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Kapitza Centenary Symposium at the Cavendish Laboratory 
(Cambridge, 8 July 1994) 

The centenary of Peter K a p i t z a ' s b i r th was celebrated in 
Cambr idge on 8 July 1994 by a symposium in the 
Cavendish L a b o r a t o r y in which his cont r ibu t ions to low-
tempera tu re physics and technology were reviewed, with 
emphasis on the developments which have grown out of his 
p ioneer ing cont r ibut ions . In the evening, Trini ty College 
hosted a dinner in Ha l l and Sergei Kap i t za replied to a 
toast by the Mas te r (Professor Sir Michae l At iyah) to 
Kap i t z a ' s memory . A shortened version of Sergei K a p t i z a ' s 
speech is appended below. 

(1) D Shoenberg (Cavendish L a b o r a t o r y , Cambr idge) 
"Kap i t za in Cambr idge and M o s c o w " 

(2) A B Pippard (Cavendish L a b o r a t o r y , Cambr idge) 
" M a g n e t o r e s i s t a n c e — the Kap i t za l egacy" 

(3) G G Lonzarich (Cavendish L a b o r a t o r y , Cambr idge) 
"Exper iments in high magnet ic fields and at high p r e s s u r e s " 

( 4 ) W F Castle (BOC G r o u p pic) "Kap i t za and 
cryogenics" 

(5) W F Vinen (School of Physics and Space Research , 
Univers i ty of Bi rmingham, U K ) "Liqu id h e l i u m ^ " 

(6) H E Hall (Schuster Labo ra to ry , Univers i ty of 
Manches te r , U K ) " F l o w and textures in superfluid 3 H e - A " 

(7) A M Guenault (Universi ty of Lancas ter , U K ) 
"Kap i t za and L a n c a s t e r " 

(8) S P Kapitza ( Inst i tute for Physical Problems , 
M o s c o w ) Speech at Trini ty College dinner for the Kap i t za 
Cen tenary 

Summar ies of pape r s presented at the symposium 

PACS numbers: 01.60.+ q 

Kapitza in Cambridge and Moscow 
D S h o e n b e r g 

Kapitza in Cambridge 
Peter Kap i t za ' s connect ion with Cambr idge came abou t 
ra ther accidentally. H e had suffered a great t ragedy with 
the loss of most of is close family in the epidemics which 
were raging in Pe t rograd in the af termath of the 
Revolu t ion and the Civil War . H e himself only barely 
recovered from a long bou t of nephri t is and he was 
completely devastated by the dea th of his family. F o r a 
long t ime he was unab le to work , bu t luckily something 
then tu rned up which was to change the whole course of his 
life. A commission had been set up under A b r a m Ioffe for 
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renewing scientific re la t ions with the outs ide wor ld and 
Ioffe was able to appoin t Kap i t za to accompany the 
commission on an extended trip to the West in 1921. Ioffe 
wan ted Kap i t za to spend some t ime in the famous physics 
l abora to ry at Leiden, bu t the D u t c h were frightened of 
possible communis t infection. 

Fo r tuna t e ly Eng land proved m o r e a c c o m m o d a t i n g and 
eventually Kap i t za arrived in M a y 1921. Ioffe in t roduced 
him to Ru the r fo rd at the Cavendish L a b o r a t o r y in C a m 
bridge, then a kind of Mecca for physicists from all over the 
world , and Kap i t za asked Ruthe r fo rd if he would accept 
h im as his s tudent over the winter. At this poin t Ru the r fo rd 
became distinctly less friendly and said his l abo ra to ry was 
a l ready full. Kap i t za responded with a seemingly quite 
irrelevant quest ion — wha t sort of accuracy did Ru the r fo rd 
aim at in his experiments? Ru the r fo rd was ra ther n o n 
plussed, bu t told Kap i t za tha t usual ly something like 3 % 
error was permissible. Ah , said K a p i t z a — y o u have abou t 
30 s tudents , so you w o u l d n ' t not ice one m o r e if you took 
me, since I would be jus t abou t within your permissible 
error . Ru the r fo rd was impressed by the ingenuity and the 
sheer cheek of K a p i t z a ' s app roach and agreed to t ake him. 

Al though at first Kap i t za was greatly in awe of 
Ru the r fo rd — indeed he n icknamed him the Crocodi le — 
he managed to establish a very cordial relat ion. Ru the r fo rd 
was impressed no t only by K a p i t z a ' s skill and originality, 
bu t also by K a p i t z a ' s ability to talk to him m a n to m a n in a 
way tha t very few of his other younger colleagues dared to 
do ; he p robab ly also enjoyed K a p i t z a ' s undisguised admi ra 
t ion. K a p i t z a ' s first research was a s tudy of h o w the energy 
of an a-part icle falls off t owards the end of its range and he 
no t only devised an original and ingenious technique, bu t 
completed the experiment and publ ished it in record t ime. 
Kap i t za tried a mild leg-pull in present ing Ru the r fo rd with 
an inscribed reprint . W h e n he had started in the Cavendish, 
Kap i t za was ra ther annoyed to be warned by Ru the r fo rd 
tha t he would no t to lera te any communis t p r o p a g a n d a , so 
he wro te on the cover: " T h e auther present ing this paper 
with hise mos t kind regards , would be very h a p y if this 
work will convince Prof. E Ruthe r fo rd in two things. (1) 
Tha t the a-part icle hase no energy after the end of his range . 
(2) Tha t the auther came to the Cavendish L a b o r a t o r y for 
scientifical work and no t for communis t ica l p r o p a g a n d a . " 
(Kap i t za ' s cur ious spelling and English style have been left 
uncorrected . ) Ru the r fo rd was angered by the cheek of the 
inscription and th rew it back at Kap i t za , w h o , however , had 
come prepared with a second repr int with a m o r e conven
t ional inscription, so tha t peace was soon restored. 

To follow up this first research Kap i t za developed an 
ingenious new me thod for p roduc ing powerful magnet ic 
fields which could be used to bend the a-part icle t racks . The 
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novel ty was to overcome the difficulty of Joule heat ing in 
the magne t coil by creat ing the field only momenta r i ly and 
synchronously p h o t o g r a p h i n g the t racks in a Wilson cloud 
chamber . Fields of abou t 10 T were achieved by discharging 
a specially designed lead ba t te ry t h rough the coil, and 
eventually measurements of the curva ture of the t racks 
convincingly confirmed and extended the results of the 
earlier experiments . In the course of the work Kap i t za 
realised tha t the powerful t hough short-lived magnet ic fields 
might be exploited to open up completely new areas of 
physics. His first venture outs ide nuclear physics was a 
s tudy of the Zeeman effect. This confirmed tha t the general 
idea of us ing impulsive fields was sound, bu t even t hough 
his fields were several t imes larger t han had hi ther to been 
used, the results did no t show any appreciable deviat ions 
from what could be expected by ext rapola t ion from lower 
fields. 

To go further, Kap i t za developed an entirely new 
technique with which he was able to achieve still higher 
impulsive fields. The idea was to use the kinetic energy of 
the ro to r of a large d y n a m o and discharge mos t of this 
energy into a coil. Designing the d y n a m o , the e labora te 
switching a r rangements and a specially s t rengthened m a g 
net coil was a major engineering project which Kap i t za 
carried t h rough in col labora t ion with industry. It says much 
for his drive and enthusiasm tha t it t ook only little m o r e 
t han 2 years from the concept ion of the new idea to the 
successful test ing of the whole equipment , and fields as high 
as 35 T were achieved. D u r i n g the next few years a series of 
novel researches was carried out , p redominan t ly on the 
increase of electrical resistance of metals in high magnet ic 
fields bu t also on magnet ic susceptibility and magne tos t r i c 
t ion; the Zeeman effect was left on one side, t hough it was 
t aken up again in M o s c o w some 10 years later. It soon 
became evident tha t the results on metals became m o r e 
interest ing as the t empera tu re was lowered, t hough at tha t 
t ime liquid ni t rogen was the only cooling agent available in 
Cambr idge , so Kap i t za tu rned his a t tent ion to the l ique-
facation of hydrogen and helium. 

By the early 1930s Ruther fo rd , who cont inued to be 
impressed by Kap i t za ' s imaginat ive style, and was then very 
much at the head of the English scientific establ ishment , 
pe rsuaded the R o y a l society to use pa r t of a bequest left by 
the industr ia l chemist Ludwig M o n d for bui lding a special 
l abora to ry for K a p i t z a ' s work , where he could m o r e 
comfor tably extend his magnet ic work to lower t empera 
tures . This R o y a l Society M o n d L a b o r a t o r y , as it was 
called, was opened in 1933 with great eclat by Stanley 
Baldwin, who h a d been Pr ime Minister and was then 
Chancel lor of the Universi ty . The opening was performed 
with a key in the shape of a crocodile and a fine bas-relief of 
a crocodile carved by Eric Gill was revealed just to the side 
of the front door ; a bas-relief of Ru ther fo rd , also by Eric 
Gill, was carved just inside the building, to emphasise, as it 
were, who the crocodile really was . 

Let me go back for a m o m e n t to the significance of the 
n ickname. 

I th ink Kap i t za ra ther enjoyed being a bit myster ious 
abou t it. H e once told the scientific writer Ri tchie Calder 
tha t " In Russia the crocodile is the symbol of the father of 
the family, and is also regarded with awe and admira t ion 
because it has a stiff neck and canno t tu rn back. It just goes 
straight forward with gaping j aws like science, like 
R u t h e r f o r d . " A m o r e fanciful bu t entirely apocrypha l 

explanat ion popu la r in the Cavendish , was tha t it was 
after the crocodile in "Peter P a n " which swallowed an 
a larm clock to give warn ing of its terrifying app roach . Like 
Ru the r fo rd (who had a b o o m i n g voice and a heavy t read) it 
could be heard before it was seen. Yet ano ther explanat ion 
is tha t the n i ckname was based on K o r n e i Chukovsk i i ' s 
comic poem for children abou t a crocodile walking the 
streets of Pe t rograd . However , A n n a Alekseevna quite 
recently insisted on debunk ing all these explanat ions — it 
was simply tha t at first Kap i t za was qui te terrified by 
Ruthe r fo rd and the crocodile was the most terrifying beast 
he could th ink of. At the tea which followed the opening, 
there was an amus ing incident. Kap i t za was sitting with 
Baldwin and was overheard telling him something ra ther 
implausible. W h e n Baldwin said something like "surely tha t 
can ' t be t r u e " , Kap i t za grinned and replied " Y o u can 
certainly believe me — I 'm no t a pol i t ic ian!" 

Even before the M o n d L a b o r a t o r y was ready, Kap i t za 
in col labora t ion with Cockcroft had built a hydrogen 
liquefier of novel design and his first big effort in the 
new l abora to ry was the complet ion of a hel ium liquefier. 
As always, he disliked following a t rodden pa th , and 
developed a completely original me thod of cooling by 
adiabat ic expansion, us ing the gas itself as a lubricant in 
the n a r r o w gap between pis ton and cylinder. H e had hoped 
tha t he would be the first to liquefy hel ium in England , bu t 
he was ups taged by L i n d e m a n n in Oxford, who b r o u g h t 
Mende l ssohn over from G e r m a n y in 1933 with one of 
Simons min ia ture liquefiers at the same t ime as the M o n d 
L a b o r a t o r y was opened. However , K a p i t z a ' s machine h a d 
the great advan tage tha t the liquid hel ium could be 
t ransferred into a D e w a r vessel, so when it first worked 
successfully in Apri l 1934, he could claim tha t he had m a d e 
the first liquid hel ium in England which could be looked at 
(the Oxford liquid hel ium was h idden in an all-metal vessel). 
His liquefier established Cambr idge as one of the few 
cryogenic centres in the world , bu t even m o r e signifi
cantly, it was the forerunner of the machine developed 
by S C Collins in the U S A for factory p roduc t ion . The 
commercia l availabili ty of this Collins mach ine revolu t io
nised low- tempera ture physics by m a k i n g liquid hel ium 
easily available all over the world . 

The new l abora to ry became a kind of Mecca for 
physicists visiting Cambr idge and Kap i t za loved showing 
off the po in t s of interest in his characterist ic style. To 
il lustrate the novel feature of the very short-lived high 
magnet ic field he liked to say "one h u n d r e d t h of a second 
m a y seem a short t ime to you, bu t its qui te long enough if 
you k n o w wha t to do with i t" . His other little j oke was to 
boas t tha t he was the highest pa id physicist in the wor ld 
since he received a professor ' s p a y for only a few seconds 
work in a year. Every t ime the big d y n a m o was short 
circuited though the magne t coil something like 20% of the 
kinetic energy of the ro to r was suddenly lost and this 
p roduced a min ia tu re ea r thquake . To avoid dis turbing the 
delicate recording ins t ruments , the coil and ins t ruments 
were m o u n t e d abou t 20 metres away from the d y n a m o so 
tha t the seismic wave th rough the g round reached them 
only after the experiment was over. H e liked to explain h o w 
this determined the elegant design of the new labora tory , 
centred on the 20-metre- long magne t hall with research 
r o o m s opening out from it. This was indeed an at t ract ive 
feature and even after the d y n a m o had gone, the magnet 
hall p roved a valuable sociological feature in provid ing an 
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informal meet ing place and lessening the isolat ion of the 
research rooms . Ano the r feature Kap i t za liked to show off 
(especially to nervous visitors) was the liquefier r o o m with 
its very light roof, designed to b low off if there was a 
hydrogen explosion — fortunately this never happened! 

Everything seemed set fair for exciting new results to 
start coming out of the combina t ion of high fields and low 
tempera tu res in the new labora tory , bu t K a p i t z a ' s C a m 
br idge per iod came to an ab rup t end in 1934. Qui te 
unexpectedly he was not allowed to re turn to England 
after a rou t ine visit to Russ ia . Eventual ly a new Inst i tute , 
the Ins t i tu te for Physical Problems , was built for h im in 
Moscow, and much of his special equipment was t r a n s 
ferred to the Ins t i tu te from Cambr idge . The story of h o w all 
this came abou t is complicated and goes beyond the scope 
of this article, as does Kap i t z a ' s subsequent career in 
Moscow. Suffice it to say tha t a l though some of the 
themes of the M o n d L a b o r a t o r y were taken up and 
successfully developed by K a p i t z a ' s younger colleagues 
in Moscow, he himself tu rned his a t tent ion to other 
p rob lems . The most spectacularly successful was his s tudy 
of liquid hel ium, which — he d e m o n s t r a t e d — b e c a m e a 
superfluid be low the l ambda poin t t ransi t ion. F o r this 
work he was m a n y years later awarded a N o b e l Prize. 
H e also cont inued his interest in gas liquefaction to develop 
a tu rb ine me thod of liquefying air on an industr ia l scale. 
This became impor t an t dur ing the war in provid ing cheap 
oxygen for the steel industry. 

D u r i n g K a p i t z a ' s 13 years in Cambr idge he became 
somewhat of a legend, b o t h for wha t he achieved and for his 
eccentricities. Fo l lowing his early scientific successes, he had 
moved rapidly up the academic ladder. H e was elected a 
Fe l low of Trini ty College in 1925 and a Fe l low of the R o y a l 
Society in 1929 — a ra re dist inction for a foreigner, 
especially for one who became a Cor re spospond ing M e m 
ber of the Soviet A c a d e m y of Sciences in the same year; in 
1930 he was also appoin ted a R o y a l Society Professor. In 
m a n y ways he was almost the p ro to type of the absent -
minded professor who would forget such m u n d a n e mat te r s 
as wha t he should be wearing, or tha t there were guests for 
dinner at home . W h e n his mind was occupied with his work 
it was very difficult to get h im to answer a quest ion. H e 
would reply " W h a t you s a y ? " and if you repeated the 
quest ion he would repeat his "wha t you s a y ? " unt i l 
eventually he either walked off or you gave u p . But 
when he was in the m o o d he could be a wonderful 
conversat ional is t — never lost for something interest ing 
to say on any subject and with a great sense of fun and 
w a r m cordiali ty. H e loved an a rgument , and was an 
excellent raconteur with an e n o r m o u s reper toi re of stories 
and anecdotes . H e r e is one example in which he makes fun 
of theoret ic ians: Two theoret ic ians were stirring their tea 
when one said to the other " I wonder wha t makes the tea 
taste sweet. Is it the sugar or the s t i r r ing?" They argued 
abou t it for a long t ime bu t couldn ' t find a convincing 
answer, so they decided to consult L a n d a u . H e though t a 
little and said he though t he could see the answer, bu t there 
was one difficulty tha t needed further t hough t and he asked 
them to come back the next day. W h e n they saw him again 
he said " N o w everything is clear. It is obviously the stirring 
tha t makes the tea sweet. W h a t held me up at first was tha t 
I cou ldn ' t see the reason for pu t t ing sugar in, bu t n o w I 
have realised tha t if you d idn ' t pu t the sugar in, the tea 
w o u l d n ' t need s t i r r ing . " Occasionally, the poin t of the story 

would be obscure to someone no t familiar with Russ ian 
t rad i t ions or because of Kap i t z a ' s peculiar English, bu t his 
laughter over his own jokes was so infectious tha t those 
a r o u n d him found themselves jo in ing in, even if they h a d 
no t al together unde r s tood the joke . 

H e had quite a repu ta t ion for his love of cars and his 
reckless driving. W h e n a nervous passenger would d raw his 
a t tent ion to the high reading on the speedometer , which of 
course was in miles per hour , Kap i t za would reassure him 
tha t his was a special speedometer which read in k m per 
hour . One of the best stories is of his giving a r ide to his 
clergyman friend F A Simpson (a his tor ian at Trini ty 
College). W h e n they were coming to a dangerous corner 
Kap i t za tu rned r o u n d to Simpson who was sitting behind 
him and said " P r a y G o d Simpson, P r ay G o d . " It seems the 
prayer was effective! H e was indeed ra ther fond of teasing 
clergymen. Ano the r occasion was when a clergyman was a 
guest at dinner in Trini ty College and asked who was the 
dis t inguished-looking m a n sitting a little further down the 
table. It was in fact the famous as t ronomer Edd ing ton and 
Kap i t za explained: " H e knows far m o r e abou t the heavens 
t han you d o . " 

Kap i t za left his m a r k in Cambr idge in several ways. 
H e was one of the first to start the t rans format ion of the 
Cavendish from sealing wax and string into the mach ine 
age. H e was the or iginator of solid-state and low-tem
pera tu re physics in Cambr idge and his emphasis on the 
impor tance of h igh-pur i ty samples and single crystals was 
a valuable legacy to those who followed in his footsteps. 
A n d last, bu t no t least, he started the t radi t ion of a lively 
informal seminar, the Kap i t za Club as it came to be called, 
which injected something of the Russ ian t emperamen t into 
the m o r e phlegmat ic English. In Cambr idge , his work has 
been cont inued by m a n y genera t ions of low- tempera ture 
and solid-state physicists in his original M o n d L a b o r a t o r y 
unt i l 1972 and m o r e recently, when the Cavendish L a b o 
ra to ry moved away from the centre of Cambr idge , in the 
L o w Tempera tu re G r o u p of the Cavendish . 

Kapitza in M o s c o w 
Kap i t za ' s Cambr idge per iod ended in the summer of 1934 
when, dur ing a visit to the Soviet U n i o n to see his mothe r 
and to a t tend a scientific conference, he was suddenly told 
he would no t be allowed back to Cambr idge . The reasons 
for his detent ion and his negot ia t ions with Soviet h igh-ups 
were too complicated; p robab ly one factor was tha t he h a d 
sometimes been ra ther boastful of his successes in England 
and gave the impression tha t his work could be of immense 
technological impor tance if only he were given the right 
suppor t . The authori t ies , possibly Stalin himself, t ook him 
at his word and told him he must in future work for 
them — a l though in fact n o n e of his work was secret and it 
was available to everyone. F o r a while he sulked, pro tes t ing 
tha t he would a b a n d o n physics for biology if forced to 
stay, bu t in those days it was dangerous to sulk against a 
decision from on high and eventually Kap i t za agreed to 
become Direc tor of a prest igious new Inst i tu te for Physical 
Problems , to which much of his Cambr idge equipment was 
transferred. 

The Inst i tu te was ready for work by the end of 1936 and 
though very small compared with the typical huge Soviet 
Inst i tutes , it was run by Kap i t za in a very imaginat ive and 
effective way and soon established an in te rna t iona l r epu t a 
t ion. It had at t ract ive living quar te r s for its staff and qui te a 
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pala t ia l h o m e for the Director , paradoxica l ly k n o w n as the 
'Co t t age ' , which the Russ ians though t was the appropr i a t e 
English for any detached house . H e managed to avoid a 
good deal of the red t ape and e labora te p lann ing procedures 
usua l in Soviet insti tutes and was fond of saying tha t the 
cus tomary detailed p lann ing was like a doctor prescribing 
medicine for an illness his pat ient would have in a yea r ' s 
t ime. 

The Inst i tu te rapidly proved its wor th and within a year 
or so Kap i t za had b roken completely new g round in 
discovering the striking p rope r ty of superfluidity in liquid 
hel ium. F o r this discovery and his other cont r ibu t ions to 
low- tempera ture physics he was eventually — but only 40 
years l a t e r — a w a r d e d a N o b e l Prize. H e did no t himself 
cont inue his Cambr idge work on magnet i sm and metals 
t hough it was vigorously taken up by some of his young 
research associates in M o s c o w whose work also enhanced 
the Inst i tutes repu ta t ion . Ano the r line which Kap i t za 
himself developed very successfully was m o r e technological 
in na tu re — a new and m o r e efficient me thod of liquefying 
air in order to p roduce cheap oxygen for industr ia l 
processes, par t icular ly in the manufac tu re of steel. 

D u r i n g the war this oxygen work became his chief 
p reoccupa t ion and it was recognised by m a n y orders and 
decora t ions in the middle 1940s. But ano ther ca tas t rophe 
was at hand ! At tha t t ime Beria, the no to r ious head of the 
K G B , was also effectively in charge of high-level t e chno 
logical developments , which included bo th K a p i t z a ' s 
oxygen work and the urgent development of an a tomic 
b o m b . Kap i t za was a member of the special commit tee on 
the a tom b o m b and found Ber ia ' s style of directing the 
project ut ter ly distasteful and inappropr ia te . Eventual ly he 
complained to Stalin tha t "Beria was like the conduc tor of 
an orchestra who has the b a t o n in his h a n d bu t has lost the 
s co re" and resigned from the commit tee . Beria was furious 
and got back at h im by obs t ruc t ing his oxygen work . N o 
doub t Kap i t za had t rodden on m a n y establ ishment toes in 
push ing th rough his new m e t h o d s and it was no t difficult 
for Beria to fill crucial commit tees with Kap i t z a ' s o p p o 
nents and get them to claim tha t K a p i t z a ' s oxygen work 
was worthless . 

It is amazing tha t Beria did not succeed in simply 
l iquidat ing Kap i t za , bu t apparen t ly Stalin, who loved 
playing cat and mouse games, told Beria tha t he could 
dismiss Kap i t za bu t he mus tn ' t touch him. Kap i t za wro te 
frequent letters to Stalin ever since his detent ion in the 
Soviet U n i o n in which he boldly criticised the way science 
and educat ion were adminis tered and even m o r e boldly 
intervened on behal f of scientists who had been unjustly 
repressed dur ing the purges . The best k n o w n intervent ion 
was on behal f of L a n d a u , K a p i t z a ' s ' house ' theoret ician, 
w h o m Kap i t za managed to pull out of Beria 's clutches after 
he had spent a year in pr ison. It seems tha t Stalin — a bit 
like Ru the r fo rd — liked Kap i t z a ' s cheek and boldness and 
pe rhaps regarded him as a kind of court jester. H e replied to 
Kap i t z a ' s m a n y letters only twice, bu t there is evidence tha t 
he enjoyed gett ing them, and it p robab ly amused him to 
t aun t Beria with Kap i t za ' s criticisms. 

In the summer of 1946 the b low fell. Kap i t za was 
dismissed no t only from his oxygen work bu t also from 
the Directorship of his Inst i tute . H e still had his salary as an 
Academician and was allowed to live peacefully in his dacha 
at Niko l ina G o r a . H e was at first completely bowled over 
by this new ca tas t rophe , bu t soon rallied. H e once wro te to 

Stalin while still in disgrace, adap t ing a r emark of Tolstoy, 
tha t he was " N o t a scientist who does scientific work , bu t 
one who is unab le no t to do scientific w o r k " . Wi th the help 
of his teenage sons (who are n o w distinguished scientists 
themselves and w h o m we are glad to see here today) he set 
up a min ia ture workshop and l abora to ry in the ou tbu i ld 
ings of the dacha . Inevi tably it got called the ' Izba 
Fizicheskikh P rob l em ' . There he again succeeded in 
opening up a new line of work — the development of 
new m e t h o d s of p roduc ing high-power microwaves . The 
new machine was christened a ' n igo t ron ' (after Niko l ina 
G o r a ) . H e was able to pe r suade the government tha t this 
work had immense mil i tary poten t ia l — in some sort of s tar-
war scenario — and he gradual ly got much improved 
technical suppor t . 

After Stalin 's death and Ber ia ' s fall and execution, 
Kap i t za was reinstated in his old Ins t i tu te and rapidly 
expanded it to exploit his n igo t ron in a new direction. This 
was the idea of us ing the high-power microwaves to heat a 
p lasma to such high t empera tu res tha t nuclear fusion would 
occur. This project occupied him for the rest of his long life. 
A l though he cont inued to believe it could be an economical 
way of achieving nuclear fusion — the cheap power of the 
future — he could no t compete with the big ba t ta l ions who 
were, and still are, developing m o r e e labora te schemes, 
involving huge machines and huge t eams of scientists. 
Kap i t z a ' s work provided impor t an t cont r ibu t ions to 
p lasma physics, bu t the expert opinion is tha t his idea 
was no t likely to lead to the Ho ly Gra i l of cheap power 
t h rough nuclear fusion. However , this Ho ly Gra i l has no t 
yet been reached by the big ba t t a l ions either, t hough it 
seems they m a y no t be far off. 

On the occasion of his centenary we gratefully salute his 
memory . 

PACS numbers: 72.15.Gd 

Magnetoresistance — the Kapitza 
legacy 
A B P i p p a r d 

Kap i t z a ' s studies of magnetores is tance in metals , described 
in two long papers , came late in his work on high magnet ic 
fields and tackled a p rob lem tha t had hard ly been 
investigated before, largely because no one previously 
possessed the appropr i a t e combina t ion of s t rong fields and 
low tempera tures . Kap i tza , indeed, was severely hampered 
by no t being able to cool his samples be low liquid air 
t empera tu re , so tha t only b i smuth , of all the available 
metals , showed a sizeable magnetores is tance — an increase 
by a factor of abou t 50 at 300 kG (30 T). This was in 1928, 
two years before the discovery of the S c h u b n i k o v - d e H a a s 
oscillations, bu t these are so weak at liquid air t empera 
tures tha t Kap i t za could hard ly observed them. 

The observed var ia t ion of resistance in b i smuth seemed 
to kapi tza to begin as H2 and then settle into a linear rise 
with increasing H. All his subsequent in terpre ta t ions of the 
effect in other metals were condi t ioned by this discovery, so 
tha t the linear form of magnetores is tance came to be k n o w n 
as K a p i t z a ' s law. It has no t s tood the test of t ime, bu t there 
are enough examples of a linear magnetores is tance to justify 
this as the central feature of the present discussion. 
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Firs t , we mus t ask if Kap i t za deluded himself abou t the 
behav iour of b i smuth . Certa inly his publ ished curves look 
convincing enough, and there all too few later measure 
ment s to serve as a test. The simplest theoret ical expectat ion 
is tha t the resistivity will increase quadra t ica l ly with / / , bu t 
this is no t confirmed. Gerr i tsen et al., at liquid hydrogen 
tempera tures , found nonl inear behav iour which was cer
tainly no t as s t rong as quadra t ic , t hough one sample at 
14 K followed Kap i t za ' s law very well. Later , Alers and 
Webber worked at liquid hel ium tempera tu res where the 
resistance shows S c h u b n i k o v - d e H a a s oscillations super
posed on a generally linear var ia t ion. There is therefore no 
reason to cast doub t on K a p i t z a ' s measurements , t hough it 
mus t be admit ted tha t there in no adequa te theory of the 
behaviour . 

W h e n we tu rn to other mater ia ls we see tha t Kap i t za 
measured magnetores is tance in a t ransverse field for 
poly cry st a lline wires of every meta l he could find and 
handle . At liquid air t empera tu res the effect was weak, 
for example a 4 5 % increase at 300 kG for copper in liquid 
ni t rogen. It mus t be remembered tha t a free-electron meta l 
should show no change of resistance in a magnet ic field, and 
tha t the effect in copper is a t t r ibuted to contac ts of the 
F e r m i surface with the zone b o u n d a r y (this is an idea tha t 
could no t have been enter ta ined by Kap i t za , work ing at a 
t ime when Bloch 's q u a n t u m theory of electrons in metals 
was new and apprecia ted by very few). It is of interest tha t 
the quadra t i c law in copper gives way to linear when COCT is 
still only abou t 1 / 3 — t h e field of 100 kG is only able to 
push an electron abou t 1/20 of the distance a r o u n d the 
F e r m i surface between collisions. This is enough to suggest 
tha t there are ra ther sharp changes of direction in at least 
some pa r t s of the F e r m i surface; indeed electrons which are 
pushed th rough a neck contact suffer rapid changes of 
direction to which the magnetores is tance can be a t t r ibuted . 
A great m a n y metals have ra ther sharp corners to their 
F e r m i surfaces, so tha t it is no t surprising tha t the low-field 
quadra t i c behaviour b reaks down while COCT is still small. 

One is, however , surprised at h o w readily Kap i t za could 
fit his da ta to his (quadra t ic + linear) model . To some 
extent this is because the range of var ia t ion was so 
limited — and one must compl iment h im on being able 
to get reliable results in an impulsive field which could all 
too easily induce overwhelming voltages in his leads. But 
later workers , using lower t empera tu res and consequent ly 
much larger CDCT, have no t usually confirmed his inter
pre ta t ion . The high-field behaviour follows the theory of 
Lifshitz et al. fairly well: the resistivity should either 
increase quadra t ica l ly or sa tura te . The condi t ions for either 
type of behaviour are somewhat complicated, and will no t 
concern us . W h a t is of concern is tha t this theory finds no 
place for linear var ia t ion of resistivity, such as is commonly 
observed. Let us no te a few cases: 

(1) Alumin ium. The resistivity makes a determined 
effort to sa turate , bu t there remains in high fields a slow 
drift upwards , which is m o r e marked at 20 K than at 4 K. 

(2) Copper (and p robab ly gold). Poly crystalline wires, 
after a quadra t i c region, settle down to a regime in which 
resistivity is a lmost p ropo r t i ona l to field s trength. 

(3) Po tass ium. This is an almost ideal metal , one would 
guess, with near ly spherical F e r m i surface, which should 
have no magnetores is tance , bu t in fact it shows a slow 
linear increase which is i r reproducible from one sample to 

another . Later measurements , by m o r e sophist icated means , 
t h r o w the whole mat te r into confusion. 

Let us discuss these three cases in a little detail (the 
quoted reference goes into m o r e depth) . A general po in t is 
wor th m a k i n g as a start . G a s bubbles or other voids 
deflect the current flow m o r e strongly in high fields, and 
can lead to a linear increase in resistivity. But it is unlikely 
tha t mos t samples have enough voids to account for the 
observat ions . 

(1) The stronger linear form in a luminium at 20 K, 
compared to tha t at 4 K, suggests tha t p h o n o n scattering 
plays a par t . Since 20 K is much less t han the Debye 
t empera tu re , most p h o n o n scattering will be t h rough a 
small angle, and m a n y scatterings are needed to t ake an 
electron r o u n d a spherical F e r m i surface and destroy the 
m e m o r y of its direction of mot ion . But if there are regions 
of the F e r m i surface in which the electron crosses a zone 
b o u n d a r y between different types of orbit , scat tering in and 
out of these regions is very effective in changing direction. 
Calcula t ion show tha t magnetores is tance from this cause 
begins early and persists unt i l the field is very s trong, 
increasing roughly linearly in between. 

(2) Single crystals of copper m a y show nonsa tu ra t ing 
quadra t i c magnetores is tance for some direction of / / , and 
sa tura t ing resistance for others , and the change-over is 
frequent as the crystal or ienta t ion changes. Z i m a n observed 
tha t if one averaged the conduct ivi ty ra ther than the 
resistivity one might get a linear var ia t ion as a result, 
bu t it was Stachowiak who explained why such an average 
was reasonable . In a s t rong field the meta l conducts 
extremely well paral lel to / / , compared to its conduct ion 
perpendicular to H. If, then, the electric field is constant , it 
does no t mat te r tha t currents in ne ighbour ing crystallites do 
no t ma tch ; any discont inui ty as currents flow from one 
crystallite to ano ther leads to the unwan ted current flowing 
away paral lel to H. H e developed this a rgument m o r e 
stringently, and inspired by this I m a d e a detailed 
compu ta t ion which did indeed show the resistance increas
ing almost p ropor t iona te ly to H. This is one of the ra re 
cases where K a p i t z a ' s law holds ra ther well. 

(3) Matchs t ick samples of po tass ium are ha rd to handle , 
and D a t a r s and Lass independent ly developed contactless 
measurements in which massive samples (preferably 
spheres) are tu rned abou t an axis n o r m a l to H. The 
induced currents lead to a t o rque which can be measured 
and related to the conductivi ty. Lass found tha t the t o rque 
remained almost cons tant as a single-crystal sphere was 
ro ta ted , while Ho l royd and D a t a r s obta ined a very marked 
oscil latory to rque , varying smooth ly with angle. Over-
hauser , who had convinced himself tha t charge-densi ty 
waves should exist in po tass ium, saw the latter experiments 
as confi rmat ion, bu t the difference between this and Las s ' 
smooth result was worrying. It seemed to some tha t 
po tass ium crystals protected by an oil layer showed the 
oscillations, while clean crystals did not , and it might be 
tha t the meta l is encouraged to undergo a phase-change by 
the stresses result ing from differential cont rac t ion of oil and 
metal . This favoured Overhauser ' s explanat ion, bu t Wilson 
and de Podes ta suggested tha t it was no t a charge-densi ty 
wave bu t a change of crystal symmetry tha t was involved. 
Overhause r ' s ingenious in terpre ta t ions in suppor t of his 
mode l were only part ial ly convincing, and the quest ion 
remains open. 
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Later measurements by Coul ter and D a t a r s greatly 
increased the oddit ies. At field s trengths app roach ing 8 
T the smooth oscillations of H o l r o y d and D a t a r s became 
extremely violent with m a n y almost r a n d o m var ia t ions in 
single revolut ion. Overhause r ' s in terpre ta t ion in te rms of 
m a n y domains with different or ien ta t ions of the charge-
density were challenged by Elliott et al., who no ted tha t 
Coul ter and D a t a r s used a different a r rangement from 
H o l r o y d and D a t a r s . Ins tead of ro ta t ing the crystal on a 
vertical axis in a hor izonta l field, the use of s tronger fields 
compelled them to have H vertical and to ro ta t e the sample, 
m o u n t e d on pivots , abou t a hor izon ta l axis. They were 
satisfied tha t the friction in the pivots was small, bu t Elliott 
et al. po in ted out tha t the very powerful Ha l l effect in high 
fields created a couple tha t could no t be measured in the 
experiment , bu t which tried to twist the sample off its 
bear ings. This couple was as much as 100 t imes greater t han 
the measured couple and they suggested tha t the result ing 
friction would lead to the observed erratic behaviour . Their 
paper has not , it seems, d rawn any response from Over-
hauser or from D a t a r s and his g roup , pe rhaps because the 
discovery of h igh -r c . superconduct ivi ty has changed their 
pr incipal interest. So the behaviour of po tass ium remains a 
p rob lem for which there is no agreed solution. Personal ly I 
see no reason to change the view, unsympa the t i c to 
Overhauser , tha t I expressed before these latest ideas 
appeared . 

In conclusion, one m a y say tha t the hare started by 
Kap i t za has m e t a m o r p h o s e d several t imes, bu t remains 
alive and running . The linear magnetores is tance is still only 
imperfectly under s tood . 

Reference 
A B Pippard Magnetoresistance in Metals (Cambridge: Cambridge 
University Press, 1989) 

PACS numbers: 71.28.+d; 75 .30 . -m; 74.70.Tx 

Experiments in high magnetic fields 
and at high pressures 
G G L o n z a r i c h 

The work of Kap i t za and his colleague L a n d a u led to the 
clarification of the concept of e lementary excitations, a 
no t ion which has played a central role in the descript ion of 
condensed mat te r at low tempera tures . The low-lying 
excited states of interact ing fermions, for example, are 
t hough t to be in a one- to-one cor respondence with quan t a 
which can be described as fermi quasipart icles and holes 
created out of a V a c u u m ' bu t with finite m o m e n t a on or 
near the F e r m i surface. In a crucial difference from the 
earliest single-particle theories these quasipart icles are not 
entirely decoupled, bu t exhibit res idual in teract ions whose 
existence appears to be essential for a consistent descr ip
t ion. W h e n this coupl ing is short range and repulsive it 
m a y be ineffective in p roduc ing t rans i t ions between states 
of different m o m e n t u m on the F e r m i surface near absolute 
zero. In this case, the quasipart ic le excitat ions are long 
lived and have the well-defined e n e r g y - m o m e n t u m 
relat ion of n o r m a l modes . In leading order at low 
t empera tu re the en t ropy is therefore tha t of a F e r m i gas, 

bu t , in contras t to a mode l of t ruly uncoupled fermions, the 
the rmal energy is no t simply the sum of the individual 
quasipart ic le energies [1]. The loss of additivity, which m a y 
be viewed as arising from nondiffractive scattering 
processes (e.g. those involving possible exchange, bu t no 
other m o m e n t u m transfer) , is an essential feature of the 
theory which has provided a detailed descript ion of the 
n o r m a l states of liquid H e and of electrons in metals . 

The assumpt ion tha t the scat tering is nondiffractive can 
clearly b reak down when the residual interact ion is 
a t t ract ive. In this case, quasipart icles m a y form b o u n d 
states and condense in superconduct ing or magnetical ly 
ordered phases . These is, however , ano ther and m o r e subtle 
way in which the n o r m a l description can fail. The 
suppression of real scattering processes by the effect of 
the Paul i principle is based on the assumpt ion tha t the 
interact ion is b o t h repulsive and nons ingular for t rans i t ions 
on the F e r m i surface. The latter assumpt ion in fact b reaks 
down for the Loren tz magnet ic force between moving 
charges which, in contras t to the direct C o u l o m b p o t e n 
tial, remains long range even in a p lasma. Similar bu t m o r e 
impor t an t componen t s of the residual interact ion m a y also 
arise from the exchange, no t of t ransverse p h o t o n s as for 
the Loren tz force, bu t of a lmost critical f luctuat ions of an 
order pa rame te r near a con t inuous phase t ransi t ion, e.g. at 
the threshold of magnet ic or superconduct ing states. 
Systems discussed briefly be low in which singular inter
act ions m a y be impor t an t include the heavy fermion 
c o m p o u n d s based on 4f and 5 / elements, near ly magnet ic 
d- transi t ion metals , and the copper oxide superconductors . 

The proper t ies of the low-lying excitat ions of charged 
F e r m i systems m a y be p robed by a technique based on the 
L a n d a u quant i sa t ion of orbi ta l mo t ion of charge carriers, 
p ioneered by the inher i tors of Kap i t za ' s M o n d Labo ra to ry , 
D Shoenberg and A B P ippa rd [2, 3]. The oscil latory 
var ia t ion of magnet ic and electronic proper t ies in a 
magnet ic field has provided invaluable informat ion no t 
only on the na tu re of simple metals in which the 
quasipart icles are virtually indist inguishable from ba re 
electrons, bu t also in m o r e extreme cases where the 
quasipart icles are subtle composi te entities with masses 
m o r e t han two orders of magn i tude greater than tha t of 
o rd inary electrons and with residual in teract ions of novel 
forms. 

The s tudy of these oscil latory effects, associated with 
massive quasipart icles on the largest F e r m i surface sheets, 
requires the p repa ra t ion of complex mater ia ls with carrier 
mean free p a t h s in the range 10 3 to 10 4 A and the use of 
low-noise techniques, intense magnet ic fields, and u l t ra low 
tempera tures . A new exper imental system set up to s tudy 
these mater ia ls is based on a superconduct ing magnet 
assembly, set up in col labora t ion with Oxford Ins t rument s 
L td with the suppor t of the S E R C , tha t generates a uni form 
field of up to 18.4 T which can be modu la t ed at a ra te of up 
to 1 T s _ 1 at the sample. The assembly also provides a field 
of up to 6.5 T above the main magnet for ad iaba t ic 
demagnet isa t ion of copper down to 1 m K , and an extended 
low field region for sensitive electronics and for the mixing 
chamber of a top- load ing dilution refrigerator - demagne
t isat ion stage [4]. The low ambient noise levels of the 
assembly permit the use of S Q U I D s and other h igh-
sensitivity low- tempera ture detection systems. The mos t 
versatile of these, developed by S R Jul ian, is based a r o u n d 
h o m e - m a d e to ro ida l t ransformers and m a y be used to 
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detect signals be low 10~ V under n o r m a l opera t ing 
condi t ions with the sample at full field. A S Q U I D 
detector , set up by I R Walker for studies in high magnet ic 
fields, increases this sensitivity to 1 0 ~ 1 3 V or 1 0 ~ 1 4 V. The 
fridge is also equipped with clamp cells for measurements at 
hydros ta t ic pressures of up to 25 kbar , and a bellows-driven 
d iamond-anvi l system, developed by R K Hase lwimmer and 
S V Brown, which provides var iable pressures to 150 kba r 
at low tempera tures . 

Measu remen t s of the oscil latory resistivity and magnet ic 
susceptibility at very low tempera tu res and in high magnet ic 
fields have enabled us to build a detailed mode l of the 
n o r m a l heavy fermion state in u r a n i u m and cerium 
c o m p o u n d s such as U P t 3 and C e R u 2 S i 2 [5]. The key 
finding, based on the observat ion of the large and 
dominan t sheets of the quasipart ic le F e r m i surface, is 
tha t the e lementary excitat ions can be classified as charged 
fermions whose proper t ies provide a full account of the low-
tempera tu re heat capaci ty in the n o r m a l state. The masses 
of these part icles are m o r e t han two orders of magn i tude 
above tha t of free electrons and are the largest thus far 
observed directly in any system. 

These results rule out a p roposa l tha t the excitat ions 
consist of a collection of b o t h charged and neut ra l fermions. 
The nearly localised f m o m e n t s on the u r a n i u m and cerium 
a toms , expected in this pic ture to generate the neu t ra l 
quan ta , do not , in fact, act as separate entities bu t 
coopera te in a subtle manne r with the conduct ion electrons 
to give rise to a single class of composi te charged 
excitat ions. The F e r m i vo lume of these c o m p o u n d quas i 
part icles is tha t expected in a naive pic ture in which the 
virtually localised f m o m e n t s are t reated as fully i t inerant . 
The f electrons (at least in the above systems in their n o r m a l 
states) are thus engaged in an intr icate dual role in which 
they create bo th well-formed local m o m e n t s and a F e r m i 
surface in a coherent q u a n t u m state. 

On the verge of an electronic instabili ty at low 
tempera tu re , a descript ion in te rms of well-defined fermion 
excitat ions (with t empera tu re independent proper t ies) m a y 
b reak down. A n example of this p h e n o m e n o n is found near 
the critical pressure pc which divides the magnetical ly 
aligned from the nonmagne t i c state of the cubic d-metal 
MnSi . As pc is approached , the resistivity which varies as 
the square of the t empera tu re in the convent ional F e r m i 
liquid regime (when e l e c t r o n - p h o n o n scattering is u n i m 
por t an t ) , tends to a behaviour which is found to be 
consistent with tha t expected for a marg ina l F e r m i liquid 
[6]. This novel state is characterised by a T ]n(T*/T) form 
ra ther t han the convent ional linear var ia t ion of the heat 
capaci ty at a low t empera tu re T. In a quasipart ic le 
language, the ' fermions ' would be ascribed strongly t em
pera tu re dependent proper t ies and , for example, 'masses ' 
which are u n b o u n d e d and hence undefined at the F e r m i 
level as T —> 0. This b r e a k d o w n of the usua l L a n d a u mode l 
m a y be t raced, as discussed earlier, to the existence of a 
long-range pa r t of the effective quasipart ic le interact ion in 
the ne ighbourhood of a phase t ransi t ion at low t empera 
ture . T h a t an ana logous b r eakdown , bu t at much lower 
tempera tures , is expected to arise in principle from the 
effect of the long-range Loren tz force, was first no ted by 
Hols te in in his theoret ical analysis of the Shoenberg 
magnet ic interact ion p h e n o m e n a and (indirectly) of the 
P ippa rd a n o m a l o u s skin effect [7]. 

A related p rob lem is the t ransi t ion from the super
conduct ing to the n o r m a l phase as a function of pressure, 
composi t ion , or magnet ic field. Measu remen t s of the latter, 
or of the t empera tu re dependence of the t ransi t ion field, 
have related a behaviour in low-dimensional systems which 
is in str iking contras t with tha t expected in the t rad i t iona l 
BCS model . The upper critical field in the cupra te super
conduc tor T l 2 B a 2 C u 0 6 , for example, is found to rise steeply 
with posit ive curva ture as the t empera tu re is reduced, with 
no sign of sa tura t ion down to t empera tu res in the low 
millikelvin range [8]. The sa tura t ion expected in the 
s t andard mode l be low a cross-over at in termedia te t em
pera tures (not far be low TC9 where the G i n z b u r g - L a n d a u 
correlat ion length falls be low the intrinsic coherence length) 
is no t observed. The correct in terpre ta t ion of the t empera 
ture dependence of the t rans i t ion field, and even of its 
precise connect ion to wha t is normal ly defined as the upper 
critical field, remains an unsolved p rob lem. 

The above and other related studies p r o b e the limits of 
the no t ion of e lementary excitations, which has been a 
corner s tone of the theory of condensed mat te r for so long. 
The concept appears to remain useful even in cases where 
the quasipart icles are entities far removed from single 
electrons. But it m a y b reak down in the presence of 
long-range effective interact ions in the above mater ia ls 
and, in principle, even in o rd inary metals in the pu re state 
at very low tempera tu re . The descript ion of such systems in 
simple te rms would seem to require the in t roduc t ion of a 
new theoret ical f ramework. 
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Kapitza and cryogenics 
W F Cas t l e 

Introduction 

The achievements of Kap i t za in cryogenic technology and 
specifically hel ium liquefaction, expansion turbines and air 
l iquefaction are reviewed, as are the developments since his 
day. It is hard ly possible in this short paper to do justice to 
Kap i t z a ' s work in this field, bu t the impor tance of his 
initial work and the achievements he made , tha t have led to 
further development by o thers to the state of the art , are 
highlighted. 
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1. Hel ium liquefaction 
Kap i t za ' s main interest in low- tempera ture physics was 
generated by the need for refrigeration at low tempera tu res 
and par t icular ly for his research in Cambr idge in s t rong 
magnet ic fields [1, 2]. H e determined to use a m o r e efficient 
way of liquefying hel ium than by using valve expansion 
alone; ad iabat ic expansion, i.e. do ing external work , did 
provide such a process . H e would have preferred to use an 
expansion turbine , bu t the size contempla ted for hel ium 
liquefaction did no t provide a pract ical solution, so a 
pis ton expansion machine was developed. At low t em
pera tures , a difficulty arises in finding a lubricant for the 
cylinder which retains lubricat ing proper t ies at very low 
tempera tu res and he developed a gas-lubricated rec iprocat 
ing expansion engine. The expansion engine tha t he 
developed was carefully detailed with the concentrici ty of 
the pis ton and the cylinder being m a d e to high accuracy 
and close tolerances to avoid significant gas losses [3, 4]. 
The hel ium liquefier used liquid ni t rogen precool ing and 
the expander p roduced further cooling. K a p i t z a ' s hel ium 
liquefier had a capacity of 5 litres h _ 1 . Liquefiers of similar 
type, k n o w n as Collins liquefiers, for use in small-scale 
l abora to ry use of liquid hel ium were subsequent ly 
p roduced on a factory scale in the U S A . In a later 
development Kap i t za p roduced a hel ium liquefier 
(18 litres h _ 1 ) which used two expansion engines in series 
and avoided the need for liquid air/ l iquid ni t rogen 
precool ing [5]. 

M o r e recently, hel ium refrigerators have been developed 
for larger appl icat ions . One such liquefier for the N a t i o n a l 
Ins t i tu te for Research in Nuclear Science at Harwel l was 
p roduced by B O C with a capaci ty of 80 W at 4 K and with 
a liquid p roduc t ion potent ia l . This 1964 refrigerator h a d 
two expansion turbines in series. Subsequently, much larger 
developments have taken place and, since 1980, there exist 
or are projected 9 or 10 refrigerators having capacities 
between 750 and 10 000 W refrigeration capacity. These 
refrigerators can be expected to employ between 3 and 7 
expansion turb ine s t e p s — w i t h 5 steps abou t op t imum. 
Today , hel ium liquefiers with capacities between and 5 and 
600 litres h _ 1 or 1500 W refrigeration are available. Two 
12 k W helium p lan ts have been built for C E R N for L E P -
200 by Sulzer (now Linde Kryo techn ik ) in Geneva . 
Similarly, liquid hel ium plan ts p roduc ing 2600 litres h _ 1 

have been built for bulk hel ium liquefaction. 

2. Expansion turbines 
Kapi tza , in considering air l iquefaction, decided to modify 
existing pract ices for air liquefiers utilising low ra ther t han 
the high pressures used. H e showed tha t an expansion 
turb ine could be used for this pu rpose and indicated tha t a 
significant increase in efficiency could be made . H e adop ted 
a design of radia l inflow turb ine and p roduced a turb ine 
which showed an efficiency of 8 3 % compared with tha t 
achieved by others of abou t 50% [6]. 

This turbine , p roduced in 1939, preceded the develop
ment of high-efficiency turbines at a later date by others , 
such as E l l i o t - S h a r p i e s , a few years later. In 1964/65, Jekat 
at Wor th ing ton p roduced an expansion turb ine of abou t 
92% efficiency. Cur ren t expansion turbines achieve effi
ciencies in this same range and with good reliability. 

A m o d e r n development in expansion turbines is the use 
of magnet ic bear ings to minimise losses and hence maximise 
power recovery. Present -day turbines utilise fully adjustable 

nozzles designed to improve gas flow and maximise 
efficiency. They can also use a high-efficiency compressor 
b r a k e tha t can directly utilise the energy recovery in the 
turb ine by boos t ing the head pressure in the liquefier (for 
example) and hence cont r ibut ing further to improved 
efficiency. In manufac tu re , the wheels are machined 
from solid mater ia l — allowing high ro ta t iona l speeds 
wi thout mechanica l failure. Clearances are closely m o n 
itored and very small — to minimise in ternal losses. 
Expans ion turbines used for h y d r o c a r b o n processes, for 
example, achieve very high capacities up to 5 M W power 
recovery for h y d r o c a r b o n processing p lant . K a p i t z a ' s 
expansion turb ine ro ta ted at abou t 40 000 rpm with a 
m a x i m u m of 60 000 rpm, as do m o d e r n expansion tu r 
bines. A n earlier development in the 1960s and 1970s by 
Sixsmith at Oxford and in N B S Co lo rado , U S A and further 
developed by B O C , had a diameter of 9.5 m m and ro ta ted 
at speeds in excess of 350 000 rpm. This was gas-lubricated 
with an efficiency abou t 5 0 % , bu t could be used with 
advan tage for appl icat ions such as the N I R N S refrigerator 
ment ioned above. The expansion turb ine has been further 
developed since then initially by Sulzer and n o w by Linde 
Kryotechnik . 

3 . Air and atmospheric gas liquefaction 
F o r the p lan t to liquefy air, Kap i t za designed an expansion 
turb ine as described above to use a low-pressure ra ther 
t han a high-pressure cycle and this p lan t opera ted with a 
m a x i m u m pressure of between 5 and 7 bar . This led the 
way in the development of la rge- tonnage oxygen p lan ts 
opera t ing at low pressures. Liquefiers, usual ly for ni t rogen 
ra ther t han air, utilise ro t a ry machines , t u rbo compressors , 
and expansion turbines . Because of the size of liquefiers 
n o w contempla ted [1000 metr ic tonnes per day ( M T P D ) 
liquid capacity is no t u n c o m m o n ] these principles can be 
applied with some success to higher pressures t han those 
adop ted by Kapi tza . The higher mass flows tha t are 
feasible at higher pressures can reduce the overall size of 
the machinery and equipment wi thout det ract ing from the 
per formance of the p lant ; incidental system pressure drops , 
etc, also are lessened by opera t ing at higher pressures. 
Cur ren t tendency is to use several expansion turbines , 
usual ly 2 or 3. The use of freon precool ing at the higher 
t empera tu res is avoided because this requires expensive 
capital equipment and latterly the ozone-deplet ing effect of 
freons has caused them to be phased out . Kap i t z a ' s air 
liquefier opera ted with a specific power consumpt ion of 
1.2 k W h k g " 1 of liquid air. F igures for comparab le 
ni t rogen liquefiers have improved from 1975 for exam
ple, when specific power consumpt ion was typically 
1.0 k W h k g - 1 . Current ly , with overall developments and 
improved efficiencies a typical figure would be 
0.4 k W h k g " 1 . 

Fo l lowing his laboratory-scale work on air l iquefaction 
after his re turn to Russ ia in 1934, Kap i t za founded an air 
separat ion factory at Balashikha near M o s c o w to deal with 
war t ime needs of oxygen for the steel industry. This 
establ ishment has since grown into an extremely large 
cryogenic engineering cont rac t ing organisa t ion. K a p i t z a ' s 
cont r ibut ion to the establ ishment included the development 
of the low-pressure cycle for air l iquefaction ment ioned 
above with a capacity of 20 kg h _ 1 in the 1930s. In the 
per iod 1939 to 1942 the organisa t ion p roduced , under his 
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supervision, the TC200 p lan t series, having a capacity of 
200 kg h _ 1 of liquid oxygen. 

1943 to 1944 b rough t the development of the TC2000 
plant , 2000 kg h _ 1 liquid oxygen. In 1945, the cryogenic 
engineering works at Balashikha near M o s c o w was con
structed and this establ ishment later became pa r t of 
Cryogenmash . A m a x i m u m size of oxygen p lan t over the 
per iod before and since Kap i t z a ' s day shows steady increase 
in capaci ty from, for example, 180 M T P D in 1932 t h rough 
1000 M T P D in 1960 to 2750 M T P D since 1975. U p to now, 
Cryogenmash has p roduced m o r e t han 500 large air 
separa t ion p lan ts with a to ta l p roduc t ion capacity of 
40 x 10 6 m 3 oxygen per a n n u m or approximate ly 
160 000 M T P D oxygen capacity. 

Cryogenmash themselves directly indicate tha t " the 
heri tage of P L Kap i t za , the pioneer of Cryogenmash , is 
so rich tha t it cannot be easily s u m m a r i s e d " and tha t "he 
was an ou t s t and ing scientist, h o n o u r e d as a founder of 
C r y o g e n m a s h " [7]. The achievement of P L Kap i t za in 
cryogenics is extremely significant and has led to very 
impor t an t developments in b o t h technology and the 
establ ishment of a large cryogenic engineering activity in 
Russia . 
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PACS numbers: 67 .40 . -w 

Liquid helium-4 
W F Vinen 

The lecture provided a brief his tory of the discovery of 
superfluidity in liquid 3 H e and of the development of our 
unde r s t and ing of this p h e n o m e n o n , and it was aimed at a 
general audience. 

Hel ium was first liquefied and cooled below 2 K by 
Kamer l ingh Onnes in 1908, bu t it was no t unt i l the abou t 
1930 tha t it became clear tha t there are two phases of the 
liquid: 'helium I ' above abou t 2 K; and 'helium I I ' at lower 
t empera tures ; the change from one phase to the other being 
accompanied by a sharp peak in the heat capacity (the 'A-
poin t ' ) . It was also by then clear tha t the solid phase does 
no t exist at any t empera tu re unless the pressure exceeds 
abou t 25 a tmospheres . 

The first clear indicat ion tha t hel ium II has a n o m a l o u s 
proper t ies was the discovery by Keesom and Keesom in 
1936 tha t it appeared to have a very high the rmal 
conductivi ty. Allen, Peierls, and U d d i n showed tha t this 
high the rmal conduct ivi ty is a n o m a l o u s in its character , the 
effective conduct ivi ty depending on the t empera tu re gra
dient, Vr, and the channel dimensions, and tending to 
become essentially infinite as Vr —> 0. 

It was at this poin t in 1938 tha t Kap i t za m a d e his first 
impor t an t cont r ibut ion . H e argued tha t the high apparen t 
the rmal conduct ivi ty was p robab ly due to some form of 

convection, the process being very efficient because of a 
very low viscosity. The viscosity had al ready been m e a s 
ured, by observing the d a m p i n g of an oscillating disc in the 
liquid; its value appeared to be ra ther low, bu t no t 
anomalous ly so. Kap i t za suggested tha t this was no t 
inconsistent with a very low real viscosity because the 
Reyno lds number relevant to the experiment might have 
been very high, so tha t the flow was turbulent . Kap i t za 
therefore set abou t measur ing the viscosity by observing 
flow th rough a very n a r r o w channel formed between two 
optical flats: he found tha t up to a critical velocity of some 
tens of centimetres per second the flow was impeded by no 
observable friction. This was the first repor ted discovery of 
superfluidity, a l though its publ ica t ion in Nature was 
accompanied by a no te repor t ing the same discovery, 
m a d e independent ly , by Allen and Misener . The next 
couple of years saw the discovery of var ious related 
p h e n o m e n a : the the rmomechan ica l (fountain) effect by 
Allen and Jones; film flow, by Roll in and Simon and by 
D a u n t and Mende l ssohn ; and the mechanoca lor ic effect, by 
D a u n t and Mende l ssohn . I m p o r t a n t , detailed, and influen
tial exper imental studies of the na tu re of the heat transfer 
process in hel ium II and of the mechanoca lor ic and 
the rmomechan ica l effects were publ ished by Kap i t za 
himself in 1941. 

These s t range p h e n o m e n a offered a s t rong challenge to 
the theoris ts , and it is interesting tha t superfluidity has 
a t t rac ted the a t tent ion of some of the wor lds most 
dist inguished theoret ical physicists: the L o n d o n bro thers , 
L a n d a u , Onsager , F e y n m a n , and m a n y others . 

Par t of the reason for this interest lay in the fact tha t 
hel ium is a q u a n t u m liquid and tha t superfluidity is a 
q u a n t u m p h e n o m e n o n . The impor tance of q u a n t u m effects 
in liquid hel ium was p robab ly first recognised by Simon in 
1934, who poin ted out tha t the failure to solidify at low 
pressures is due to the effect of a high zero-point energy in 
the a toms . 

The thi rd law of t he rmodynamics requires tha t liquid 
hel ium at zero t empera tu re be ordered. The form of the heat 
capaci ty at the Appoint is the typical s ignature of an o r d e r -
disorder t ransi t ion, and it seemed reasonable to assume tha t 
superfluidity was the result of this order ing process . It was 
suggested by Fr i tz L o n d o n in 1938 tha t the order ing 
involved Bose condensa t ion , such as was k n o w n theore t 
ically to occur in the ideal Bose gas and tha t superfluidity 
was the result of the presence of a Bose condensate . It was 
recognised in due course tha t this suggestion was indeed 
correct, a l though in a less s t ra ightforward way t h a n had 
been envisaged by L o n d o n . 

The impor t an t idea tha t the complex and often 
apparen t ly i r ra t ional behaviour of hel ium II can be unde r 
s tood phenomenologica l ly in te rms of a two-fluid mode l (an 
in terpene- t ra t ing mixture of n o r m a l and superfluid com
ponen t s , able to have separate velocity fields) was first 
developed by L o n d o n and Tisza, bu t their a t t empts to 
identify the superfluid componen t with the Bose condensa te 
were ill-founded. The first satisfactory theoret ical basis for 
the two-fluid mode l was provided in r emarkab le work by 
L a n d a u , which ul t imately earned him a N o b e l Prize in 1963 
(strangely, K a p i t z a ' s own N o b e l Prize for the discovery of 
superfluidity was no t awarded unt i l 1978). L a n d a u devel
oped his descript ion of liquid hel ium at a low t empera tu re 
in te rms of a g round state in which a gas of weakly 
interact ing excitat ions form, the excitat ions having a 
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special dispersion relat ion, with only p h o n o n s at low 
m o m e n t a and ro tons at higher m o m e n t a . Direct experi
men ta l evidence for this spectrum came much later from 
inelastic neu t ron scat tering experiments . L a n d a u was able 
to show tha t this excitation pic ture provides at least a 
par t ia l explanat ion of the success of the two-fluid model , 
and, very impor tan t ly , to show tha t the t empera tu re 
dependence of the n o r m a l and superfluid densities can 
be predicted. The predic t ions were soon verified by the 
direct exper imental de te rminat ion of these densities by 
Andronikashvi l i . The two-fluid mode l also led to the 
predicted existence of second sound, the discovery and 
s tudy of which by Peshkov added further suppor t to 
L a n d a u ' s theory. The high the rmal conduct ivi ty is due 
to a counterf low of the two fluids, so tha t heat transfer is 
indeed due to a kind of convect ion process, as envisaged by 
Kap i t za . 

L a n d a u ' s theory was very successful and it represented a 
bril l iant cont r ibut ion to our unde r s t and ing of superfluidity. 
But m a n y quest ions remained unanswered . W h y does the 
excitation spectrum have the suggested form? W h a t h a p 
pens at higher tempera tures , when the independent 
excitation pic ture must b reak down? A persistent superflow 
can surely be only metas table ; wha t determines its u l t imate 
lifetime? W h a t is really the na tu re of the ordered state in 
hel ium II? D o e s it involve some form of Bose condensa t ion? 
H o w exactly is this order ing related to superfluidity? 

A n essential unde r s t and ing of the form of the excitation 
spectrum was provided by F e y n m a n in the 1950s, and his 
and other a rguments have since been developed to prov ide a 
ra ther full unders tand ing . Evidence tha t a form of Bose 
condensat ion , in which only abou t 10% of the a toms 
occupy the condensa te even at zero t empera tu re , has 
come bo th from theory and from experiments on deep 
inelastic neu t ron scattering. A descript ion of superfluidity 
has been developed in which superflow is related to 
gradients in the phase of the ' condensate wave funct ion ' 
( C W F ) , and it has become recognised tha t this function is 
the appropr i a t e order pa rame te r in the system. A persistent 
superflow in seen as a metas tab le state of local equil ibrium 
in which the phase of the C W F is constra ined (as a 
consequence of the macroscopic occupat ion of the con
densate) , just as a constra ined order pa rame te r in other 
systems can lead metas tab le states with b roken symmetry. 
However , the existence of the condensa te a lone is insuffi
cient to ensure superfluidity. The ideal Bose gas is not a 
superfluid. Part icle in teract ions are also necessary. The link 
with the L a n d a u theory and the form of the excitation 
spectrum has come from the realisat ion, first by Bogolubov, 
tha t a combina t ion of the condensa te and the part icle 
in teract ions forces the low-lying excitat ions to be p h o 
nons , a l though, interestingly, the F e y n m a n a rgument for 
the form of the excitation spectrum makes no explicit 
reference to the condensate . 

The fact tha t superflow is associated with gradients in 
the phase of the C W F , together with the requi rement tha t 
the C W F be single-valued, leads to the quant i sa t ion of 
superfluid circulation in uni ts of /z /m 4 , where m 4 is the mass 
of a hel ium a tom. This is a macroscopic q u a n t u m effect, in 
which the Bose condensa t ion effectively forces all a t o m s to 
have the same quant ised angular m o m e n t u m . Similar 
a rguments lead to the requi rement tha t the superfluid 
componen t can ro ta te only t h rough the presence of free 
quant ised vor tex lines. These ideas were developed t h e o 

retically by Onsager and independent ly by F e y n m a n , and it 
p leasant to remember tha t the early exper imental verifica
t ion was carried out in the M o n d L a b o r a t o r y in Cambr idge , 
which Kap i t za had established. Wi th the discovery of 
quant ised vor tex lines all the essential elements of an 
unde r s t and ing of the fluid mechanics of superfluid H e 
became available, a l though much work is still in progress to 
unde r s t and all the details. 

Quant ised vor tex lines are also relevant to the me ta -
stability of superflow. In principle, a persistent superflow 
can always decay by the passage across the flow of one or 
m o r e vor tex lines (leading to wha t Phil Ande r son has 
described as a slip in the phase of the order pa ramete r ) . 
However , as is easily shown, this process in opposed by an 
energy barr ier , so tha t decay of superflow can occur only if 
this barr ier is su rmounted , either thermal ly or by q u a n t u m 
tunnell ing. Both processes have been the subject of 
theoret ical study, and b o t h processes have been observed 
experimental ly under specially chosen condi t ions . M u c h of 
this work has been carried out quite recently. 
There was insufficient t ime in the lecture to do m o r e t h a n 
ment ion much impor t an t work tha t ha s been carried out 
over the past th i r ty or forty years on liquid 3 H e : the 
detailed s tudy of the excitat ions in superfluid hel ium and of 
their interact ions; the s tudy of the superfluid phase 
t ransi t ion, which has played an impor t an t role in the 
development of our unde r s t and ing of phase t rans i t ions of 
this type; and the behaviour of superfluid hel ium in 
restricted geometries , such as thin films. Examples of 
interest ing work tha t is current ly in progress are provided 
by the s tudy of small clusters of hel ium a t o m s (how large 
does such a cluster have to be before it shows evidence of 
superfluid behaviour?) and by the s tudy of the p roduc t ion 
of vor tex line on pressure quenching t h rough the A,-line 
(which m a y provide an ana logue for the p roduc t ion of 
cosmic strings in the early Universe) . A l though superfluid 
3 H e is n o w wel l -unders tood from m a n y poin ts of view, it is 
still the subject of interest ing and fundamental ly impor t an t 
study. 

PACS numbers: 67.57.Fg 

Flow and textures in superfluid 
3He-A 
H E H a l l 
The fact tha t superflow in the A-phase of H e is coupled to 
liquid crystal textures is one of the quali tat ively new 
p h e n o m e n a m a d e possible by the richer order pa rame te r 
s t ructure of superfluid 3 H e ; I am sure tha t it would have 
appealed to K a p i t z a ' s cons tant interest in novel and 
surprising effects. 

The subject s tarted with a talk by Dav id M e r m i n called 
' G a m e s to play with 3 H e - A ' [1], in which he showed tha t a 
simply connected vessel of 3 H e - A must have at least one 
textura l singularity on the surface, a r o u n d which there were 
two quan t a of circulation. M e r m i n called such a singularity 
a boo jum, for reasons tha t will become apparen t . 

The orbi ta l pa r t of the A-phase order pa rame te r is a 
vector t r iad, and b o t h flow and textures are represented by 
ro ta t ions of this t r iad; the coupl ing arises because th ree-
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d imensional finite ro ta t ions to not commute . The liquid 
crystal an i so t ropy direction is /, the direction of the orbi ta l 
angular m o m e n t u m of the Cooper pairs , so tha t ro ta t ions of 
/ p roduce a liquid crystal texture. But ro t a t ions a round / 
p roduce a change of phase , so tha t gradients of such 
ro ta t ions cor respond to superflow. It is the s t rong b o u n 
dary condi t ion tha t / is n o r m a l to a wall tha t makes surface 
singularities a topological necessity. The essential re la t ion
ship between flow and textures is embodied mos t neat ly in 
the modified circulation theorem for 3 H e - A : 

h 
o sdr = — [2nn+A(D)] . 
. c 2m 

In this equat ion the nonquan t i sed term A (D) is obta ined by 
the following const ruct ion. F o r each poin t on the curve C 
a long which the circulation integral is carried out , m a r k the 
local / direction as a poin t on the surface of a uni t sphere. 
This m a p s the closed curve C on to a closed curve D on the 
surface of the uni t sphere; A(D) is the area enclosed by Z), 
to the left in the direction cor responding to the integrat ion 
a long C. A(D) can thus vary smooth ly between 0 and 4TC. A 
t empora l change of texture tha t accomplishes this will 
change the circulation a long a fixed p a t h by two uni ts ; 
M e r m i n showed tha t suitable mot ion of a boo jum would 
cause a super current to "softly and suddenly vanish a w a y " 
— hence the name . Alternatively, in a suitable static texture 
the circulation can change smooth ly from one p a t h to 
ano ther ; this gives the possibili ty of nons ingular vor tex 
s tructures . 

The / texture can be manipu la ted by magnet ic fields via 
its dipolar coupl ing to the d vector, which is perpendicular 
to the spin of the Cooper pairs . Whea tkey ' s group found [2] 
tha t after a suitable sequence of field changes the A-phase 
could be pu t into a state where the strength of a received 
sound signal oscillated cont inuously , wi thout any sign of 
decay, indicat ing a con t inuous per iodic mo t ion of the 
an i so t ropy axis /, as shown in Fig. 1. The var ia t ion of 

A i _ T/Tc = 0.0193 

"CM 

| 1 - T/Tc = 0.0163 

1 - T/Tc = 0.0141 

VVVWWVVV\ 

0 5 10 15 f/min 

oscillation per iod as the sample was heated and cooled 
provided evidence tha t the mo t ion was no t dissipationless, 
bu t ra ther was driven by superflow associated with the rmal 
conduct ion by counterf low: the inevitable heat leak was 
driving the mot ion . The effect can be described semiquan-
titatively by numer ica l in tegrat ion of the orbi ta l equa t ion of 
mo t ion for a mode l texture. The essential effect is tha t the 
superflow itself causes the texture to precess in such a sense 
as to cause dissipation. If the flow is no t main ta ined by an 
external source, the dissipation causes the flow to decay; we 
have the destruct ion of a persistent current by precession of 
a boo jum envisaged by Mermin . 

Non l inea r dissipation of flow associated with textura l 
mo t ion was investigated further in early tors ional oscillator 
experiments at Manches te r [3]. One of the mos t str iking 
effects seen was a p ronounced his tory dependence: in given 
circumstances the dissipation was largest if the experiment 
had last been cooled t h rough Tc while oscillating with large 
ampl i tude . A fairly successful mode l of averaged dynamics 
was constructed in which the his tory dependent effect were 
model led by a var iable density of surface singularities. 

The complementa ry aspect of coupl ing between flow 
and textures, static textures with vorticity, has been 
investigated m o r e recently in a long series of experiments 
on ro ta t ing H e at Helsinki . The simplest nonsingular 
vor tex texture is the A n d e r s o n - T o u l o u s e t w o - q u a n t u m 
vortex, in which the / direction varies from up on axis 
t h rough radia l to down at large radii ; such vortices can 
clearly be a r ranged to form a lattice. M o s t experiments , 
however , have involved N M R as a p robe , and hence a 
magnet ic field, commonly paral lel to the ro ta t ion axis. 
Magne t i c energies then set / largely perpendicular to the 
axis, the ro ta t iona l symmetry is b roken , and the soft core of 
the vor tex splits into two par t s , for example a circular and a 
hyperbol ic texture, each with one q u a n t u m of circulation. 
The var ious possible vor tex s t ructures have characteris t ic 
N M R modes associated with them, so a major too l in 
s tudying them has been by identifying N M R frequency 
shifts. Evidence for associat ion with vortices is provided by 
a signal s trength p ropo r t i ona l to angular velocity Q. 

But even almost twenty years after its beginning, the 
subject is capable of springing surprises. Very recently [4] it 
has been found in Hels inki tha t after a rapid sequence of 
ro ta t ions first one way and then the other , a state can be 
p roduced with an unusua l N M R frequency shift and a 

Figure 1. Ultrasonic signals showing textural oscillations in 3 H e - A [2]. 
Figure 2. Decorating an l-d domain wall with circular and hyperbolic 
vortices to make a vortex sheet [4]. 
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signal s trength p r o p o r t i o n a l to This is interpreted in 
te rms of a par t icular type of vor tex sheet. It is t hough t tha t 
the original p repara t ive p rocedure somehow produces a 
domain wall, aligned paral lel to the ro ta t ion axis, in which / 
switches from paral lel to ant iparal le l to d. Once such a wall 
has formed, it costs ra ther little energy to decora te it with 
an a l ternat ing sequence of o n e - q u a n t u m circular and 
hyperbol ic vortices, tu rn ing it into a vor tex sheet, the 
s t ructure of which is i l lustrated in Fig. 2. The area of 
vor tex sheet p roduced is determined by a ba lance between 
surface energy and counterf low energy, and it is this ba lance 
tha t gives rise to the characterist ic dependence found 
experimentally. 
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Kapitza and Lancaster 
A M G u e n a u l t 

Of course the title is no t serious. I doub t if Peter Kap i t za 
ever visited Lancas ter . But we hope tha t his spirit lives on 
there, in par t icular in relat ion to the work in the Lancas ter 
u l t ra low- tempera tu re physics g roup in recent years . The 
group has George Pickett , myself, Ian Miller, Ian Bradley, 
and M a r t i n W a r d as pe rmanen t members , short ly to be 
jo ined by Shaun Fisher . 

Two of Kap i t z a ' s enthus iasms were (1) cooling m e t h o d s 
and (2) superfluids. Let me briefly ment ion two i tems of 
interest abou t each. 

A b o u t cooling me thods , techniques have developed a lot 
since Kap i t za ' s day, due in no small pa r t to the availabili ty 
of the isotope 3 H e and to the invention of the dilution 
refrigerator, which makes the hold ing of stable t empera 
tures of 2 to 5 m K a comparat ive ly commonp lace mat te r . 
Us ing this spr ingboard , we n o w cool liquid 3 H e deep into 
the superfluid phases to a r o u n d 100 uK, by adiaba t ic 
demagnet isa t ion of Cu nuclei. In cooling a meta l lattice 
itself, we have recently achieved 7 uK [1]. This is the 
t empera tu re recorded on a Pt-wire N M R thermomete r , 
in contact with a copper pla te which formed the final stage 
of a nested single demagnet isa t ion cycle. The demagnet i sa 
t ion started from a magnet ic field of 6 T, following a 
precool ing to a r o u n d 5 m K . The experiment was performed 
to check up on the physics of spin-lattice re laxat ion in 
copper ; the t empera tu re measured is the lattice t empera tu re 
of the copper . 

Kap i t z a ' s n a m e is well k n o w n in low- tempera ture 
physics by its associat ion with the 'Kapi tza b o u n d a r y 
resis tance ' between a solid and liquid hel ium. The use of 
sintered powder heat exchangers has long been a black art 
in refrigeration. W e are just complet ing a series of measu re 
ment s aimed at unde r s t and ing the the rmal contact between 
sintered silver p a d s and the sa tura ted dilute phase of H e 
dissolved in 4 H e in a dilution refrigerator. The pads are 

m a d e from the usua l submicron silver powder which is 
commercial ly available and widely used for heat exchanger 
manufac ture . The t empera tu re dependence of the effective 
b o u n d a r y conduc tance in the dilute solut ion has long been 
though t to vary as T~2, a l though there has been no 
theoret ical explanat ion for this. Our latest measurements 
show a cross-over from a slow (roughly T~1'5) dependence 
at high t empera tu res t owards T~3, as expected from any 
plausible phonon-based theory, at low tempera tures . The 
crossover takes place in the 30 to 10 m K region, dependent 
on the thickness of the sinter. The explanat ion of the h igh-
t empera tu re behav iour is tha t the conduc tance is limited by 
conduct ion th rough the hel ium in the sinter pores . This 
result has much significance for the op t imal design of heat 
exchanges in dilut ion refrigerators, showing tha t this sinters 
are bet ter at high tempera tures , bu t tha t at 5 m K one 
should use very thick (say 4 m m ) sinter pads . It is also a 
daun t ing result for those of us a t t empt ing to search for H e 
superfluidity in the dilute solut ions, since T~3 is worse news 
than r~2. 

Secondly, a few words abou t superfluid 3 H e . Here the 
long-range Kap i t za influence has been very active u p o n the 
Lancas ter g roup , t h rough the ideas and advice of scientists 
from the Kap i t za Ins t i tu te in Moscow. In the essentially 
isotopic B-phase of the superfluid, our experiments have 
been per formed at a r o u n d 0.1 t imes the t ransi t ion t em
pera tu re (Tc rsj 1 m K at zero ba r pressure) . At these low 
tempera tu res the few 3 H e quasipart icles behave ballistically, 
with calculated mean free pa th s of ki lometres . The key to 
unde r s t and ing the proper t ies of the superfluid in this limit 
has been to recognise the impor tance of Andreev reflection 
of the F e r m i (quasipart icle, quasihole) excitat ions from 
superflow fields which are generated by any moving object. 
This has recently been demons t ra ted directly in an experi
ment employing retroreflection from a moving padd le of an 
excitation beam generated from and observed in a small 
200 uK oven (see Ref. [2]). 

Final ly, the M o s c o w Kap i t za influence has come 
th rough B o r o v i k - R o m a n o v and Bun 'kov , to enlighten us 
abou t magnet ic superfluidity and spin supercurrents in 3 H e . 
In visits to Lancas ter , B u n ' k o v has worked with us to 
discover a new type of long-lived state, in which persistent 
spin precession is observed up to 25 seconds after the 
exciting N M R pulse. A n impor t an t new field of s tudy is 
appear ing here. 

This talk is anecdota l and not comprehensive. W h a t it 
does show is tha t K a p i t z a ' s hares are still running . 
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Speech at Trinity College dinner for 
the Kapitza Centenary 
S P K a p i t z a 

It is indeed a great h o n o u r to be here tonight on the very 
day of the centenary of m y father, Peter Kap i t za . F o r me 
to speak here is even m o r e remarkab le . F o r a l though I was 
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b o r n in Cambr idge , most of m y life has been spent in 
Russia . In the past , when my father became so well k n o w n 
here in Cambr idge , I was not able to unde r s t and much of 
wha t was going on. Of wha t really happened I have bu t 
scant memories , and pe rhaps the early fears of my 
chi ldhood come to my mind first, as stark reminders of 
the past . 

In the garage of our house at 173 H u n t i n g d o n R o a d , 
h u n g a fire extinguisher with a red d ragon d rawn on its 
black cylinder. I was so afraid of the d ragon , tha t I never 
dared to go pas t it. I would wait and only go into the garage 
to get m y bicycle when m y father opened the main door to 
drive his car out . As pa r t of the upbr ing ing of a professor ' s 
son, I was sent to K i n g ' s College Choir school. There again 
the solemn gothic hall scared me out of my wits. I also 
remember being taken to the Cavendish, where I saw the 
Cockcroft and W a l t o n accelerator, the first of its k ind. The 
huge machine with its weird high-voltage insulators tower 
ing up into the att ic and a small hu t covered with black 
cloth again scared me, and these images were strongly 
imprinted on my mind . M a n y years later I s tarted to work 
with accelerators and maybe to defy these early memories , I 
developed the mic ro t ron — a small electron cyclotron tha t 
had no h igh- vol tage insulators at all! 

Recent ly in Moscow, and t o d a y in the new Cavendish, 
research was discussed, the origins of which could be t raced 
to my fa ther ' s work . Tonight I shall no t speak of these 
discussions bu t ra ther t ry to t ake a b roader , if personal , 
view of wha t happened , recall episodes from those fateful 
decades, and t ry to discern the future at a t ime of great 
changes. Wi th the closing of this century and the app roach 
of the threshold of a new mil lennium, I am sure tha t m a n y 
will use this occasion and exercise their imaginat ion as to 
wha t can happen . But apar t from the myst ique of the year 
2000, I am sure tha t we are n o w crossing a b o u n d a r y , a 
discont inui ty in all h u m a n history. This will affect b o t h 
science and society, and p robab ly nowhere is this as obvious 
as in Russ ia . I have always felt tha t in an exciting, and even 
dangerous way m y count ry has demons t ra ted and even 
amplified the critical p h e n o m e n a of the world . Whether 
these experiences can be a lesson in his tory for o thers is yet 
to be seen, or pe rhaps the main lesson of h is tory is tha t no 
such lesson can be learned? 

Science in the Soviet U n i o n had as much suppor t as it 
could s u m m o n and scientists enjoyed their science, influence 
and even power . N o w all tha t has gone, no t because the day 
of reckoning has come, bu t mainly because the main social 
contrac t between science and society is n o w null and void. 
M y father often repeated the words of Ru the r fo rd tha t you 
cannot serve G o d and M a m m o n at the same t ime. In those 
h a p p y days subservience to M a r s was yet u n k n o w n . W h a t 
we see n o w in Russ ia is lack of suppor t for 'big science'. The 
big science of huge accelerators , reactors , space s tat ions and 
oceanographic ships, is n o w all s t randed. Big science also 
has difficulties elsewhere — only recently the U S Congress 
has cut the funds for the SSC. Is this the end of the b o o m -
and-bus t cycle of big science? Here in Cambr idge , Kap i t za 
was one of those who began tha t cycle and pu t engineering 
into the service of fundamenta l research. The Cockcroft -
W a l t o n accelerator tha t so scared me as a child and the 
invention of the cyclotron by Lawrence which followed 
were the early precursors of the SSC. 

But Cambr idge and the Cavendish are special. As soon 
as these big machines had been pioneered here, they were 

t aken and expanded elsewhere. Later r a d i o a s t r o n o m y led to 
its own large telescopes and even molecular biology n o w 
has its big project — the h u m a n genome. P robab ly there is a 
lesson to be learned here. A l though Kap i t za in M o s c o w did 
prof i tably exploit science for technology and use m o d e r n 
technology for science, he did no t build the big machines 
tha t were developed in other places largely to serve the 
g randeur of the state. The associat ion with the mil i tary 
became fateful for m y father, for it led to his dismissal from 
the Inst i tute , since he was no t ready to par t ic ipa te as 
demanded in the B o m b . N o w I th ink our science has to 
face m a n y of the consequences of its reliance for suppor t 
from the mi l i t a ry - indus t r i a l complex, when scaling up 
n u m b e r s was expected to lead to qual i ty of research. 
Tha t does no t happen , as m y father well knew. It was 
ano ther precious lesson he learned in Cambr idge , a lesson 
passed on to those who followed him in directing the 
Inst i tute , Professors Andreev and B o r o v i k - R o m a n o v , who 
are here today . 

Earlier I ment ioned fire extinguishers. The end of my 
fa ther ' s difficulties, as they were euphemistical ly called, was 
signalled when on the fine mo rn i n g of 26 June 1953 a car 
b rough t two people from M o s c o w to our l abo ra to ry in the 
garage at his dacha (count ry house) . One was the chief of 
security from the A c a d e m y of Sciences, and he in t roduced 
the inspector for fire fighting equipment . I was asked to 
help the inspector, bu t very soon I saw tha t he did not really 
unde r s t and the difference between a foam and a ca rbon 
dioxide fire extinguisher! M y father was always very 
par t icular with safety ma t t e r s in our l abora tory . But fire 
extinguishers were only an excuse for the presence of these 
people , who abrup t ly left at 4 o 'clock. Later I drove to 
town, only to see t anks in ba t t le order on the streets of 
M o s c o w wi thdrawing from the city. Definitely, s t range 
things were happen ing . Nex t mo rn i n g m y mother - in- law 
confided to me tha t a good friend of hers, who was work ing 
as an internal decora tor on contrac t for the Police Club of 
Moscow, was asked by the manager to remove the por t ra i t 
of Beria discreetly! H e was the head of the Soviet police, the 
arch enemy of my father, and after the d ragon had been 
shot things changed for the bet ter . I still do not k n o w wha t 
was the real mission of those people who came to us on the 
day of the arrest of Beria, bu t recently it was revealed tha t 
in 1953 he h a d p lanned to assassinate my father. Very 
p robab ly it was to be done by the person who n o w writes 
disreputable spy stories abou t the nuclear a rms race. 

W h e n m y father re turned to the Inst i tute , he did no t 
resume low- tempera ture work . H e pursued instead the 
research he had started in his dacha l abora to ry on mic ro 
wave electronics and p lasma physics. Unfor tuna te ly , this 
work , which has n o w ceased, did no t lead to any great 
b r eak th roughs , p robab ly because a long b reak in research 
and in contact with the academic communi ty can have very 
adverse effects on scientific work . This is an impor t an t 
po in t in view of the present large and sudden disrupt ion 
n o w being experienced by Russ ian science. This major 
d isrupt ion is the result of the p ro found social changes 
n o w happen ing in our coun t ry where the suppor t of science 
has all bu t gone. Wi th the b r e a k d o w n of the former system 
of suppor t , this is why a new unde r s t and ing between science 
and society is n o w so necessary. I wonder n o w wha t my 
father would do today . I am sure tha t at all cost he would 
cont inue with research, however difficult it might be. H e 
would also be confronted by the bra in drain of scientists 
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b o t h from science and from Russia , bu t would p robab ly 
t ake this as a new depar tu re in their careers and see no great 
t ragedy in these changes. F o r those who leave the country , 
m y fa ther ' s life is an instructive story of the bra in drain . H e 
profited much from his stay in Eng land and it shows h o w 
impor t an t such exchanges can be. However t r auma t i c and 
even ruthless was his detent ion in 1934, it can be seen as an 
example of reversing the bra in drain, t hough by m e t h o d s 
tha t can hard ly be justified. But wha t happened was tha t he 
managed to get the resources for his work in M o s c o w 
th rough difficult negot ia t ions with the government and due 
to the generous help and unde r s t and ing of Lord R u t h e r 
ford. In less t h a n two years the Inst i tute , n o w n a m e d after 
Kap i t za , was buil t . It was there tha t superfluidity was 
discovered, later to be recognised by the N o b e l Prize, and 
m a n y other discoveries were m a d e by a r emarkab le group 
of scientists, which included L a n d a u . 

Kap i t za was always in ternat ional ly minded . In the early 
30s he did much to help refugees from G e r m a n y and I am 
sure t o d a y he would have been similarly concerned with 
people leaving our count ry t o d a y simply because they have 
no money for their research. Wi th the lack of suppor t for 
science, we n o w have this massive bra in drain from Russia 
and have to see wha t will be the long-term consequences of 
this efflux of highly t ra ined m a n p o w e r . On the other hand , 
it can be seen as a compensa t ion for the lack of real contacts 
of Russ ian science, and for the long years of self-imposed 
isolation. But I am sure he would have given all suppor t to 
the t ra in ing of the next generat ion, finding means for 
s tudents and pos tg radua tes and, first of all, helping the 
y o u n g ones t h rough these difficult t imes, as difficult as he 
himself experienced early in his life. Like our young 
generat ion, m y father was for tunate in the educat ion he 
got in Pe t rograd at the Polytechnical Inst i tute , a r emarkab le 
school founded on the lines of the G e r m a n Technische 
Hochschule . Later my father had the great experience of 
being here in Cambr idge , and wha t he learned here was 
impor t an t for the influence he had on educat ion in Russ ia 
and in the founding of the Ins t i tu te of Physics and 
Technology in Moscow. H e discussed these issues with 
Cockcroft , who was in a similar way engaged in setting up 
Churchi l l College, where the idea was to b r ing together 
teaching and research for t ra in ing engineers in wha t we n o w 
call high technology. The cont inui ty of teaching and 
research is most impor t an t at t imes of change and crisis. 
In the Soviet U n i o n we had a very unfo r tuna te experience 
with the disrupt ion of biology and genetics dur ing the 
Lysenko affair in 1948. Only 40 years later with much 
suppor t nat ional ly and in ternat ional ly did we m a n a g e to 
revive these sciences. G e r m a n science, in ruins after Wor ld 
W a r II and in the af termath of N a z i rule, has only n o w 
regained the posi t ion in science tha t could be expected from 
its past . This shows h o w peri lous can be any disrupt ion in 
the development of science and h o w long it t akes to rebuild 
a lost t radi t ion . 

In M o s c o w a decision has recently been passed by the 
government to establish a Kap i t za F o u n d a t i o n . I ts charter 
is yet to be worked out , bu t it is to suppor t research and 
teaching in science b o t h nat ional ly and internat ional ly . I do 
hope it will develop into a useful ins t rument for the suppor t 
of science in these difficult years of t ransi t ion. I am sure 
tha t much can be done to prov ide funding for science in 
Russ ia and help to develop its in te rna t ional relat ions. I 
hope tha t with the decisions n o w m a d e and the recognit ion 

of the necessity of new depar tures for the funding of science, 
the Kap i t za F o u n d a t i o n could m a k e a significant con t r ibu
t ion. Here it should be ment ioned tha t the R o y a l Society 
has independent ly established the R o y a l Society Kap i t za 
Fel lowships . These have given un ique oppor tun i ty for 
near ly a hundred Russ ian scientists to visit the U K for 
research and I would like to express the sincere t h a n k s of all 
m y colleagues for this generous help. W e can expect tha t 
this impor t an t initiative will teach us h o w to act for future 
developments in setting up in te rna t iona l ties between 
scientists, appropr ia te ly linked with the n a m e of my 
father. Today , the highest pr ior i ty for science in Russ ia 
is to provide for the younger generat ion of scientists. At this 
t ime of t ransi t ion it is they to w h o m the future belongs. It is 
the younger generat ion tha t can be really incorpora ted into 
world science and the story of my father shows h o w 
impor t an t this had been in his life. 

Of all inst i tut ions of science and cul ture universities are 
the most significant and pe rmanen t . In no place such as 
here, in the magnificent hall of Trini ty College, can this 
mean ing and t radi t ion be experienced so fully. W h e n my 
father after so m a n y years away came back for the first t ime 
to Cambr idge in 1966, it was here tha t his h o m e c o m i n g was 
symbolised by the appea rance of his gown, wai t ing so long 
for its master . T o d a y the memor ies tha t my father evokes 
br ing us back together for the occasion of his 100th 
b i r thday to see wha t has happened since and wha t we 
can expect in the future. M y father came to Cambr idge as a 
y o u n g m a n and the Univers i ty of Cambr idge became his 
h o m e for 13 years . It was here tha t he became a member of 
the wor ld of science, a Fe l low of the R o y a l Society and 
later, on his re turn to Russ ia he was a messenger of all he 
learned here. I th ink he also b r o u g h t something to this 
count ry in the a l l - important traffic of ideas and cus toms. A 
universi ty will always be the t ra in ing g round for s tudents , a 
centre of excellence in science, a place for s tepping into the 
future and the u n k n o w n . 

To the Univers i ty of Cambr idge! 


