eartimtaehine to get rid of all this stray

electrical noise.

[21:55]

You talk about things like lenses and prisms, axeactually making these yourself

or are they —

No, we had this very useful chap called Bill Bahawvorked at a firm called Keeler
Optical, who normally made ophthalmic lenses amug and we latched onto him in
the early days and he really got involved becaesthbught, you know, optical —
spectacle lenses are very boring, so he thoughteve very exciting. So he — and
also he could source all the special quartz mateeaneeded because if you put a
laser beam through ordinary glass, there’s so nmapyrities that the impurities
absorb the light and they actually explode, solyave to use very pure Spectrosil
quartz, and you could source all this. And he &adry quick turnaround time, he
used to make stuff for us in days, prisms and kasel that. And also he’d advise us
on the best — we’d specify the lens and he’d gai,well, if you made it this shape
instead of that shape it's better to make,” ancadd depend on his expertise. This
chap — his firm was in Windsor, just the other safléhe river from Windsor Castle
[laughs] and | became very friendly with him, hesveabig golfer, an all round
sportsmen, you know. He could have been a couitleter but his family made

him work instead [laughs]. But it seemed a bihicousing him and then on the

mechanical side we used the very sophisticated ovesajpaughs] people.

How did other people within Culham see the work weve involved in, did you ever
talk about it with —



Mike Forrest Page 161
C1379/48 Track 9

Well they were very — they were very — well yesytiaere very supportive, you

know, what — how are we getting on, anything theyld do, you know, it was when

— quite a lot of — and the senior people, you knabwiously made everything —
smoothed everything down for us. Not that we had@oblems anyway like that, |
think everybody realised it was important and —then they’d get caught up in sense
of adventure if you like.

Were there any people who thought you shouldntdieg?

Yes, there was one — in fact one’s a very senigmg still lives not — not a million
[laughs] miles away from here, was a very rightgyianti-communist and he thought
we shouldn’t help the Russians an any way, butd&tin a position to oppose
[laughs]. But I think he did — he was on the mamagnt committee, he did like other
— he did voice opposition but he was minority oé@o — and the ironically the two
senior — our division head and the head of the@seviboth ex-weapons people from
Aldermaston, so a bit ironic that they approved #md very supportive [both laugh].
Who were they?

[pause]

Had there been much publicity about the work yorevirevolved in?

In — yes, not by

Let me rephrase that —

Not a terrible lot at that time [laughs]. Erm, dexd to happen just after we did it
really, there wasn'’t a lot, | think like the authi@s own newssheeftom Newst was
called, they had a bit saying we were going butrik the idea was not to say much

until we’'d been in case it didn't work because #&sylaughs], you know.

[25:30]
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It could have been high risk if anything went wrang..

What did you think about the collaboration with fRessians on this?

| just treated it like a scientific — | just sweagide any political considerations
[laughs] and it was just a scientific challengattivas the thing. And when we got
there we found that oh the Russians just weretér@sted in — well Russians we met,
just plain weren't interested in politics. In faaiu just couldn’t even have a political
discussion because they just didn't even thinkasé terms or anything, obviously
not used to talking, or having the cut and thrhat tve were using to doing. So that
was — that was — | found that slightly disappoigtinthought we’d have some robust
[laughs] discussions. Even the — | suppose hecia$ engineer, engineer physicist,
he was secretary of the local party and even hekyow, very hard to detect he was
actually a communist [laughs]. In fact | said tmh‘How would you manage if you
live in England?’ and he said, ‘I'd just join th@servative Party,” so it was obvious
that — that that’s the way it was just a pragmtiticg he went along wit. So there
were no — never any political problems at all, habecause they just weren’t
interested in politics.

[26:55]

How did this three to four months of preparationuadly come to a head?

Everything [laughs] — it was just | think organisgthos is the right word. We just
had this equipment to come together at one ting Harry Jones our chief
technician, he was like the band, conducting thelevthing, and he organised all the
special packaging we needed. Everything was tloatefd — we called floated
packaging, like a double box so everything was nsagle — because we knew it had
to fly out there, 1,000 miles or so and might begtdy handled, it was all very
delicate, so we spent a small fortune on this sphéiom called LEP, they specialised
in transporting stuff around the world and theytdbair experts in to advise us and
they designed the packaging for us. And | thinkhad about twenty-four crates of
our equipment, weighed about five tonnes by the tive had it all together, which

included a screen room which we had to take. @tiglanother point, this screen
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room was quite large, it was about two and a halfres across, two and a half metre
cubic if you can imagine that, and the problem wafsnd an aircraft — it folded flat,
flat pack, quite a big flat pack [laughs], and vealtio find a plane that would fly to
Moscow that could take this and the only airlinetttould do this was the Pakistan
Airlines. So our transport people connected themith them and they were very
enthusiastic and they told us the flights that ghésie — a Boeing 707 | think it was,
that’s right, that's one plane to do the flight,ttey made that flight synchronised
with the date we wanted to go out, so they werg kietpful. Plus I think it was a bit

of PR for them as well, so ...

Did you have any doubts about the technical felisilmf what you'd been asked to
do?

No, the only thing we worried about is have we sgball the problems, you know,
was there anything lurking which in fact there WWasghs], | mean we found it later
on but it was almost impossible to, you know, l@bleverything, so could have been
some silly thing that could have — could have e¢ddais which we hadn’t spotted.
Well, it was okay having new problems but whethaw gould respond or not, you
know. Because it'd be different doing things tleer in Moscow than in your
homeland, because back at home you can throw i@soat a problem, but there it

would have been a bit — could have been a problem.

Anybody else around you have any doubts about ychatvere doing?

Well | think the trouble is there’s so few peopléghascattering expertise around
[laughs], we were literally a handful of peoplegipably not more than four or five
people knew about scattering in the lab so — aegdhchecked our calculations and
well we had a — like a review presentation wherdale — told the people what we
were going to do. So they — anybody they had kaeything about the plasma and
that, they made some comments, but there was fp negative comments at all.
Partly because most of them didn’t have the exgetd make comments [laughs].

[30:30]
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What did your family making of being sent half vaeyund the world to do a physics

experiment?

| think they — well my children were quite smallisavas very stressful for my wife at
the time, so quite a time for her and — but | meardidn’t — Derek and Marion were
there for thirty months, but the rest of us onlg slix to eight week stints while we
were there, so it wasn't too bad. Just the nothiags that can go wrong when
you're — like your children being ill or some [lhg] — but it wasn’t too bad. If I'd
have gone there for a year that would have begnstezssful, six to eight weeks you

can just about manage.

When were your children actually born?

Well between ‘60 and ‘66 so [laughs].

How many do you have?

| have three, three ... and course they’re all veayure now [laughs], the eldest one
is fifty so [laughs].

What are their names?

There’s Andrew the eldest one, he works the healthority in Cornwall, he’s an IT
director there, and then Rhiannon my daughter ssthe’ middle one, she actually
lives in Abingdon and she’s manager for local ¥Fifj Tessalla, and the youngest one
Richard, he works BBC and he’s a news journalistiie BBC and he does the
overnight stuff that goes out on the world news.

Did becoming a father actually change your outlookife at all?

| don’t think so really, | think it just [laughs] Hust slid into father mode [laughs]. |
think ... I'd —well I didn’t, you know, don’t hondstthink it affected my work at all,
or that, admittedly sometimes if obviously — if @gldren — | took time off because

the children were ill and stuff like that, but Irdbthink it affected — | think generally
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it didn’t seem to affect people | was working witr — some people weren'’t that
interested in the children, some were over intetesto | think [laughs] — I think |

was about average, yes.

How do you fit family life around work?

Well we work — normally it was pretty well officeobirs, half past eight till half past
four, five, and if we needed to work we just workadd if we needed a day off, as |
say children’s activities, we could take a dayafhalf a day, so there was no — never
a problem as far as | was concerned, it always sdémbalance out. But | think

most people were — | was working with were famigople, were all in the same mix,
S0 it — so everybody recognised each others’ positi And | don’t think any — | can’t
remember anybody taking advantage at all so it washwas never a big issue
[laughs]. | think it's because we were all justiygoung — youngsters, between say —

between twenty-three and thirty-five and all in #aene boat.

What sort of activities do you do as a family ia if960s?

Oh well holidays tend to be quite often campingnping holidays initially before we
could afford to go places and then after we stagtedg abroad, to you know, France
particular we used to go quite a lot to. And fiiste | was actually camping there
and then later on that was on the Vendee aredatenton | knew a chap whose uncle
had a caravan down the south of France, so wetas#rdre down to the south of
France. We used to make the trip down a bit acicrenture as well, stop off in
places because it's quite a long drag down to ¢khsof France, | think the children
enjoyed that and we used to go off into Frenclagdls off the beaten track, off the
tourist track, you know, they could see how tharad, French people lived and
warts and all [laughs]. And they look — of coussket of it was tied up with the
school activities, you know, when they were doimg $ports or school concerts, the

usual children thing, or Scouts, Guides, Brownilee,Cubs, you name it [both laugh].

Was there any patrticular direction you wanted yohildren to go in life?
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No no, quite definitely made that policy of nottshs] — not coerce them or
suggesting anything, because we twigged early at'sthounterproductive, yes,
because they probably want to do the opposite. -Abdt | mean | think their attitude
to me was that | just played with a lot of very erpive toys, you know, because
when they used to have open days and they usamhte and see like — they could see
these foreign lasers, balloons popping them, artlespthought this is one big game.

They couldn’t see where the work bit came intdatifhs].

[35:55]

Did you enjoy your work?

Yes, | found it — just like having a very expenshabby | think is the best [laughs] —
blank cheque hobby is the right word I think.

What did you like about it?

Well this is it because | was always — | suppossdidays | was a nerd, | don’t know
what we used in those days but, you know, playir every gadget — we were, you
know, right at the front edge of everything, ak flatest technology we could have,
which later on became computers, but not initiathg so that was, you know, school
boys dream really to be able to do everything wate@to. And | was lucky because
we never had to worry about — because we — thgndsstics was so important for
fusion work, they knew they weren’t going to crdigkion unless you can measure the
temperatures and densities, we always had a blatue for everything and any
resources we wanted. So that — so | think thagtaessed us compared to a lot of
people and other people used to have to say weptwtanted the money for and
business plans and — but I've always had the lugfihyaving a blank cheque. We
were never irresponsible about this and we justlenlt recollect wasting much, and
you made mistakes and ballsed it up occasionaliynbver wilful overspend on —

because you were always aware it was public morayknow.

[37:30]
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When did you actually return to Russia?

Well we — it was April, we came — it was Decemberda the first visit and we went
back April the 18 in the next year, so that was the — and | hadPater Wilcock and

| were supposed to fly out together and the dayvenee due to fly out Peter managed
to get a kidney infection so | [laughs] had todiyt on my own. It didn’t matter too
much because Derek was out there already and Wal@&@hnnikov the Russian was
there and they had all the Russian team readysf@puhat was — that it was just a
matter of Peter doing — we needed him to do alkthetronics and electrical stuff, so
we had to — we made a bit of a slow start, tilelPeme out and took over that side.

Could you talk me through how things actually depetl from when you got back to

Russia?

Well the first job [laughs], sounds a bit crazy,swast to unpack everything and make
sure we’d everything — always a slight worry that @f these boxes had gone adrift
between Moscow and — well between Heathrow and Besbut we’d forgotten

things or — so we were very carefully logged. Aersas you got there we logged
everything in and also the — young technician®ussian technicians, very keen,
wanted to see what we had. So we spent quitedd tihe telling these young chaps
what they were, they hadn’t seen some of our eqempnso we were educating the
technicians quite a lot. And none of these guyksEnglish at all so that was — so
Volodiya acted as — we knew some Russian, but wfseothis high-tech Russian,
Sannikov, he acted as the buffer between, so wendigal on him very heavily during
the initial phase. And then we — first major joasnto get the big supports for the
laser in the basement, the Russians were — ohgitimase three months we were back
in England, the Russian had made these big corstiates which Peter had sketched
out for them, so they’d done a good job of that dr&y were already in situ in the
basement, but the stuff to go on top had to beectalown into the basement. And |
remember this, we couldn’t get the stuff down tteers because of a metal steel ralil
there, handrail, so this lady, very glamorous la@yder came along [laughs] and cut
this rail down for us, gave us a scornful look las did it, so they craned everything
down and then she had to come and put it back eldl #vback up and I think she

thought we were a waste of space [laughs], couldmderstand. But anyway —
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anyway put everything down in the basement, whiaelk pretty horrible because they
had all the big pumps and vibrator machinery dowere and there was oll, it was
plain dirty, noisy, not the ideal environment folaaer, yes. And then we had to
actually get the stuff — some of it was mountedr@nmachine — on the Tokamak
itself, we call the collection optics, the inputiop and the laser dump on the top of
the machine, so they had to open the machine upsftw put our special re-entrant
optics, that had to be put in. That was sligh#yve-racking because we’d designed
the stuff back in the UK and we had to — and thexi fitted luckily, | don’t think

we’d any — | think everything fitted and we got méan that was — said a lot for |
think Peter’'s measurements [laughs] and our drawffige. It took probably a
month, month to get everything assembled then wedactually start firing the laser
through, you know, stuff like that. And for safegasons we tended to do that in the
evenings, fire the laser because of the strayhere’s any stray laser light, we
couldn’t cover stuff up initially, so we’'d got toalv the line, so there was a bit of
laser light flashing around this big hangar, saereled to go back in the evenings
and do this whenever no Russians were around, efareg couple of technicians.
That took quite — and then we had, as | say, tdt gevery well aligned to stop this
stray light and that, we’ve got a lot of that —tttwok us quite a long time.

How do you —

And then we found there was — we’'d actually foumeté was — we didn’t know if it
was distortion of the top flange of the machinef drwas our fault but the laser
dump part we were going to stick in the top ofittechine, didn’t work very well the
laser. The laser was hitting some edge which wiédod find out what it was, and
after a couple of weeks we’d said to cut our logsebwe’d sort of let the laser go
right through to the top of the roof of this hangdnich was about probably fifty feet
above us and get, you know, dissipated up thetfgeimoof, which wouldn’t be
allowed to do now in current laser regulations.t &wway was — we did the
calculations and wrote out how many photons corbanck and the Russians were
happy that we weren't going to blind anybody, sosespped our stuff that was on
top of the machine originally, and after a while mvanaged to get the stray light
done. Artsimovitch got a bit impatient with thiscathought we should have had that

working earlier but that ... we explained just take®se these things, especially on
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new environment and every machine is differenyafd been back in England it

would have been exactly the same, you know, praeedu

[43:20]

You talked a bit about this team of you who areatt doing this last time, | was
just wondering if you can give me an idea of whatihteraction was like between

you all during this period?

Do you mean out in Russia or the time —

I mean out in Russia actually?

Yes, well Peter and | were the — we’d always — veeenike twins really, we [laughs]
— because we’d evolved the whole thing betweeralyr Nick Peacock, he was a
senior guy but he hadn’t done scattering, so heimnvhlse management mode and he
was trying to make sure there weren’'t any — gomige any plasma problems, so he
left us to it to get on with that so I'd — and e@ded with John Sheglov the
spectroscopist on the Tokamak and with the top iBnsdlokes to make sure that,
you know, we understood the physics. Because abugs had worked on Tokamak
before so Nick Peacock, that was one of his raestually interpret the Tokamak
physic — well learn himself [laughs] and then f@eshto us once he’d — that was his
role. And Derek Robinson, he could actually woekywwell in with Peter and |
because he’d done scattering himself, and he hgdge®d Russian as well because
he’d done an extra — he’d done a year’s courseddfiey went out to Russia, so he
was very useful. He was one of these formal gaykeoretician and an
experimentalist so it was quite interesting, he tha@syoungest guy — youngest one of
the team [laughs]. But he was to end up as direft€ulham and a fellow of the
Royal Society so he was a pretty smart chap, very extremely energetic, he was
one of these physically — well a bit of a contréidit, severe stomach problems, but
he was one of these fell walkers, he could you krmw— in Cumberland he used to
do all this very serious fell walking so he wasafid ill at the same time [laughs].
And Marion his wife, she was a quite distinguisiseemist from Harwell, so she’d

threw away a year of her life, career to come anmdys and she’s the one that sussed
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out every day life for us in — she was in the #latl she quite — looked round the
shops to sort out our food, and any problems weshat sort out because she had
time to do it. And again a Russian — in fact hes$&an got even better because she
was with — on her own with the local Russianstaltime. She even went and helped
in the local schools, she would give them lessanthe English way of life and stuff
like this which was very popular. A lot of themdhaever seen an English person in
the local schools there because it was way out fleemmiddle, two or three miles out

from the middle of Moscow.

Where were you actually living out there?

There were blocks, block for the workers effectyydllocks of flats and we had what
we called the guest flats and — and we had onete guarge flat, Derek — not Derek
— Derek and Marion had their own flat which was tvesiroomed but we had a — and
Nick Peacock, Peter and | had a four bedroom flatiwwas effectively two flats in
one, so. | got the impression these were slighglyer furnished than the, you know,
the ordinary flats there. But they were very bdmsit; you know, fine, no problems,
you know, nice and warm which is a factor becatuseas minus twenty or thirty
when we were there initially. And just a — a fewuates walk from the institute, so
that was handy as well. As | say | think they watduilt specially to house workers

at the Kurchatov.

[47:00]

How did you actually find living in Russia?

Well first of all it was an adventure, but soon flatighs] — very soon got settled. |
think it — | think what surprised us was how spautiae shops and everything were,
and how little stuff there was in the shops andiitega bit of a shock. But we were
privileged we could use these beryozkas, thesessiwbpre you had hard currency,
you could buy anything. So the Russians who warg/pnembers or fairly high up
party members they could use these shops and memsigvith hard currencies like

pounds or dollars, but there you could buy evenghand — but the beryozka shop

door, you couldn’t get in normally and ordinary Riass couldn’t get — | know you
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couldn’t see into them, you know, there were ngoshimdows and you had to know
where they were. But once you were inside youdtbuly the best caviar and in fact
every day things which Russians [laughs] couldetit gBut the local shops round the
institute, they were very basic, and if you wenthare to shop you’d actually have to
ask — say you want a loaf of bread, you’d haveottoga cash desk and ask for a ticket
first for the bread and sometimes [laughs] you'tltgehe counter and you had a
ticket and the bread had gone so you had to go. back | got in trouble a few times
but the local women would spot you straightway #r&y were shouting at the
assistants to help you, yes, that was quite ~what— | always found them very kind
and helpful. And this — | couldn’t imagine thafip&ning in this country, they’d just
say, ‘Oh it's them foreigners,’ but there they werand they want to know everything
about you, where do you come from, how many childte you have, stuff like that,
very personal questions [laughs], how old’s youevand what does she look like, is
she blonde, red head or — so — but, you know lyadigferent, you know, to the

people round here | think.

How much contact did you have with normal Russewpte outside the institute?

Not a lot [laughs] just because we worked so mbebause the — actually when we
were there for six weeks you just walked, not dag might but, you know, not far
from it, and they were quite long days, you knond the Russians seemed to be — |
think it's because they’re family regiments, thelthink the child cover was
arranged that one would stay home for a bit anather one would come in late. So
a lot of them didn’t come in till ten or eleven atheén work till eight or nine, so it was
very, erm ... they tend not to have lunch till abbvb o’clock and then afternoon tea

break was about five or six so [laughs] — whichfaund quite difficult, yes, so -

When you said you were working all the time, whbat af hours was that?

Well it could be — well Mondays wasn’t much usudlgcause they spent — well
initially it was a lot, it was probably about a twe to eighteen hour day initially,
while we’re assembling the equipment, but aftseitled down, Mondays you
couldn’t go on — near the experiment because tharg wleaning it up, you know,

firing very fast shots, so you could get near #ilse so we used to really go back and,
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you know, collect our stuff together and work outatywe’re going to do on the
Tuesday. But typically we'd get in by about nimslave’d start work on our — all our
equipment, but initially we weren't integrated witieir machines, it must have been
a good five, six weeks before we were literally mected electrically and
synchronised with their electronics, because wetbtadly separate electronics we
took with us so we had [laughs] if you like to pump leads across from our screen
room to their control room, so that took a few wetkget that sorted. And when that
was done we could actually see their plasma signalar screen room and they

could see — well they couldn’t see our signalsvireicould have their current traces in
their basic signals in another screen room, soowdcsuperimpose our laser pulses
on their current pulse, we’d know, you know, whesewere firing during their
discharge. But once that happened it was a jeime@ment, up to then it was, you
know, the English bit and the Russian bit, but omeaewvere synchronised it became a,

you know, a joint truly joint experiment.

How did you get on with the Russians at the institu

Just — just no different to working in Culham orridell [laughs], | mean absolutely
no different, so. | think —well I think ... | thinthat as | say the only real difference
was as | mentioned the conversations, we tendhey-didn’t alter much about
anything outside physics, that was the — wasnltyr@auch small talk. You couldn’t
find all that many who'd talk about football andriys which — which | found slightly
strange because later when | worked in Italy it gquaige the reverse thing, a lot of the
chaps there were very keen on talking about [laluiglesball and sports. But they
were all into — very keen on skiing, all the Russiaand very keen on their summer
holidays where they go off to the sticks and Sibeand have these camping holidays
and things like that. But most of the conversatended to be around work and ... |
found them singly uncurious if that’s the right pcompared to us, | felt definitely
nosy compared to them, they didn’t seem particplaterested in the, you know,
things back here, just because | think they jusewé used to, you know, talking like
that. | know things have changed now, but thattvegnain impression | had then.

[53:15]
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Did they ever mention how they felt about you bénege to help them out?

There was a — a few undertones first of all sayMég don’t really need you, we’'ve
measured it using our own techniques,’ you know, @ren in fact when we’d
finished a couple of them said, ‘Well we told ya) we knew all the time,’ [laughs]
but that was — that was very much minority, | thinky were — | don’t know if that
was — particularly naive individuals or whethewdés political or not but | definitely
got no vibes about, you know, resenting us beirgeth In fact | — these fellows were
backwards to help us in everything, you know. Andn people in other groups
which we didn’t have contact with and it seemedpps in the restaurant they’d say,
‘Let us know if we can help,” so they must have\novhat we were doing but
[laughs] we didn’t have to get help because wet’tikhow what the — because |
think there was adjacent building there | think wadike their naval reactors,
submarine reactors and things which had multipiédsreces round, so we didn’t see
any work outside our own fusion work. But it wds/musly a big research place and
we made a point of not being curious because w&tdicant to embarrass our hosts,
so we never asked what somebody — you know, ifamesomething interesting we
never asked, ‘What's that?’ or — and if we weréhieir restaurant canteen and we met
others, we never asked them what they did becaadenew for sure [laughs] — we
knew the ones around fusion and if they were oerdibpics we didn’t want to
embarrass them or our people. Because it wouldtakE one, you know, wrong
impression and it could scupper us really if thag An inkling that they thought we

were after something.

Were there any sort of restrictions on where yauld¢@and couldn’'t go?

In Moscow, no, in fact travel we — in fact theresnsabone of contention for the
embassy because the embassies have a tit fomgtait the embassy staff is limited
in what their own people are allowed to travelitsoso if the Russian — the
diplomatic staff in London can only go fifty milethey do the same in Moscow. But
we had carte-blanche, we could travel becausematgich [laughs] was our — what
was it patron if you like and he was chief governtrexientist, he’d obviously
decreed that we were given carte-blanche whiclerng kare indeed | think. In fact the

[laughs] — we could travel more than the poor chagke lab [laughs], not many of
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them could travel, there was only one or two oerégmnes who some — | don’t know
if it was because of their party connections theyld travel, but we were very
privileged like that. We didn’'t — Derek and Marjdrecause they were there for the
year they actually took advantage of that butt glidn’t have time. The furthest |
went outside Moscow was on one trip about fortyesjithat's the furthest | went,
which is further than the diplomatic people could.

[56:25]

Did you ever have any worries about espionage?

Well we knew that they were present because tHegrek and Marion, in their flat,
one day they — the bulb had gone in the kitchentleg mentioned this, they said, ‘I
wonder how we get this repaired,” and when theyhgobe that night it had actually
been replaced, so there’s no way — there was arsesithing with Nick Peacock.

He had a briefcase with all his personal stuff lick he couldn’t lock, so he kept that
inside a suitcase which we could lock and one nighgot back and there was a lot
of swearing and cursing from him, and he said, ‘S8body’s been in here,” he said,
‘my briefcase locked,” and he said he’d gone iopen his briefcase and somebody
had been through his case and actually lockedriafchse which he couldn’t lock
himself so [laughs]. And up to then he’'d been vehe thought the KGB were a
joke, you know, he thought, oh they won’t, you kn@e that was — that was the only
sign we had directly. There was something, wedradhere was a woman rang up
now and again which — but surprising, like agairahewered the phone and this girl
said, ‘Do you want to come up to this club,” or shing tonight, or somewhere and
he was a bit shaken again because he [laughsthebght — so — but | just worked in
the assumption they would be watching us, butag &s you didn’t do anything
stupid you, you know, there’s no problem. | didiéda | think one Sunday morning |
think | was the only one left there, | went roun@flakovwhich is a big art gallery,
and | was going round there on a Sunday morninglaer@ was a girl, you know,
barely more than a teenager, | noticed whicheviergd was in she was in very
close attendance, very attractive girl, so thatenae feel a bit uneasy because it was
more than — more than coincidence because | detifdgrtried to shake her off, so — |

mean could have been a simple pick-up or could bae& KGB or could have been
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anything, but anyway bit struck by how vulnerableas there on my own, nobody
else with me [laughs] and well a good few milesrirtne institute, no Russian friends
or anybody with me, so. So it just shows how adrgdu’ve got to be on ... and |
think, yes, there was ... one other experience dygtiathe beryozka. | was again on
my own and this very smartly dressed young chdpsr20s came up and he said to
me, ‘Excuse me, | heard you talking to the assistanu’re English,’ | said, ‘Yes,” he
said, ‘I've just passed out of translator’'s schaamhd he said, ‘do you mind if | speak
— practice some English with you,” and | knew gihd@way that meant — translator
school means KGB because nobody else gets taughiskfike that. Anyway so we
had a bit of a chat and then when | — he wantéahdov what | was doing there, | told
him, | said, ‘I'm a guest of the state committeedoience,” he went white [laughs]
and he realised he was — he was obviously senffishiag exhibition and he’'d

picked up a, you know, somebody he shouldn’t hancesm — and he type of, you
know, waffled on a bit and he said, ‘What do yomkiof my English?’ and | said,
‘Well it's just too perfect, you sound like Victam — you know, Victorian speak,” and
| said, ‘too prim,” and | gave him a few examphgsu know, where he was going
wrong and | wasn’t nasty, just being helpful. idsdf you want to get the perfect
English you'd listen to the BBC, especially the tisb programme, because they’'ve
got the — it's considered to be the best clearegtigh.” And | didn’t tell him but
somebody in GCHQ told me this and that’s considéest pronunciation of English,
not people from the Gorbals but, you know, so —koow. Anyway this poor chap
looked a bit shattered at that and — and he sald] was going to ask you to come
down for a meal,’ | said, ‘No thanks, I'm just tbasy,” and | said, ‘you know, we're
working around the clock.” That was the only tifftebeen directly approached, |

think that was just a chap sent out, you know, wietall a fishing trip.

Fishing trip?

Well obviously trying to — | mean in — he’'d — thevas a lot of foreigners in the
beryozka, so was anybody there going to be usefu$t That's what I'd have ... and
I must have stood out, well he obviously heard pesaking English to the assistant
there because | — | just wanted some bit of anéweeljery for Anita, and | was
asking about this girl, she was — most of the tessis there speak English anyway,

you see, so didn’'t have to struggle in Russiamas asking about different types of
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amber, that’s the main thing they have is ambet,shre was telling me about these
different types and how you recognise expensivednd that. And this chap

obviously heard me speaking to her.

[1:01:20]

Were there ever any worries about the secrecy wf gavn work, sort of things you

were actually using, the techniques?

No no, as | say the only thing that was a problesmethese photomultipliers which —
and they were buried, literally buried [laughs}iie equipment, and even if you put in
front — put it out they wouldn’t have known unleékey’d taken — got the number off
the tube and looked up the RCA catalogue, which theuldn’t have had anyway
because it was a military source, but so — so twaseno real problem.

What did you actually do for entertainment when yawe out there?

Well ironically the local communist party lays dhthese [laughs] — what they called
cultural activities there, so we managed to géhéoBolshoi, so that was very
exciting. In fact it's quite an amazing place,@alimson and gold and very exciting,
and we saw Swan Lake there, and Nutcracker witin tie stars. And also for some
reason on our tickets we had free champagne imtéeval in this special room, |
don’t know how that worked but anyway we — we wahasked off during the

interval to this room with glitter and chandeliarsd the champagne was flowing. So
the only slight problem was that if you leave ysaat in those theatres the locals tend
to jump into them [laughs]. And we didn’t lose @@ats but some people round us
lost their seats and there was a bit of a scufflhay got ejected, you know. And
then we went to the — what is in fact inside therlin, the theatre there we saw
opera there, | can’t think which one it was and nd athought this place seems
familiar and then | realised — and they showedehmg party things in — on television
on the news, this is where you always, yes, thewsld this particular place and — but
normally it was used for operas and that, that weag nice place. And also we
managed to get to the Circus, State Circus, whigh pvobably one of the most

enjoyable things because it was in their old —'theeynoved now but then it was in
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their — well 18' century headquarters, it was like — it was realsmelt like stables

and [laughs] terrible smell but fantastic circid$at was very atmospheric, that was
one more interesting things. | mean you managesedaa football match in the Lenin
Stadium, managed to see — not very exciting, Namthreland versus Russia and there
was a bit of an uproar because Best, George Besswaposed to have played and he
didn’t turn up so the crowd got a bit fractioughat. So I think it was probably about
the most boring [laughs], the coldest night I'vebeut and the most boring football
match I've ever seen, yes. But ... anything elseyad) also the Russian crown
jewels, a place called the Treasury in the Kremimich at that time only senior
people got to see so they arranged a trip for #rat,we had actually guards with us
which — but we had guns in our ribs as we — as al&ed around, that was, you

know, that — that wasn’t too pleasant, but inténgsbut [laughs] they took it very

seriously.

Was there much evidence of Cold War tension imithhen you were there other

than the espionage bits?

No, not really because as | say that — | don’tkigeople there are very interested to
know what's going on, | don’t think the averagegmar they knew what — | think they
just want to survive, | mean every day living isheod there that ... | think it's as
though they couldn’t be bothered with politics araibody was brave enough to stick
their head about the parapet, so. So it was -ahnttee only thing it took — just it
could have been any cold or hot war, it was justdandard of living was so much
lower than ours, that was the main impression yadi HThe people were friendly, |
mean wherever you went in the streets and — yduaatbthat people were very

friendly towards you, if you got stuck ...

[End of Track 9]
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Track 10

How did your work setting up the laser equipmentiakly progress?

It was very smooth really, there was no real pnmisiel think — I think — one minor
blip I think we wanted the laser was cooled witis distilled water and we found it
very hard to get a source of really pure [laughglire water, that was — so Volodiya
Sannikov had to go around one of the other instult think it was called the vacuum
institute and got the stuff from there, so. Weceat the Russians were very good at
working together like that, they used to borrow andell that's a bit like us in a way,
but I think they had to do it more. | think thegchlot less resources than us, it was
only the military had all the resources | got timpression so — in fact | noticed that a
lot of the — any really good equipment tended t@danilitary, which was almost the
same as in England really [laughs] because quiendhe military stuff is made
ahead of anything else. And that was the only tfpsag | think we had in getting
the laser and that installed. And | mentionedstinay light problem but that was just
— we never really did know what the problem wasehe

I’'m wondering if you can actually just think baakdawhere this laser actually is,
where the Tokamak is, can you actually describet Wieawhole set up actually is,

how it's all arranged, to me?

Yes, if you can imagine it's on two floors effealy, there’s a basement with a laser
sitting on these big concrete blocks, and thehatnd of this optical bench with the
prism that shoots the laser beam up through tloe 86— which is effectively a
mezzanine floor where the Tokamak is mounted. #ed the laser beam goes
through an input — well through a lens that imatpesaser — laser beam onto the
centre of the plasma itself, and then the beam gbéstling through, out through an
exit window. Used to go through the dump but whencame to the actual
experiment it was going through the roof which Intiened. And then if you can
imagine this large doughnut and looking in at 9@rdes, up on the mezzanine floor
now, we have our optics actually looking into tieeesof the machine through a slot
and optics can traverse this slide, slide up anghdhis slot so you can look at

various parts of the plasma. And also we coul@iethis re-entrant window we
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could put different prisms, so we could look atetént parts of the plasma, we could
look at — in fact in the end we could look at eveeptimetre across the plasma. And
then ... everything was kept — on the — it lookedt @ba mess because we didn’t
want the laser light to get into the detection sadve ended up with black cloths over
our very sophisticated spectrometer in this [laligbgt looked a bit of a mess, didn’t
look very glamorous. In fact the Russian Tokamed&sm’t look very glamorous, it
just looks a mass of black cables and unfinishedpoments | think is the right word,
because they tend not to finish any mechanical oot to a finish that's more than
required, the job requires. Most — in Culham amahtell all our vacuum pumps are
Swiss, so they all looked beautiful stainless steel shiny flanges, well the Russian
ones looked this very dull — looked like minersesia fact [laughs] and the flanges
weren't finished very well, but — but they all wexk Everything as functional was
made to work, it functioned well but they didn’'t sta any effort on making things
look attractive. But | think it's one of the fundantal differences between them and
us, they’re much more functional and pragmatic then| think we always have the
impression if it looks good it actually works a bétter | think [laughs], and the

Russians didn’t subscribe to that ...

[04:30]

So once you've got this equipment set up in thenerahat you've actually
described, is it simply a matter of just pressingu#ton and it works or was there —

No, you had — | mean as | said we had the — wedamalnitor the actual current going
through the plasma which is hundreds of kilo amftk the pulse, we could look at
that on our oscilloscopes and if we wanted to fel&d the peak of this current we
could do most of the measurements because you tradis when the plasma is
hottest, so we had to synchronise our laser witlitk-that. But of course we had to
[laughs] — they’d fire the plasma, then we hadatetthe pulse from that, back to fire
our laser before — we couldn't fire the Tokamak watderived other pulses from
them so — so we had to put a long delay on whenftrex the plasma, to when we
fired the laser. And we had all these delay baxewe could slide back and forward
along this — in time along the current pulse, sacauadd look at the beginning of the

pulse or ... and also we didn’t bother to furthere-waited for the plasma to be set
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up, you know, they had to optimise the plasma beeaome days the plasma wasn’t
very good, so you don't always get ideal conditjiamswe’d wait for them to get a
good plasma before we wasted our shots becauseave dur — all our components
had a finite lifetime and laser flash tubes, youn'tparticularly want to change the
laser flash tubes because you lose your alignnmehtlree mirrors have to be realigned
which could take you days. So it was a matteusf yising the bare minimum of
shots to get data. But then we — well ... come ¢dfitist real trouble we had was
when we actually tried to see scattered light beijwet couldn’t see any laser signal
at all. We got our stray light beaten down, yon n@asure your stray light by not
having a plasma and you just fire the laser thrabghmachine and if your stray light
is low you don’t see anything on your detectoraf theans, you know, literally that,
there’s no stray light. But when you fired thegpte, we couldn’t see the scattered
laser light above the plasma light, so that was stiange, and we spent weeks — we
thought there’s something misaligned or somethingngy, anyway we checked John
Sheglov’s calculation and everything, couldn’t aegthing wrong with his stuff.
Then we happened to look at this window on thedmotbf the machine he was
looking at and it was literally on the bottom oétimachine and it turns out the dust
had settled on this — it was a sapphire windowt s@uld transmit light over large
wavelength band, so this dust was reducing itsasigm it made it look as if the light
from the machine was a lot lower than it — thaactually was in fact. So it meant
that all our calculations for the experiment wereng and we’'d — what — because of
that we’d gone for long laser pulse and we knewdweve to go back to doing — that
was milliseconds, millisecond pulses, so now weadwback to the mode we used to
use in Culham which is twenty nanoseconds, andljuale’d packed — packed that
equipment to change but that wasn’t instant, | nitbahwas — take about a week to
modify that. And Peter Wilcock fortunately had pufused that fast pulse with
different electronics to handle the output, sciat three months he’d built these fast
amplifiers so luckily a little foresight on his paso we managed to change. In fact
we — Peter and | were back in the UK when we decideehange, so Derek and
Volodiya changed all this — this, then when we-gathen we got back to try again,
we started blowing holes in the — in the prism thaerts the light up to the — through
the machine which is — and that — that gave us of lai heartache. | mean we found
what happened, the laser beam was doubling bagkeifin the prism, so again it

was a kind of multi photon effect, so the beamnasity was like much higher than it
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should be through the prism, so we just had to ligisghe thing slightly so the beam
didn’t come back on itself, so — but all these gisitook time to — and also it was
embarrassing because we only had a few of theseaprvhich were quite large, I'll
show you one afterwards with the bubbles [laugdisdl they had to be sourced from
Windsor. So we — we phoned our Bill Ball in Windsmd he made some and we got
them sent out through diplomatic bag because tha'sjuickest way, you know. But
the British Embassy was helpful then, they ... amdRlussians did enough — well
Russians if it's diplomatic bag they obviously daid anything, so that was useful.
But that was the only time | think we used the esslgaexcept for going to, you know,
functions there. But there were — they were weHli@ we were there because there
was a high profile, you know, exercise on. In faben we were there Wedgwood
Benn came out, he was Minister of Technology wragg@roved our project and the
team was invited to go for a function there butdase of so many politicians [laughs]
we hardly spoke — just about saw him | think. Ane spoken to him since and he
can remember that, he can remember going thereibete was the first Englishman
minister to have gone there for forty years or sihing, or fifty years so it was quite
an important visit. And he can remember authogisiar visit and ... so — and in fact
he thought | should write — I mentioned that | waging it up as a book and he — and
he was very encouraging on that and he said, ‘Agly iou want, I'll help you,’ so ...

[10:45]

When does it actually all come together?

Well that was in — together before that [laughd]without actually seeing anything —
you have to fine — fine tuning, so Peter and | ek and we sorted out this prism
business, we got it all working again, and therntla@omonth or three weeks had gone
past and he came back to the UK again, | thinkag ugust for a break. Because it
was quite hard work, sort of up and down the maehimd changing things,

physically quite difficult and we came back forr@ék and Derek and Volodiya said
they’d have a go, anyway and they actually sawiteescattered light while we were
away, so they [laughs] — made us feel a bit si@kdhs], so that they were the only
two there of our team and they got the first rasufind I've still got the logbook with

that, with Derek’s, you know, cryptic comment olbgoks like one kilo volt
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temperature,” which is 10 million degrees, so tegdn light in other channels, |
mentioned to you before, the hotter the plasmartbee channels, so he could tell just
by looking on the number of channels what the teaipee was. So that — and then
because they — he telephoned Bas Pease our disectdhen Bas Pease telephoned
the States and they immediately changed all thaolmmes overnight to Tokamak’s
because they had different type of machines befStethey — before | mentioned
they wouldn’t believe the Russian claims, so itchlhnged overnight. And then Peter
and | went out and then I think | wrote the firsjper then they just did a — well then it
was just back to doing physics [laughs]. As fathey were concerned the
experiment was over, we got results, but then viigadly did some physics of doing
measurements on the machine in their ordinary progre but it meant they could
actually measure temperature and density properlthe first time, so that was —
they were getting meaningful physics results ¢ua.it — in fact we got — if anything it
got higher temperatures than they’d measuredwasi you know, useful for them

because they had measurements that actually giveasr results than actually the -
[13:00]

Do you remember when you actually first saw it waglas it should have done?
Sorry?

Do you remember when you first saw it actually wagR

Yes, well it — to me it wasn't [laughs] — | mead Been loads of scattering, wasn'’t
any different to when you see it on the screewas no — no different to the ones I'd
seen before, you know, so — no | think the chakkgjogt to get it working, that's it,
it's —

What do you actually see when it works?

All you see is like — it's like a very noisy linenahe — on the oscilloscope with a spike

on top of it, if you can imagine that. | think tescribe it similar. Well | can — no,

like a rough sea with a [laughs] light — very simpke lighthouse on it [laughs],
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except the lighthouse is jagged, that's what ikemblike. And because some — near
the edge of the plasma where it isn’t so denseggda very short small spike above
the background, so your aerobars is much — it'shmugou know, it’s a lot less
accurate your signal then, but when you're in thedhe of the plasma you get much
bigger spikes because a lot more electrons areesogt And then they — as | said we
just did quite a lot of systematic measurementsvenade — the first paper iNature
which was just saying first results, then we wrte if you like a physics report

which actually put some real physics in, you knaiuich — which become like a

standard textbook on [laughs] — for Tokamaks now.

How did you feel that it had worked?

Sorry?

How did you feel when it all worked?

Relieved thank — relieved I think, it was [laughsie were actually tired as well, it
was pretty — yes, oh it didn’t help that just gsst after it worked my father died as
well which kind of put a dampener on it a bit souyknow, when exactly you're

jumping about celebrating it was — so that — tifil@icted us quite a lot and ...

Had you felt under much pressure?

| think the biggest pressure | felt was when weenamack in England preparing it,
preparing the equipment. Didn't feel that muchspree out there because of the —
Peter and | had to get it right [laughs], you knetat | mean, everything we did back
in England, we had three months to get it right,tbat was the — | think that was the
real pressure. And once we were out of Moscow, e it, we'd — we’'d — you

know, luckily I think we — we did everything rightd we had the fallback situation
with the laser. We didn’t get anything really wgoh mean the only mistake had
been on that background light which was just —s$hast physics, | mean there’s

nothing sinister in that [laughs].

What did the Russians make of your success?
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Oh they were very chuffed, | think they were evesrenchuffed because it, you
know, showed how good they were [laughs], showatl Tok [Tokamak]— well it
meant they were leading the world and the worltfpitowed them and to this day

it's still Tokamak is the, you know, the basic mbgeople are building.

Do you remember what any of them said to you atirtine?

No, was very ... out there, very little, very calndagou know, matter of fact, they’'re
very phlegmatic and it was very weird [laughs],hemt being rude, but they seemed
very calm about it. 1didn’t— | mean | didn’t v Derek said they were fairly calm
when it happened, though Derek | think was faidintthough — | think he said
Volodiya was more excited but — but I think he yasbably just tired, | mean that's
[laughs] — you can get so tired. | mean | thinkdékehad most strain because he was
not just doing experimental work with us, he wasgdack to his flat and then doing
theoretical work on the nights, meaning that — las veally a theoretician, so he was

really burning the candle. And he was on his hamayn as well ironically [laughs].

How did the rest of the team feel about it?

Oh they — Nick Peacock was probably the most elatextrangely looking back, |
think he was the one that got most excited anthktreally because he was officially
the team leader, | think [laughs] if it had falliggt he’d have got the blame, even
though it wouldn’t have been his fault. So | thihkere was an element of relief in
that. Also he’s one of these chaps that reallyegotted about ever he got new result
— whatever experiment he did, he was — | thinkt @lws, the rest of us were a bit
calmer about it, yes ... and | felt much more excliadk on the original scattering
experiment we did back in ‘64 when we first did dreginal scattering experiment,
you know, when we first showed it worked back iflf@un, | think that was, you
know, the first time anybody had really done scattgin a plasma, | think that was
more — it was all built on that and that’'s whendeeeloped all the techniques for
controlling the stray light and everything. So baesic philosophy for this technique
was done back in ‘64 so by the time we got to t884ds, you know, a [laughs] —

wasn’t passeé but, you know ...
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[18:30]

Did you receive much congratulations at the time?

Oh yes yes yes, | got promoted out of it and the probably the main thing [both
laughl].

From what to what?

That was to principal then so ... you know, and we Rayal Society invited us to
come along and give a — they have these soiréeswiey have the latest science, so
we made a mock-up of the experiment and went ao@ariton House Terrace and
we simulated the laser beam using these rotatitagipers, looked very effective,
looked better than the real thing we used to say paobably cost more [laughs].
And all these VIPs like Thomsons as a — George Booncame along, Sir George
Thomson, his dad JJ Thomson, discovered electaorthdt with a bit of ... and so
that was a bit — and Thomson — we found what ThameHl-that was Thomson
scattering, so we were talking to these guys arg@r | don’t know if you know
about Bragg diffraction, again he came along, \eisyinguished physicist in that, so
it was quite good talking to these people. Wheay ttompliment you it meant
something, you know, they said, ‘Oh a fantasticeszipent,” and Thomson said, ‘My
dad would have been — liked to have seen thisjgfs].

[End of Track 10]
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Track 11

How did you feel when you got back from Russiayvewverything had been a

success?

| think the first emotion was exhaustion, we’d beeny stressed for, well a full year
then. So exalted but very tired. And also theas & feeling that anything we can do

in the near future it would be an anticlimax afteat, a hard act to follow as they say.

What did other people at Culham make of what yooide?

They were very impressed, yes, you know. But at $same admitted thye were

surprised we pulled it off and so [both laugh] —

Do you remember any reactions in particular?

Well obviously the director Bas Pease, he was mplestsed because he had most to
lose because he’d authorised the trip and he acinhfe was ringing up all his friends
to not brag about himself, but exalt us chaps yoheav good we’d been pulling this
thing off and — but | think he was very relievedttive had because it could have

been a political disaster if we hadn’t got goodiutssand ...

So that’s was over with, what did you do next?

Well we moved over to what you might call heavy sibg phase, this is to exploit
scattering as a diagnostic in Moscow, and prevowsl'd only measured the electron
density and temperature, basic things you needawkbut — but then we —we had a
device called the plasma focus which is a — walHtquite often used for weapons
simulation, but this produces very hot dense plaanthcopious neutrons, that's the
interest — that's why people are interested in. tlait we — we had the privilege of
using this as a diagnostic test bed, we had thiedell to ourselves, and the idea
then was to measure not just the ... electron teryrerand density, but to look at —

look at all the other scattered features.
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What benefit is there from knowing those scattéeatures and what are they?

Well one thing is the effect of — if you look akth see the ion temperature, it's very
hard to measure usually, if you get the ion temjpeeathen one thing we could
actually by looking at the shape of the scattepatsum we could tell what
impurities were in the — well we could see the @ffe the impurities on this, that’s
one thing we could look at. But the main thing pleavanted to measure — we used
this phase really to develop the technology, thes a lot of new devices, multi
channel devices coming on, in fact this was trst §eneration of solid state multi
channel and instead of using banks of photomudtipliwe now had these arrays of
silicone diodes, so we could get very — well alnamsitinuous information, instead of

using discreet channels.

What's the actual difference between two, coulddescribe the before and after to

me please?

Well just the photomultiplier, you can only jusbloat one little bit of wavelength,
well with these other continuous solid state deviwe could look at the whole
spectrum in great detail. In fact the only limibatwas just the photon limitation and
as time went on we had more sensitive deviceslagkt— these had amplifying
stages in front, so we could look at even, you knower densities and get better
signal to noise. But once we had these if you pikererful technology, we could
push onto measuring the more difficult things, tmneg they want to measure,
particularly in Tokamaks is the current density anbody had ever done this, and so
we shifted onto another — in fact Culham had it fla¢he meantime built their own
Tokamak called DITE, so we were set up to measweacttual current in here, and
this used the effect that the electrons actualhlaigyaround the electron field lines.
And if you look at the correct angle as well, issteof getting a smooth scattered
spectrum, it gets modulated at the gyro-rate aftedes if you like, so the — as the
field varies it — the spacing of these gaps vaagewell. But this is a very
sophisticated bit of optics, we actually had toetai our collection optics in for the
magnetic field of that machine and we used a -anairdinary spectrum, but a

Fabry—Pérot, this is a two plate interferometewsc- so we actually tuned this
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interferometer so it picks out these peaks in tbeutated spectrum. So this ... in
fact nobody else has repeated this experimenthigugwas so difficult, but —

[05:45]

Could you describe to me what you actually didties experiment? Let's start off

with what's an interferometer [laughs]?

It's — well interferometer is when you can — yotuadly have — have two plain — well
the easiest way of explaining it is two parallgtpk and the light actually interferes
with itself and then you get fringes built up ahd voyage of the spacing of these
plates, the higher resolution you can go to. Sogan go down to fractions of an
angstrom. In fact we’'d use these in the early daysto measure the line width of
lasers, but we’d extended this now to look at datered light and now we used a
gated image intensifier to look at this, becausénaato look in —in 2D, not just ...
just not in a row of detectors, we wanted to laokf iyou like angle of space at these
fringes — if you can imagine a circle of fringes)at’we were looking at is not a
complete circle but bits of this split up in azimaind the particular bit of angle you
saw in azimuth was an indication of the actual netigrfield in the plasma. But

that’s grossly oversimplifying it all but [laughs].

Hmm.

It took about — Paddy Carolan and myself aboutaa y@do this experiment, so it's
quite a — but we only had very few shots on thelmmecbecause we took up quite a
lot of port space on this Tokamak and on those raxats space is a premium, you
know, port space. So we only ever did one actwe¢H-couple of days and we got all

the results in that, in two days.

[07:40]

You talked a lot about, you know, the team of pegpl were actually working with

when you were in Russia, some — who were you wpwkitih when you returned?
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Well it tended to be a lot with PhD students andrenplasma focus, it was with
Richard Kirk who did the scattering with me and @aMuir who did photo rotation
and Richard Kirk left plasma physics after [laughsiting his PhD but David Muir
was still back and he’s now doing sophisticatec daalysis, he’s — he’s pushing
onto Bayesian mathematical analysis, stuff like #md — but with him we detected
the first filaments in the plasma which was anothggortant thing we did in this post
Russian work, because Professor Malcom Haines jreii@l College had predicted
these filaments in plasmas, but nobody really ketiehim until we actually — we

actually saw these filaments in the plasma focus-an

What's a filament?

It's literally a fila — instead of the plasma thingntinuous, you get like a thread of
high density going through it, with huge magneiitds, and it's this high magnetic
field that deflects the — it actually rotates tldgpisation of the ruby — well laser light.
And also we clipped the laser down to a few nanwsés, so we had very high

temporal and spatial resolution.

Clipped it down in terms of the time of the actdal

Time, time —

Shot you're doing?

Yes, instead of a laser being a normal twenty necasds, we clipped it down to one
or two nanoseconds, because this plasma was \&rgntaving, it was an imploding
plasma and ... so that was another new thing we medsvas the actual — well
showed these filaments actually existed, and H&e toupled in with the plasma
theory because theoreticians had predicted this.and

When you actually returned you mentioned you wesmpted?

It was senior scientific officer, got it that wrobg that time, jumped one [laughs].

Principle was later.
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[Laughs] Do you actually have any extra respongiei?

Well not — not as such, | was just given carte-hedato carry on developing these
techniques and we didn’t have the — well we usuadig one very good technician,
one been with us — Harry Jones, he’d been withhusi® Moscow experiment, but |
usually had two PhD students at a time, so it waie @ small team. So | think this is
why we were given free rein because we weren’itigr+ the equipment we had was
expensive, but the manpower wasn’t, but even theretiuipment was quite
expensive, these detectors we used, these muithehanes were about 40,000

pounds in those days and that’s a lot of moneieén70s.

[10:50]

And these were state of the art.

| have a few sort of little bits I'd like to bred@kis down into, one of them was talking
about equipment and | was just wondering companetié¢ stuff that you've taken

over to Moscow, how far had the equipment proge:fse-

Oh it was quantum, literally [laughs], make a pgumantum leaps [laughs], just the
fact we could get so much more data out instegadoafding through it point by point

we could get complete spatial scans and ...

Was this sort of equipment you're evolving youfself

No, a lot of it's been — a lot of it fallen off tamerican military, | think these — most
of these detectors were for Star Wars and thikgsthis and so we just took
advantage of that. And in fact it was really dnvey military — well it was high tech,
stuff usually is, but we took advantage of thatt ®e switched from — in the early
days we used to do use Aldermaston, but later otemaed to use American
technology and — because that surpassed stuffid@ddermaston, this is the stuff

we knew about, yes.



Mike Forrest Page 191
C1379/48 Track 11

How do you actually get your hands on Americantetbgy?

Well partly we had a lot of contacts with Ameridabs and the American producers
were very keen to sell us stuff and — but somé&efthings called Cryotrons, they
were slightly sensitive because they were only meahe used for nuclear cleared,
you know, weapons cleared people and we used thesee used to have those via
Aldermaston, because we shouldn’t have had thely k@ecause they used to trigger
— they’re part of the weapons trigger systemspi®bably use those to switch lasers
very quickly, these little — these are what youezhtold cathode switches, that’s little
electronics which are very small, only about arhiacross and — but that helped us a
lot on the laser side, but this is really a bitieathan this. In the earlier laser
development | should say but — no the big change &foscow was in the detection

side.

That'’s through things like gated image intensifiers

Yes, yes, that ...

[13:25]

We've talked quite a bit about what Culham was éi&dier on, but whereabouts
were you actually working in the 1970s there?

Well the — Culham [laughs] had a lot of little erpgents and this plasma focus was
in the lab on its own, so we had that to ourselyes,could actually go in the
morning and switch it on and start experimentinthimi half an hour, it was like your
personal experiment, well if you went to work oe ffokamak it was a major team
thing and you had to fit in with a big team of pEgo that wasn’t — not so good for
us to develop techniques. Because when you geteobigger machines they expect
you to work as part of the — well part of the pleggprogramme for that, well we saw
our mission in life as developing new diagnosti&®. if ever we went on a big
machine we were the guest performers, and we yduadl a limited window on that
because often it held up their programme and somestihey had — for our special

plasma conditions just for us, they’d match thespia to — particularly this current
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experiment, they had — measuring the plasma cutiet actually had to make the
magnetic fields on the machine tune to our actwpéement [laughs]. We’'d had the
interferometer made for a particular magnetic feetdl so they actually had to tune
the experiment to us which is not the usual wawadking, because that meant we
only had very limited time on — on the machine lsesit stopped the main
programme. But — but because we got good redwdiswere happy [laughs], I think

if we didn’t get results we wouldn’t be so popular.

Could you actually describe what this laboratorysiike to me? Just trying to sort

of put you in your context as it were.

The plasma focus was just — if you can imaginertica cylinder about a metre long,
six inches across, and then an array of cablegygoia the top end of it, and then a
mezzanine floor with a huge capacitor bank andksgaips feeding it, and then this
plasma foc — the actual metre tube had a staistest manifold with all ports, about
every forty five degrees there’s a viewing portywsocould put the lasers in one
particular angle and look at other angles, so & puarely a — what I call a diagnostic
machine and there was a neutron detector therekryew it's working properly if you
got a lot of neutrons out, as | said the originatimation for this was neutron sourced
weapons. And you could hardly see — the actuatdetself just swamped by the
diagnostics around it and we had — usually youthadtypes of laser, the ruby laser
like the one we’d used in Moscow, and the big CO2avbon dioxide lasers which
were much bigger and these emitted ten micronsth&actual plasma device was

swamped by the volume of the diagnostics around it.

[16:40]

What happened to your other colleagues that yooitego Russia with, were they off

doing their own little things as well or were ydil $n touch with them?

Well Peter Wilcock tended to work with us a bittbrs particular experiment because
he’d done the original fast switching for this,ledd — he’'d — but he wasn't involved
in diagnostics. And Nick Peacock, who was the déead the project, he went back to

doing spectroscopy and Derek Robinson, he wenbaiiidhis own small Tokamalk,
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table top Tokamak so he could try out his own ideas so he was the serious
Tokamak man if you like. And he was — eventuatiged up being director of
Culham so he ... but he — when he’d been working asédw, he had these ideas of
doing his own Tokamak, table top one. A bit likeajud] had his own like private
experiments, so he could just work on his own dghwifew students and — because

he wasn’t senior — very senior in those days and ...

Hmm. Were there any sort —

And — sorry, and Harry Jones, technician, he stayigdme, so ...

You mentioned working on his own little experimembsv much sort of freedom did
you have to pursue what you wanted to do?

It was total really, we didn’t quite — I think atlof people were envious that we could
do this but | think because over the years we’dagissproduced results and also we
were always trying new ideas that had high risk lathehk you find very few people
willing to try high risk [laughs] experiments. And but there wasn’t any real — |
mean it is a high risk, | mean the worst could leampithat it wouldn’t have worked,

but | can’t recollect any experiments that didnélgt any results at all.

So when you say high risk do you mean in termisnoight not work rather than
safety [laughs].

Well because nobody’s done — no, nothing to do eattety, just nobody has done it
before and you have to commit a year or perhapsvayéars of your life onto this
idea, | mean that — especially the magnetic field, ave’d committed well over a year
of our careers onto trying that out, probably arydglanning and a year to do it. So
if it hadn’t worked we’d have written off two yean$ our career. But you ... but |
think you get driven by the — just the challengeloihg the new experiments and
you’'d really have to do a risk assessment, likedkes] apparently they do in some
places today as ... so we were quite privilegedydading able to do whatever we

liked. And also having PhD students, they werea §ource of labour, and these
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chaps and girls were hand picked, they were alwgagsl, | can’t recollect of having a
bad student.

What sort of things did they do?

Well they — well the — | mentioned this solid std&tector that meant we could look
at these spectrum in great detail, well this oregpdRichard Kirk, by looking at
different angles at the plasma we could look aiefeetron, how the electrons
behaved and if we looked at another angle we dookl at the ions. A bit like we

did in the old days but separately, but now we @¢doibk at it all on one detector, we
could bring optical fibres around and image alktheffects onto the — onto this new
detector. So it was actually as | said before tjrarleap, so this chap — that was his
PhD type of topic, which he had to work up fromasch and get this new technology
working, and do the analysis of the results, sea$ quite a — very full PhD he had.
And then Dave Muir, the other one, came along alftémng the Faraday Rotation
which was a different — different type of technolpgas still a laser but didn’t — not
multi channel, it was over — exercise in time —etimanagement, looking at these fast
pulses of the light as it — by detecting very smadlvements in rotation, well rotation
of the polarisation.

What sort of responsibilities do you have towardsPhD students, are you a

supervisor or ...?

Well we internal supervise, but they usually hawameersity supervisor, then an
internal one in — in Culham, yes. But you jusheytjust worked totally with you, |
mean they were — and they’d — they really castrofh the university [laughs], |
mean | think ... we tended to have people from Ingd&Zollege or Cork in Ireland.
But Richard Kirk was actually from Royal Hollowayllzge, we used to have some
people from there because they were quite heawityoptics at Royal Holloway in
those days, so. And our — one of our earlier clteusis, Professor Bradley, he’d
come from Royal Holloway so you tend to have thastorical connections with the
university departments. And of course Imperiall€@p always heavily into plasma

physics as well.
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As well as the students, are there any sort oflatkstaff level too?

Well all the time | was with David Evans who was tthap who’d worked originally
on the original scattering thing, we tended to wiarkarallel, he went off on his own
things, but had a lot of contacts with him. He wagch more interested in the theory
of scattering, so quite often if we had an ideauglsoattering we’d discuss the
theoretical side and he’'d go away and beaver aweyaaso we could get on and beat
down the technology if you like. And also he didiKke management side at all, nor
Nick Peacock, so in fact Nick Peacock, my bosideewhat you call a merit
promotion, this is quite a senior promotion, butivthat he has no management
responsibilities, he can just do it — so meantd twatake over all his management side
[laughs], so that was — that was a change, thipdregd really after the Moscow thing
| think. So as well as doing the experimental $idad to pick up the pieces on the

admin side as well.

What sort of things come under admin?

Well just things like the budget and keeping peafte/our back who want — for
example one thing on the plasma focus we had Amerdr Force money, and the
three air force colonels, military types, and héy wanted was our results, we didn’t
have to do anything for them but all they wantedenaur results as they came out, so
they could feed it back into the database on pldasis, which | said was for
weapons stuff. And these people wanted a repertydiiree months, and Nick
Peacock wasn't very good [laughs], so | usually teadish around and cobble up a
three monthly report with our results and — becaissmlly stuff they were interested
in was our scattering, they weren’t interested ickid spectroscopy, so it tended to
be my stuff anyway but -

[24:30]

And it was quite interesting because one of thesem@e colonels is — one of his
sidelines, he was responsible for looking at UFQb\ae used to go down to the local
pub, liked to go down to the Barley Mow for a drimkd he mentioned this and | said,
‘Well do you believe in them?’ and he said, ‘Nofamtunately,” he said, ‘when |
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joined the unit,” he was in charge of all this foe States, he said, ‘I believed in
UFOs, and he said, ‘I don't now.” And | asked hivhy and he said, ‘Because with
American surveillance methods,’ he said, ‘a fly’tamove in space or around the
earth without us knowing about it,” and he sayditdinaud] bit like, you know,
finding out about Father Christmas not being ngaly know [laughs], you're a bit
disappointed, because you want to believe in UR@S g0 these guys were quite
interested in these — they obviously had specal three had areas to watch over.
That'’s the only one that told us what he was ddiing,other two were | expect more
dubious military things, but — but they used to ecgwery three months and they used
to say, ‘Have you booked a table at the Barley Mdwat was their first question, not
physics you'd done, you know. And then you'd jasts you sat down you gave them
the three month report and they’d give you a —eqaitarge sum of money for doing

this, no questions — free money as far as we'reeored and ...

What sort of background did they come from, did getuan idea whether they were

scientists or just —

Oh they were full — they were full colonels, oh yesy senior and they were proper
scientists, these two had doctorates [ph], but tirene from, you know, these military
Albuquergue, these military establishments whicladaot of sophisticated weapons
stuff. But probably never discussed — for obviceesons didn’t discuss them. We
kind of guessed what they did but, you know, thetké rules and, you know, it's the
game you play. But we don’t ask and they donlf y&u know.

You mentioned you had responsibility for doinglihdget and | know that some
people think budgets are quite mundane thingsylmut,know, | mean they are
important as how organisations function, so | wasmdering if you could just tell me

a bit more about that, what you had to do?

Well | should say it's a bit false in a way [laujbgcause we never had to ask for
budget, we just — if we wanted to buy somethingcavgld buy it, but — but one of the
problems we had is with being in a government depamt, they usually say, ‘Well |
want you to go out for three or four quotes to msiiee you get the right price,” and —

but often we knew there’s only one would work sa yxad to go and talk to the



Mike Forrest Page 197
C1379/48 Track 11

contracts people and finance people and convire@.thThis is strictly, you know,
legal type of thing that you can’t go for the chestbecause you couldn’t work so
you have to make — which is kind of almost agatinstrules, but it's commonsense,
because if you bought one that didn’t work that lddae financially responsible. So
that’s a type of — so we found we had very goodti@hship with the administrators
and also we had been — | don’t know if I've mené&drit, we always used to get the
administrators involved with our work, we used tthey used to come down and say,
‘We’re doing,” and we used — they used to get, koow, they — so when | asked for
some detector, they knew the context of it, thegvkihat, you know, about what it
was for. Not in great detail but they had a feelif and also they felt part of, you

know, that they weren’t just a spare part and ...

So how much did you actually talk to the admintsireiabout science?

| think they’d — they used to come — quite ofted hanch with these people and
they’d say, ‘Oh what's so and so, you know, whttiis effect?’ and you'd just

explain, they’d be generally interested becausg theecause somebody else had
come to ask them and in fact found out not manyjeedid actually [laughs] — |

found fairly rare that we did speak to them likatthBut we used to — once we’d
cultivated them, but we used to — well these clapour friends as well, | mean so
it's — but in fact | still to this day, | play bowwith a chap who used to be the finance
officer, and he used to call me Flexible Mike bessabe wanted me to [laughs] —
because | always used to find ways of getting thithgne, so — because — and | used
to walk the office, ‘Oh my god,” he’'d say, ‘therd=exible Mike coming.’

Why did —

And well that was another thing, is this strangeghn governments that you have to
spend your budget before the end of the finan@al yand quite often we’d have
money left over and we’d want a certain deviceefneeded it, | mean we never
bought anything unless we needed it, so quite ofied send an order out to a firm
and they’'d deliver a phantom, one of these witl@fole March or April, whenever

the end of the financial year was there. So again know, the contracts knew about
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this but it was all above board because it meardide’t lose that money or waste it.
And | mean we never took advantage of this in aay.w

What happens if you don’'t spend the money?

| just goes wasted and doesn’t carry over to neat go — but — but as | say in our

case it was fairly academic because we always hlatighs] budget we wanted.

Was there ever any sort of pressure on you to sjgssdnoney?

No no, | can’'t — never in the time | was doing diagtic development. And since I've
retired and gone back — | mean as obviously naaifot more for corporate
management and much more — but | don’t think wee-dign’t waste money at all, |
think it was — in some ways | think it's a bettesynof doing it. But — but of course

you get some people that will just buck the sysaemh do silly things and ...

Did you ever find you had to justify your purchaseanybody?

Not — only to these — well if you've got a realligblike the laser system which could
be hundreds of k and in those days then you hgd to higher authority, but things —
there’s nobody really in a position to question y@eause they — you know, we just
used the straight technical arguments. Where weasladhe American one rather
than British or — at one time we’d one senior gunowept on pushing the you must
buy British lasers and that, but at that time thiéigh laser wasn’t good enough so we
just — but ironically now if you go to Culham areesthe latest scattering experiment,
the laser is a British one from Rugby, yes, yes, kmow, British lasers so they’re
superior to the Americans so it's — just shows-iHthese things come around.

[31:20]

Did you have any sort of staff management dutiesell®

Well | think — well you always have to write repodn — annual reports on your staff,

to see how they — every — well all civil servangfihs] [inaud] people. You fill in
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reports that you’ve done over the year and them goas writes comments about you
and that cascades up. Usually there’s two or tfeperting officers write up on you
and then the end of the year they decide if yowl peemotion or a bonus or
whatever. In the early days it wasn’t bonusewais just bonus — promotion was the
main thing. And of course | used to have peoplevwene and this is a cascading
process and if people underperformed you had lttheein off, but | — | can’t recollect
ever telling anybody off for underperforming. tdiave one problem with — he
wasn’t — he was loosely attached to me, electraulnician who obviously had a
drink problem and that was quite dangerous beda&seas working with forty

kilovolt capacitor banks, so | — | type of pres#ee red button, went across to see the
medical doctor, that said you had to be fairly dist, | didn’t mention it to personnel
or anything, | just went straight to the doctoe #ite doctor and he just pulled him
straightaway and got him into rehab, you know. Butan partly it's self-
preservation because | was working on the machmddlaughs] — and if he’d made a
mistake he could have killed me, so — but thatwasry rarely had anything. | mean
there were a few people around that had breakdadesg had to be — but none of my
people had any real problems. | mean there wée @haracters a bit strange, but
not [laughs] — but that is the rich, you know, rifiyou like.

[Closed between 33:18 — 33:35]

So when you sort of talked about having, you kmdvat sounds like quite a degree of
freedom in terms of both what you're doing and, koaw, your ability to just, you
know, get things funded, I'm just wondering do §fook that the fact that you’d had
that success in Russia actually contributed to trat.?

Well I think it was — it gave us more weight, Irtkisomebody would have a job to
just — to question our judgement after that [lajigleswve could — mind you if you
start to get it right you couldn’t assume you'd xe® doing things. Though | think |
mentioned before that really wasn't a high-techesixpent, that was more a — if you
like a logistical masterpiece than — | mean thesexpents we did later on were much

more sophisticated, this measurement of plasmauim DITE and stuff like that.

[34:30]
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You mentioned talking about, you know, working froam sophisticated experiments
that were just as you put before logistical feats 1 think you described earlier as
heavy physics, you mentioned a magnetic field @xpet that took a whole year,

what were you doing?

Well this is the one | mentioned about having thisrferometer and we had to build
—in fact the ... this is called Fabry-Pévahich is a pair of parallel plates which have
got special coatings, we had to get these speasings made and we had to get
these plates about four inches across, when norhal’re about an inch across
these plates, so we had to use a special opticairii Surrey, Optical Works, or a
branch of Imperial College. So the interferométalf was tricky and then we had to
go this image intensifier camera which | mentiorsthe technology was very —
very advanced if you like ...

What was —

And the actual collection optics on the machings ¥as an array of prisms which
we’'d never used before, because normally we caltectight through one big lens,
but with this we had to if you like set — put a seprisms on a periphery of circle to
pick up the light at different angles and so thakta lot of computational effort and
optical design, so. So how it worked, Paddy Cartéeaded to do a lot of the was
[laughs] a colleague who was actually working iotan Germany at the time, so he
was doing quite a lot of the calculations for tipdias and the layout of the stuff, then
| had to actually make sure it got implemented -aso we type of worked back and
forward and — on that. And also it was very difftdo integrate with this Tokamak
and in fact it — because they’re so critical orspia purities, very high vacuum
system on these and the machine has to bakelikeltihe Russian thing. And on this
machine they actually gave you an engineer to rategthey don't really trust
[laughs] — wouldn’t trust us so they actually gave a very high grade engineer to
integrate the equipment. He was actually — | tliakvas senior to me at the time,
but anyway he was working for me [laughs] but he twaintegrate our equipment

onto this DITE Tokamak. And he was responsiblefiervacuum integrity and —
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well an the electrical integrity, we didn’t causeyahort circuits or voltage flashovers
or — but two of them make like a field or any ote#ects.

So what was the actual — can you just summarisméthere the purpose of this

magnetic field experiment?

Well it was actually to — you can measure the taatpee profile in the plasma which

| told you before just peaks in the centre, wah tictually works out the actual
current, the electric current that’s tied up whistso you can actually — and of course
that depends — that determines whether your plasstable or not, it's the twist on
the plasma which we’re measuring. And we actuakasured the first time this — if
you like the amount the current twists as it gaesd the — so plasma corkscrews
inside the doughnut and we’re actually measuriegattimount of twist this current
makes, which nobody had done previously.

Justso | -

And rather ironically nobody has ever repeatedéhijzeriment [laughs], it's so
difficult, so [laughs].

What's difficult about it?

Well just all these complicated parameters you hev®ing into it, the optics, to tune
your detector to the actual plasma and detecti@n; iso other people have — as — you
mentioned risk, that's other people judged it &y to try so. In fact a chap,
Hutchinson, he was a professor in the States, é@ taswork with us, in MIT is there

and he said, ‘“You can’t understate the difficultytfos experiment,” he put this in his

textbook so we like quoting that.

Is that common in nuclear physics that experimentg get done once or ...?

Oh no, I think that’s [laughs] — as far as | kndat [laughs].

| was just wonder — sorry.
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| think as — but | think now many people have tddiegiven the privilege we had of
carte-blanche to do what we liked because mostlpd@ve to account for their time
money and everything. | don't think people likegalf and our team exist now
because — you know, the constraints are too tightaney. And also you don't really
need the diagnostic development, it's — it's adl #uff now is honing if you like, fine
tuning diagnostics, rather than developing newgsijryou don’t need to really
measure new things on plasmas, you just need teureahat’s there properly and
on ITER which is much bigger, it's a matter of sgdlave to get used to doing this on

a much bigger scale.

[39:45]

I’m curious, which do you think would be — was Itigggest success of other magnetic
field work then, you know, doing this experimeniciliis, you know, really hard and
actually getting a result from it, or actually tfect that you'd developed the
diagnostics along the way which was actually yaggbr concern?

If I had to choose one thing it would be the oradiscattering we did back in ‘64
when we measured the — first measured electrondeatyre and ion temperature
which, you know, because we did all the — if yde live set up the template for
scattering experiments. Every scattering experimew is based on that — that’s the
model, you know, with the beam out and controliig and the dump — light dumps
and basic philosophy. And also we showed thatogud — by varying the angle you
could look at different plasma parameters which sdattering. But in sheer
technology and difficulty was the current measuneinom the Tokamak, that was the
[laughs] most ambitious thing, one | done in mg.liBut it — | mean the other one is
more important because that was the, you know,dation stone for scattering, 1964,

scattering experiment.

Perhaps we have talked about, you know, the wayggabout the original sorts of —
the Soviet scattering experiment in a lot of detaas just wondering if you can just
give me, you know, a brief idea of how differeetwork you were doing in the ‘70s

was from that, just because I've got that as aregfee point in my mind as it were?
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Well | think the differences there, we were trytogconfirm their claims that it was

hot and dense, that was the basic thing, thatwealad to do. But in the ‘70s we
wanted to — went on to try and measure the otliegshin plasmas and make the
technique much more flexible. As | say we wantetheasure the plasma current and
the effect of impurities on the profiles and agildy chance getting the filamental
behaviour out. So it was if you like a drive td gere parameters measured and then
after that —

[41:55]

| haven’'t mentioned this yet, there’s another tgpscattering called florescent
scattering, this is where you tune — tune a laserif you like a transition to an

atomic transition so it — the most light you geinfra plasma, the visible light you see
is H-Alpha, this hydrogen light, and you can —adluyactually tune a laser to that
particular wavelength you can — it actually telksiythe number of neutral particles
there, but it's — the trouble is, with ordinary hen you scatter electrons, if you want
a big signal you just put more laser power throumh florescent scattering, there’s
only so many electrons in an atom that you cantexco once you've excited those
that’s the signal you get, so that's a much moffecdit experiment. But the interest
in this is measuring the ion temperature and therakdensity in plasmas, so that's
another — again looking for new parameters. Saéuwtral density is important,
especially at the edge, and also they want to knbet the ion temperatures are at the
edge because this — how the plasma interacts atlvall is very important because
that can determine whether a plasma stays stalvletpbecause it determines the

shape of the plasma profile.

When you do actually get into the florescent scatjenork?

| think that was ... must have been | think late ‘Wasn’t it, yes, no ‘80s yes. Yes,

about 1980. And this is with Imperial College,\tiveere very — they were interested
in this, there were more spectroscopists and Psofd3ave Burgess, he was leading
the work there and then | had this girl Denise Byahe came to work with me, she

was from Imperial and she’d — they actually buik taser up in Imperial College and
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brought it down to Culham so that — and theseeatsbf having solid like ruby
lasers, the solid ruby rod, these have got dyggididyes in with a flash tube, with a
coaxial [ph] flash tube around and these are aquatty devices there. Because these
dyes tend to be carcinogenic [laughs] so if théyeu touch them or if they explode,
it's not very healthy, so. And of course thesadisihad been built in a university
environment, not industrially they were a bit [idgto put it politely and so they
weren’t very reliable, so we had real difficultytivthese, but Denise — Denise was
very good experimentalist. So we actually did aia@nother first was using these
dye lasers for florescent scattering, we did thime was H-Alpha and H-Beta to a
different one again, different laser again, wettilfirst experiments on those so that
was pioneering work again. But again this is ohthese techniques which is quite
difficult because the signals you get aren’t veigydnd not many people have
exploited this. In fact | think each of the bigpeximents going — being built in
France now, they’re interested in me going ouatk about that to see if we can
apply florescent scattering, might be going over¢hn October to discuss that. So
that’ll be a — a bolt on type of experiment, notbut there is some very sophisticated
stuff you can do on that to increase the signabise. There’s — if you pump these
things — if you use an awful lot of laser powert, gen-linear effects and this then
produces a — lines away from where the noise @nagery heavy physics I'm afraid,
so. But we've read the paper proposing this batragobody’s actually done this yet,
this is again a — | think University of York is @rested in doing it, but — so what |
hope will happen now is that if ITER is interestéliget a student or one of my

connections in York to take it over.

[46:35]

You mentioned a few sort of colleagues in pasdimggethe way, one of them was
Paddy Carroll?

Carolan, he was the Irishman, he’s a professor gewj, he’s retired but no we've
worked for years on — always in ... if you like inrakel.

And where does —
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And he’s also very interested in spectroscopy, rtioae | was, yes. | did more of the
scattering and he was — he liked this — more ospeetroscopic work, but on JET we

did quite a lot of spectroscopy together, lookihgrgurities and that.

When does he actually come on the scene?

He came on quite early in the — | think in the ‘@Dl in fact his PhD was this — this
magnetic measurement | told you about, he had ttantundamental for that, work
for that — his thesis, but on a — not a Tokamakmh this is on a theta pinch [ph]. So
he’d shown in a way it could work there.

Hmm, what sort of chap was he?

Very argumentative Irishmen is the right word [lae He was a combat man, yes.
And Nick Peacock, we had two — if you like ... peopleo liked a bit of interaction,
and arguments. And Paddy Carolan came from jussacthe border so he was just —
he qualified as an Irishman, not a Northern Irishps®. But we’ve always got on
very well and well | think we’d act as a catalys&tach other, we both push each
other along, you know. Because it's very hardrnd somebody you can inter —
David Evans and | used to interact a lot, but yeechsomebody, you know, you feed
off each other for ideas and you can say mad ideasknow, ‘Let’s try this,” and a

lot of people you can’t say things to because #&y ‘Oh that’s stupid,” or whatever,
but | know whatever | say to Paddy or — or useblee®ave Evans when he was alive,
they’d at least you know, they’d think, and if tbiara germ of an idea in it they’'d go

along with it, so they were never negative on aingtland —

Are there any of those occasions you rememberriicpkar?

... Well | think this — | think applying this magnetbne to the Tokamaks was one
with Paddy because we both, you know, we both kihevas difficult, | think that
was one and as | say we just interacted on it, we worked around it how to do it
and it was very iterative is the right word betwesrand — but at — there weren’t
many people working. | think that was the troulyl®) need people who are very

keen to push things forward and not many peopkethbkdo that in pairs, most people
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like to plough their own furrow and — but | fouridd always managed to work well
with — if | find a kindred spirit if you like, a bmad [laughs].

How do you —

But again sorry it's quite privileged in a way baesa | could afford to be like this, not
many people had — most people had to work for soimgtand give them definite

targets, so I've been very privileged, you knowb#ogiven a free hand.

[49:55]

Sort of little, almost comparison points with yaatleagues along the way, you know,
more generally within Culham and | was just wondgrif we could sort of pull this
out a little bit further and | was wondering howwactually compared to your

colleagues do you think?

| think they probably thought | was lucky [laughlsgcause most of them used to say,
you know, you never get questioned on anythingsit— you know, you're given
carte-blanche. But on the other hand they didketthese risks, | mean they'd —
there weren’t that many really adventurous pedglank that’s the — by some

strange thing to say. Because most people justagajht up into a team and they'd —
they have to do — you know, make the machine wodkraeasure something or, you
know, prove something and they get very narrow| imehs lucky, | could, you

know, broaden out — even to this day | can broangron things [laughs], but very

few of my colleagues in that position. Even theisepeople, they had to say run an
experiment and produce results for a conferencepartthps you know most — most
research physics is based on conference — congeteraonference because that's the
PR for the — for the lab if you like. And whercames to that there used to be the two
— there used to be what we called the big macltonéecences went on for Tokamaks
and everything, but the one | liked to go to wasghecialist one on high temperature
plasma diagnostics which was bi-annual affair g $tates and that was the — and you
get all the top people, well like myself who deyedd diagnostics, and not just for
magnetic but for the laser produced plasmas, yowkthe other branch of fusion, so.

So | — | could guarantee getting to that becauseviias my topic, but the big machine
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— what | called the big machine conferences, Ik@x8ng how your Tokamak is
better than the one in France or something, | diglet to go to those, in fact | never

tried, you know, so | just used to go to the sgestiaonferences.

What sort of conferences are they, how big?

They tend to be not more than about 150, 200 pemipieh is quite small [laughs]
because normally you'd get up in 1,000 mark forlitge— or more, because if you —
big international ones they send big teams, therfo@es and Russians, French,
Germans. But diagnostics tends to be just a fem feach country and you all tend to

be working exactly the same things together, so+tit’'s a very useful conference.

What sort of things does one do at a conferentieadftype?

Well there’s a mixture of half and half giving talland poster sessions and | used to
prefer the poster sessions because people usethmaround and you'd get — and |
think the talks were usually just more set pieca you'd get a few questions
afterwards, but if you get poster session therétd more detail there in the poster
and people will come and talk to you more and teay interact and you can explain
things and they — and you learn off them as waeilt they — you meet a lot more
people like that. And I've always found posterssaiss much more — | think most — |
think most people tend — tend — but some peopi tifiere’s a prestige in giving
talks [laughs], but | found | got a lot more feedb&om having a poster session. I'd
ask people, when you give a talk people won't saghrbut if you're talking they

will say, ‘Oh why don’t you try this and that andl and so did that years ago,’ and
blah blah blah on that, so it's a much nicer exgree | think in the -

When do poster sessions actually come into conferdive always assumed they

were quite a modern thing, but when -

No, ever since they’'ve been going I think.

Since about when is that, just -
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Well since — even ZETA ... they were — used to berhaps it’s just your topic is
[laughs] — peculiar to plasma physics, but theadst of experimental stuff to show
you see and ... because quite often the big confesetite most senior people give
an overall picture of what's been going on, theragcades down, the individual
people tell you what they’ve done, but. But th#lt's trouble at those conferences,
they tend to be a bit safe if you know what | mbanause it's — it's PR for the lab,
for every lab, not particularly our labs, but — butthe diagnostic conferences you
are really pushing stuff forward and it’s all tladst, you're not there unless you've
done something new, in fact that’s the criteriandAall these people are, you meet,
probably doing the same thing, trying to do the esdinmng.

Do you have any particular memorable conferences?

It tends to be the place more than the actual peysintent [laughs] because you tend
to — | think probably something as Lake Tahoe yamdt— place you don’t normally

get to go to. And then South Carolina, Hilton telabut that was probably the most
exotic hotel | stayed in and — but — but we alwlagd some — well it was never a free
ride, we always had — to go to there you had t@lsmething new, so that’'s a —
which it's quite a stiff thing to say really, | me&ow many physicists can produce
something new every two years, it's — it's [laugaspt to stand up to, for your
judgement as well. But that really shows how gir@ulham was on diagnostics, that
we could — every two years we could go out thecehasld our place in the world

stage which ...

[55:55]

How would you actually situate the work you werangan Culham at this time on

diagnostics, on that world stage, where were you?

Still — always been leaders like and still are,. yasd the MAST Tokamak now has
got the most advanced scattering system in thedwbthink we’ve always led in that.
But | think it’s partly due to like our late dirext Bas Pease, he always believed in
giving carte-blanche to us and ... but | think we eviedly unique in Culham that we

had this. And also we had this really strong livith the universities, we had — in a



Mike Forrest Page 209
C1379/48 Track 11

lot of other labs haven’t got enough staff to dest exotic things, but because we

harnesses students a lot that was very enlightietigak.

How did that actually come about, the universitk$, could you talk me through
maybe just one example of how that actually —whiaile process goes? How do you
get a PhD student [laughs]?

Well [laughs] usually you just, you know, someonenaiane usually, you know, a
professor say in Imperial College and we say, ‘Vé@wto develop this, have you got

a bright student who wants to do his PhD,” anddiseusually a topic that the

professor is interested in, so he’ll have a vestadest because he might get his name
on the paper as well, you know. But it's as murdas that. And because they're
putting the university’s name on the block if yikel they always send you the best
students, that's — that’s the advantage you’'d ¥ tiever send you a rubbishy student

and | mean | — we never had a bad student, no)yallears in there.

[End of Track 11]
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Track 12

You mentioned these links to universities, | wasWwondering how did you actually

know the people who you were developing PhD stadeiti?

Well often it was mundane again, often a friena @fiend like [laughs], quite often
somebody said, ‘Oh so and so professor there inggkound, you know,’ that
usually was just very sort of casual and — welb dteere was the tradition that as |
said Imperial College did a lot of plasma physikRsyal Holloway did a lot of optics,
and was it York in those days did a lot on thim8| they knew a lot about optics. So
you tend to be a bit topic driven, so you'd tendrow who the profs were there

anyway and also — and historically people cameamfthose departments anyway.

Hmm. Did you tend to work with the same profesewes and over again then?

Yes, we did, yes yes. And of course in — becafiiead you get invited to be
examiners as well, they tend [laughs] to — you'captive examiner for other, you
know, because | was a type of — if they had somgldt’d written a bit of
scattering on a thesis, they said, ‘Oh Mike Forkesiws about scattering, put him in
as an examiner for,” [laughs] so quite often ben@réng on the thesis that you only
knew half the — understood half the thesis bechuperial College, quite a lot of —
it'd be half spectroscopy and a bit of scattersm)’'d be going in just to examine the
bit for the scattering, while another examiner vaolo attacking the spectroscopy

which | wouldn’t be as, you know, knowledgeable @tho

You raised an interesting little point earlier wiegyrou described your work in the
1970s as being heavy physics and | was just wamglevhat does heavy physics mean

to you?

Nothing, it means when I'm — | can just about ustind it [laughs], | have to take
expert advice on the physics before we can doxperament or — | mean sometimes
— say to calculate the signal to noise, the amoftmtcan be quite difficult. | mean | —
for example | put a proposal in for an experimentl&T, using 100 micron laser to

look at alpha particles, and so this would userb@®on laser which is infrared and
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then this proposal, I did the signal to noise daliton and | passed it to one of the
chaps on JET, senior chap and he rang me up asaideMike,” he said, ‘you — you
don’t know anything about infrared physics do yojl&ighs] and | said, ‘Why?’ and
he said, ‘Oh the signal to noise calculation isltgtdifferent for infrared than it is for
visible,” this chap was NPL, so it’s just an exaepf, you know, how these things
can happen. So that was | was out of my depthniat-eut of my depth, but it was a
topic | hadn’t realised there was extra implicasioAnd in the very early days we
had to — we were setting up waves in a plasma, sxoikc experiment and we
expected to get these — instead of flat wavestgromming through, spherical ones,
and to understand this you had to understand siath&essel functions and not many
people understand the mathematics of Bessel furs;tespecially spherical Bessel
functions. So again | called that heavy physi¢sgd to go and speak to a
mathematician, [inaud] mathematicians in those daysxplain this. Wasn't just me,
my boss as well, he had to get it understood,gxgdained. So just | call it heavy
when | [laughs], | mean it might be shallow to sty else but — also if it's — if

I've dropped — and that’s another definition, ifdve difficulty explaining it to you,

I'd call that — if | can understand it but | jugtrct get it across without, you know,
being, you know, what's the word, patronising aelmissed — oversimplifying it.

Where do you think you actually rated on that sammmpared to your — your

colleagues or ...?

I —well I think probably in terms of experimengadle | was probably up at the top,
but on theoretical side | was, you know, medioonuld say [laughs]. But ... but
everybody’s got their levels, but no | made my —sugcess is due to doing very
difficult experiments and when | didn’t understahd physics, getting the people to
explain it to me or do the physics even, whichdlda’t cope with. | think a lot of
people are frightened to show their ignorance isetbing | noticed then, but | think
that’s rather silly, yes, because it slows you dand you obviously make mistakes
then. You've got to have fairly thick skin | thimlot — but you do develop that
because when you write up papers you find that whey have to be peer reviewed
you — you soon get pulled up sharply if you wrhigngs that are wrong, or, yes, make

too many assumptions, so you do develop thick skin.
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[05:20]

But | mean it never — it never worries me beingi@sed, as long as it’s professional

criticism.

Were you under much pressure to publish?

Well it's a type of crazy self-induced pressurdlyelaecause | mean the currency for
us — promotion was not quite so much as in theeroadworld but you depend on
your heavyweight publications and ... so | was lutkad quite a lot of heavyweight
publications [laughs], the big journals. But ¥'$ mean that is luck because some
people can slave away and it doesn’t result inpepthat gets, you know, noticed
even so. Or if it's a conference paper it doesaity as much weight as a journal
paper.

| was wondering if you could just give me an idéhaw you personally would rate,
you know, the important significance of the worl's@actually doing in the 1970s
compared to the earlier Tokamak stuff which is@s gointed out the thing you are

known for.

Yes, | think physics wise it was more importantdgse we actually extended the
range of Thomson scattering, all types of scattgmot just the simple scattering of
electrons but through this florescent scatteringjtarmeasure all these other plasma
parameters. So we made a lot of — well we pushégocu like pushed on laser
diagnostics, as simple as that, from a fundamenéalsurement to quite exotic
measurements. And well it wasn’'t more useful beeaabviously the most useful
thing are the basic things, temperature and dernzityyou need to know the other

parameters to understand the plasmas properly.
What benefit is there to actually understandingptesma in more detail?
Well so you can design the next one because whwgttiit and do is extrapolate and

make Tokamaks bigger and bigger so we get a fusiactor, and really you've got to

know — what you find is a bit like stamp collectjrtigey set the machine up and try all
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different conditions and some conditions the comtant time is better than others, so
you’ve got to find if you like the recipe and thexipe — to find the recipe you've got
to measure exactly what’'s going on in the plasnthaittime, so then you can
reproduce it in another machine, like ITER's belammped on what happens in JET, so
it's — you just find the right — trying to find thaounds a bit banal but that's what you
trying to do, find the recipe for the right plasmand to do that you need a complete
set of plasma diagnostics, and measure as muabuasay because perhaps one thing
you don’t measure might be something that’s yowtoimg, you know, so say a bit of
turbulence at the edge of the plasma might sudd=mnlge it to go unstable or
something like this and — or some impurity comingif something, anything can

upset a plasma.

How significant has that 1970s work been in theglterm?

| don't think a lot of it's — well sorry the detéoh side has definitely been very
significant, but the actual parameters haven'tydsten followed up as much as they
should have been done. It's one thing they’'ve nasged in plasmas really is
holography I think, yes, I always thought holognamould be a big thing, you know,
to actually see the — take a picture of — but tbeltle is, lasers haven’t got the
coherence length that you need, that because malasso big you’'ve got metres,
your laser has to have the same coherence lengjtlatasThat means, you know, the

light has got to be synchronised, the wave hasagé synchronised over that length.

By holography do you mean making holograms ofdakerlthen as a way of looking

atit—

Yes yes.

What | read — that's what | —

The object is the plasma instead of — you've semple make holograms of like
security pass, little things, well you could do #zeme, Phil Morgan — in the plasma

focus we did it but that’s only a few millimetresrass plasma focus, Phil Morgan

from — we did that on the — | forgot to mention hime was a key chap on plasma
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focus but he did holography and densitometry. tBet | took over from him but
that's one of the few example of holography beipgli®@d. But that hasn’t been again
used since on — it's used on laser produced plasraknow the — well they use

small — very small plasmas, little balloons andgsi, but not on gross Tokamak'’s.

Why?

Well it's — as | mentioned it’s just because thbex@nce thing, you haven't got

enough, the laser can't illuminate it properly.

| was wondering, you talked about going to confeesnin the States, do you get to

travel much else apart from that?

Yes, been — you know, almost lost count [laughs].

[10:20]

In fact my — my email address, mikeforrestint, itites because of students, as Denise
Evans used to work for me, she said, ‘Oh when hgebwn firm,” she has, she said,
‘I'll send you my first mailing and I'll call it Mke Forrest International,” and when |
tried to get an email address | couldn’t get MikerEst because there was too many
already, so | put mikeforrestint so that's — buséd to — because when I've worked

in Frascati that was again a plasma focus expetiamahSweden, Libya, so it's quite

a lot of — quite a few experiments.

[11:00]

Sorry where?

Libya, Tripoli, we built a thetatron for them, dadcomplete — this was when we were
in a commercial phase later on, my then boss, Bédirwas very keen on two people,
the Japanese and the Arabs and he had this frne@diio called Professor Abdel
Azziz and he was friendly with the Libyans and Gafdtdad asked him to build a — a

postgraduate research experiment up there in Trgmbanyway they asked us if — if
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we’d do it, so | got put in charge of that, we had- and it's the El Fatah University

in Tripoli and so we set — set — well Peter Bareés;trical engineer, he built the theta
pinch we wanted, this is a very simple plasma dgvits just one two and round a
glass cylinder, and they wanted a machine thairly faasy to operate and | supplied
the — again scattering diagnostics for that, sortleant a few trips and quite a lot of
long stays in Tripoli, that was quite interesting.

[12:20]

And that was done under our commercial phase, whigsn't very keen on
[laughs].

What do you mean by commercial phase?

Well back in the — well late ‘80s the authority bee told to, you know, make money
so we had to — every new idea you had to try ahd seo they decided that because
we were good at laser diagnostics we should trysatidhis to the world, so this —
part of that was selling this to the Arabs, so th&dir enough, that’s for a million
pounds that actual thing. And then | had — wemade a trip to Japan as well, but
they didn’t really need us, they were pretty welf-€ontained, they were very polite
and chap — the two of us went out because | wagydbe diagnostics and this chap,
Chris Bishop, who just — just done his PhD, he fiason the scene in neural
networks, he was with me and so this was all nkeis,work. Anyway, now he’s the
English director of Microsoft, this Chris Bishom, ke had a good start and so the
scattering — the Japanese were much more internest@ than me because they
could do this diagnostics anyway, but — so — buiais a useful trip because 1 think,
you know, his presence was good for Culham, it veag good for our prestige, they
lapped him up and he’s done very well out of ittfblaughl].

[13:55]

What was the trip to Libya like?
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That was really interesting [laughs], so it's —ywerhad a very modern university
there, again it was carte-blanche for money aniittas and we were given this —

well Palestinian technicians who’'d — well actualy back slightly, all the academic
staff there were Egyptians who had trained at lgeet University who had

Liverpool wives, somewhat strange set up, anddbbrticians tend to be Palestinians,
even though they had degrees they were kept davite, iqteresting. They wouldn’t
give them staff status, so quite often the teclnij they were cleverer than the
lecturers. So this was a political type of thimg-sand the students, very bright, very
keen students out there. And ... we tend — we stayacdotel when we were there,
very nice, well two hotels, first one was in thpldmatic quarter, the first trip we
made, that was very nice and then | went out oromy later on, it was to talk about
PhD courses with the dean of the faculty there,thad | was put into this beach

hotel and there was only — there was myself anektivas a couple there and it turned
out he — this chap and his wife, he was — he washigh up in the East German
Army, and his wife. And after a couple of dayotioed they were type of avoiding
me, | thought it was a bit strange, and one dadyesdkfast the wife was on her own
and she said, ‘Oh I'm sorry, we're not rude, bigt @mbarrassing, my husband’s in
the East German Army and we don’t know what you flezighs]. So | explained

and she sort of jumped back and | said, ‘And abtuale worked in Russia as well
you see,’ so ... that was quite interesting. Son'tknow what he was doing there,
but. And then one day | didn’t go in the lab, tdet — the lab was closed | think for
some religious festival which | kept out of so tiked to just go on the beach and the
hotel, and this — the wife was there, this Germ#da and she was about twenty yards
away, and a couple of the local Arab women camendavswim and they just had

the white all over clothes and they didn’t put #hbrgg costume on, then they just
went in the sea with these white clothes on ansktlobung in the most erotic fashion
you see, and this German woman turned, shoutedsadtat looks really obscene, it

would be better if they just undressed. | alwamember that, yes.

How did the work at the university progress?

Oh very well, they were very supportive on that #mel— when we were there we got

the machine working and it was quite interestingdose we heard later that the

Russians had got wind of this, us doing this fenthand to counteract that
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apparently they gave them a free Tokamak downdhd,but as I've heard nobody’s
ever seen or heard of it, but all we know is they.dapproached somebody else and
said, ‘Can we build you a Tokamak?’ But we’ve nefeaind out if it actually worked
or who worked on it but ... and also | had to givilaat's the other bit of a slightly
negative thing on that, when we’d installed thiperxxment the dean of the faculty
said, ‘Will you give a talk, like give a talk, exgh a bit about fusion to the, you
know, not just the physicist, but the general -eaggal talk,” you see, so | just gave
like our PR people gave a general talk on it, hosidn works and everything.
Anyway so that was quite a — a lot of good questioom the non-physicists, you
know, quite tricky [laughs] but anyway when we gatk to Culham | was called up
to see the director and he said, ‘Oh,” he saidyygoin trouble,” he said, ‘the Foreign
Office made a complaint,” he said, ‘you’ve givetak to the Arabs and it hasn’t been
cleared on nuclear matters,’ but he said, ‘youwieky,” because Dennis Wilson who
was lab secretary, his best friend was on the Aesk in the Foreign Office and he
picked it up, anyway he rang up and gave a waraimghe said, ‘They’ve cleared
you,’ [laughs] but he said, ‘for God’s sake doriitega talk.” | said, ‘Well | couldn’t
say — | couldn’t get it clear,” anyway | explainetiat it was about and he said,
‘Alright, I'll get Dennis to write a letter and ebgn,’” but it just shows how you can

almost cause a diplomatic incident by -

[18:30]

Were there any other security concerns with yoagoiut there, I'm just thinking late

‘80s, you know, it's not long after the bombind_ifya and it’s ...

No, I think there’s — in Moscow | didn’t — | useal wander off on my own into the
sougs and things, | didn't — | mean the peopl@éatab were a bit alarmed but | didn’t
— | found them very friendly and | mean | alwaysdis- never used to wear a flash
watch and never carried much money, never carriggassport. Just — and just
before — I'd just go round and be friendly, you wngo round the back streets and
see places you don’t normally see on the toudt tin fact | always tend to do this
when I've been abroad on experiments, just toestoiik on my own and never — in

Moscow used to do that quite a lot. But even Mastéound the only frightening
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bits were the stations, the railway station at figtvouldn’t [laughs] — only went
once, | wouldn’t go again, they were a bit frightey) yes.

How so [laughs]?
Well just the low life hanging around there, prolyato worse than big London
stations, but you feel a bit more exposed therell YWore people came onto you to

do these currency deals and ...

[End of Track 12]
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Track 13

| was wondering if you could actually give me agaaf what a day’s work was like
for you in the 1970s, if you could just sort oktale through what happens and when
you wake up in the morning basically [laughs].

... Yes, well living in — always lived in Abingdonbaut three miles from the lab and
most days we’d go to the — we had our own busegesjpist — very cheap subsidised
transport, it was only three miles away so gebiwork by about half past eight,
between eight and half past and usually have &aquip of coffee while we were
deciding what we going to do in the office and thisnally go down to the lab and
start the experiment running up, depending whiclsmla source we were working on.
And that’s fairly typical and usually takes to whtb get the plasma in the condition
you want it to be and firing reliably. And themoa depends on whether you're just
testing your equipment or trying — trying to doatural measurement. And some
days you're just trying to get a new bit of — sayeav detector working, trying to get
familiar with it. And also a lot — in plasma phgsia lot of the time you're trying to
get rid of the electrical noise, when you haveasia, the machine itself, the plasma
device usually makes a lot of electrical noisey@o have a — quite a — you probably
have to earth a lot of — it's very care — you htvbe very careful earthing everything
down properly, there’s a lot of different philosiggon that, people argue over that.
So a lot of time might be spent cleaning your bagjoals before you can actually
measure anything at all, so it's so mundane bugetlaee things you have to do. So
there’s getting the equipment ready, and then thémngng to — sometimes trying
something totally new, so a new interferometer, yoght not — you might set this up
separately in an optics lab, it isn’t always dondlwe device itself, so you set this up
with light sources and stuff like that. And théet thing you might have to do is
photometric calibration to see — you need to meakaw much light is coming out of
things, so you carry out calibration work, that htige another odd thing you have to
do. And then quite often you have to look — gth®library — we had a very good
library there with proper professional librariarayed a lot of work, if you wanted to
look up things you'd just — used to ask them amy tbourced stuff for you, so. And
you spent quite a few hours — well some people drotigo to the lab at all, they’d

spend the first few hours in the morning in thedry looking at stuff, but it tended to



Mike Forrest Page 220
C1379/48 Track 13

be the other way around with me, I'd — I'd tendug® the library just a few times a
week, not every morning because we had so muclriexgrgal stuff to get on with.
And we were always — tend to stop — quite strichaning tea breaks and lunch at
twelve, that was a religion [laughs], unless experits were running through but then
you just had to go with the experiment. But what v what you did find yourself
very good at, these machines tend to fire everytaior two minutes or three
minutes and you found you could do a lot of thibgeveen shots, you — you might —
your body would kind of time calibrate even to thesy, when the commercial adverts
come on | can whip out — | know what | can do irethminutes [laughs] because I've
been doing that for years on experiments. Settmthings or changing something in
three minutes or one minute, whatever the time lepegs. And usually as | say,
lunch at twelve, usually same people, same tablgdars and usually the
conversations usually fairly competitive | thinktie right word, people like to have
good arguments. And don’t often talk about physaige interesting enough, kids
usually outside things and — but because it's Wsaamixture of people from

different experiments and different backgrounds ian@ulham there was nearly
always an international mix at the table, veryIlsay@u’d have eight people all

British, quite often there’d be sometimes six fgrars and two Brits on, I'd say that,
and — but it tended to be the same people.

Who were the same people?

Well there’s Phil Morgan | mentioned, our Welstefd, very good at turning on the
jokes, he used to work on the plasma focus and iddnfon Hellerman the German
always trying to improve his English. Became auwmal Englishman in the end, he’s
now settled — settled here. And then there waadh chap used to come and a
Dutch, usually a Dutchman Paul Smolders, he, ttlas a typical type of
assortment of people we had for lunch. And theghtnnot all be experimentalists,
might be some theoreticians. Oh and there’s Jesstlansen, he was a Danish chap,
yes, he’s still a friend of mine, he — and agaiathar honorary Englishman almost
[laughs], but he was actually a theoretician. Bedple tend to if you like lunch in
cliques as my wife calls them, cliques, yes, tenbd very cliquey and — but
sometimes if you went to lunch at a different tipoeI’d go and sit with somebody

else, but that was a rarity and — but people werg sociable, there’s no — and then
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usually if it was fine we’d have a coffee out irth | think | told you, there was a
quadrangle type of — bit like a university thefighere’s quads outside and if it was
nice you could take your coffee outside and — bairavely took more than three
quarters of an hour for lunch. Also if it was fiwe took a turn around the block if
you like, because a very big site and also we’dhlveerking in usually these labs,
you know, they’re blacked out so there’s not muelsth air, so we liked to have a bit
of fresh air at lunchtime and walk around the b|aukd if we had a bit more time we
used to go outside the site, there was a herorthediack, eighty pairs of herons, so
it was quite spectacular. We used to go fishinth@nearby Thames and also there
was some wartime buildings there, the old NAAFIldhugs because the whole place
was built on a — an old admiralty air place ... andegoften you’d meet people from
other bits and you’d sometimes join up and wallkuath So it was fairly sociable

type of set up.

[06:55]

And then we’d return to the lab and press on aadot depended if you were
working on your own experiment or on one of the ii@chines, if you were — if you
were on your own machine you tend to get a lot ndawee if you're on — because if
you’re on the big machines you had to fit in wither people’s programmes and you
were often hanging around waiting and you ofteriditido much yourself, and they
had things like the plasma focus which we had lytadntrol of, we could do — it's
much more efficient, we could, you know, get resalt day. It tended to be vaguely
office hours then but the big machines becausewmseg — they’d work into the
evening to — because they took longer to starbupey used to work a longer shift,

so | didn't particularly like working on the big miaine [both laugh].

What time do you actually typically finish?

Well normally it was about five o’clock on — in utit depended if — it was governed
by the bus in the early days [laughs], everybodydus, you know, come and go by
the bus, it was only in latter years that peopkxubeir cars more, so. It was tradition
from Harwell because Harwell had its own fleet lobat 100 buses to take people all

around Oxfordshire and Berkshire, it was just - wblen | started a lot of people
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didn’t have their own cars, and then graduallyen@oped, people starting having car
pools and stuff like that. But it was essentialffice hours if you worked on your
own exp — if you had your own experiment becaugeekperiments you — as | said
you often had to work into the evenings then, ddpahwhich machine time you

were allocated.

[08:40]

What do you do when you get home?

Well [laughs] usual type of hobbies I think, in feodays, | was — | think in the early
days it was things like hi — even literally buildihi-fi stuff and that, electronics and
stuff like that, not — you know, usual things wikie children, you know, had to
entertain the children, read them stories, playegand stuff like that. And when |
was first married even used to make some of ourfowrture because | used to —
went to cabinet making classes, which was quiterésting, | don’t know if | told you
this, went to one evening class and there wadNish chap taking it and the first
night there we looked around and there were sixean@hysicists learning how to do
cabinet making, and this Welsh chap teaching wk 84y God,” he said, ‘| never
thought I'd end up teaching nuclear scientistslaingt’ But | think when | was first
married there was a lot more do it yourself, peepitewas — but | think we were a lot
— well not very well paid and people had to — waated with less and you had to
make do and so it's — so you did actually sperat afitime on do it yourself, for

practical reasons.

When you say building hi-fi what do you mean?

Literally building amplifiers and [laughs] stufkk that, no, in fact even — it was even
still valves to a degree when | started and therfitkt transistors came out then, but
it was — like people have got computers now, tlusesl to be things — people used to
have these hi-fi outfits, electronic, you had ulin@ar sound responses and different
colour sounds and then seeing how many watts yold avive these speakers at. In

fact there was even — people used to try and getkgps really — you know, woofers
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as they call them, there was a cult of that trymgiake speakers sound more

realistic.

Is this something you did on your own or with otheople?

| did that on my own because — well the thingaufjhs] it was very graded, some
people are real experts obviously, some peopleameelectronically minded and |
was developed in the middle stream, my stuff was it hi-fi, medium-fi | think

you called it. But — but the fanatics, they'd eyl spend a lot and it had these
special turntables that wouldn’t pick up any vias and — because this is the days

before, you know, tapes and things, that was yes.

Did you know any fanatics?

Oh yes it was quite common | should say [laughshduld say it was about ten per
cent fanatics. So | could — I mean because of addlgh-tech place there was a lot of
real experts around, | mean the electronics peagte serious players, and usually |
found they used to bail me out, I'd usually sayh ‘e got this hang up,’ or
something and they’d come along and say, ‘Well yewlone this or that wrong,” and
— but there was a terrific amount of technical etipe around as you can imagine.
And | was int — hobby wise | think | used to swirfoband of course that involved the
children as well then, and we used to go get — tert camping holidays near first —
first few years and — but my wife wasn’t very kesncamping, so that — that didn’t
last very long. And ... and we didn’t start going@dd until the children | suppose

were fairly — the eldest one was ten | think befeeewent abroad.

How much of a big deal was it going abroad?

Oh it was quite big for us [laughs], | mean we tetdy we used to go to France mostly
and camping initially and then a friend of mines father had a caravan in the south
of France, very upmarket caravan, near Frejusdrstiuth of France, used to go there
a few times, that was nice. Then we used to usbadlak the journey halfway down
and stay in a small gite on the way down, so tlzt part of the holiday and once we

tried going round the long — not the auto routestred going like cross country, that
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was a mistake, it took too long and the childrenlgwed and took an extra day so.
So after that we went on the auto routes and tAad then | think we had France
quite a few times and then branched out into léalgl that, but then they were —

started to be fly holidays and —

[13:32]

Oh except the time | worked in Italy — when | waltka Italy | drove out myself and
then the family flew out to join me and we drovelbao that was a kind of holiday

on the firm.

Ws that the Frascati job you mentioned?

Frascati job, yes.

What was that connected with?

Well that was the first — after the Russian experitnthat opened out international
collaboration and EURATOM was formed and they sthrhaking it easy for staff to
be mobile between various labs, before that ther® mo mobility at all, just
occasional — odd day. So they had a plasma fbwue tn Frascata, a big one, and
they wanted us to come — this is for Morgan, thésWehap, myself, to go and do
some days of diagnostics on that. So they sehigprobility arrangement they called
it which paid for us to go out there and ... so esaliyl went and worked out there
for between six weeks and two months, then my fandame out at the end to make it
a holiday, so that worked out quite nicely. Sadnd enjoy the drive down myself all
the way down to Rome, it's quite a long drive omiyown [laughs], | resolved not to
do that again and — but very nice place Frascaty, gxotic, overlooking plains of

Rome and Tuscula behind where, you know, the RdEmapire started.

[15:00]

Other than holidays what other sort of family aiti&s do you do?
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Well in those days there was a lot of swimming,kiveg and getting around
generally. We used to come to London quite adathtows, West End shows and that
and in fact even round Oxford way we were quitel eretowed with things like that,

with theatres and activities like that.

... l wonder if you could give me an idea, we'veddl bit about the jobs you were
doing in the 1970s and | was just wondering youtiaead you got promoted to

principle scientific officer, | was wondering wheia that happen?

That's — that happened after that current measureare— that tricky current
measurement on DITE, | told you about that vernyhssifrated measurement which
nobody has done since, that's what — | got promfiethat [laughs], you have to do

a lot to get promoted, but yes [both laugh].

How does one actually get promoted in the scientifiil service, is there a process

or do you just get handed it [laughs]?

No no, oh no no, this — you have to go up for amtion board which are horrific,
you have to go to — in those days we had to ghad.bndon office and there’d be
five people on the board, a chairman and thendther very senior physicists, and
only one would be from your topic, the others wolkdfrom — this is for the United
Kingdom, Atomic Energy Authority. So the othersuabe physicists but from

other disciplines, so one would be maybe a weaplwk®, one might be a neutron
and there’d only be one from your — because the yuelging you for that grade in
the authority, so you had to match up to theirddads, so you had to go in and give a
four minute spiel on what you’d been doing and ttiezy’d tear into you and take

you apart and usually — the trouble was not th@ ettao knew your topic but the
others because they’d often ask tricky questionadeydent, you know, and like a
chemist could ask you something [laughs] which radn’t thought about or a
neutron chap would ask about some effect whichsBaraed you knew about and
he’'d — because | got caught out once by a chapimweapons chap, he asked me the
different thick and thin x-ray targets, | just didknow and when | said that he looked
a bit surprised. And | met him just a few years #gs chap and he said, ‘How do |

know you?’ and | said, ‘Well you asked me that ques and he said, ‘Oh | only



Mike Forrest Page 226
C1379/48 Track 13

asked you that because | thought you'd know,’ hentiaasked to catch me out, he
just assumed I'd know and — but when | got backwtham nobody else knew either,
it was just something that x-ray experts knew alamut it was just a narrow thing but
— but people used to fail these boards just thraingter nerves, it was a very, you
know, but | was lucky because in the early dayad & boss called Alan Gibson, in
fact been about three or four years, and in my firemotion board he said, ‘Oh
you’ve got to treat it like a military exerciseg lsaid, ‘I'll train you up for it.” So
every day | used to give him my four minute spiet,about two weeks this was and
he’d tear into me and take me apart, so in thel &ab word perfect and | could — he
said, ‘You've got to be able to justify every waydtechnical term you use,’ because
—and at that — you know, stood me in good stealdody else said — | never knew
anybody else train people up for boards, but trz keally useful. But you had to go
to was it King Charles the Second Street, Londorfese boards, so it’'s just you
arrived there [laughs] a quivering mess and — botespeople actually fainted in

these — they were so, you know, rough.

And how did you feel about them [laughs]?

Well just | was — well wasn't quite fainting buttesrmely nervous, yes, because |
mean it's just because you didn’t know what to exfrecause these really bright

people can, you know, they can really take youtagramake or break you in —

[19:00]

And some of them don’t mean to do that but somd dwan this obviously makes
sure people — depends on their personalities andwke they’ve all got different
standards, it's very tricky really.

Working in the UK Atomic Energy Authority, who aayactually consider the fact —
who do you think you’re working for?

Well it's very localised, | felt we were just worlg for fusion, | mean it was — you
felt like it was — belonged to a very big familytlyou were working with, you know,

just one member of the family if you like, you feke the fission people, you know,
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the nuclear fission people, there was an unwritiég you never knocked fission,
you don’t say fusion is going to knock out fissemd fission people always — never
criticised fusion, they never said, ‘That’'s notggpito work,” there was like a
brotherhood of scientists there which all workegktiher. And again there was
weapons people who, you know, I've always workdthd help from. But it was like
one very big family, scientific family, it was anyepositive thing | thought, but you
still had your own little family if you like, so mfamily was the fusion side, plasma
physics, and other people had their own disciplirigst | was very lucky because
Culham was a smaller unit than say Harwell, thepfeem Harwell didn’t have the
same type of family feeling I think, it was too lag- and Aldermaston as well, |

noticed they didn’t have the same intimate feethmg we enjoyed in Culham.

Did you think your work had any sort of nationapiontance?

Yes, yes, | think some people didn’t, | mean | alsvthought fusion was very
important, but some people just didn't, | foundtthary strange [laughs], | thought
we’'ve got to have fusion one of these days andt-stame people just did it as a job.
But | must say most people | actually worked witteckly, they were all enthusiasts

on the fusion.

What sort of people would just consider it a jadn gou think of any examples?

Actually some of them were quite — very intelle¢toiaes who | don’t know if they
thought they were dirtying their hands on the t@phut, they thought it wasn’t quite
esoteric enough, or it was a bit too applied, yoavk, they thought perhaps that the
end product can be too applied to have somethisgptiysically works and — than is
scientifically satisfying. | think that was thd thought was a bit of a non-argument
because you know [laughs] pretty satisfying at m®s/and other ways, so. But also
some people were very cynical, they just thoughtfact some of my friends now,
they still don’t think fusion will work, they thinkhe problems are too big so — but |
think just reflects they’re just very negative typerson, characters really. 1 mean not
being rude but I think that's what it is, | — thelyouldn’t have really been in the game.

But | suspect this happened in most occupatiomeaally in the research.
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Working on fusion in the 1970s, how long were yqeeting it to take before the

problems were solved and we had fusion power?

| think every — all the time you keep on thinki'g twenty years [laughs] but | think
as we’'ve gone on you find it's — it's getting clogeut | think it’ll firm up, especially
after ITER, they’ll — they’ll know when it's gointp work. But in the early days we —
| think we were a bit naive about things becauselie’t understand a lot of the
effects, so we — | mean a lot of predictions argeddaon making assumptions about
things we didn’t know, we didn’t know which problsraxisted. It wasn't anybody’s
fault, it's just the plasmas are more complicatexhtwe suspected.

[23:10]

Could you give me some idea of how your work chaufrgen the 1970s into the
1980s?

| think — well that's — that's moving into that comercial phase, where we had to —
the authority — Walter Marshall, new chairman, \WiaNarshall and the authority
came under pressure to save money or pretendaacbmmercial model so at
Culham they built four key teams to actually stamtnmercial enterprises, and so |
was made the key team — | was made manager ddhiteam that did diagnostics.
So the idea was to exploit that commercially wh&h which as you mentioned
before, that's how we went to Tripoli and that veasommercial experiment, and also

the visit to Japan to try and sell stuff.

Why the change to commercial mode?

It was just — it was from — government driven, @sv we didn’t, scientists hated it
because we had to suddenly switch from being gsterib being managers and |
went on these management training courses, Ashaddehese very top — top ones
and — but they spent tens of thousands making meareager [laughs], so they were
quite gruelling these courses, because there wasdbambridge in particular, that
was Science for Seniors — Senior Science Managers faund myself in syndicates

up against the chief brewers of Guinness and otigeabther people and the head of
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research for London Zoo, and the chief biochenasisSichweppes, and you find
yourself, you know, having competitive games aggmesple like that and — just to
show your management qualities. And — so vennga And then workshops on,
you know, problems you came across and — in yduaja their jobs and how do you
— people would stand up and say how they had ogptablems and all the other
people would say what solutions they had and ..ittwias all a bit — very artificial |
thought and | didn’t learn much from it at all basa these people just [laughs] work

in different worlds, there wasn’t much you couldnsfer between them.

What did you think about being sort of on a manegeourse [laughs] at all?

| wasn'’t at all amused really because [laughs]ecabse ... because | had a feeling
that | wasn’t going to learn much from these thiagd they were very expensive.

But the management had been sold these, you krsousial they brought consultants
in and they were sold up that we should all go-ameell not many of us had to do it
but just the key team leaders and the ones tha gang to have to force through

this commercial stuff so ...

What was your actual position within Culham at fhasnt, when abouts are we

talking as well?

Sorry, this is done in Culham, at the same placesame office, same everything
[laughs], still running the same experiments. Améact | was in — half in this and
then JET came along, so | was balancing this comialervork against doing work for
JET, and strangely JET didn’t — didn’t want my sedhg expertise, they wanted to
concentrate on the spectroscopic side becausedhised like from the Russian days
that the plasma — plasma purity is very importatt the way you monitor that is
you’re looking at the spectral lines and analyshag. So | got much more involved
with — half my time was on this looking — looking the impurities and spectroscopic
studies, so I'd gone full circle really to [laughsind the other half of my time was
still trying to exploit the diagnostics commergjallSo | was — and also | had — they
wanted — one of the things was they were goingutdpryllium, the first wall the
plasma sees, they were going to use beryllium lagyg didn’t know how a plasma

interacts with that, but the people in Dusseldanfyersity there, had a little Tokamak
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with a beryllium wall so | had to go and lead ajpct, we took a team our there
which | led to look at the spectra of that, so twas a nice little trip, quite interesting,

so that went on our database.

[27:40]

Could we spilit this bit into two — you're sort adidg two jobs, could you actually just
sort of talk about one of them in turn and thertld®other | think might be — might be
a good way of keeping it sort of simple and shalljust finish off the commercial
mode strand as well, I've one or two other thinggk going to ask you about that, |

was just wondering how did people actually takevtoking in that mode?

| think most of them were unhappy, | think was tight word, it was forced on
people, and especially now given talks by peomefr when you think — | think one
talk was by a girl who came from — I think it wasM, young girl in her twenties
telling people how to be, you know, and tellingtaktse seasoned experimentalists
and theoreticians how to behave commercially. slmelwas just there, one of these
whiz kids from Mars that, you know, parachuted 8o that didn't go down very

well. And most — | mean most — even the senioragament hadn’t had management
training, | mean they’d — they were all scientistso just worked their way up and
found they had to manage which is a common waydn,know, government labs. |
think outside in industrial places like Rolls Royared that they had proper
management streams and they managed properlySout. but | think there was quite
a lot of bal — and a lot of people got — | thinktibpped people from, you know, |
think a lot of people lost interest a bit in fusioecause of that, it was a negative

thing.

What sort of things did you have — you mentioned_thya trip, the Japan trip, what

sort of other things do you have to do in commémiade?

Well you spend a lot of time just surveying the kedjust to see, you know, just
reading and asking around and you had to work dwetiner they’d be wanting new
things, you do like market research to see doeddbi— can this lab measure this or

that, what they’re likely to — we did a survey okey — we did this unofficially, going
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on these labs and trying to find out what they wdntid they want new diagnostics,
or what the one they’ve got doesn’t work propeplgrhaps they want a Rolls Royce
version. So we spent a lot of time on that typthofg which to me wasn’t very
positive [laughs] but that was the rules of the gayou had to get custom. So we
spent a lot of time on that, those type of exes;iggarket research, and then working
out whether it was worthwhile to actually do thenth to make it commercially
viable. Because the other thing is we weren’tcstned like commercial outfit
outside, we were very top heavy, we had too mailedlpeople, so if we were to
supply anything it would cost us too much becausalidn’t have — we had too many
chiefs, not enough Indians. We — we’d had to s tighly qualified people to do
mundane jobs, that was — and also we’ve — we wad to doing things type of Rolls
Royce fashion, getting them manufactured which théscost up, so the only people
could afford to use this were the people — the tahswere very well off. Or like a
trip — the Arabs, they could afford it, that wapersive, a couple of million pounds.

Did you get many other successes like that?

Well not a lot because we’d — | mean | only stalyethat about two years and then |
— | took early retirement then and then went back aonsultant, back to what | was
doing — what | was used to doing [both laugh]. Bdid — the commercial work
more or less faded away, only the Harwell peoplé&;ulham | think — | think we
were about the only successful group, except ferethivas some classified work on
negative ion beams which was tied up with the AosariStar Wars, that was quite
successful. In fact | mentioned for us in scatggive did — we held them on that as
well, that was a commercial exercise, but that pad for with ... money. So ... so
there was a funny commercial spin-off there. Bt tvas an application of
fluorescent scattering which was useful, you knSwy Wars.

Is that when you got caught up in yourself at all?

Yes, | got a publication out of that in, you kndype of — what'’s the word, censored
form [laughs] so. Because these — these negativbeaams were, you know, highly
classified, but they wanted to know the basic ptg/giside and what went on inside

these beams. Because they used neutral beamattpléigmas anyway, but the
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negative ion is extrapolation of that, that usedel the Americans wanted to shoot
down missiles, this and — so the Culham, anoth&rasehad this American contract,
but to optimise this source they had to know whatglasma was doing inside the
source, so we could use the fluorescent scattésidg that. So that technique that
we evolved from Imperial College days we used @n.ttWe could only publish the

actual basic measurement, we couldn’t put it inexin

[33:10]

| was going to ask as well how much ... how much thaesommercial mode activity

actually impinge on the research activity?

It was purely negative | thought, nobody — no +dh& know anybody who went
along with — in Harwell they did because | thinkveis the only way they could —
because a lot of people had been on fission resaatioich is — and that work had
stopped more or less, so the people there, they therenthusiasts, but in Culham we
still had fusion to do so we didn’t want to be sideked by — so that's my opinion. |
knew very few people — my one boss went along ithe was very keen, but when |
mentioned Hugh Bodin, who was keen on Japaneséhanirabs, because he fancied
himself as the heavy manager type, so. And hegtfiicdue could use his talents on
this commercial side. But he was about the ongpdhknew who in fusion, that was

enthusiastic, Bodin.

[Laughs] And how do you actually sort of combina) know, research into fusion on
one side and commercial stuff on a weekly basis,dmyou split your time between

the two?

It was very — well it varied on a day to day bagisyasn’t — it wasn’t organised, it
was as — as it came, | think it was just — you d@otilactually fill a diary and say, ‘I'm
going to do this one day and that the next,” yovewmirely on very pragmatic day to
day, you know. But | must admit | tended to p& dommercial work on the back-
burner, | didn’t — if | had a choice of doing onetloe other I'd give the fusion work
priority and so — because | knew in my heart thatdommercial side wasn’t going to

really take off. | made it work for the time | wasolved but | couldn’t imagine
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doing it for the rest of my days, so — so when thélye — well the human resources
people worked out the optimum age to go was fifght | took the chance to go and
— because | knew that they’d want me back as auttam$ on the diagnostics, and

then I just snuffed off the old commercial workhend ...

[35:25]

Right, so you mentioned the other big aspect of wawk in the ‘80s was on JET?

JET, well that was the big Tokamak that EURA bafter — after our Russian success,
the Europeans realised this is the way to go,lmyt had to go one or ten times better
if you like [laughs] so they built — after a lot afgument they built the JET machine
in Culham and that was, well, run by all the Euapeountries and well what
happened then, there was a lot of people from Quivant across to work on it, but
what they did, they formed, they had key peoplelands one of these who they
wouldn’t let [laughs] — | couldn't totally go acr®she bridge, there was a bridge
between Culham and JET and we used to have this®sipn, ‘Go across the bridge,
JET, and they had a list of people in Culham wheytwouldn’t let commit totally to
JET and | was one of those because they wantealdcalcredible Culham
programme together. And that's what | — that's whdid the commercial work as

well.

Can you actually describe JET to me, how doesntgare to the earlier Tokamak?

It's just a matter of scale, it's about four —d@ly four times the size of the Russian
Tokamak, and millions of amps, instead of a cowplleundreds kilo amps, it’s five
million amps current run through it, and gettingau running to fusion conditions
with tens of millions — in fact 100 million degrees this, and they could actually run
in tritium and get real fusion reactions going. ig¥hyou couldn’t do — | mean the
Russian Tokamak wasn’t hot enough for that, but #ls got to be a certain size to
get the fusion reactions going because the pastedeape otherwise before they can

get up to — get the right temperature and energy.an

When you say going over the bridge.
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That was just physically, there was a bridge lingadghs] Culham and JET, about
fifty yards across and — so for the psychologibalg as well | think.

How so0?

Well just if you switched — actually switched moa@essyou went across, well that
isn’t totally fair because we used to — quite aoliothe equipment was built in Culham
and carted across but — but that — but a lot opleewere — were like two teams in
one JET, the people that were there full time amesavho came part time like myself
and ... but all the British ones were the people wotked with anyway so it was a
bit strange. But of course there were multinatidhare as well, they were genuine
European, but because we’d worked together on¢Hikg in Frascati in Rome and
you name it we — it wasn't strange at all becausewere used to working with

foreign people.

Do you know why it was built in Culham in partiata

Well — well each country made a bid, it was justiawas a political decision in the
end, could have been Germany, could have beené&rdmneas horse trading, literally.
And that’s why the next ITER, that's why it's goitg France now, because we've
had — Britain’s had its turn and also | think thes@s a great financial inducements,
you know, the government had to back it up, but -

Are you surprised it ended up in Britain?

| was because it took so long I didn’t think it wgsng to [laughs] — ever going to
happen, so — because they were arguing over tharsit this, and then the funding
and the how it's shared out and how it would béestia

When did you actually find out it would be then?

Well it must have been about ‘82, ‘83 | think, mhate been quite early on. But ...

and then straightaway we’re having — we realiseg trad these workshops to decide
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which diagnostics they’re going to put on it, soalle- we were all invited to make
these various submissions, you know, for doingoregithings on the machine so — so
| was quite involved with that. So you try andttat and the commercial work so it

was quite a tricky thing, yes.

So what do you actually do on JET?

On JET it was the — actually we used — | was dwisgal spectroscopy, looking at the
visible spectra coming out, so — and we were lapkihimpurities and then actually
doing a lot of surveys to see actually which impesi were dominant. And then

trying to work out where they came from and if thvagre mattered or ...

So is that analysing visible light then I'm —

Yes, yes. But then other people did it in theaviolet, you know, they’d seen — but |
wasn’t involved with that side. And then also we charge exchange, as the — | told
you they used neutral beams to heat the plasmhbeaseutral beams go through the
excite the lines, so we used that to measure theasure the magnetic fields by what
you call zoom and splitting. That's another thing did [laughs], the spectral line, if
you’ve got to subject an atom to a strong magrfigid, the spectral lines split and
the amount of splitting depends on the magnetld,fio what we did, we looked at
these lines at different parts of the plasma, seowtd plot out the actual magnetic
field so that was a — in fact that was an extensidhe current measurement we did
previously on DITE. Again that was Paddy Carolmeéntioned, you’'ve asked me
about him. In fact he was the leading force irt thther than me because he was full

time on it while | was still [laughs] trying to dwo things but ...

What sort of equipment do you actually use byghist to do visible light
spectroscopy?

Well it was still — ironically the same spectromreds — as we had in Russia, but the
actual detector was a much more sophisticated tetdxit, much more, you know,
multi channel so we could look at — with great detAnd also because the — we used

these — again it starts to get a bit heavy physies some of these line shapes
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weren't very clear so we could use these deconngltechniques we called it and
again which was Paddy — again Paddy Carolin sohiecut, he was — it was one of

his topics. This was the type of division of labdwou like, he looked after that.

Was the work successful?

Yes, | was — yes, again | think — as | say | dtmitk — if | had a duff experiment

[laughs].

So what actually — what result actually came outdf

Well | think it gave — they could tell which imptigs mattered on JET and in fact see
if there was any faults in the machine and theydcéod the best regimes to work at,
that was that. And the magnetic field thing cand the field configurations they
thought they had, that's — so that's the type ofegal thing you get. But it — what
happens, you find all this — these bits get integtanto a general picture and there’s
some people with an overview, they add up all thigse bits and then get the
overview of the machine to see how it's performiagd so there’s a team that does
the Tokamak performance if you like, so they wilbkv all the Tokamak physics and
try and put the jigsaw together, while we’re justkimg it just a bit of that. So again

that meant we were fairly — we were just like gyestformers on the machine there.

[43:23]

You mentioned quite a few sort of — this changmtomercial mode and | was just
wondering were there any sorts of big changesthdthappened along the way, over

the course of your career at Culham?

| think that was the only really — it was a gradilmhg till we came to that, | think it
was just technical progress and that was the —-uiseocavery time you did an
experiment you were always limited by the techniicaits of your detector or
whatever, sensitivity, we were always pushing foetard. So the progress you
made was very much coupled to how good your equipmvas. But the only thing it

affected — the way we actually worked day to dag s — | think change to



Mike Forrest Page 237
C1379/48 Track 13

commercial thing which total change of philosophyiet was fairly disastrous |
think.

As a scientific civil servant, | suppose you techlly were, do you actually think
about yourself in those terms at all?

| think you did, I think that was — | mean that vadisthe grades were, you know,
government grades and if you went to NPL or angolib they’d all be the — all the
government chemists, they’d all be the same stre@xactly. And we were all in the
same union, the Institute of Professional CiviNaats, so — and our pay always
stayed behind people working outside in commereis¢arch by about twenty or

thirty per cent [laughs].

Are there any advantages to being a —

Well the advantage was we had an inflation progieasion which seemed to rub a

lot of people the wrong wayTelegraphhad a big campaign against us until our — the
institute found out their directors had exactly saene scheme so they pointed this out
and they backed off and -

[Laughs] Ah. | was just wondering as well, as &stfic civil servant, which mode
do you think of yourself in more as, as a civivsat or as a scientist [laughs]?

No, definitely scientist | think, yes, just thatyihg to push — push through — push
through scientific experiments. But | think — meenl mentioned before, it depended
on collaboration with all these other people whoenadl government — though to be
fair we collaborated with people outside in indysts well. | mean so it's — but |

don’t think we were different animals, just ...

Is there a difference working with people in indystompared with working with

people at other research institutions though?

| think — I think the people there moved up intonagement, this commercial mode

quicker than, you know, they automatically wentttat mode which we didn’t. Their
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career was that, they only reached a certain lesfere they became managers and
then they stopped doing the physics. So that wag difference, well with us you'd
carry on doing physics, even at a very high lelvet,outside wouldn’t find the senior
managers doing anything in — wouldn't get theirdwdirty, that was the big

difference | think, yes.

Did you still enjoy your job in the 1980s?

| enjoyed this physics side but not — definitely tite commercial side, no. No, to be
true, | mean I didn’t strictly try — | enjoyed th@avel aspects which opened out some
new horizons but — but it wasn't as satisfyinghesdctual — doing the actual hard

science and -

When did you start thinking about retiring?

| didn’t really think about it at all [laughs], jist came out of the blue this, | happened
to know the — this lady was — well she was heggeo$onnel, we used to meet
socially and she just said this casually, “You kngw ought to think about going, it's
the optimum time to go, if you want to do it themwhether you like it or not this is;’
and so that — it freed up money for paying peoplga early so | could go on good
terms and they gave me four or five extra yeatse dnly thing was | couldn’t get
obviously the full pension till | came up to propetirement age, you know. And

also they had this thing that if | did consult btain’t earn more than my previous
salary, so there was a somewhat — | couldn’t bebaitier off because I'd retired

early, that was the — but just not me, that wasgdrio anybody who had early

retirement terms.

How did you feel about the prospect of retirement?

Well | think | was ... | didn’t really think of it inferms like that [both laugh] because
— because | really did expect to, you know, conceme back in and | didn’t expect
to drop out, | wanted to phase out. The only thiag | was a bit worried that it
might not happen, | mean | was hoping it would kapbut | couldn’t have — there

was no written promise that I'd — they’d take melbas consultant. And it just
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happened people needed me for certain things éidl i+-could have gone totally
haywire and my career could have stopped at fifjyie you know. Just that they
kept going and — especially on the scattering sideause they really wanted — the
MAST experiments, they wanted really sophisticatedjnostics. And also these
other odd topics like detritiation and things foei TER project and — because there

were some extra projects came in so | was avaital®ok at that.

[End of Track 13]
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Track 14

What happened after you retired?

Well I didn’t really retire [laughs] in the truersge of the word, | almost straightway
they asked me — me back to advise on this Thontsaitesing experiment for MAST
and they wanted to extend it into using not onest pne laser but to get full spatial
scan and a lot of time detail. So they were gtingse eight Yag lasers which —
which are a bit different to — these are longerelangth lasers to the ruby, so eight
of those and one ruby laser, so quite a sophisticd¢vice. And also we’d — we went
very heavily into trying to couple the amount @it — one of the secrets of scattering
is to collect all the scattered light you get, sowworked out a new method of
collecting all this scattered light and you fin@dthvhen you're designing these lenses
it's a job to make one lens do everything you wamits own, but sometimes you can
use one lens to correct one thing and another fb@evards, so this is a type of new —
new regime and we worked in with a — quite a sdpfasited optic design on this. So
this was something new, we called it interactiveas So we — we moved if you like
the optical design up a notch from our previous -again this is technology moving
up. But of course using all these extra lasersthings meant all our previous work
on laser beam dumps and collimators had to be ugtitmut, so that quite a lot of
work to be done on that. So it's — it was quitetabf work, but of course beauty is |
could just concentrate on that instead of doingroencial work like as previously, so

| was back — in fact | had no management respditsbieither [laughs] so it was 100

per cent on being creative and — creative, yes.

What actually was MAST, what does it stand for loats it [laughs]?

It is a spherical Tokamak, this is a much tightéryeu can imagine a doughnut with
a very small — instead of a hole in the middlet fike a central conductor more or
less, it's just much tighter, so it makes — it mmkea lot more efficient. They — the
configuration in plasma physics terms is much naffieient and if it was — became a
reactor it would be a lot more, well cheaper tdduAnd Culham specialised in this

type of area, it's much more compact form of a To&h.
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And what's the advantages of not having the midtitbe hole in the doughnut?

Well this is it really, it gives you a much — givgsu this type of D shaped, it's easier
to get this D shaped plasma, which controls stgtaliot more in there. And the
whole thing is — well to put it simply, just a lotore efficient plasma, use of the

plasma.

[03:18]

You mentioned one or two bits about the actual oméas laser — laser scattering
system you've set up here in the Yag laser, cauduyst actually describe to me what

this set up all looks like?

Well it's much the same as before where we hadgustlaser going through and then
looking at ninety degrees at the scattering liglel] now you can have a ray of about
eight if you like pencils of light going across thiesma. But to accommodate that
you need very good collection lenses because ytnoieng at a huge volume,

literally over a metre across, well metres, so ithis so you — this very sophisticated
optical design comes in. You need this very widgl@ big aperture and there’s no
way one lens can handle this, so you have to doiweall the various aberrations, as
the light is funnelled through back through youb-your spectrometer. And likewise
the laser dump had to be designed to accommoddltesé beams going through, and
we had to make a whole lot of — and of course thehe different wavelength the
Yag, it's 1.06 microns, you have to use dioded’saidifferent form of detection —

we had spectrometers where they use eraser diodlasktat so — so there was — had
to have a new lot of — there’s a different specetanfor each space on these. But the
advantage of these Yag’s is you can fire a lohots so you get — you can follow the
whole laser pulse through and get time history.lI\¥e ruby is very good for spatial
resolution, so that — that was really the defimticuby for space and Yag for temporal

resolution.

How straightforward was it to get it all set up?
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Well this — this took a few — a couple of yearsippgose because this was Mike —
Mike Walsh and we worked together on this. Agara’s one of these people |
interact, like with Paddy Carolan [laughs] we’ve-abecause Mike, he started off
being a student with us and so | ended up workagk lvith him and now he’s in

charge of all ITER diagnostics, he’s -

What sort of chap was he back then?

Well he’s a six foot Irishman, black belt [laughggry clever and very good manager,
very affable.

What were the biggest challenges in getting thisesy set up?

Well it was — it was this to get the optics optieddo handle all these extra laser

beams and getting rid of all the extra power frbese — all these Yag lasers and —

Are you working with, you know, optics experts iwitbulham or from elsewhere?

Well for this we didn’t have the expertise, we atiyibrought in a specialist lens
designer, Roger Huxford, and then he did a lot iitary — he does this — you know
on jet planes they have — fighter planes, they liaigehead up display in front of the
pilot, he did — designs all those type of thingshe was a very sophisticated optical
designer. It's the first time we’ve ever calledexternal people, yes, but we knew
we’d need some extra help on — because the opgcsoademanding, so we —and ...

so we called in this expert and we learnt a latftam [laughs].

How do you actually go about fixing an optic prahléke that? Or in fact could you

actually -

Well there is — we had — to be honest there’s rethesoftware out there to use,
because it's been developed for years, but foo get into the software and use it just
isn’t very efficient, whereas these lens designsesit every day and they know — |
mean we didn’t have to waste time applying thisidAlso with optics [ph] we'd — |

mean they spent all their time — | mean althouglvevdone a lot of optics, | don’t
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spend eight hours a day doing it, well this chapsdand he’s had all this military
experience doing things. And also he can sortarid-the other thing people don’t
realise, you need all these special optical glassddenses and if you've got a lens
say about sixty to eighty centimetres across, yantwlass, special glass for that with
a certain refractive index, and they’ve got to bated, anti reflection coated. And
the mounts, even the design of lens mounts is gopéisticated which | knew

nothing about, which this chap knew [laughs].

Is it a simple case of once it's all been desigyed just put it together and switch it

on or were there other processes as well?

No, usual thing, had to be evolved and exact —yesgperiment is the same, every
one’s a new challenge. If we're —on ITER it'dthey’d have to work through all the
same processes again, going to be a problem veittriglal noise and laser noise and

[08:30]

As a consultant; treated any different to how yad been before?

| think it would be if — except we’d always workemether [laughs] so no, just
because we worked together, | think it's — I'veyoaVer worked as a consultant with
people | know anyway so we’ve always worked togesizethere’s no change. |
haven't gone out to somebody outside to consuit, krow, to — to another

organisation.

Ever been tempted or offered?

There was some weapons work that | was half temptgtd decided | couldn’t really
handle it, it was slightly out of my domain, foas®mns which | can’t disclose [both

laugh].

What sort of — did you work a — as the same sontayk pattern, five day week, nine
to five is it —
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Oh no, it was very arbitrary, they'd give me tertwenty days chunks and | type of
worked as needed, that was very arbitrary, you knSw | never — | don’t think I've
ever worked the full five days, it was very intefigeperhaps two, three days a week
and as required. And — of course a lot of it cdadchat home anyway, you know, they
— | could do stuff at home and then just go in¢hter ...

Hmm. | was going to ask as well, how did you dbtdael about going back as a
consultant having technically retired and yet naughs].

Well it was kind of almost a relief because | cogtilback without, you know
[laughs], without having any of the commercial pra®s or, you know, just doing,

you know, what | was good at and what | enjoyechgaeally so.

What else had you —

And | know the right people, you know, so.

[10:25]

What else did you do outside the consultancy weitk, what | guess is now free

time?

Well | took up bowls as one thing [laughs], buteveat’s a bit strange because the
first time | walked into the bowls club in Abingddtooked around and | realised half
the people had worked at Harwell, Culham or thehBidiord, so that was like being
back in work and there were some quite distingugiteysicists there. In fact John
Wessons was probably the top theoretician on thamak’s, he’'d been in the first
competition | played so that gives you ... and stjlou know, | swam. | go early

morning swimming to that just up the road, and ved¢kva lot and ...

When did that consult —
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And the photography, | tend to take quite a lgplodtographs and do the digital
fiddling because | had — managed to have the PhofoSoftware, | could fiddle a lot.
But | must admit a lot of the photographs are gtahdard grandchildren [laughs]
fodder if you like.

When did the consultancy work come to an end?

It's still on in a way, it's kind of — | think abd@ year ago | did the last serious bit but
[inaud] coming back again, that was — that wagd#tetiation work. But this is when
they were worried at the ITER experiment, the data might get retained in — well
better start again, the tiles on the Tokamak thed¢ the plasma, there’s a film tend —
hydrocarbon film tends to build up and this coutd@b the tritium. And as this
coating falls down it forms an ash down the bottdithe machine and you — and this
ash contains tritium and you're only allowed so mu@ium in a machine. So if
there was an accident and the machine blew upithart would escape, so the idea
was to try and clean these tiles before — befareatih falls to the bottom. So we
devised this — like a laser flash head, an ellgbtieflector with a laser flash tube
which we drove across the tiles which cleanedto#f toating, there’s like a vacuum
cleaner on it as well if you can imagine a vaculmaer with a [laughs] flash tube on
the end and this blew off this coating which wegtatu Yes ... yes, so if you can
imagine a vacuum cleaner with a flash light onghd sucking off the stuff you blew
off with this powerful flash, and it was so powadttiais flash we had to water cool it.
And we were trying this experiment inside JET dmelytweren’t very keen for us to
do it, one thing is you couldn’t go in there tottics, you only had the remote
handling boom, so we had to work in with the rentwadling people, and they
programmed it so it would scan the — well justrgeatile really. And the idea was to
go up and down this and then send it away for ficeanalysis afterwards to see.
Anyway this — because this flash tube was so pawert had to cool the head with
water, and they weren’t very happy about this isecae had a leak and of course we
did have a leak [laughs] so | — | came in for adiostick off the senior JET people,
they said, ‘Mike we don’t want you to put wet phasdn — don’t want you using
photons on our wet ones,’ so that — so that wagute interesting. But anyway this
— this technique worked so | don'’t — if they needise it on ITER, we can use this

device and it's quite interesting because they tetdvision pictures of this working
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and it's quite good, even go down in conferencequell and Glen Counsel who

was looking after this work, he peddles this arquebple like this picture of this
cleaning of the tiles with this thing, you knowo Bwas an example of applying laser
technology. And this isn’t an actual laser, tBigust the flash tube because you have
to do a fairly big area, you can imagine there’sdreds of square metres in these. So
if they do have to do it it'll be quite a major atht might not have to — it depends on

what wall tiles they use.

[14:55]

You've sort of highlighted, you know, one or twiasjgou’ve done later in your
career, more or less up to the present day andd jwst wondering if you could
perhaps — not so much contrast the actual workareudoing but, you know, the way
you are actually working, so the tools you werengsthe instruments, the techniques
and so on, with the earlier part of your careeghi way back at the start, what's the

difference between those two periods all thosesyapart?

The big different is just purely technology devetamts, they got better detectors and
everything, it was much easier, much more sensitivaen we started we were
struggling and well even the lasers we had to bauidelves, but now you can buy a
base for scattering lasers off the shelf, and detedecause of this massive military
input, very good. So it's much easier, you knodwnd the emphasis now is going —
which | couldn’t help on, is the data analysis thatthat's — that’s the big swinger
now, so they can actually use the data, that taaydo an instant — as a laser fires you
get a result out straightaway in real time, raaktiexperiments now, that's the big
change but as | say that — | can’t make any cauntioh to that side, | can just do the
front end [laughs], producing the data, but notiysiag it. But the template for the
experiments is exactly the same as we did in 18@4's — so that’s, you know, shows

we had that right. So anybody who does the saagtexperiment models it on that.

What do you consider to be the highlights of yareer?

Would definitely be the ‘64 experiment when wetffirdirst ruby laser scattering, and

then the current measurement | think on DITE. Areh this — perhaps the latest, this
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scattering system on MAST which is probably the bethe world now so ... so we
just maintained, you know, Culham’s expertise agdostic skills.

Where do you think the future of fusion is goingepyou know, as someone who'’s
been involved in it since — well since ZETA?

| think it'll work once they solve the first walthis is with the plasma hitting the wall,
they’ve got to solve this problem to get the whdttll stand it without affecting the
plasma performance and so | think what they neealish more effort on that side of
things, understanding the first wall which — whtbley’re doing anyway to be fair.
But that’'s — | think they know how to contain thHagma, and set up a plasma, but
what they don’t really understand are the edgeefitht wall effects and what
material to really go for, whether it be tungsteeryllium, carbon tiles. | think, you
know, they’ve got — you know, it might be a cockt®pending on the loading on the
different parts of the machine, so that’s the biigpem is the first wall, | think this is
widely acknowledged. But diagnostic wise | thing’we got almost a full set, though

we could exploit that florescent scattering a bitren

When do you think we’ll see fusion power?

Well ITER will — well already on JET showed it'syeu know, that's breakeven and it
showed that, but ... | think realistically you'd hawerty years of — | mean a working
reactor. But it could be earlier if — because il energy shortages really, you
know, coming home and Japanese having to go ofive ko ease back on fission,
they’ll probably swing more into fusion becauseythe already into fusion. And
even countries like China are on the ITER project gee, and India. So if they had
like what | call a moon shot effect, you know, wtbay — you know, the Americans
put fantastic effort to get man on the moon, ifythed the same for a — well fusion
research it'd be the same, they could bring itamier. And the other thing is
everybody collaborates on it, it's not [laughs}’'s + you know, it's one of these
things that you get all these countries who dogfea politically but who actually
collaborate maybe all on ITER, though politicaliey don’t get on all that well so
that's ...
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What are actually the advantages of a fusion reagter fission?

Well it’s just the waste, that’s just the big hellpere’s no radioactive waste. And the
other thing is it’s failsafe if — if the plasma goeut that’s it, it doesn’t explode,
there’s no way a fusion reactor can explode oraway, you know, a fast breeder
could run away. But as | say we don’t — we hawséh— we never ... knock fusion
or, you know, this is the type of philosophy, nabkking it, I'm just saying that’s the
— that is the big advantage which obvious. Bubmézally it'd be a lot more difficult
to run | think than a fission reactor, | mean aitis works without almost trying, but
a fusion reactor you'd have to work, it'd have ®Kept tuned up. And you'd be
using these arrays of lasers to set it up and keepou know, monitor it all the time
to see you have the right plasma. So it's all gamhinge on laser scattering in the

end, and interferometry.

[20:20]

| think my last few questions are really about thierview really and | was

wondering how you’d actually found doing it?

Fairly gruelling [laughs]. | think the big problewas I’'m so conditioned by the book,
my mind’s running a bit in grooves, | think thatfee slight problem.

We haven't really talked about the book —

Oh [laughs].

Would you mind introducing it, it's a —

Yes, it's called_asers Across Cherry Orchardgou can work the title out for
yourself [laughs]. But it started off — our lateettor Bas Pease, after the Russian
experiment he said, ‘Somebody should write up pigpend nobody did. And then
in 2002, well we used to have these social meetiftgs we all retired and he wrote
me a letter and he said, ‘Mike you should realljtavthis up properly because there’s

no record,” and so | — | started — | wrote a rodgdift which was just purely about the
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Russian experiment itself and | passed it roungbleeto read and a couple of my lay
friends said, ‘Well you ought to expand it out hesahow did you get it, you know,
how did you happen to be there in Moscow and whppbned afterwards,’ so it grew
from that into this populist version which it jusjust being printed now. So we’re

just sending copies off for review [both laugh].

How has this interview differed from writing a boétr some of the same events?

| think you come at a different angle because Imtba book is everything there is
self generated by me but you're putting your — whet said to you is — has made
you — well brought up questions, you've asked mestjans which | stimulated. But
the book is — is everything is from within me ifybke, that's the big difference |
think, yes, you've asked me questions which | woitldsk myself, this is kind of a
bit [laughs].

I’'m curious, could you just maybe think of one eplenilaughs]?

No, I think it's more the — when | was growing ypu asked about my — how |
interacted with my sister and things like thisablh’'t expected [laughs] questions like

that, but perhaps | should have.

[Laughs] How have you felt about taking part instisiort of, you know, larger project

about British science?

I've found it quite enjoyable, this — | think thegkproblem is to try and make it sound
interesting and | explained the technical term$&auat making them either too
complicated or — but one of the troubles is yowteEnoversimplify and | suspect a
few times I've oversimplified, and then you get ergdisteners who say, ‘That’'s not

quite right,” but that's why you see.

Have you ever had problems in your career actuakylaining what you do to the lay

public?
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No, because I've had a lot of practice | thinkstisi the — | think the — | mentioned
this in the early days, | had to brief Alan Whickére TV chap because he said he
couldn’t understand what the — | mean | was a \@my chap, he said, ‘I can’'t
understand what your boss is talking about,” saweat for a cup of tea and |
explained to him you see and that — so that thatangood lesson. I've spoken to a
lot of media people since and I've realised yowd gan dumb down but still make it

proper physics and intelligent.

Is there anything you'd like to add before | hi¢ tstop button?

Well just like to thank my family for supporting niierough all this [laughs]. They’re
— they always thought that | just went to work wiily toys which is probably true,

you know.

Is that how you saw it?

Yes almost, | mean it's almost like that, it waeeliyou know, solving problems every
day and having the best gadgets you could havlayowith and the state of the art of
everything.

What most — what did you most enjoy about it?

| think the best thing it's just when an experimesairks, when you’re just pulling
everything together, but that's just a magic momente it works that’'s not so
exciting, it’s just you're working at full stretchEspecially if there’s more than one of
you and you’re, you know, you can feel you're alllimg together and you see all
these problems, like the noise, the scattered &éightall these various problems, then
gradually you can — you don’t see anything and theddenly it all comes out and
that’s it then, that’s — that's the most excitiraytd think. Other people like, you
know, the analysis and all the, you know, thinge that, going into it very deeply,
but it's the actual challenge, the last bit, jistttmagic moment just before it works.

Mike, thank you very much indeed, that's —
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Okay, | enjoyed that [laughs].

Good.

[End of Track 14]



