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P IO T R  L E O N ID O V IC H  K A PIT Z A

9 Ju ly  1894 —  8 A p ril 1984

E lec ted  F .R .S . 1929 

B y  D . S h o e n b e r g , F .R .S .

R u s s i a , 1894-1921

P e t e r  K a p i t z a * w as a leg en d a ry  figure  b o th  in  R u th e rfo rd ’s C am b rid g e  
o f th e  1920s an d  1930s and  su b seq u e n tly  in  M oscow  to  th e  en d  o f h is  long  
life an d  th e  legends serve to  illu s tra te  h is co lo u rfu l p e rso n a lity . In  his 
scien tific  w ork  he show ed  g rea t v e rsa tility  and  b ro u g h t th e  skills o f an 
e n g in ee r an d  m a th e m a tic ia n  to  b ea r on  im p o r ta n t p ro b le m s in  physics 
an d  tech n o lo g y  in  an  e n tire ly  o rig ina l w ay. H e  also had  b ro ad  c u ltu ra l 
an d  social in te re s ts  an d  h is o rig inal ideas on  scientific  e d u ca tio n  and  
o rg an iza tio n  have h ad  a p ro fo u n d  influence, p a rticu la rly  on  th e  d ev e lo p ­
m e n t o f S ov ie t physics.

H e  w as b o rn  in  K ro n s ta d t, th e  island  fo rtre ss  on  th e  N eva  n e a r S t 
Petersburg,'} ' in to  a fam ily  w ith  s tro n g  in te llec tu a l tra d itio n s . H is fa th e r, 
C o lonel (la ter G en era l) L eo n id  P e tro v ich  K a p itza  w as a m ilita ry  eng ineer 
invo lved  in  m o d ern iz in g  th e  fo rtifica tions o f K ro n s ta d t. T h e  K ap itzas  
h ad  b een  lan d ed  g e n try  w ith  P o lish  an teced en ts  and  th e  fam ily  w as w ell 
rep re sen te d  in  th e  p ro fessions. H is  m o th e r , O lga Ie ro n im o v n a , to w hom  
he w as very  close u n til h e r  d ea th  in  1937, w as a specialist in  c h ild re n ’s 
l ite ra tu re  an d  fo lk lore  and  an im p o rta n t figure in th e  lite ra ry  w orld  o f S t 
P e te rsb u rg . She o rgan ized  a c lub  for you n g  w rite rs , m any  of w hom  
su b seq u e n tly  becam e fam ous. H e r  fa the r, G en e ra l Ie ro n im  Ivanov ich  
S teb n itsk i, also p a rtly  o f P o lish  o rig in  and  a m ilita ry  en g in eer specializing  
in c a rto g rap h y , w as a g eo g rap h e r o f in te rn a tio n a l rep u te , a co rre sp o n d in g  
m em b e r o f th e  Im p e ria l A cadem y o f Sciences an d  an a rd e n t trav e lle r all 
over th e  w orld ; it is p e rh ap s  from  h im  th a t  P e te r  K ap itza  in h e rite d  his 
ow n love o f trave l. M u c h  of S te b n itsk i’s m ilita ry  service w as in  the  
C aucasus, w here  he persona lly  m ap p ed  o u t th e  im p o rta n t m o u n ta in

* In England, the Russian Piotr was at first rendered as Pierre but he was usually known as Peter.
The transliteration of his surname is the one he used himself, but the tz is often rendered as ts.

t  After 1914 St Petersburg became Petrograd and after 1924 Leningrad.
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328 Biographical Memoirs

peaks and m ade gravitational m easurem ents; later he was head of the 
M ilita ry  T opog raph ica l D ep a rtm en t of the Im peria l G eneral S taff in St 
P e tersbu rg . U nusually  for his tim e, he arranged  for his daugh ters  to have 
a h igher education , Olga in the hum an ities  and A lexandra in m athem atics 
and science.

A lexandra played an im p o rtan t p a rt in P e te r’s u p b ring ing  for it was she 
who discovered, ra th e r to the su rp rise  of the fam ily, th a t he had an 
unusually  quick grasp of a rithm etic . T h o u g h  a lively boy, he had seem ed 
a b it backw ard in som e o th er respects. H e never overcam e a certain  
ind istinc tness and sloppiness in speech and never learned  to spell 
p roperly  in any language— a considerable hand icap  in his early career. H e 
was adm itted  to the ‘classical gym nasium ’, w hich specialized in the 
hum anities, bu t had to leave th is school in 1906 at the end of his first year 
because of inadequate  progress and tran sfe rred  to the  m ore scientifically 
o rien ted  ‘rea lschu le’. H e enjoyed a k ind of revenge 70 years later w hen, to 
m ark his second aw ard of the  title  H ero  of Socialist L abou r, his b u st was 
erected  in a public  square of K ro n stad t opposite  the gym nasium  from  
w hich he had been excluded! A lthough  th is exclusion evidently  rankled, 
the ‘rea lschu le’ was m uch  m ore app rop ria te  for developing his talen ts, 
and in 1912 he g raduated  w ith  honours and en tered  the  electro technical 
faculty of the St P e tersbu rg  Polytechnical In stitu te — for lack of L a tin  and 
G reek he was not eligible to en te r the St P e tersbu rg  U niversity , then  
regarded as the m ore p restig ious in stitu tion .

H is stud ies w ere in te rru p ted  by the 1914 w ar and for tw o years K apitza  
was an am bulance d river at the Polish front. A fter dem obilization  he 
re tu rned  to the Polytechnical In stitu te  w here he g raduated  in 1918 and 
was appo in ted  to a teaching  post in the In stitu te , w hich he held un til he 
m oved to C am bridge in 1921. D u rin g  these years the m oving sp irit in the  
physics w orld  of Petrograd , and indeed of Russia, was A. F. Joffe, who 
was actively developing a physics school w ith an outlook m ore m odern  
than  had been trad itional in Russia up to then , and w ith  an em phasis on 
research and sem inars to keep abreast of developm ents in the W est. A fter 
1918 the research effort was concen trated  in the newly established 
Petrograd  Physico-technical In stitu te , w here Joffe succeeded in collect­
ing a group of young and en thusiastic  scientists a round  him  who form ed 
the nucleus of the enorm ous grow th of Soviet physics in later years. T h e  
creation of th is new institu te  for physics research m ust have seem ed 
wildly visionary at th a t tim e since, after the chaos of the w ar and the 
upheaval of the R evolution, the econom y of the coun try  was in a 
d isastrous state. T h e re  w ere great shortages of food and fuel and 
practically no scientific equ ipm en t, so tha t research could be done only 
on a ‘do it yourself’ basis. In  spite of these difficulties, how ever, qu ite  a lot 
got started .

K apitza took up several projects of topical in terest. O ne was the 
m easurem ent of the angular m om entum  associated w ith m agnetization of
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Piotr Leonidovich Kapitza 329

m atte r, and his first scientific paper*  was a critical review  ( l ) f  of the 
experim en ts  by E in ste in  and de H aas, who had d em onstra ted  the effect in 
1915, and  by B arne tt w ho alm ost sim ultaneously  d em onstra ted  the 
inverse effect. A t th a t tim e there  appeared  to be a con trad ic tion  betw een 
the tw o sets of experim en ts  and K ap itza  concluded  tha t there  m ust be 
som e e rro r in B a rn e tt’s experim en t because it gave only half the 
classically expected  ratio  of angu lar m om en tum  to m agnetization . 
H ow ever, soon afterw ards, E inste in  and de H aas d iscovered an e rro r in 
th e ir  ex perim en t and confirm ed B a rn e tt’s ‘anom alous’ resu lt w hich was 
later exp lained  in term s of e lectron  spin. A second paper (2) describes an 
ingenious im provem en t in the techn ique  of p reparing  W ollaston fibres; 
K ap itza  also becam e adep t at using B oys’s bow  and arrow  m ethod  of 
p ro d u cin g  very fine q u artz  fibres.

A n o th er line of w ork was the study  of atom ic and m olecular beam s and 
together w ith  his friend  Sem enov, K apitza  proposed  a techn ique  for 
m easuring  atom ic m agnetic  m om ents by observ ing  the spread  of an 
atom ic beam  after passing th ro u g h  a strongly  inhom ogeneous m agnetic  
field (6). A lthough  th e ir  paper m entions th a t ‘experim ents in this 
d irec tion  have already b e g u n ’ no th ing  fu rth e r  was pub lished . In  fact 
betw een the tim e of subm ission  of the paper in D ecem ber 1920 and its 
pub lica tion  in 1922, S te rn  and G erlach  had not only p roposed  essentially 
the sam e idea, b u t carried  it out in practice (S te rn  1921, G erlach  & S tern  
1921, 1922), and so p rovided  the dem onstra tion  of spatial quan tization  
for w hich m any years later S tern  was aw arded a N obel prize. A th ird  field 
to w hich K apitza  co n trib u ted  was th a t of X -rays and his proposal (3) to 
focus a b road  beam  of X -rays by a ben t crystal seem s to have an tic ipated  
w hat m uch  later becam e an im p o rtan t practical techn ique. Johansson  
(1933) described  the first practical realization of this idea, b u t does not 
appear to have been aware of K ap itza ’s paper.

Soon after K apitza was dem obilized, and following a rom antic  trip  to 
H arb in  in C hina, he m arried  N adezhda K yrillovna, daugh ter of G eneral 
C hernosvitov , and a son, Ieron im , was born  in 1917. A second child  was 
expected tow ards the end of 1919 b u t d isaster struck  the fam ily. In  the 
terrib le  conditions following the R evolution and the Civil W ar, 
epidem ics were rife and Ieron im  caught scarlet fever and died. N adezhda 
was qu ite  struck  dow n by th is blow and soon after she had given b irth  to a 
daugh ter (also called N adezhda), bo th  succum bed to the Spanish  in ­
fluenza th a t was then  raging in the city. O n top of th is, K ap itza ’s father 
also died of ’flu at about the same tim e. K apitza, who had him self had a 
bad bou t of ’flu, was overw helm ed by these tragic losses and for a tim e 
was unable to work. H is friends w ondered w hat could be done to help

* T h is  w as in fact no t h is first p u b lica tio n . H e had  already  p u b lish ed  a p o p u la r  artic le  ( G l)  abou t 
the  p ro d u c tio n  o f cod liver oil, based  on h is travels in the  far N o r th  o f R ussia, and  illu stra ted  by his 
ow n p h o to g rap h s .

t  N u m b e rs  given in th is fo rm  refe r to  en tries  in the b ib lio g rap h y  at th e  end  of the text.
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him  forget his u nhappy  situa tion  and som eth ing  tu rn ed  up  th a t no t only 
d istrac ted  K apitza  from  his grief, bu t, as it tu rn e d  ou t, com pletely  
changed the  course of his life.

T h is  was the setting  up, at Joffe’s p rom p ting , of a ‘C om m ission  of the 
R ussian  A cadem y of Sciences for renew ing  scientific relations w ith  o ther 
c o u n trie s’, w hich was liberally  p rov ided  w ith  foreign cu rrency  to buy  
eq u ip m en t abroad  (see Som inskii 1965, K rylov  1984). Besides Joffe, an 
im p o rtan t m em ber of the  com m ission was A dm iral A. N . K rylov, the 
well know n naval engineer and applied  m athem atic ian , who was later to 
becom e K ap itza ’s second father-in -law . B oth had a h igh op in ion  of 
K ap itza ’s scientific gifts and w anted  to help  in his difficult personal 
situation; appo in ting  h im  to jo in  the com m ission seem ed an ideal 
solution. T ravel abroad  at th a t tim e was com plicated  because m ost of the 
outside w orld  had no d ip lom atic  relations w ith  Soviet Russia. Joffe set 
ou t in F eb ru ary  1921, and as soon as he got to B erlin began try ing  to get a 
visa for K apitza, while he and o th er m em bers of the com m ission were 
occupied w ith  buy ing  equ ipm en t. G erm any , F rance  and H olland  did  not 
w ant to risk adm itting  som eone who m igh t prove to be a young 
com m unist ag itator, b u t E ngland  was m ore accom m odating  and ev en tu ­
ally in M ay, Joffe succeeded in getting  K apitza  an English  visa.

A t last, late in M ay, K apitza  arrived  in E ngland  by ship and early in 
June  he and Joffe s ta rted  a round  of scientific visits, w hich cu lm inated  in 
a visit to R u therfo rd  in C am bridge  on 12 July . T h ey  w ere received very 
cordially by R u therfo rd  b u t w hen K apitza  asked if he m igh t w ork in the 
C avendish  for a few m onths R u th erfo rd  was ra the r d iscouraging, say­
ing the L aborato ry  was already crow ded and it w ould be difficult 
to accom m odate one m ore. R u therfo rd  was ra ther taken aback w hen 
K apitza  replied  by asking w hat accuracy he aim ed at in his experim ents. 
T h e  answ er to th is seem ingly irre levant question  was 2 or 3%  and 
K apitza  then  po in ted  out tha t as there  were about 30 researchers in the 
C avendish , one m ore w ould hard ly  be noticed because he w ould com e 
w ith in  the experim ental error! T h is  ingenious approach  persuaded  
R u therfo rd  to adm it K apitza  after all. As a postsc rip t it m ay be 
m entioned  tha t a year later K apitza asked R u therfo rd  why he had agreed 
to take him  on and R u therfo rd  laughed and said ‘I can ’t th ink  why, b u t 
F m  very glad tha t I d id ’.

C a m b r i d g e , 1921-34

K apitza jo ined  the C avendish  in Ju ly  1921 and although the original 
plan was for him  to stay only over the w in ter he rem ained  for 13 years. 
H is in troduc tion  to C am bridge life and his im pressions of R u therfo rd  
and the C avendish are vividly described  in the letters he w rote at frequen t 
intervals to his m o ther in Petrog rad  (quoted  in D anin  1966, Parry  1968
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and R u b in in  1985).# T h e  usual in itia tion  of new  research  stu d en ts  was a 
m o n th  or tw o of practical w ork in the C avendish  attic  on various relevant 
tech n iq u es  u n d e r C hadw ick ’s superv ision  and a few days after his arrival 
K ap itza  w ro te  (24 Ju ly ) ‘F o r the tim e being  . . .  I am  w orking  only at m y 
p ractical course; as to the  fu tu re , I d o n ’t know . . . . T im e  will show. . . .’ 
In  fact h is skill and assidu ity  w ere such th a t C hadw ick was satisfied after 
only tw o w eeks and by early  A ugust K apitza  had at R u th e rfo rd ’s 
suggestion  chosen to study  how  the  energy  of an a -p a rtic le  falls off 
tow ards the  end of its range. P rev iously  th is had  been m easured  by 
observ ing  the  deflection of the  a -p a rtic le  in a m agnetic  field, b u t the 
lim ita tion  of th is m ethod  was th a t particles of low energy could  not be 
detec ted . K a p itz a ’s m ethod  was to m easure  the energy in a collim ated 
beam  of a -p a rtic le s  by the  heating  it p roduced  in a plate  a ttached  to a 
Boys rad iom icrom eter. T h is  p ro jec t was b ro u g h t to a successful conc lu ­
sion w ith  am azing rap id ity . W ith in  n ine m o n th s  of the conception  of the 
idea he was already d rafting  a paper for pub lica tion  and by m id -Ju n e  the 
paper was sen t off. O n 19 June  1922 he w rote to his m other:

‘T o d ay  the C rocodile  sum m oned  m e tw ice abou t m y m an u ­
scrip t. . . .  I t will be p ub lished  in the  P roceedings of the Royal 
Society, w hich is the greatest honou r a piece of research can achieve 
here. . . . O nly  now  have I really en te red  the C rocod ile’s school . . . 
w hich  is certain ly  the m ost advanced school in the w orld and 
R u th erfo rd  is the  g reatest physicist and organiser. I t is only now  that 
I have felt m y streng th . Success gives m e w ings and I am carried  
away by m y w o rk .’

‘C rocod ile ’ was a n icknam e K apitza  invented  for R u therfo rd  early on 
and m any years later he to ld  R itchie C alder (1951, p. 66):

‘In  R ussia the crocodile is the  sym bol for the father of the fam ily 
and is also regarded w ith awe and adm iration  because it has a stiff 
neck and cannot tu rn  back. It ju s t goes s tra igh t forw ard w ith  gaping 
jaw s— like science, like R u th e rfo rd .’

A m ore fanciful b u t p robab ly  en tirely  apocryphal version, popu lar in 
the C avendish , was tha t it was after the crocodile in P eter Pan that 
swallow ed an alarm  clock to give advance w arning  of its som ew hat 
frigh ten ing  appearance. T h is  version finds some slight suppo rt in an early 
le tte r (12 O ctober 1921):

‘R u therfo rd  greets m e increasingly pleasantly  and asks how things 
are going w hen he sees me. But I am a little afraid of him . I work 
alm ost next door to his office. T h is  is bad since I have to be very *

* A m o re  co m p le te  ed itio n  of these and  o th e r  le tte rs  is be ing  p rep a red  by M rs  A. A. K ap itza . T h e  
q u o ta tio n s  in th is  m em o ir are m y ow n ra th e r  free tran sla tio n s from  the  R ussian .
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careful w ith  m y sm oking: its a m isfo rtune  if he shou ld  catch  you w ith 
a pipe in your m ou th . B ut thank  G od he has a heavy tread  and I can 
recognize his footsteps . .

T h e  pub lished  paper (7) show s th a t K ap itza ’s en thusiasm  abou t his 
experim en t was indeed justified . Boys (1923) said of his rad iom icrom eter 
that ‘its ex trem e delicacy of construc tion  requ ires m ore than  o rd inary  
skill on the part of the u se r’ and K apitza  no t only d em onstra ted  th is skill 
and explo ited  his experience of fine quartz  fibres b u t inco rporated  m any 
ingenious features to avoid various stray effects tha t in his p relim inary  
experim ents com pletely  sw am ped the genuine small heating  effect of the 
a -partic les . H e w rote to his m o th er (4 D ecem ber 1921) th a t ‘. . . [his 
device] is so sensitive th a t it can detect the flame of a candle 2 versts 
[roughly 2 km] away and respond  to a tem p era tu re  rise of a m illion th  of a 
degree! . . .’. H is resu lts convincingly  show ed th a t the energy fell steeply 
to a negligible value tow ards the end  of the a -pa rtic le  range.

T h is  pub lica tion  illustrates several characteristic  features of m uch  of 
K ap itza’s later work: his ability  to w ork ou t in practice ra th e r com ­
plicated schem es designed to give ex trem e sensitiv ity , his tho rough  grasp 
of po ten tia l pitfalls, his speed of w orking and his tho roughness in 
in te rp re ta tion . A no ther in teresting  feature is K ap itza ’s fondness for 
regard ing  each project as p a rt of a larger g roup  of investigations, b u t then  
getting  excited by a new idea and fo rgetting  abou t con tinu ing  the original 
plan. T h u s  the paper is described  as ‘P art I ’ and the abstract m entions 
tha t fu rth e r work will be described  in ano ther paper. H ow ever no P art II  
ever appeared, probab ly  because K apitza  had  becom e com pletely  en ­
grossed by a new idea tha t cam e up at tha t tim e.

T h is  idea was a possible new m ethod  of study ing  how the a -partic le  
velocity varied along its track by m easuring  the track  cu rvatu re  in a 
m agnetic field. Existing m agnets w ere not capable of p roducing  large 
enough steady fields to curve the tracks sufficiently, and K ap itza ’s novel 
idea was to use fields tha t were m uch  larger bu t lasted for only a very 
short tim e. T h is  m arked a tu rn in g  poin t in K ap itza ’s career. O nce the 
large im pulsive m agnetic fields had been achieved he saw w hole new 
vistas opening up for exploiting  the techn ique, and this led him  into 
p ioneering  w ork in solid state and low tem pera tu re  physics. I t was also 
the beginning  of the transition  of the C avendish from  the string  and 
sealing wax trad ition  to the age of large m achine physics.

O ne of the basic problem s of p roducing  an im pulsive field is how to 
provide a large store of energy tha t can be converted  into electrical pow er 
and rapidly discharged th rough  a coil. An obvious candidate for such an 
energy store was an electrical condenser of large capacity charged to a 
high voltage, bu t such a condenser w ould have been expensive and 
K apitza chose instead a chem ical store, essentially a large accum ulator of 
special design, w hich he could bu ild  him self.
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H e was encouraged  by R u th e rfo rd ’s reaction  to his idea; as he w rote to 
his m o th er (15 Ju n e  1922):

‘T h e  C rocodile  is taken w ith  m y idea and th inks it will succeed. H e 
has a devilish  feeling for experim en t and if he th inks th a t som eth ing  
will com e out of it, th a t is a very good om en. H is a ttitu d e  tow ards me 
gets b e tte r  and  b e tte r  . . .’

H e also m en tioned  th a t a ‘young p h y sic is t’ (P. M . S. B lackett, 3 years 
his ju n io r)  was going to w ork w ith  h im . B lackett in troduced  him  to the 
sub tle ties of the W ilson cloud cham ber, w hich was used for revealing the 
a-tracks , b u t the co llaboration  did  no t con tinue beyond the initial stages. 
A few days later K apitza  w rote of ano ther significant sign of R u th e rfo rd ’s 
rising esteem : ‘T h e  C rocod ile ’s perm ission  for L au rm an n  to com e is the 
best d em onstra tion  of his k ind a ttitu d e  to m e .’ Em il Y anovich L au rm ann  
(for som e b iographical details see S hoenberg  1954) was an E ston ian  who 
had co llaborated  w ith  K apitza  in Petrog rad  and was rem arkably  skilled in 
all sorts of techn iques such as electrical engineering , pho tography  and, 
m ost im portan tly , the hand ling  of delicate equ ipm en t. H e was a little deaf 
and visitors to the laboratory  w ere often startled  by K ap itza ’s loud cries 
of ‘B aron ’ w hen he needed  L a u rm a n n ’s assistance. Baron was a nicknam e 
based on a half jok ing  trad itio n  in Russia tha t the Baltic provinces were 
en tirely  populated  by nobility .

A lthough  the new  pro ject was technically  m uch m ore com plicated  and 
on a larger scale than  any th ing  K apitza had tackled before, K ap itza ’s 
drive, backed by R u th e rfo rd ’s su p p o rt and L a u rm a n n ’s assistance p ro ­
duced resu lts very quickly. A fter some early failures he w rote on 17 
A ugust, only 2 m onths after starting ,

‘T h e  p relim inary  experim ents were com pletely successful. I am 
to ld  tha t the C rocodile speaks of no th ing  else ju s t now. I have been 
given a large room  in addition  to the one I already w ork in, and for 
the full scale experim ent I have got perm ission to spend a fairly 
substan tia l sum  of m oney .’ [T h is was £150!]

and on 2 Septem ber:
‘M y experim ents are assum ing a very broad  scope . . .  I shall 

rem em ber m y last conversation w ith  R u therfo rd  as long as I live. 
A fter a w hole lot of com plim ents he said ‘I should  be very happy if I 
could have the possibility  of creating a special laboratory  for you in 
w hich you could work w ith  your own s tu d e n ts .’ . . . Am  I really such 
an able person? I feel uneasy and alarm ed. W ill I be able to cope?’

A nd then  at last, on 29 N ovem ber, p resum ably  after the construction  
of the W ilson cham ber as well as the high field equipm ent:

‘. . . F o r m e today is to some extent a h istoric  day . . .  In  front of 
me is a pho tograph  w ith no th ing  b u t th ree curved lines on it. But
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these th ree  lines show  the  tracks of a -p a rtic les  in a m agnetic  field of 
terrific  streng th . T h ese  th ree  lines have cost P rofessor R u th erfo rd  
150 p ounds sterling  and have cost m e and Em il Y anovich 3 \ m on ths  
of ex trem ely  hard  w ork. B ut here they  are and everyone in the  
U n iversity  is talk ing abou t them . S trange: only th ree  curved  lines! 
T h e  C rocodile  is very pleased w ith  these th ree  curved  lines. . . . 
M any  people have com e to look at these th ree  curved  lines and 
adm ired  them . N ow  we m ust go fu rth e r and  there  is m uch  w ork 
ah ead .’

By M arch  1923, again only n ine m on ths after s tarting , a paper had been 
su b m itted  th a t was pub lished  soon after (10). T h is  was follow ed a year 
later, w hen the research had been com pleted , by tw o fu rth e r  papers 
(11, 12), the first giving details of the im pulsive field m ethod  and the 
second describ ing  the special design of the W ilson cham ber, the elaborate 
sw itching and tim ing  devices involved and finally a detailed  account of 
how the  cu rva tu re  of the a -p a rtic le  tracks varied  w ith  position  along the 
track. Effectively the cu rva tu re  m easured  the ratio  of velocity  to charge 
and the variation  of the average charge w ith  position  could  be deduced  
from  o th er experim ents and som e appeal to theory . T h u s  finally a g raph  
was ob tained  of velocity against range, ju s t as in the heating  experim ent 
described  earlier, and m uch  to K ap itza ’s satisfaction the two agreed qu ite  
reasonably.

W hile all th is w ork was progressing , K ap itza ’s position  in C am bridge 
was rap id ly  being consolidated . In  January  1923 he was officially 
adm itted  as a research s tu d en t for the  P h .D . degree, w ith  backdating  to 
O ctober 1921, and he ob tained  a y ea r’s rem ission in view of his R ussian  
work. T h is  m ean t he could com plete his P h .D . in the sum m er of 1923. 
H e was also adm itted  as a m em ber of T r in ity  College and  soon after his 
P h .D . he was aw arded a C lerk M axw ell Scholarsh ip . H e con tinued  to 
w rite  ecstatically to his m o ther abou t R u therfo rd :

18 M arch  1923— ‘. . . T h e  only th ing  th a t eases m y w ork is the 
C rocod ile’s care, w hich can only be com pared  w ith  the  care of one’s 
own fa th e r.’

15 June  1923— ‘. . . Y esterday . . .  I m et the C rocodile ju s t as I 
cam e back from  being m ade a D octo r of Philosophy. I asked him : 
“ D o n ’t you th ink , Professor R u therfo rd , th a t I look w iser?” “ W hy 
should  you look w iser?” he replied , in trigued  by m y som ew hat 
unusual question . “ I have ju s t been m ade a d o c to r” I answ ered. H e 
im m ediately  congratu lated  m e and said, “ Yes, you do look app rec i­
ably w iser and m oreover y o u ’ve had your hair c u t” and roared w ith 
laughter. T ak ing  such liberties w ith  the C rocodile is generally very 
risky, since m ost often he sim ply sends you to the devil and I seem  to 
be the only one in the laboratory  who dares to try . . . . Such behaviour 
tow ards him  from  a ju n io r is very unusual. S om eth ing  like six tim es I

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


Piotr Leonidovich K apitza 335

have had com plim en ts  from  him  such as ‘foo l’, ‘ass’ etc. M ost of the  
labora to ry  is aston ished  how  such  jokes are possib le. . . .’

A n o th e r exam ple of the  k ind of joke K apitza  had in m ind  was 
recoun ted  m any years later (G 55). K ap itza  had been  ra th e r shocked w hen 
at the  s ta rt of his C am bridge  career, R u th e rfo rd  w arned  him  th a t he 
w ould  no t to lerate  his m aking  C o m m u n ist p ropaganda  in the laboratory . 
W hen  a year later K a p itz a ’s first m ajo r paper appeared  he tried  a m ild 
leg-pull:

‘I p resen ted  R u th e rfo rd  w ith  a rep rin t and I m ade an inscrip tion  
on it th a t th is w ork was p roo f th a t I had com e to his labora to ry  to do 
scientific w ork and  not C om m un ist p ropaganda. H e got ex trem ely  
angry  w ith  th is  in scrip tion , sw ore and gave m e the rep rin t back.* I 
had foreseen th is and I had ano ther rep rin t in reserve w ith  an 
ex trem ely  app rop ria te  in scrip tion  w ith  w hich I im m ediately  p resen ­
ted  him . . . . R u th erfo rd  had a characteristically  hot tem p er b u t 
cooled dow n ju s t as qu ick ly ’.

T h e  paper on a -track s  in s trong  m agnetic  fields was K ap itza ’s last 
research in R u th e rfo rd ’s personal area of in terest. F rom  then  on he 
applied  the im pulsive field techn ique  to o ther p rob lem s and ex tended  it 
to p roduce  still h igher fields. T h e  first application  was a study  of the 
Z eem an effect in fields up to 1 3 0 k G f (13, 14) in co llaboration  w ith 
H . W . B. Skinner. T h e  hope was th a t som eth ing  new m igh t tu rn  up at 
such h igh fields— typically  3 or 4 tim es h igher than  had ever been used 
before. H ow ever, in spite of the  ingenu ity  of the  technical a rrangem ents 
(see P I , P2, P3), particu larly  as regards p roducing  an in tense light source 
at exactly the righ t m om ent, n o th ing  very new did tu rn  up. It was, of 
course, a great feat to m ake every th ing  w ork p roperly  at the same tim e 
b u t the resu lts at the  h igh fields proved  to be m ainly no m ore than  
reasonable ex trapo lations of w hat had been observed before at lower 
fields.

A t abou t th is tim e K apitza  s ta rted  an even m ore am bitious pro ject for 
the p roduction  of strong  im pulsive fields. T h e  accum ulator m ethod  was 
in practice lim ited  to fields of little m ore than  lOOkG in a reasonable 
experim ental volum e and, m oreover, the accum ulato r requ ired  difficult 
repairs after com paratively  few discharges. T h e  idea of a new m ethod  was 
conceived by K apitza in 1924 in the course of discussions w ith a Russian 
electrical engineer, M . P. K ostenko, who calculated tha t it should be 
practicable to design a large dynam o th a t on short circuit th rough  a 
suitable coil could generate very high pow er for a very sho rt tim e and so 
produce a field of o rder 106 G . T h e  stored energy w ould be the kinetic 
energy of ro tation  of the dynam o ra ther than  the chem ical energy of the 
accum ulator.

* T h e  orig ina l in sc rib ed  re p rin t is in the  C ockcro ft a rch ive  at C h u rch ill C ollege, C am b rid g e .
t  1G  =  1 0 _4T .
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O nce again K apitza  was en thusiastically  su p p o rted  by R u therfo rd . But 
the expense involved was of a b igger o rder of m agn itude  than  could be 
p rovided  from  C avendish  funds, and R u th erfo rd  had to tu rn  to the  
D ep artm en t of Scientific and Industria l R esearch (D .S .I .R .)  to realize 
this first step in to  the ‘m achine age’. A gran t of £8000  was m ade, spread 
over 4 years, and yet again in ex trem ely  sho rt tim e, the cen tre  piece of the 
schem e, the big dynam o, had been designed, bu ilt and tested  at 
M etropo litan-V ickers in M anchester. O n 7 Ju ly  1925 K apitza was able to 
w rite  to K ostenko:

‘. . . T h e  m achine has been qu ite  a success. . . .  I t has been tested  
and is already installed  in C am bridge. All this has taken a lot of w ork 
and energy, b u t as you see in the 1 year and 4 m on ths since we first 
conceived the idea of th is m achine it has been bu ilt and installed. 
T h a t ’s no t bad . . . ’.

T h e  dynam o was paten ted  (P4) in the nam es of K apitza  and K ostenko, 
b u t som e difficult p roblem s had to be tackled before it could be used to 
generate large fields. T hese  took years to solve, and a detailed  account of 
the w hole schem e appeared  in 1927 (16). T h e  m ost challenging problem s 
were the sw itch tha t had to close and open exactly synchronously  w ith  the 
dynam o cycle, du ring  w hich it had to carry  as m uch  as 30 kA and the coil 
that had to be m ade strong  enough to w ithstand  the enorm ous m agnetic 
stresses. 1 he detailed design of the coil was w orked out by Cockcroft 
(1928) and the p rob lem  is vividly illu stra ted  in a le tte r K apitza  w rote to 
R u therfo rd  on 12 D ecem ber 1925 w hen R u therfo rd  was on his way hom e 
from  a trip  to the A ntipodes.

‘I am w riting  to you in Cairo to tell you tha t we have already 
obtained  fields of m ore than  270,000 G . . . . W e c o u ld n ’t go fu rth e r 
because the coil b u rs t w ith a deafening bang w hich I am sure w ould 
have given you m uch pleasure. T h e  coil had no t been externally  
reinforced and this we now  in tend  to do. . . .  I am very happy tha t on 
the whole all w ent well and now  you can be assured tha t 98%  of the 
m oney has not been w asted . . . .  T h e  accident was the m ost 
in teresting  part of the experim ent and finally streng thens our belief 
in success, since we now know  exactly w hat happens w hen the coil 
bursts. W e also now know  w hat an arc of 13,000 A looks like.’

A lthough the high field m achine w orked successfully and enabled 
K apitza to open up several new and fru itfu l fields of research over the 
next few years, it is puzzling tha t he should  have chosen the dynam o 
m ethod rather than w hat w ith  h indsigh t w ould seem to have been sim pler 
and cheaper nam ely storing the energy in a large capacitor. In  his earlier 
paper on the accum ulator m ethod  (11) he m entions this as a possib ility  
but dism isses it w ithou t any very convincing argum ent. It is true  that 
large capacitors at tha t tim e m ay not have been as reliable or as cheap as
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they  have becom e since, b u t a capacito r of o rd er lO m F  th a t could  be 
charged  to 2.5 kV w ould  p robab ly  have been  cheaper and sim pler th an  
the  dynam o. D ischarge  of such  a capacito r th ro u g h  a coil com parab le  to 
th a t used  by K ap itza  could  have p ro d u ced  fields com parab le  to  those 
achieved w ith  the  dynam o. In d eed  T . F . W all (1924), an eng ineer at

Kapitza by B. Kustodiev (portrait owned by the Fitzwilliam Museum and at present on 
loan to Darwin College, Cambridge).

Sheffield U niversity , d id  propose th is m ethod  and in 1926 described 
experim ents giving fields as h igh as 200 kG  (bu t for ra the r sho rter tim es 
than  K ap itza’s fields), using a capacitor of about 1 .4 m F  charged to 2kV . 
H ow ever, W all’s coils b u rs t in m ore extrem e conditions and he does not 
appear to have overcom e the difficulty no r con tinued  the experim ents.

A t the  Solvay C ongress in 1930 (28) K apitza referred  to W all’s lim ited 
success as evidence for the unsu itab ility  of the condenser m ethod , bu t 
th is is hard ly  convincing and K ap itza ’s real reason for no t try ing  the
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capacitor m ethod  m ay have been his dislike of follow ing a tro d d en  path . 
In  fact, w ith  the developm ent of m ore reliable capacitors and electronic 
m ethods of sw itch ing  and record ing , the condenser m ethod  cam e in to  its 
ow n spon after the w ar (for a review  see C otti 1960). T h e  dynam o system  
was rep roduced  and successfully  tested  in 1939 by Y. T an ab e  at T o h o k u  
U niversity  in Sendai, b u t it was destroyed  d u ring  an air raid  on 9 Ju ly  
1945 (see T an ab e  1949).

K ap itza  loved show ing off the special features of his insta lla tion . Even 
th ough  the m ach inery  was elaborately  m o u n ted  to avoid tran sm ittin g  
v ib ra tions, the considerable  m echanical shock associated w ith  a loss of 
20%  of the  k inetic energy of the dynam o m igh t easily have upset the 
delicate record ing  in stru m en ts . T o  avoid any d istu rbance , the coil and 
the record ing  in stru m en ts  w ere placed abou t 20 m etres away from  the 
m achine so th a t the seism ic wave th ro u g h  the g round  arrived  only after 
the experim en t was over, and the necessary space was p rov ided  by an 
ou tb u ild in g  of the C hem istry  D ep artm en t. L ater, w hen the w ork was 
tran sfe rred  to the Royal Society M ond  L aborato ry , the long ‘m agnet ha ll’ 
becam e the central featu re  of the  bu ild ing , w ith  research room s on e ither 
side of it. T h is  tu rn ed  ou t to be a very successful design even after the 
h igh field m ach inery  had gone, because the long hall p rov ided  convenient 
opp o rtu n itie s  for researchers to m eet and exchange ideas.

T o  b ring  hom e the novelty  of an experim en t lasting such a short tim e 
K apitza  was fond of telling  two little  jokes. O ne was th a t j ^qS was a very 
long tim e if you know  w hat to do w ith  it, and the o ther was th a t he m ust 
certain ly  be the h ighest paid  scien tist in the  w orld  since he received a full 
academ ic salary for w ork lasting in total only a few seconds in a year. O n 
one occasion— a rare one— K apitza  was upstaged  in show ing off his high 
field equ ipm en t. T h e  occasion was a visit from  R. W . W ood, the 
A m erican physicist, h im self fam ous for his ingenu ity  and his scepticism  
of w hat o thers could show him . K apitza  p repared  a strik ing  dem o n ­
stra tion  of the great s tren g th  of his fields by shooting a glass rod 
im m ersed  in liquid  oxygen (strongly  param agnetic) up  to the ceiling, 
w here it shattered , w hen the im pulsive field was applied . W ood was 
accom panied by R u therfo rd  and o ther C avendish  figures and they looked 
expectantly  to see w hat im pression  had been m ade on him . H e, how ever, 
did  not seem  particu larly  im pressed. Instead , he w alked up to the coil, 
took out the small vessel of liqu id  oxygen and calm ly d rank  K ap itza ’s 
health! T h e  spectators, no t fam iliar w ith th is ra th e r difficult trick, w hich 
depends on keeping the  liquid  in the  sphero idal state, were ra the r relieved 
to see W ood spit ou t the liqu id  again after a few seconds.

K ap itza’s first m ajor research w ith the new  equ ipm en t was an extensive 
study  of how the electrical resistance of m etals increases w ith  m agnetic 
field (17—21). T h is  was chosen partly  because it was the sim plest k ind of 
m easurem ent to m ake in a pu lsed  field and partly  because it had been 
relatively little explored before. A general feature of the resu lts was that

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


Piotr Leonidovich K apitza 339

th e  res is tance , a fte r  s ta r tin g  off q u ad ra tica lly  in  field, even tua lly  changed  
asy m p to tica lly  to  a linear v a ria tio n , o ften  know n as K a p itz a ’s law o f 
m ag n e to resis tan ce . H e  was able to  fit h is re su lts  to  a th eo ry  based  
essen tia lly  on  th e  ad hoc a ssu m p tio n  th a t ideally  th e  basic law w as linear 
b u t th a t  th is  ideal b eh av io u r w as d is tu rb e d  by  th e  p resence  o f ran d o m ly  
d ire c te d  in te rn a l m ag n e tic  fields su p e rim p o sed  on  th e  app lied  field.

A lth o u g h  th is  bo ld  a tte m p t to give a phenom eno log ica l th eo ry  of 
m ag n e to resis tan ce  at a tim e  w h en  th e  e lec tron ic  th eo ry  o f m eta ls w as still 
in  its in fancy  w as usefu l in  p ro v id in g  a gu ide  to  fu rth e r  ex p erim en ts , it 
has n o t s tood  th e  te s t o f tim e. L a te r  ex p erim en ts , p a rticu la rly  at low er 
te m p e ra tu re s  and  w ith  single c rysta ls , coup led  w ith  a b e tte r  u n d e rs ta n d ­
ing o f th e  th eo ry , show ed  th a t K a p itz a ’s linear law w as n o t really  basic 
b u t a consequence  p a rtly  o f th e  rela tively  h igh  tem p e ra tu re  o f h is 
m easu rem en ts  (only dow n to  liq u id  n itro g en  tem p e ra tu re )  and  p a rtly  of 
h is use o f p o lycry sta lline  sam ples in  m ost o f h is ex p erim en ts  (for a recen t 
d iscussion  see P ip p a rd  1979). K ap itza  h im se lf realized  th a t ex perim en ts  
at low er tem p e ra tu re s  w ou ld  p ro b ab ly  be essen tia l for a b e tte r  u n d e r ­
s tan d in g  o f m eta ls  and  th is  was one o f the  m ain  m o tivations for h is w ork  
on  h y d ro g en  an d  h e liu m  liquefac tion  soon after.

T w o  m ore  researches at h igh  fields, b o th  again  o f an  exp lo ra to ry  
n a tu re , w ere th e n  ca rried  ou t. T h e se  w ere stud ies o f th e  m agnetiza tion  of 
a varie ty  o f substances (30) and  o f m ag n e to stric tio n , m ain ly  o f single 
crysta l b ism u th  (33—35). A t th e  h e a rt o f b o th  stud ies w as an ingen ious 
in s tru m e n t (29) th a t cou ld  be used  e ith e r as a balance to  m easu re  the  
force on  a sam ple in an  inhom ogeneous m agnetic  field, and  hence the  
m agnetiza tion , o r as an  ex tensom ete r to m easu re  the  change o f leng th  o f a 
rod  fixed at its o th e r end . T h e  idea was to app ly  the  force o r th e  change of 
leng th  to  a d iap h rag m  sealing th e  b o tto m  of a sm all vessel con ta in ing  oil 
and  itse lf com plete ly  im m ersed  in a b a th  o f the  sam e oil. D isp lacem en t of 
th e  d iap h rag m  sq u ir ted  oil th ro u g h  a sm all hole betw een  th e  in n er vessel 
and  th e  o u te r b a th  and  so tilted  a ligh t m irro r  m o u n ted  on a p ivo t near the  
hole. By su itab le  design  the  deflection of a ligh t beam  reflected  by the  
m irro r  cou ld  be m ade p ro p o rtio n a l to  the  force o r to the  ex tension .

T h e  m agnetiza tion  m easu rem en ts  d id  n o t reveal any th ing  very  novel, 
for it tu rn e d  o u t once again th a t th e  laws estab lished  at low er fields could  
safely be ex trapo la ted  in to  th e  new  range o f h igher fields. T h e  o b ­
servation  o f m ag n e to stric tio n  in b ism u th  was, how ever, the  first such 
o bserva tion  on a d iam agnetic  and  K ap itza  also developed  the  theo ry  for 
specifying how  the  an iso tropy  of th e  effect was de te rm in ed  by  crystal 
sym m etry . K a p itz a ’s in te rest in  the  som ew hat anom alous p ro p ertie s  of 
b ism u th  s ta rted  a trad itio n  th a t con tinued  long after he had  left C am ­
b ridge  (see S hoenberg  1978), and  his em phasis on  the  im portance  of 
chem ical p u rity  and  single crystals was also a valuable legacy to those w ho 
follow ed in his foo tsteps.

In  th e  course  o f all th is  w ork, th ere  w ere several im p o rtan t
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developm ents in K ap itza ’s life and career. In  January  1925 he was 
appo in ted  to an official U n iversity  position , th a t of A ssistan t D irec to r of 
M agnetic  Research. In  O ctober 1925 he was elected to a Research 
Fellow ship  at T r in ity  College and he becam e a popu lar m em ber of the 
H igh  T ab le , m ixing easily w ith  young and old of all specialties. H e 
greatly  valued his association w ith  the College w here he lived un til he was 
m arried  and w here he con tinued  to dine frequen tly  d u rin g  the rest of his 
tim e in C am bridge. H e was particu larly  pleased w hen, m any years later 
(in 1966), he was elected to an H onorary  Fellow ship .

In  the sp ring  of 1927 he w ent to Paris and on 27 A pril w rote to 
R u therfo rd  (his spelling has not been corrected):

‘I am going to be m arried . . . . W hat do you th ink  about it??!! I feer 
you are ra the r angrey. T h is  is w hy I propose to have no honeym oon 
and b ring  m y wife in a few day’s tim e after m y w edding  to 
C am bridge . . .  I hope you u n d e rs tan d  tha t I am a v ictim e of m y own 
300,000 gausse and I have to confece tha t the dose w hich I received is 
ra ther a strong  one. . . .  Y ou see tha t even in m ore im portan t 
questions I have a quick dessision and gread speed of ac tio n .’

T h e  lady in question  was A nna Alekseyevna, d augh te r of the A dm iral 
K rylov m entioned  earlier. A lthough  A n n a’s father stayed in Russia after 
the R evolution her m o ther em igrated  to Paris and it was there  tha t A nna 
com pleted  her education  as an archaeologist; she was also an accom ­
plished artist.

R u th e rfo rd ’s reply (29th A pril) to K ap itza ’s announcem en t also d e ­
serves quotation :

‘I received your letter at breakfast th is m orn ing  and I read it w ith  
m uch in terest and am usem ent. . . . M y wife and I un ite  in sending 
our w arm est congratu lations. . . . T hey  say it is a bad wife tha t does 
not help a little, so I shall expect your w ork to m ake even faster 
progress. . . .  I am not su rp rised  at the news as I had heard  rum ours 
of your m agnetic susceptib ility  u nder intense a ttractive fields.’

T h e  m arriage was a very happy one and A nna was not only a charm ing  
hostess to their m any friends, b u t a great suppo rt to P eter in the difficult 
tim es he had to go th rough  on several occasions later. T w o sons were 
born  in C am bridge: Sergei in 1928, a d istinguished  physicist and a very, 
successful p resen ter of popu lar science on Soviet television, and A ndrei 
in 1931, a well know n A ntarctic  explorer and geographer.

In  1929 K apitza was elected to Fellow ship of the Royal Society at the 
first election after he had been proposed. T h is  in itself was a rare 
d istinction  bu t even rarer was the election of a foreigner— for K apitza had 
always retained his Soviet citizenship . In  fact the S tatu tes at th a t tim e did 
not exclude the election of a foreigner provided  tha t he was an ‘inhab itan t 
of H is M ajesty ’s dom in ions’, bu t such elections were indeed rare, the
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prev ious one having  been  in 1914! B ut to cap every th ing , his scientific 
d istinc tion  was alm ost sim ultaneously  recognized in his ow n coun try  by 
election to C o rresp o n d in g  M em b ersh ip  of the Soviet A cadem y of 
Sciences.

Early  in 1930 K ap itza  d iscussed  w ith  R u th erfo rd  the  possib ility  of 
se tting  up  a new  labora to ry  th a t could  house no t only the h igh field 
eq u ip m en t, b u t also p rov ide cryogenic facilities to ex tend  his researches 
to m uch  low er tem p era tu res . R u th erfo rd  backed th is idea en thusiastically  
and persuaded  the Royal Society to give £15  000 for bu ild ing  such a 
labora to ry . T h e  m oney was found from  a bequest to the  Royal Society by 
L udw ig  M ond  and  the  new  labora to ry  was called the Royal Society 
M ond  L abo ra to ry . A t the  sam e tim e K apitza  was appo in ted  to a Royal 
Society M essel P rofessorsh ip . All the  com plicated  negotiations betw een 
the Royal Society, the U n iversity  and D .S .I .R . w ere com pleted  rem ark ­
ably quickly  and sm ooth ly— partly  because of the dom inan t position  of 
R u th erfo rd  in all th ree  bodies and partly  th ro u g h  the drive of K apitza 
and C ockcroft— and by 1931 a handsom e m odern  bu ild ing  designed by 
the a rch itec t H . C. H ughes was going up in the cou rtyard  of the 
C avendish .

T h e  first step in the advance tow ards low er tem pera tu res  was a 
hydrogen  liquefier th a t was com pleted  by K apitza  in co llaboration  w ith 
C ockcroft shortly  before the  M ond  L abo ra to ry  was ready (36). A 
difficulty in the liquefaction  of hydrogen  is th a t extrem ely  pu re  hydrogen  
m ust be used to avoid condensed  im purities  blocking up the narrow -bore  
regenerato r tubes. T h is  difficulty was ingeniously c ircum vented  by using 
only a small volum e of ex trem ely  pu re  hydrogen  in a closed circuit, w hich 
cooled o rd inary  com m ercial hydrogen  and allowed the im purities to 
settle at the bo ttom  of the heat exchanger w ithou t any blockage. A special 
feature of the liquefier room  was a very light roof designed to blow  off and 
relieve the p ressure  in the event of an explosion. K apitza  was fond of 
w arn ing  nervous v isitors of th is possib ility , though  in the event it never 
occurred .

In  construc ting  a helium  liquefier, K apitza as usual chose a com pletely 
original m ethod  (39, 40, P10). Instead  of relying on cooling w ith liquid  
hydrogen  to get the helium  below its Jo u le -T h o m so n  inversion tem pera ­
tu re , the m ain cooling was achieved by adiabatic expansion in a p iston 
and cy linder engine. T h is  of course was a well know n princip le bu t up to 
then  the p rob lem  of how to lubricate the p iston had never been solved. 
K apitza  achieved this by the ingenious expedient of using the helium  gas 
itself as the lubricant. T h e  m achine was com pleted  in 1934 and proved 
im portan t not only in prov id ing  liquid helium  for over 10 years of 
C am bridge research, b u t in supply ing  the basic idea for a factory built 
helium  liquefier designed by S. C. Collins (1947) at the M assachusetts 
In stitu te  of T echnology (M .I .T .) . T h e  com m ercial availability of these 
Collins m achines revolutionized low tem pera tu re  physics by m aking
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liquid  helium  easily accessible all over the w orld , ra th e r than  at only a few 
specialized centres. K ap itza  had hoped  th a t C am bridge  w ould  have the 
first liqu id  helium  in E ngland , b u t he was upstaged  by F. A. L in d em an n  
at O xford , w ho b ro u g h t M endelssohn  over from  G erm any  w ith  one of 
S im o n ’s m in ia tu re  liquefiers and tr iu m p h an tly  announced  (L in d em an n  
& K eeley 1933) the  first liqu id  helium  in E ngland  a year ahead of K apitza. 
H ow ever, K ap itza  could  claim  th a t his was the  first liqu id  helium  th a t 
could  be looked at (the O xford  liqu id  was h idden  in a m etal vessel).

T h e  first liquid helium in the Royal Society Mond Laboratory, 21 April 1934.

T h e  opening  of the M ond  L abo ra to ry  by S tanley Baldw in, then  
C hancellor of the U niversity , was a great occasion w ith  a luncheon at 
C orpus C hristi College hosted  by the V ice-C hancellor, follow ed by 
speeches in the A rts School, and finally the open ing  itse lf w ith  a gilded 
crocodile-shaped  key and a v isitation  of the laboratory . B aldw in’s speech 
accepting the Royal Society’s gift to the U n iversity  caused som e am used 
puzzlem ent, for m uch of it was alm ost identical w ith  w hat R u therfo rd  
had said earlier in the  proceedings. I t seem s th a t R u therfo rd  had 
forgotten  he had already used his rem arks in briefing Baldwin! D uring  
the laboratory  visit K ap itza  p rov ided  a nice exam ple of his style of 
irreveren t teasing. H e was overheard  replying to a query  from  Baldwin: 
‘Yes indeed. You can believe m e, I ’m  no t a po litic ian ’. In  the course of 
the opening, a lifesize carving of a crocodile on the wall ju s t ou tside the 
m ain  en trance and a bas-re lief of R u therfo rd  him self, inside the foyer, 
bo th  by Eric G ill, were revealed for the first tim e; the bas-re lief gave rise 
to som e controversy  about the shape of R u th e rfo rd ’s nose (see O liphan t 
1972).

S om eth ing  should  now  be said abou t o ther aspects of his w ork and 
leisure in C am bridge. T h e  K apitza  C lub (see p. 346) represen ts his m ajor 
con tribu tion , albeit inform al, to teaching activities. H is o ther teaching
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took the  fo rm  of superv ising  research  s tu d en ts  and  som e lec tu ring . T h e  
la tte r consisted  of e igh t w eekly lec tu res on ‘R ecent researches in m ag n e t­
ism ’ and  I have lively m em ories of a tten d in g  th is  course in 1932. I found 
it fasc inating  n o t only for its con ten t, b u t also for the  in trigu ing  
p resen ta tio n . H is s tro n g  R ussian  accent and  ra th e r  h ig h -p itch ed  voice, 
his pecu liar E nglish  construc tions  and his hab it of w riting  on the 
b lackboard  som eth ing  q u ite  d ifferen t from  w hat he had said, were 
en te rta in in g , b u t som etim es m ade it difficult to follow. O nce I cam e up 
after the  lec tu re  and asked h im  to clarify  a con trad ic tion  in m y notes. H is 
reply  was ‘I f  I m ake every th ing  so clear th a t there  are no con trad ic tions, 
there  is n o th in g  left for you to th in k  a b o u t.’ H e also gave m any sem i- 
p o p u lar lectu res and once described  his techn ique: ‘I try  to p itch  it so tha t 
95%  u n d e rs tan d  5%  and th a t 5%  fully u n d e rs tan d  95% . I always tell a 
joke in the  first 5 m in u tes  and if they  laugh I know  they  are u n d ers tan d in g  
m y E nglish  well e n o u g h .’

K ap itza  superv ised  only a few research studen ts . T h e  earliest were 
J. D . C ockcroft, subsequen tly  fam ous for his nuclear physics w ork, and 
W . L . W ebste r, w ho d id  som e p ioneer w ork on ferrom agnetism . T h e  
only o thers  before the  m ove to the  M ond  w ere D . S. K o thari, w ho later 
m ade d istingu ished  co n trib u tio n s  to astrophysics in Ind ia , and A. G . H ill 
w ho jo in ed  K o thari briefly. A t th a t tim e the usual practice in the 
C avendish  was for the  C avendish  P rofessor to be the official superv isor of 
all the  research  s tuden ts , though  the detailed  superv ision  was often done 
by R u th e rfo rd ’s lieu tenan ts. H ow ever, after the m ove to the M ond , 
K ap itza  was nam ed  as the  official superv isor of two m ore research 
studen ts: m yself, in 1932, and C. J. M ilner, later Professor of A pplied  
Physics at the  U n iversity  of N ew  South  W ales, in 1933.

B oth M ilner and I recall K ap itza ’s s tim u la ting  superv ision  and his 
orig inal way of help ing  to overcom e our experim ental difficulties. I was 
p u t on to the m easu rem en t of the transverse  m agnetostric tion  of b ism uth  
crystals in the field of an o rd inary  e lectrom agnet. T h e  expected change of 
length  was very sm all, only of o rder 10~7 cm , and w hen I was feeling a bit 
desperate  because the appara tus was still 100 tim es too insensitive, 
K ap itza  w ould  po in t out half a dozen sim ple im provem ents, each of 
w hich should  give a factor 2 im provem ent and th en  th row  in perhaps two 
ra the r unorthodox  suggestions, each of w hich should  give a factor 3. So 
the p rob lem  seem ed to be solved, w ith  even a b it in hand , since 26 x 32 is 
nearly  600. B ut w hen he had gone and I started  try ing  his ideas, the 
factors of 2 proved to be only perhaps 1.2 and the factors of 3 perhaps 1.5 
so that the gain was only perhaps 6 ra ther than  600. H ow ever, I was that 
m uch nearer m y goal and ready for the next batch  of suggestions. M ilner 
was also im pressed by the fertility  of K ap itza’s inventiveness, though he 
gradually  learn t tha t m any of K ap itza’s ingenious suggestions carried 
some fatal flaw. B ut even if only perhaps one in five proved sound, this 
one m igh t well hit the jackpot and overcom e the difficulty.
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K apitza  had m any in terests and skills ou tside his scientific work. One 
of his early en thusiasm s was the in ternal com bustion  engine. Soon after 
his arrival in C am bridge he bough t a m otor-cycle  and on 16 A ugust 1921 
he w rote to his m other:

‘E very th ing  w ent very well a lthough  we w eren ’t going slowly, bu t 
then  we had a spill. T h e re  are six b ru ises and scratches on m y body 
b u t the w orst is m y face. If  you could only see it! . . . W hen  I cam e 
in to  the lab. I created  qu ite  a sensation. N ow  I shall be m uch  m ore 
ca re fu l.’

Before long he g raduated  to a car (first a Lagonda, then  a T r iu m p h  and 
later a V auxhall, chosen because full w orking draw ings were available) 
and acquired  a repu ta tion  for ra th e r reckless driv ing. W hen he was going 
particu larly  fast he w ould reassure a nervous passenger by saying th a t his 
high speedom eter reading was in k .p .h . ra the r than  m .p .h . O n one 
occasion he solved the p rob lem  of overtak ing  a slow car observ ing  the 
speed lim it in R ichm ond Park by going off the road on to the grass and 
passing rapidly  on the w rong side. P erhaps the best story  is of his T rin ity  
friend, the R everend F. A. S im pson, sitting  beh ind  him  on a coun try  
drive. As they approached  a dangerous co rner K apitza  pressed the 
accelerator and tu rn ed  round  to say ‘Pray G od  S im pson, pray  G o d ’. It 
seem s the prayers were effective. H e had, indeed, ra the r a weakness for 
teasing clergym en; ano ther exam ple was w hen a clergym an, a guest 
d in ing in H all, asked K apitza  who E dd ing ton  was and was told ‘H e 
knows far m ore about the H eavens than  you d o ’.

As already m entioned , he was skilled at constructing  and handling  
delicate equ ipm en t and he loved any activity involving fine m echanism s. 
One of his hobbies, dating  from  his schooldays, was repairing  w atches 
and clocks and m aking the rep lacem ent parts him self. A no ther hobby 
involving m anual skill was conjuring . Sergei K apitza  recalls how fasci­
nated  he was as a small boy seeing his father appear to swallow table 
knives and bite b its off china plates. E. T . S. W alton rem em bers a tra in  
jou rney  w hen K apitza show ed off the th ree-card  trick (‘find the lady’) as 
convincingly as any professional trickster. In  his m em oirs (1968) the 
fam ous, bu t ra ther staid, applied  m athem atic ian  T im oshenko  recalls 
K ap itza’s glee in m aking various em inen t scientists look a little silly by 
involving them  as stooges in his dem onstra tions. A ra ther d ifferent type 
of skill at w hich K apitza excelled was chess and Sm yslov, the R ussian 
one-tim e w orld cham pion, said tha t he could not take a gam e w ith 
K apitza lightly.

Finally, some com m ents on K ap itza’s personality  and style as rem em ­
bered by those who knew him  in his C am bridge days. A t tim es he could 
be alm ost a text-book exam ple of the absen t-m inded  professor. If  a 
question was addressed to him  at such a tim e his typical reaction w ould 
be ‘W hat you say?’ and only after several repetitions of the question  and
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his ‘W h a t you  say?’ w ou ld  he deal w ith  the  q u e s tio n — th o u g h  som etim es 
he m ig h t s im ply  w alk off leaving th e  q u estio n  unan sw ered . O ccasionally  
th is  m ay have been  a p loy  to  give h im se lf tim e  to  th in k , b u t usually  it was 
g enu ine  ab sen t-m in d ed n e ss , o r ra th e r  an  in d ica tio n  th a t h is m in d  was 
fu lly  o ccup ied  by  som eth in g  else. In d ee d  w hen  he was try in g  o u t a new  
idea in  th e  lab o ra to ry  he w ou ld  becom e so com ple te ly  abso rbed  as to  lose 
all sense o f tim e  an d  som etim es A nna  w ou ld  have to com e in to  rem in d  
h im  th a t  th ey  w ere expecting  guests to  d in n er . H e  pa id  little  a tten tio n  to 
h is p ersona l appearance  and  a C am b rid g e  legend is th a t he w as once 
refu sed  adm ission  to  a form al g a th e rin g  at the  S enate  H ouse  because he 
w as w earing  a b lazer and  ca rp e t s lippers  ra th e r  th an  the  ob liga to ry  dark  
su it and  b lack  shoes. B u t m ore  o ften  he was cheerfu l and  ou tgo ing , a g rea t 
c h a rm er and  very  good com pany . H e loved an a rg u m en t, he found  
so m eth in g  in te res tin g  to  say on a lm ost any sub jec t and  he w as an 
excellen t raco n teu r w ith  an en o rm o u s rep e rto ire  o f anecdo tes, o ften  of 
th e  shaggy dog varie ty , b u t  usually  w ith  a R ussian  tw ist. O ccasionally  the  
p o in t o f th e  s to ry  w ou ld  be obscure  to  som eone no t fam iliar w ith  R ussian  
tra d itio n s  o r because o f K a p itz a ’s p ecu liar E nglish , b u t h is lau g h te r over 
h is ow n joke was so in fec tious th a t those  a ro u n d  h im  found  them selves 
jo in in g  in , even if they  h a d n ’t a ltoge ther u n d e rs to o d  the  joke.

I t  w as p e rh ap s  the  co m bina tion  of his ou tgo ing  personality , his 
genu ine  in te res t in peop le  and  his cu riosity  ab o u t w hat m ade th em  tick 
th a t enab led  h im  to  overcom e shyness and  reserve and  m ake friends of 
people  like th e  ra th e r  reserved  C hadw ick , the  tac itu rn  C ockcroft, the  
usually  silen t D irac  and  even the  austere  A. E. H o u sm an  of T r in ity . 
T h e se  qualities  also enab led  h im  to  gain th e  friendsh ip  and  su p p o rt of 
R u th e rfo rd , th o u g h  here , as d iscussed  by  W ilson  (1983), o th e r factors 
w ere also relevant. R u th e rfo rd  seem s to  have been  cap tivated  by 
K a p itz a ’s bo ldness, b o th  his bo ldness of scientific v ision and  his bo ldness 
in trea tin g  R u th e rfo rd  w ith  m uch  less reverence and  respect th an  the 
g rea t m an  was accustom ed  to from  his ju n io rs , w hilst at the  sam e tim e 
openly  show ing his adm iration  of R u th e rfo rd ’s genius. A subject of jok ing  
in th e  C avend ish  w as R u th e rfo rd ’s fondness fo r using  b lu n t s tub  ends of 
pencil, and  on R u th e rfo rd ’s 60 th  b irth d a y  K ap itza  p resen ted  h im  w ith  a 
silver p ropelling  pencil accom panied  by a facetious cong ra tu la to ry  letter. 
R u th e rfo rd  seem s to have enjoyed th is k ind  of ligh thearted  teasing, 
th o u g h  K a p itz a ’s gift d id  no t w ean h im  from  his s tub  ends. W hen  
K ap itza  had  se ttled  in M oscow  som e years later, R u th e rfo rd  w rote how  
m uch  he m issed  th e ir  evening  w alks after S unday  d in n er in T rin ity .

T w o  o th er aspects of K ap itza ’s personality  will be ev iden t from  m uch  
of w hat has been  said: h is fondness of boasting  and  exaggeration and  his 
enorm ous self-confidence. H ow ever, usually  these w ere d isp layed  in a 
som ew hat tongue-in -cheek  m an n er w hich  endeared  ra th e r th an  repelled . 
F o r instance N . K u rti, recalls th a t w hen K ap itza  v isited  B erlin  in 1930 
and F . E. S im on (who liked precision) asked for his exact E nglish
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address, he said w ith  a chuckle ‘K apitza , E n g lan d ’ will do. H e loved 
above all to achieve som eth ing  tha t was u n ique  or at least exceptional. 
T h u s  he was p ro u d  of his un ique  d istinction  of being  bo th  an F .R .S . and 
a Soviet A cadem ician and of his ex trem ely  rare s ta tus of rem ain ing  a 
Soviet citizen yet ho ld ing  an im p o rtan t post in E ngland . H is self- 
confidence was based on realistic assessm ent of the p rob lem  in hand , and 
usually  th is self-confidence proved  ju stified  by the successful ou tcom e of 
w hatever he was try ing  to achieve. R u th erfo rd  was certain ly  im pressed  to 
see th a t K ap itza ’s confidence in his ingenious approach  to his a -ray  
p rob lem s was justified  by the successful resu lts he ob tained  so quickly. 
T h is  m ade R u therfo rd  all the m ore ready to accept K ap itza ’s persuasive 
a rgum en ts abou t the po ten tia l im portance of h igh m agnetic  fields and low 
tem p era tu res  and to give his full backing in developing a new  b ranch  of 
physics outside his ow n field.

T h e  K a p i t z a  C l u b , 1922-66

W hen  K apitza cam e to C am bridge in 1921 he m issed the lively 
d iscussions of the Joffe sem inars in P e trog rad  and he soon sta rted  an 
inform al d iscussion g roup  of his ow n, p rov id ing  an in jection of R ussian  
tem peram en t into his ph legm atic  E nglish  colleagues. T h e  first m eeting  
was on 17 O ctober 1922 w ith  K apitza  giving a talk on m agnetism . 
A lthough the em phasis was always on inform ality , K ap itza  did  insist on 
certain  rules. N o one could  rem ain  a m em ber after m issing m ore th an  a 
small n u m b er of consecutive m eetings, and m em bers w ere regarded  as 
perm anen t only after they had them selves given a talk.

T h is  weekly sem inar soon cam e to be called the ‘K apitza  C lu b ’, b u t 
K apitza h im self used to refer to it m odestly  as ‘the c lu b ’, though  he was 
well aware of the nam e o thers used, and of the significance of the club in 
s tim u la ting  C am bridge physics. In  a le tte r to A nna from  M oscow  in 1935 
he w rote: ‘. . . Even in C am bridge I left a m ark. T ake the club w hich it is 
the custom  to connect w ith m y nam e, of w hich like old Pickwick, I was a 
pe rm anen t p residen t. I th ink  it will stay a long tim e . . .’ Soon after its 
inception , a m inu te  book was started  and the trad ition  was established 
tha t the speaker should  add his signature  to the title  of his talk. T h e  
original m inu te  book is in M oscow , b u t a photocopy together w ith  the 
second (final) volum e, is in the C ockcroft archive at C hurch ill College. 
T h e  record  prov ided  by these m inu tes is im pressive. A m ong the speakers 
were not only the m em bers, bu t also m any leading physicists outside 
C am bridge: Bohr, E hrenfest, F ranck, H eisenberg  and Langevin , to 
m ention  only a few. M ost of the key advances of the tim e w ere eagerly 
discussed at the club and som etim es ahead of publication . T h u s  L andau  
spoke of the m agnetism  of m etallic electrons in 1930, and in 1932 
C hadw ick, Lea and F ea ther reported  the discovery of the n eu tron

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


Piotr Leonidovich Kapitza 347

(though  the  title  was cau tiously  en te red  as ‘N e u tro n s? ’) and C ockcroft 
rep o rted  the artificial d isin teg ra tion  of lith ium .

K ap itza  greatly  encouraged  in te rru p tio n s  and to break the ice he w ould 
h im self often  ask seem ingly  naive questions. Som etim es such questions 
w ould  p rov ide a useful h in t to the  speaker th a t he was talk ing  over the 
heads of his audience and  nearly  always they  w ould  s ta rt an a rgum en t and 
so clarify  an obscure  issue. R. W . D itc h b u rn  recalls how  on one occasion 
an A m erican  v isito r p resen ted  a theory  based on the theo rem  th a t the 
c u rren ts  in a netw ork  ad just them selves to m ake the energy p ro d u ctio n  a 
m axim um . K ap itza  in te rru p ted  to ask ‘D o n ’t you m ean a m in im u m ?’ and 
o thers  su p p o rted  h im . T o  decide the  issue K apitza  took dow n from  his 
bookshelves M axw ell’s fam ous treatise, w hich he regarded  alm ost as a 
Bible, and said ‘A h yes it says a m in im u m  in Book II , C h ap te r 7 ’ and 
som eone ch ipped  in ‘V erse 12’ causing a big laugh, (bu t for once K apitza  
c o u ld n ’t see the  joke).

Som e of the  sp irit of the d iscussion and a rgum en t com es over in b rief 
rem arks in the m inu te  book. F o r instance in 1923 G . N . Lew is talked on 
‘W hat is the orig in  of radioactive substances?’ and K apitza  recorded  a 
characteris tic  rem ark: ‘It is no t advisable to look on the phenom ena on 
the stars if you do not u n d ers tan d  the  phenom ena on the e a rth ’. In  the 
sam e year S k inner spoke abou t the new ly discovered C om pton  effect and 
the com m ent ‘C om pton  is w ro n g ’ appears over the initials of K apitza, 
Sk inner, H artree  and L en n ard -Jo n es. But a few m onths later ‘C om pton  
righ t we h o p e ’ is in itialled  by S toner and B lackett, while K apitza and 
o thers  still backed the  w rong horse and w rote ‘W e hope w rong ’. N o t long 
after a sensational rep o rt in the Sheffield D aily  T e leg raph  (26 M ay 1924) 
of a dea th -ray  m achine inven ted  by T . F. W all (perhaps an offshoot from  
his condenser discharge experim ents?), the m inu te  book records ‘W ill 
D r. W all d isin tig rate  the U niverce? P .K .’

T h e  377th m eeting  of the club on 21 A ugust 1934 was the last w ith 
K apitza  in charge; w hen he was unable  to re tu rn  from  the Soviet U nion , 
C ockcroft took over and after the w ar I kept the club going for ano ther 12 
years. H ow ever as physics becam e m ore com partm enta lized  it was only 
rarely th a t physicists from  one speciality could be persuaded  to com e and 
learn w hat was going on in a different field and eventually  I felt that the 
club had had its day. T h e  last regular m eeting, the 675th, was on 4 M arch 
1958 w ith  a paper by S ir R onald F isher on ‘P robability  and scientific 
in ference’. T h is , how ever, was not qu ite  the last m eeting. In  1966 
K apitza  was at last able to visit C am bridge again and a special m eeting 
was arranged  on 10 M ay w ith quite  a few presen t who had been m em bers 
w hen K apitza was in charge m ore than  30 years earlier. T h e  scientific 
h ighlight of the m eeting  was a review by K apitza and D irac of a project 
(38) they had m ooted in 1933 of scattering  electrons by standing  light 
waves. In  1933 light sources were too weak and electronic detectors too 
insensitive to produce any detectable Bragg reflection, b u t w ith the
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C ockcro ft, D irac  and  K ap itza  at th e  final m ee tin g  in 1966 o f th e  K ap itza  C lu b  in G o n v ille
and  C a ius C ollege.

technical advances since then  the pro ject no longer seem ed as ‘way o u t’ as 
it had seem ed then .

It is convenient to conclude th is section w ith a b rie f account of the 
sem inars tha t K apitza  organized in his M oscow  institu te  after 1936. 
T hese, like his C am bridge club, acquired  a considerable repu ta tion . As in 
C am bridge, they were at first in tim ate  affairs w ith  a dozen or so regulars 
from  the In stitu te  itself and occasionally a few guests. T h e  audience sat in 
easy chairs in K ap itza ’s huge office and instead of the C am bridge coffee 
and biscuits, R ussian tea and caviare sandw iches were provided . K apitza 
presided  in his id iosyncratic way and there  was the same trad ition  of 
irreveren t in te rrup tions  from  him  and the audience.* A fter the w ar and 
after the eight year interval of K ap itza ’s dem otion , the sem inars resum ed, 
b u t gradually  becam e m uch larger, w ith audiences of a hu n d red  or so in a 
large lecture room , ra ther than  the small g roup in K ap itza ’s office. 
A lthough little of the inform ality  and intim acy survived the greatly  
increased num bers, the sem inars still served a useful purpose in b ringing

* F or  an am us ing  skit based  on the ear ly days of  the sem ina r  see Shaln ikov (1975).
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to g e th e r physicists  from  all over M oscow , and  it was regarded  as a great 
priv ilege to be inv ited  to give a sem inar. E ven tually , a lthough  regu lar 
dates w ere set aside, only a few sem inars w ere actually  given and d u rin g  
the last ten  years or so they  p ractically  ceased.

R e t u r n  t o  t h e  S o v i e t  U n i o n , 1934

As already m en tioned , K apitza  was ra the r p ro u d  of his unusual status 
of d irec ting  a p restig ious labora to ry  in C am bridge  w hile rem ain ing  a 
Soviet citizen and  being  able to go in and ou t of the Soviet U n ion  at will. 
A fter 1926 he v isited  the Soviet U n ion  nearly  every sum m er, and always 
had his perm ission  to re tu rn  u n d e rw ritten  by h ig h -u p  figures in the 
Soviet political and scientific estab lishm en t. D u rin g  these trip s he visited 
his m o ther, gave lectures, consu lted  and usually  m anaged to have a good 
holiday in the C aucasus or C rim ea. As early as 1929 he had been invited  
by L . B. K am enev (then  an im p o rtan t political figure w ith  special 
responsib ility  for science) to head the  big  U krain ian  P hysico-T echnical 
In stitu te  being set up in K harkov. K apitza  was able to convince K am enev 
th a t he could  m ore usefully  develop his w ork in C am bridge for the tim e 
being, w hile acting as a consu ltan t to the new In stitu te  d u ring  short visits 
in the sum m er. A lthough  his friends w ondered  w hether his exclusive 
sta tus could  con tinue indefinitely , K ap itza  laughingly  shrugged  off any 
w arnings and in A ugust 1934 m ade his usual sum m er trip , accom panied 
by his wife and  travelling  in the ir V auxhall across Scandinavia. A fter 
a ttend ing  a congress in L en ingrad  and  lectu ring  in K harkov, he and A nna 
were p reparing  to re tu rn  to E ngland  from  L en ingrad  early in O ctober 
w hen the blow fell. K ap itza  was to ld  th a t his perm ission  to re tu rn  was no 
longer valid and th a t he w ould have to stay in the Soviet U nion . A fter a 
few days A nna was allowed to re tu rn  to C am bridge to look after the 
ch ild ren  and on 10 O ctober she was able to tell R u therfo rd  w hat had 
happened .

T h e  story  of the subsequen t developm ents is one of alm ost Byzantine 
com plexity  and will only be ou tlined  here; for a m ore detailed  account see 
W ilson (1983, chap ter 16). T h e  reason for K ap itza ’s re ten tion  has been 
the subject of m uch  speculation, b u t the basic reason was probably  that 
suggested by R u therfo rd  in a le tte r to Sir F rank  Sm ith  (then Secretary of 
the D ep artm en t of Scientific and Industria l Research):

‘I th ink  I told you that K apitza in one of his expansive m oods in 
Russia told the Soviet engineers that he him self w ould be able to alter 
the w hole face of electrical engineering in his lifetim e. . . . T h is  seems 
to me a very p robable  explanation of their action and is due to our 
frie n d ’s love of the lim eligh t.’

T w o  o ther circum stances were also probably  relevant. O ne was that 
G eorge G am ow , a top young Soviet theoretician , had recently  failed to
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re tu rn  from  a visit to the W est and K ap itza ’s re ten tion  m ay have been to 
som e ex ten t a tit-fo r-ta t. T h e  o th er was the great expansion of the  Soviet 
econom y in the early 5-year p lans, of w hich a concom itan t was the need 
for a rap id  g row th  of science. In  particu la r, K rzh izhanovsk i, an electrical 
engineer w ho held an influential position  in the political estab lishm en t, 
w an ted  K apitza  to bu ild  an In s titu te  in M oscow  on the lines of the M ond , 
w hich w ould, as K rzh izhanovsk i th o u g h t, revolu tion ize the p ro d u ctio n  of 
electricity .

K apitza  was u tte rly  devastated  by his inability  to re tu rn  to C am bridge  
and tried  to d isabuse the au tho rities  of the exaggerated  ideas they  had 
form ed about the im m ediate  technical relevance of his work. F o r a tim e 
he sulked and th o u g h t seriously  of tak ing  up  biophysics w ith  Pavlov in 
L en ingrad  if he could  no t con tinue  his w ork at C am bridge. B ut it was 
dangerous to sulk too long in those days and gradually  K apitza  began to 
go along w ith  the idea of w orking in M oscow , a lthough  he still hoped  th a t 
a re tu rn  to E ngland  m igh t be possible.

Indeed , considerable efforts w ere being m ade by R u th erfo rd  on his 
behalf. H e appealed to I. M . M aiski, the Soviet A m bassador, in very 
d ip lom atic term s, he got em inen t scientists abroad, such as L angevin  and 
Bohr, to m ake d iscreet rep resen ta tions to Soviet es tab lishm en t figures, 
and rep resen ta tions w ere m ade to S tanley Baldw in, then  P rim e M in ister. 
N o th in g  cam e of all these a ttem pts, even though  the w hole affair had been 
kep t p rivate, so tha t no loss of face w ould  have been involved if the Soviet 
au tho rities  had m ade a concession. E ventually , how ever, and inevitably, 
the affair leaked in to  the Press w ith  a big splash in the News Chronicle on 
24 A pril 1935. O n 1 M ay The Times pub lished  letters from  both  
R u therfo rd  and G ow land H opkins (then  P residen t of the Royal Society), 
se tting  out the facts in a restra ined  fashion and appealing for K apitza  to 
be allowed to re tu rn  to C am bridge to com plete the w ork he had started . 
T h e  effect of these letters was som ew hat u n derm ined  by a jingo istic  letter 
to The Times on 7 M ay from  the chem ist H . E. A rm strong  (then the senior 
Fellow  of the Royal Society), who claim ed th a t E ngland  had no need of 
foreign scientists in general and of K apitza in particu lar: ‘Instead  of 
leading a lotus life at C am bridge, he, too, m ay well be doing national 
work (in Russia) of a far h igher im portance than  even tha t involved in 
m agnetizing atom s to d e s tru c tio n ’. F inally  M aiski publicly  defended  the 
Soviet action in reta in ing  K apitza and concluded: ‘C am bridge w ould no 
doub t like to have all the w o rld ’s g reatest scientists in its laboratories, in 
m uch the same way as the Soviet U nion  w ould like to have L ord  
R u therfo rd  and o thers of your great physicists in her labora to ries’.

By the end of 1934, though  still unhappy  w ith  his situation  and still 
often th inking  of giving up physics, K apitza  began to cooperate in 
p lanning  the new In stitu te  of w hich, as he learnt from  the new spapers, he 
had been appoin ted  D irec to r (the In stitu te  was established on 23 
D ecem ber). T o g e th e r  w ith A. I. Shalnikov, a clever young experim enter
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from  L en in g rad , he to u red  M oscow  looking for su itab le  sites. T h ey  
se ttled  on an a ttrac tive  place on the L en in  H ills and the new  In stitu te  for 
Physical P rob lem s ( I .F .P .)  began  to  go up  in M ay 1935. A ccord ing  to 
K h ru sh c h e v ’s m em oirs (1974, p. 63)— not the m ost reliable of sources— 
th is choice site had orig inally  been reserved  for the A m erican  Em bassy, 
b u t S talin  had taken against B ullitt, the th en  A m bassador, and  decreed 
th a t K ap itza  shou ld  have it.

K ap itza  con tinued  to feel very  fru s tra ted  and m iserable  all th ro u g h  the 
early  m o n th s  of 1935. H e g reatly  m issed his fam ily and his w ork and he 
was trea ted  w ith  som e reserve by scientific colleagues w ho w ere e ither too 
afraid  or else too im p o rtan t to see h im , so th a t he felt particu la rly  lonely 
living alone in the  M etropo le  H otel. In  his nego tations w ith  V. I. 
M ezhlauk  (then  an im p o rtan t political figure and C hairm an  of the S tate 
P lann ing  C om m ission) he had great difficulty in ge tting  across the idea 
tha t his w ork lay p rim arily  in pu re  ra th e r th an  applied  physics and tha t he 
co u ld n ’t do any th ing  useful unless he had facilities sim ilar to those in 
C am bridge . A t tim es he had fits of depression  and he w rote to A nna in 
A pril: ‘. . . H ere  I sit all alone. W hat for? I do not unders tan d . I w ant to 
scream  and break  fu rn itu re . I som etim es th ink  I begin  to go m a d .’

H ow ever, g radually  K ap itza ’s views began to prevail and even before 
the new spaper pub lic ity , the Soviet au tho rities  had s ta rted  negotiations 
w ith  R u th e rfo rd  for tran sfe rrin g  K ap itza ’s special eq u ipm en t from  the 
M ond  to the  new In stitu te . T h e  new spaper pub lic ity  seem s to have acted 
as a sp u r to settle th ings m ore quickly, though  M ezhlauk  was unpleasant 
to K apitza  abou t it. K ap itza  w rote to A nna on 5 M ay:

‘. . . 1 said [to M ezhlauk] I obey in all I was o rdered . But som e of 
the  o rders sound as if B eethoven was to ld  to w rite  the 4 th  S ym phony 
to order; of course B eethoven could conduct an o rchestra  to order, 
b u t w ould  scarcely be w illing to w rite  a sym phony to order, in any 
case a good one . . .’

T h in g s  began to get easier in o th er respects. T h e  ‘guard ian  angels w ent 
back to heaven’ (he was no longer u n d er surveillance), he was allowed to 
travel freely w ith in  the Soviet U nion , he was assigned a good flat, 
frequen t theatre  tickets and a good car. T h e  car evidently  m eant a lot to 
him :

‘Y esterday the In stitu te  received a very good car, big and com fort­
able and w hich I can use while I am D irector. It is ra ther fun to have 
such a car. W hen I came to the door of the M etropole  the po rte r 
helped m e out . . .’

T h e  negotiations w ent on w ith m any ups and dow ns all th rough  the 
sum m er of 1935; several tim es K apitza th rea tened  to resign and take up 
biophysics. A t one stage there was an in terven tion  by M olotov, who got 
K apitza to w rite to R u therfo rd  saying that he was a loyal Soviet citizen 
and tha t he was prepared  to work in the laboratory  being bu ilt for him  in
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M oscow . T h is  letter finishes ra th e r pathetically:

‘I m iss you, m y laborato ry  and specially m y w ork and it is no t to be 
expected tha t I soon will be able to resum e it, and all th is m akes m e 
very unhappy . T h e  stup id ity  of the created  position  is th a t it is based 
on com plete m isunders tand ing  as everyone concerned  really acts 
w ith  the best in ten tio n s .’

T h e  m ost decisive stage of the negotia tions cam e in A ugust w ith visits 
to M oscow  by A drian  and D irac, w hen bo th  had the o p p o rtu n ity  of frank 
discussions w ith K apitza tha t they were able to repo rt to R u therfo rd . 
E ventually , by N ovem ber a definite agreem ent had been reached betw een 
C am bridge  U niversity  and the Soviet au thorities, giving K apitza  m ost of 
w hat he w anted and on 5 N ovem ber he form ally resigned his D irec to r­
ship of the  M ond  L aborato ry . T h e  agreem ent p rovided  th a t in re tu rn  for 
paym ent of £ 3 0  000 the U niversity  w ould tran sfer to M oscow  the high 
field eq u ipm en t and duplicates of such item s (e.g. the liquefiers) as were 
needed in C am bridge to con tinue the M o n d ’s activities. In  add ition  the 
U niversity  was to give a year’s leave of absence to K ap itza ’s key 
assistants, L au rm ann  and Pearson, so that they could help  K apitza  set up 
all the equ ipm en t in the new In stitu te  as quickly as possible.

In the m ean tim e A nna had had the difficult task of w inding  up 
every th ing  in C am bridge and by the end of 1935 she and the ch ildren  
had rejoined K apitza  in M oscow , w here before long they m oved into 
a com fortable and central apartm en t. Even though  th ings now began to 
hum , w ith  Cockcroft in C am bridge devotedly organizing the im m ense 
task of sending the equ ipm en t to M oscow — the big dynam o had  already 
left by the end of D ecem ber 1935— and K apitza  s truggling  to get 
every th ing  ready to install the equ ipm en t as soon as it arrived, he still felt 
fru stra ted  tha t he could not re tu rn  to scientific work im m ediately.

H is m ood m ay be ju dged  from  one of his letters to R u therfo rd  (M arch  
1936) in the course of w hich he says:

‘I feel m yself very m iserable here, b e tte r than  last year, b u t not so 
happy as I was in C am bridge. A nna’s re tu rn  b rough t me m uch 
com fort and happiness and this is very im portan t as I was here very 
lonely, qu ite  alone. . . . Y our letter rem inded  m e of my happy  years in 
C am bridge and then  I felt you as you are, rough in w ords and 
m anners and good in your heart such as I like you, and this m akes me 
feel ra ther happier. T h e  lost Paradise!’

'Phis letter was in reply to one in w hich R u therfo rd , while sym path iz­
ing w ith K ap itza’s difficulties, had expressed him self ra ther b lun tly  about 
a previous letter from  K apitza in w hich he had im patien tly  com plained 
about various delays in the transfer arrangem ents and had m ade fu rth e r 
requests that R u therfo rd  though t excessive.

By the sum m er of 1936 the bu ild ing  of the In stitu te  was far advanced,

352 Biographical Memoirs

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


Piotr Leonidovich K apitza 353

m ost o f th e  v ital item s o f e q u ip m e n t had  a rrived  and  so had  L a u rm a n n  
and  P earson . T h e y  im m ed ia te ly  got busy  in sta lling  the m ach inery  and  
fam iliariz ing  th e  R ussian  techn ic ians w ith  its o p era tio n  and  by  the  end  of 
1936 the  I .F .P . was a going  concern . K ap itza  carried  on  his scientific 
w ork  th e re  to  th e  end  o f h is life a p a rt from  tw o in te rru p tio n s : from  1941 
to 1943, w hen  the  In s titu te  was evacuated  to K azan  d u rin g  the  w ar, and 
from  1946 to 1954 w hen  he was tem p o rarily  d ism issed  from  his 
D irec to rsh ip .

Moscow a n d  K a z a n , 1934-46

T h e  In s titu te  for P hysical P rob lem s (see references G 7 and  G 28) was 
in p a rt  a lm ost a C h inese  copy of the  M o n d  w ith  a long m agnet hall and 
ad jacen t research  room s, a liquefier room  w ith  a ligh t roo f and  of course 
m u ch  of the  o rig inal M o n d  e q u ip m en t o r dup lica tes, such  as the  
d istinc tive-look ing  cen tra l sw itchboard  and  the  d is tr ib u tio n  boards in 
each room . H ow ever, in  o th e r respects the  accom m odation  was on a 
ra th e r  g ran d e r scale th an  the  M ond . T h e  D ire c to r ’s office was im m ense, 
th ere  w as a large m eeting  hall and  considerab le  office space. T h o u g h  the 
a d m in is tra tio n  was inev itab ly  larger th an  in the  M ond , K ap itza  suc­
ceeded  in keep ing  it to a m in im u m  by e lim ina ting  m u ch  of the  e laborate 
p ap er w ork  involved  in p lan n in g  and  finance th a t was usual in m ost 
Soviet in stitu tes . H e  was fond  of saying th a t over-e laborate  p lann ing  in 
research  was ra th e r  like a doc to r having  to  p rescribe  m edicine for an 
illness his p a tien t w ould  have in  a y ea r’s tim e. In  a rep o rt to the  
P raesid iu m  of the  A cadem y of Sciences (G 28) he said:

‘T h e  F inance  people  w an ted  to  in tro d u ce  the  so-called  them atic  
accoun ting  w hereby  ex p en d itu re  was rep o rted  in detail for each line 
o f research . In  m y co rrespondence  w ith  the C om m issaria t I asked: 
“ W h en  looking at a R e m b ran d t p ic tu re  are you really  in te rested  in 
the  g rea t a r tis t’s ex p en d itu re  for b ru sh es  and  canvas? T h e n  w hy are 
you so in te rested  in the  cost of eq u ip m en t and  m ateria ls w hen you 
consider research?” A fru itfu l research  is w orth  incom parab ly  m ore 
th an  the  expend itu re  involved in it. T h e  cost o f research  in m oney 
te rm s is incom m ensurab le  w ith  its cu ltu ra l value. I asked: “ H ow  
m uch  funds in th e  C o m m issa ria t’s op in ion  shou ld  Isaac N ew ton 
have been given for his w ork w hich cu lm ina ted  in the  discovery of 
un iversal g rav ita tion?” Y et the  C om m issariat rem ained  adam ant . . . 
and  I th in k  they  w ould  have gained the  u p p e r hand  w ere it n o t for the  
in te rv en tio n  of the  U .S .S .R . C ouncil o f P eop le’s C om m issars. 
F inally  o u r In stitu te  was given a sim plified financial system  w hich 
saved the d irec to r from  everyday troub les and  endless “ com bina­
tio n s” of w ork. U n d e r the  new  system , for exam ple, the in stitu te  
em ploys a single bookkeeper, and w hen we are sh o rt-h an d ed  he finds 
tim e to help  us in testing  eq u ipm en t, tak ing  records and m aking 
m easu rem en ts .’
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T h e  In s titu te  was a ttractively  sited w ith  gardens and parks a round  it, 
and the living q u arte rs  looked out on a tenn is court, w hich becam e a 
skating rink in w in ter. T h e re  was a m agnificent house close by for the 
K apitzas, w hich the R ussians called the ‘C o ttag e’ (u n d er the im pression  
th a t th is was the English  w ord for any detached  house) even though  the 
house looked m ore like a small palace. N o t only was the In stitu te  well 
equ ipped , b u t it also p rov ided  a h igh s tandard  of technical assistance. 
Indeed  K apitza  had an ex trao rd inary  flair for p icking good people to 
assist h im . T h e  glassblow er, A. V. Petushkov , was a v irtuoso  w ho loved 
the  challenge of a difficult p rob lem . S im ilarly , the senior m echanics 
M inakov and Yakovlev, and K ap itza ’s personal assistan t S. I. F ilim onov, 
who later got a docto rate  and becam e an im p o rtan t m em ber of the 
scientific staff, w ere all m asters of th e ir craft. A no ther key figure was 
K ap itza ’s secretary , O leg Pisarzhevski, w ho was able to shield K apitza  
from  m any adm in istra tive  chores. L a ter he left to becom e a scientific 
jo u rn a lis t and was replaced by Pavel R ub in in , a m an of m any parts, who 
again was well able to deal w ith  m any m atte rs  on his ow n in itiative.

T h e  m ain  them es of the I .F .P . for its first 20 years or so were 
essentially  the sam e as those of the M ond: m agnetism  and low tem p era ­
tu re  physics, though  later the scope was ex tended  to include plasm a 
physics, w hich becam e K ap itza ’s ch ief personal in terest. H is first p ro ject 
(44) in M oscow  was to ex tend  his earlier Z eem an effect experim ents to 
the th reefo ld  h igher m agnetic  fields of the dynam o m ethod . O nce again 
the experim en ts confirm ed the validity  of the theory  up to the h ighest 
fields and no th ing  very exciting  tu rn ed  up, b u t th is w ork was a m orale 
booster in dem onstra ting  th a t the C am bridge eq u ipm en t was able to 
w ork ju s t as effectively in its new env ironm en t. I t was also som ew hat of a 
swan song because th is was the last tim e the h igh field eq u ipm en t was 
used. I t rem ained , how ever, ensh rined  in its m agnet hall and becam e 
essentially  a m useum  piece to show to visitors.

In  parallel w ith  th is h igh field w ork, rap id  progress was being m ade in 
com pleting  the cryogenic facilities, and K apitza  took up two new lines of 
research tha t becam e his m ain  p reoccupation  for the next ten  years. O ne 
of these, the study  of the tran sp o rt p roperties  of helium  II (liquid  helium  
below its Appoint) led to a series of rem arkable discoveries and the aw ard 
of two N obel prizes: one to L andau  for his theory  of q u an tu m  liquids, 
based largely on K ap itza ’s experim ents and the o ther, very belatedly, to 
K apitza  him self. T h e  second line of research was m ore technically  
oriented: the developm ent of a new and m ore efficient m ethod  of 
liquefying air and hence, by fractional d istillation , of m anufactu ring  
oxygen on an industria l scale.

K ap itza ’s in terest in liquid  helium  was stim ulated  by the K eesom s’ 
discovery (1936) of the  ex traord inarily  h igh therm al conductiv ity  of 
helium  II and by the experim ents of A llen, Peierls & U d d in  (1937), 
w hich show ed a non linear dependence of heat flow on tem pera tu re
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g rad ien t. T h is  led h im  to th e  idea th a t the  heat tra n sp o rt m igh t be 
associated  w ith  convection , b ro u g h t ab o u t by  an ex trem ely  low viscosity , 
ra th e r  th a n  co n d u c tio n . T o  observe such  a low  viscosity , how ever, the  
liqu id  flow m u st be th ro u g h  very  fine channels, o therw ise  it w ould  be 
governed  en tire ly  by tu rb u len ce , and  to achieve th is  K ap itza  s tu d ied  the 
rad ial flow u n d e r  g rav ity  of the  liqu id  betw een  tw o optical flats separa ted  
by  a gap o f o rd e r  1 pm  or less. T h e  resu lt was th a t the  v iscosity  was 
indeed  m any  o rd ers  o f m ag n itu d e  less th an  had  been  in fe rred  from  
p rev ious experim en ts  in w h ich  the flow m u st have been  tu rb u le n t ra th e r 
th an  lam inar. In d eed  K ap itza  was able to  set only  an u p p e r  lim it to any 
possib le  v iscosity  and  suggested , by analogy w ith  su perconduc tiv ity , th a t 
below  th e  Appoint liqu id  he lium  becam e a ‘su p erflu id ’.

By co incidence, sim ilar resu lts  w ere being  o b ta ined  in C am bridge  by 
A llen & M isen er at the  sam e tim e, th o u g h  en tire ly  independen tly . T h e ir  
flow w as th ro u g h  fine capillaries ra th e r  th an  th ro u g h  a narrow  gap and 
they  too fo u n d  only an u p p e r lim it (com parab le  to K a p itz a ’s resu lt) to any 
possib le  v iscosity . T h e  C am bridge  g roup  first lea rn t o f the  M oscow  
experim en ts  from  W . L . W ebste r, w ho had  been v isiting  K apitza , and 
show ed C ockcroft the  no te  K ap itza  had  sen t to Nature. C ockcroft then  
w ro te  to  K ap itza  abou t the  C am bridge  w ork and sen t a no te  of A llen and 
M ise n e r’s resu lts  to Nature, in w hich  they  com m en ted  th a t K ap itza ’s 
exp lanation  of the  h igh  heat conductiv ity  by  convection  was p robab ly  too 
sim ple. T h e  tw o notes appeared  to g e th e r ((43) and  A llen & M isener 
1938), th o u g h  the appen d ed  dates o f subm ission  (3 and  22 D ecem ber 
1937) im ply  a sligh t p rio rity  for K apitza .

D u rin g  the sho rt rem ain ing  tim e before  the in te rru p tio n  o f the  w ar, an 
in tense  effort b o th  in  M oscow  and in the  W est w ent in to  try ing  to 
u n d e rs ta n d  the  behav iour of he lium  II  m ore fundam en ta lly . Im p o rta n t 
co n trib u tio n s  w ere m ade by A llen & Jones, w ho d iscovered the th e rm o ­
m echanical (‘fo u n ta in ’) effect; by H . L ondon , w ho p red ic ted  the  inverse 
m echanocaloric  effect; by D a u n t & M endelssohn , w ho dem o n stra ted  th is 
inverse effect; and by T isza , w ho p roduced  a phenom enological tw o-flu id  
theo ry , th o u g h  w ith o u t any sound  fundam en ta l basis. T h e  decisive 
resu lts  w ere, how ever, ob tained  in a series of ingenious experim en ts by 
K ap itza  (47, 48). I t  was th is w ork th a t enab led  L an d au  (1941) to develop 
a fundam en ta l q u an tu m  theory  of liqu id  helium  th a t p rov ided  a rigorous 
basis for the  tw o-flu id  idea and  also led to  im p o rtan t new  pred ic tions.

T h e  m ajor resu lt of the  experim en ts was to show  th a t heat flow was 
accom panied  by m echanical flow. T h u s  w hen heat flowed from  a closed 
bu lb  con ta in ing  helium  II  th ro u g h  a capillary in to  a ba th  of helium  II , a 
ligh t vane suspended  opposite  the  m o u th  of the capillary could  be seen to 
deflect. A ra th e r spectacular dem onstra tion  of the  effect, involving a 
m asterp iece of P e tu shkov ’s glassblow ing art, was p rov ided  by a m in iatu re  
reaction tu rb in e  consisting of six capillaries rad iating  out of a b lackened 
closed bu lb  and  b en t near the ir ends to po in t ro und  the circum ference of
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the circle. T h is  w hole ‘sp id e r’, as K apitza  called it (in spite of its 
entom ological inadequacy), was m oun ted  on a needle pivot and w hen 
light shone on the bu lb  the sp ider began to spin rapidly , up to 120 
rev ./m in , in reaction to the liqu id  flowing out of its legs.

T h is  outflow  of liquid  accom panying heat flow im m ediately  raised the 
question  of how the am ount of liqu id  in the closed bu lb  was conserved. 
At first K apitza proposed  th a t there  was a com pensating  flow inw ards 
restric ted  to a th in  layer close to the  capillary wall and having a d ifferent 
heat con ten t from  the bulk  liquid because of prox im ity  to the wall. 
H ow ever, a m ore convincing explanation  was p rov ided  by L a n d a u ’s 
theory , according to w hich the inflow ing liquid  was the superflu id  
com ponent of the tw o-flu id  ensem ble. T h is  com ponent exerted  no force 
on the capillary or the suspended  vane and carried  no en tropy , while all 
the en tropy  of the liquid  was concen tra ted  in the outflow ing norm al 
com ponent that deflected the vane or m ade the sp ider ro tate. In  his 
second study  (48) K apitza  used a som ew hat different experim ental 
a rrangem ent in w hich liquid  could be m ade to flow into a bu lb  contain ing  
a heater and therm om ete r th ro u g h  a very narrow  channel (a gap betw een 
flats, as in his superflu id ity  experim ents). H e found tha t for sufficiently 
low pow er in the heater there  was no tem pera tu re  difference betw een 
inside and outside and in th is regim e the pow er in the heater was d irectly  
p roportional to the rate of m ass flow into the bu lb . T h e  detailed  analysis 
of these experim ents provided  a quan tita tive  confirm ation of the two- 
fluid theory  according to w hich only the superflu id  com ponent, carry ing  
no en tropy , could flow into the bulb .

In  the course of these studies K apitza also discovered tha t if heat flows 
from  a solid surface into helium  II there  is a tem pera tu re  d iscon tinu ity  at 
the surface. T h is  has com e to be know n as the ‘K apitza boundary  effect’ 
and has been the subject of m uch study  in postw ar years. All th is work 
was broken off in 1941 w hen the Soviet U n ion  was invaded, and K apitza 
him self did not continue it after the war. H ow ever, he did  actively 
encourage fu rth e r work and two of the m ost strik ing  new pred ictions of 
L a n d au ’s theory  were convincingly confirm ed in his In stitu te . O ne was 
the existence of ‘second so u n d ’, essentially a tem pera tu re  ra ther than  a 
pressure wave, as E. M . L ifshitz  (1944) po in ted  out, w hich was dem o n ­
stra ted  by Peshkov (1944). T h e  o ther was an elegant and d irect dem on­
stra tion  of the tw o-fluid theory  by A ndronikashvili (1946), w ho showed 
that the m om ent of inertia  of a pile of closely packed disks was enhanced 
by only the norm al com ponent of the liquid  betw een the discs. An 
en terta in ing  account of all th is work is given in A ndron ikashv ili’s (1980) 
m em oirs.

K ap itza’s o ther m ajor research effort at this tim e was the developm ent 
of a new m ethod of liquefying air, w ith a view to sim plifying and 
cheapening the large-scale p roduction  of oxygen for industria l use. T h e  
m ethods then  in use achieved the final cooling by the Joule—'Thom son
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effect, w h ich  involves h igh  p ressu res, so th a t the  m ach inery  was inev it­
ably bu lky  and  expensive. K ap itza  (45, P I 3) p roposed  instead  the  use of 
an expansion  tu rb in e , req u irin g  only abou t 5 atm , to cool the  air all the  
way to  its liquefaction  tem p era tu re , and  show ed th a t w ith  a novel 
rad ia l-ax ia l design a h igher efficiency could  be achieved th an  was possible 
w ith  the  conven tional im pulse  type o f tu rb in e .

T h e  w orking  ou t of the  w hole schem e involved a p ro fo u n d  u n d e rs ta n d ­
ing of bo th  physical and eng ineering  p rincip les, and  the successful 
co n stru c tio n  of a laborato ry-scale  liquefier in less th an  2 years was a 
considerab le  achievem ent. T h e  m achine delivered  abou t 30 kg o f liqu id  
air per h o u r after a s ta r t-u p  tim e of only abou t 20 m in  and w ith  an 
expen d itu re  of 1.2 k W h  k g - 1 , a good perfo rm ance even by to d ay ’s 
standards. A n im p o rtan t p a rt of the  design was how  to overcom e the 
instab ilities associated w ith  the  very  fast ro ta tion  of the  tu rb in e  ro to r. 
T h e  analysis involved was p resen ted  in a separate paper (46) and the 
m ethods w ere pa ten ted  ( P I 2, P I 6). P. B. M oon (1978) in his R u therfo rd  
L ec tu re , m ainly  abou t o th er applications of h igh-speed  ro tors, com m ents 
en thusiastically  on the elegance of K ap itza ’s analysis, w hich he found 
d irectly  applicable to  his ow n work.

S hortly  after R ussia en te red  the w ar, the  I .F .P ., together w ith  m any 
o ther A cadem y in stitu tions, was evacuated to K azan, w here the e q u ip ­
m en t was set up  in the  U n iversity , and  one of the  m ain  efforts was the 
rap id  developm ent of an industria l-scale  p lan t for oxygen p roduction  
based  on the  expansion tu rb in e  m ethod . I t was a rem arkable achievem ent 
th a t in spite of the very difficult conditions (lack of fuel, extrem e shortage 
of food, etc.) a large-scale p ilo t p lan t was successfully com pleted  du ring  
the  tw o years th a t the evacuation lasted. K ap itza  was appo in ted  head of a 
new  governm en t dep artm en t dealing w ith  oxygen p roduction  and after 
the re tu rn  from  evacuation in 1943 he was also in charge of a factory being 
bu ilt at B alashikha near M oscow . All th is w ork resu lted  in a n u m b er of 
pa ten ts  ( P I 4—P I 8). H is design of expansion tu rb in e  has proved  to be the 
basis of m uch  of the w orld ’s industria l p roduction  of oxygen and his 
p ioneer w ork is still greatly  respected  by industria l engineers.

K apitza  received m any official recognitions of his achievem ents: 
election as a full A cadem ician in 1939, S talin  prizes in 1941 and 1943, 
O rders of L en in  in 1943 and 1944, and for his oxygen w ork the title of 
H ero  of Socialist L abou r together w ith  a th ird  O rder of L en in  and the 
H am m er and Sickle gold m edal in M ay 1945. But soon afterw ards there  
w ere om inous signs th a t all was n o t well. T o  quote A ndronikashvili 
(1980):

‘All sorts of odd th ings began to happen  in the In stitu te  in the 
spring  of 1946. C om m issions kept arriv ing  to investigate the activ­
ities of the In stitu te  and then  the status of the com m issions got 
h igher w ith  the arrival of M inisters. T h ey  began to investigate
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K ap itza ’s oxygen pro ject. T h e y  spoke badly  of the factory at 
B alashikha— not p roductive  enough, uneconom ical . . . late in 
m eeting  its targets etc . .

All th is cu lm inated  in the sum m er of 1946 in a cu rt an n ouncem en t on 
the bu lle tin  board  that:

‘P. L. K apitza, having  show n a cavalier a ttitu d e  to bo th  Soviet and 
foreign achievem ent in the  technology of oxygen p ro d u ctio n  and 
having  failed to m eet the schedu led  dates for in troduc ing  new 
insta lla tions in to  the  m etallurg ical in d u stry , is relieved of his du ties 
as D irec to r of the  In s titu te  for Physical P ro b lem s.’

I t is likely, how ever, tha t th is sudden  tu rn a b o u t in K ap itza ’s fo rtunes 
occured  for qu ite  d ifferent reasons than  those officially sta ted , th ough  no 
doub t the fact tha t K apitza  had tro d d en  on m any toes in p u ttin g  th rough  
his oxygen pro ject also played its p a rt (see G 86). T h e  real reason was 
p robab ly  K ap itza ’s refusal to w ork in the o rganization  set up u n d er Beria 
(then  head of the M in is try  of In te rn al Affairs, w hich con tro lled  the 
K .G .B .* ) to develop the  Soviet atom  bom b im m ediately  after the 
A m erican bom bs had been exploded (see, for instance, Y ork 1976). 
K apitza is said to have w ritten  to S talin  th a t Beria was ‘like the conducto r 
of an o rchestra  w ith  the  baton  in his hand  b u t w ithou t a sco re’. Beria 
w anted to arrest K ap itza  for such in subo rd ination , b u t S talin  in his 
unpred ic tab le  way, perhaps because he adm ired  K ap itza ’s courage, 
vetoed th is proposal and said dism issal w ould be sufficient.

T h is  was no t K ap itza ’s first b ru sh  w ith  the K .G .B ., and perhaps the 
m em ory  of tha t earlier occasion m ay have rankled and also played a part 
in his dism issal. D u rin g  the great prew ar purges L andau  was arrested  in 
1938 and K apitza  show ed great courage by in terven ing  on his behalf. He 
w rote to S talin  saying tha t his w ork could hard ly  go on w ithou t L andau  
and later sent a rem inder to M olotov. E ventually  he was sum m oned  by a 
h igh -rank ing  K .G .B . official w ho kept try ing  to offer K apitza a fat 
dossier. K apitza how ever succeeded in outfacing h im , saying he u n d e r­
stood no th ing  about legal technicalities, and insisting  th a t though  L andau  
m ay have had a sharp  tongue he was certain ly  no spy. L andau  was indeed 
soon released and m any years later in a trib u te  for K ap itza ’s 70th 
b irthday  w rote (1964):

‘T hese  years [the late 1930s] are m em orable to m e for ano ther bu t 
very sad reason. Because of a s tup id  denuncia tion  I was arrested  and 
accused of being a G erm an  spy. N ow  I can som etim es even find th is 
funny, b u t then  it was no joke. I spent a year in p rison  and it was clear 
tha t I co u ld n ’t last ano ther 6 m on ths— I was sim ply dying. K apitza 
w ent to the K rem lin  and announced  tha t he w ould have to  leave his

* T h e  fam iliar nam e K .G .B . w ill be used  th ro u g h o u t, th o u g h  in fact it was called th e  N .K .V .D . in 
the  1930s and  M .G .B . in the  early  1950s.

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


Piotr Leonidovich K apitza 359

In s titu te  if I w asn ’t released. I was released. I t  is h ard ly  necessary  to 
say th a t such  an action  in those  years req u ired  no little  courage, g reat 
h u m an ity  and  c rysta l-c lear h o n e s ty .’

N i k o l i n a  G o r a , 1946-54

A lthough  K ap itza  was d ism issed  from  his In s titu te  he re ta ined  his 
position  (and  salary) as an A cadem ician  and chose to live at his dacha 
(coun try  house) at N iko lina  G ora , w here he m anaged  to carry  on 
scientific w ork u n til he was re in sta ted  eigh t years later, w hen it was 
acknow ledged  th a t the  un favou rab le  rep o rt on his oxygen w ork was 
m istaken . M ost o f h is effort w en t in to  b u ild in g  u p  a labora to ry  in various 
ou thouses at the  dacha w here, aided  by  his sons (particu la rly  Sergei) and 
F ilim onov , he could  con tinue  experim en tal w ork. T h is  labora to ry  was 
jok ing ly  called the  Izba  for Physical P rob lem s (izba m eans a p easan t’s 
h u t) w ith  th e  sam e in itia ls as the  I .F .P .

H e also w ro te  theo re tical papers on various top ics, such as heat tran sfer 
in tw o-d im ensiona l tu rb u le n t flow (50), wave flow in a th in  layer of 

I viscous fluid (51 ,52 ), fo rm ation  o f sea waves by  w ind  (54), and the 
hydrodynam ic  theo ry  of lub rica tion  in ro lling  (59). All th is w ork was 
characterized  by  considerab le  ingenu ity  in sim plify ing  the m athem atical 
analysis w ith o u t losing the  essence of the  p rob lem ; the  lub rication  w ork is 
described  as ‘c lassic’ in a recen t review  (D ow son  1979). T h e  theory  of 
wave flow along liqu id  flow ing over the  ou tside  surface of a cylindrical 
tube  was verified experim entally  in co llabora tion  w ith  Sergei (53), w ith  
carefully  designed  app ara tu s  en tire ly  b u ilt w ith  the  relatively p rim itive  
resources of the  izba, and  ra th e r in  the  style o f K ap itza ’s early w ork in the  
C avendish .

B ut a good deal of o th er w ork was going on at N iko lina G ora  tha t 
because of its po ten tia l applications was in itially  classified and  only 
pub lished  in 1962 (66, 67). A n early  h in t of th is  w ork was a paper on ball 
ligh tn ing  (60) in w hich it was suggested  th a t the ball o f ho t gas is 
essentially  a resonator fed by h igh -frequency  radio  waves typically  of 
w avelength  50 cm , w hich are som ehow  genera ted  by the  storm . L a ter 
K apitza  tried  to verify th is idea experim entally  (73), b u t no conclusive 
evidence was ob tained  and his hypo thesis has no t found general ac­
ceptance. A no ther and  less d irec t h in t (55) was a novel theoretical 
dem onstra tion  of the stab ility  of an inverted  pend u lu m  w ith  the po in t of 
su p p o rt v ib ra ting  m uch  faster than  the period  o f the pendulum ; an 
elegant experim ental dem onstra tion  of the  effect was also described.

As was later m ade clear, bo th  these studies w ere spin-offs from  
K ap itza ’s m ain  th ru s t, the developm ent of pow erful h igh-frequency  
radio generators of the  m agnetron  type. In  a series of researches, 
essentially com pleted  by 1952, he had w orked out the detailed  theory  in 
an explicit form  of a ‘p lan a tro n ’ (essentially a linear m agnetron , som e­
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tim es called a ‘d ico tro n ’) and construc ted  and tested  a w orking m odel. 
T h e  m erit of his approach  was tha t it p rov ided  an objective m ethod  of 
design of pow erful oscillators, in con trast to the trial and e rro r m ethods 
tha t had m ostly  been used up to then . It was the form al analogy of the 
differential equations involved w ith  those of the v ib ra ting  p endu lum  
su p p o rt p rob lem  that led him  to tackle the la tte r by the sam e techn ique. 
T h e  p lana tron  gave several k ilow atts o u tp u t of 10 cm  waves and a strik ing  
observation  was th a t if the waves fell on a quartz  sphere  con ta in ing  low- 
p ressu re  helium , a vivid d ischarge took place, w hich after a few seconds 
raised the  tem pera tu re  enough to m elt the quartz . It was th is observation  
tha t led to the ball ligh tn ing  hypothesis, b u t m ore significantly, it led to 
the idea tha t w ith a still m ore pow erful m icrow ave source a plasm a m igh t 
be heated sufficiently to p roduce  a therm onuclear reaction. T h e  next step 
was the developm ent of a m ore pow erful type of m agnetron , called a 
‘n ig o tro n ’ (after N ikolina G ora), b u t by the  tim e th is was done K apitza  
was back in his old In stitu te . W hat had been achieved at N ikolina G ora 
was im pressive considering  the lim ited  resources available and again 
illustrates K ap itza ’s drive and his intellectual pow ers in fo rm ula ting  and 
solving difficult problem s. H ow ever, du ring  the 10 years before pub lica ­
tion m uch of this achievem ent was overtaken by developm ents in 
m icrow ave generators elsew here (for reviews see O kress 1961 and H arvey 
1963) and its im pact has not been great ou tside the Soviet U nion .

M oscow , 1954-84

O nce back in M oscow  K apitza w orked m ainly  on the n igotrons, 
though  he still m ain tained  his in terest in liquefaction techn iques (61, 64, 
65, 85). T h e  scale of the high pow er electronics w ork was greatly 
increased and a special w ing was set aside for the ‘Physical L ab o ra to ry ’ 
w here the n igotrons could be developed and applied. T h e  secrecy of the 
work was partly  lifted in 1962 and m ore com pletely in 1969, w hen 
strik ing observations, m ade as early as 1958, of very hot plasm a were 
described (77). T h e  glow ing region had a sharply  defined shape that 
could be varied from  spherical to stringlike and it could be kept well away 
from  the walls of the vessel into w hich the m icrow aves were fed. Spectral 
studies suggested tha t electron tem pera tu res of o rder 106 K  were 
reached, though the ion tem pera tu res were m uch lower.

K apitza was convinced tha t it should  be possible to exploit such hot 
plasm a strings to reach the conditions necessary for a sustained th e rm o ­
nuclear reaction and tha t his m icrow ave heating  approach  offered a be tte r 
chance of success than  the T okam ak and laser heating m ethods so actively 
being pu rsued  in the Soviet U n ion  and in the W est. H e proposed  a 
schem atic design for a realistic reactor (78, P I 9) and con tinued  hot 
plasm a experim ents (79-84) on an ever larger scale to the end of his life. 
A lthough he claim ed to have achieved electron tem pera tu res as high as
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5 x 107K (83, 84) his claim  m ay have been based on faulty  d iagnostic 
m ethods, and som e of the basic assum ptions in his analysis of the 
p rob lem  have been  questioned . T h e  w hole research  m ust be regarded  as a 
brave effort in K ap itza ’s typical style of going it alone and taking little 
notice of w hat o thers  w ere doing  a round  him , b u t he could  hard ly  
com pete  w ith  the big  batta lions. A lthough  he p roduced  m uch  in teresting  
plasm a physics, his efforts w ere largely eclipsed by the w ork of the 
pow erfu l team s at the K urcha tov  In stitu te  and in the W est using the 
T okam ak system . I t should  be no ted , how ever, tha t there  is an echo of 
K ap itza ’s ideas in the latest T okam aks th a t m ake use of m icrow ave 
heating  of plasm a confined in quasi-d .c . m agnetic  fields (see, for exam ple, 
A likaev et al.1985).

In  h is style of ru n n in g  his In stitu te , K apitza m odelled  h im self closely 
on R u th erfo rd  and often explicitly  said so. W hen giving advice about 
possible research projects he was fond of telling  how, m any years ago, 
M oseley had suggested  several pro jects to R u th erfo rd  and R u therfo rd  
w ith u n errin g  in tu ition  had picked the w inner. Like R u therfo rd  he 
insisted  th a t laboratory  w ork should  stop at 6 pm  (later 7 pm ) except by 
special perm ission , so tha t research w orkers w ould have tim e to reflect. 
Ju s t as R u th erfo rd  had once insisted  tha t K apitza  should  take a holiday 
after a period  of hectic w ork, so K apitza too insisted on occasion tha t his 
subord inates m ust take a break w hether it su ited  them  or not. O liphan t 
(1972) recalls an occasion w hen R u therfo rd  was so im patien t to see a 
pho tograph ic  oscillograph record  th a t he ru ined  it and stained his clothes 
by aw kw ard hand ling  before the film had been p roperly  processed; so too 
was K apitza  fam ous for spoiling films and w etting  his clothes by undue 
im patience. A ppalling handw riting  was ano ther com m on feature, though  
th is was perhaps coincidental. A gain like R u therfo rd , he m ade a poin t of 
keeping in touch  w ith w hat everyone was doing, and m ade shrew d 
com m ents even if the topic was rem ote from  his personal research. O ften 
he w ould  achieve this contact th rough  a rule he m ade tha t any new 
appara tus had to be approved  by him  before it was m ade by the w orkshop 
and th is gave him  the o p po rtun ity  of review ing progress from  tim e to 
tim e. Also it was usual for any com pleted  w ork to be presen ted  at his 
sem inar before it could be sent for publication.

K ap itza ’s fondness for nicknam es such as ‘C rocod ile’ and ‘B aron’ has 
already been m en tioned— another was ‘R a t’ for A nna because of her 
bu rrow ing  in archaeological archives (his calling out ‘R a t’ to her at the 
theatre  caused some alarm  to neighbouring  ladies on one occasion!). It 
was perhaps poetic justice  that he and his In stitu te  should also be widely 
know n by nicknam es. T h e  In stitu te  and the sem inar were usually called 
the K apichnik , w hich sounds a bit comic in Russian, though otherw ise 
harm less, b u t his own nicknam e was less flattering. It came about w hen a 
visitor asked som eone in the In stitu te  ‘W hat sort of a chap is your boss? Is 
he a m an or a beast?’ T h e  answ er was a bit hesitant: ‘I t ’s difficult to say— a
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bit of each p e rh a p s’ and the v isitor im m ediately  said ‘O h, I see, a c e n ta u r’ 
and ‘c e n ta u r’ stuck for m any years, th ough  later it was gradually  replaced 
by the m ore affectionate ‘g ran d fa th e r’.

T h e re  was indeed som e tru th  beh ind  the  ‘c e n ta u r’ characterization . He 
could on occasion fly into a rage and be very abusive (once again like 
R u therfo rd ), he could  be au tocratic  in dealing w ith subord inates, and if, 
unreasonab ly , he took against som eone, it was difficult to m ake him  
change his m ind . O n the o th er side of the coin, how ever, he could be 
extrem ely  generous in help ing  w here help was needed— indeed  no t only 
generous, b u t courageous. H is in te rven tion  to save L andau  is only one 
exam ple. O th er exam ples w ere his pub lic  denuncia tion  of an ti-sem itism  
(G 18), his speaking ou t for the d issiden t geneticist, Zh. M edvedev, who 
had been p u t in a psychiatric  in stitu tion , his sponsoring  talks on genetics 
at his sem inar by opponen ts  of Lysenko, at a tim e w hen Lysenko was still 
in favour, and opposing  a m ove to expel Sakharov from  the A cadem y by 
the rem inder th a t even the N azis had never expelled E inste in  from  the 
P russian  A cadem y. M oreover, everyone in the  In s titu te  greatly  
appreciated  the rem arkable w orking conditions he had created , p robab ly  
un ique  in the  Soviet U n ion , and the p ro tec tion  they enjoyed there  in 
various ways. A nd of course, above all, w hen he was in the m ood, it was a 
deligh t to experience his sense of fun and  w arm  cordiality , w hich he 
w ould ex tend  to everyone irrespective of rank.

D u rin g  the last half of his life, although  K apitza  was very actively 
p u rsu ing  his laboratory  w ork he m anaged to find tim e for m any o ther 
activities. H e though t deeply about the organization  of science and its 
relation to technology and in various speeches and articles he was often 
sharp ly  critical of the  estab lishm ent. An exam ple is his repo rt (G 28) on 
the organization  of his ow n In stitu te , w here he em phasizes tha t pure  
scientists should  not be m ade to develop the technical applications of 
their work:

‘. . . if Sem enov [his close friend] w ere to a ttem p t to bu ild  an 
in ternal com bustion  engine . . . the resu lt w ould only be a waste of 
precious tim e and energy best spent in pu re  science, w here he is 
no th ing  less than  a v irtuoso. . . .  If  the singer cannot possibly 
accom pany his own songs, why force h im  to do it? . . .’

H ow ever, K ap itza  po in ts out that he h im self is an exception to the rule, 
being bo th  scientist and engineer!

Closely related  was K ap itza ’s active in terest in education  (G 59, G64, 
G 66, G80). H e took a leading part in organizing a new and som ew hat 
elitist k ind of university  in stitu tion , the M oscow  Physico-T echnical 
In stitu te  (M .F .T .I .)  w here s tuden ts  came into active contact w ith 
research du ring  the ir last underg radua te  years. T h is  enabled the research 
in stitu te  to get to know the s tuden ts  well and so to be able to pick the best 
of them  for fu rth e r research in a rational way. T h e  M .F .T .I .  was set up in
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1946 ju s t before  K a p itz a ’s dem otion  and he lec tu red  there  for a year or 
tw o afterw ards; a fter his re in sta tem en t he con tinued  to be involved in the 
o rgan ization  of M .F .T .I .  b u t did  no t give m any lectu res h im self. H e took 
an active p a rt in exam ining , and devised (partly  d u rin g  his tim e at 
N iko lina  G ora) m any p rob lem s of a k ind  req u irin g  in tu itio n  and 
u n d e rs tan d in g  ra th e r th an  m ere book learn ing  (B5). H e was concerned 
w ith  m ain ta in ing  a h igh s tan d ard  of scientific pub lica tion  and from  1956 
was E d ito r- in -ch ie f  of the  Journal of Experimental and Theoretical 
Physics. H e also took an active in te rest in global p rob lem s such as ecology 
and energy  (G 69, G 76—G 79) and p artic ipa ted  in the Pugw ash m ovem ent.

H e was m uch  in dem and  for keynote addresses at conferences and 
could  on occasion m ake som ew hat sharp  rem arks, such as in com m enting  
on w hat he th o u g h t was ra th e r an inadequate  level of p resen ta tion  at a 
low -tem pera tu re  m eeting: ‘I t is im p o rtan t no t only th a t the d ish should  
be n u tritio u s , b u t tha t it should  be well se rved ’. H e could  always rise to 
the occasion and say som eth ing  original w hen he had to respond  after a 
cerem onial aw ard or give an address com m em orating  som e great figure in 
science. In  such addresses and articles (B8) he show ed a talen t for picking 
out w hat it was th a t characterized  the life and w ork of his subjects and 
m ade them  great. P articu larly  in teresting  are his recollections of R u th e r­
ford (G 10, G 55). In  1971 he organized a R u therfo rd  C entenary  
C o lloqu ium  in M oscow  (B7) to w hich he inv ited  the few B ritish  physicists 
still alive w ith  personal m em ories of the great m an. O ne of these, T . E. 
A llibone, in a le tte r to The Times (3 N ovem ber 1971) com plained tha t he 
had been unab le  to persuade the B ritish  Post Office to issue a R u therfo rd  
com m em orative stam p, and said tha t he had asked K apitza how  he 
m anaged  to persuade the Soviet postal au tho rities to issue one. K apitza 
po in ted  to a second telephone on his desk and said it was connected

T h e  R u th e rfo rd  stam p .
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directly  to the K rem lin . H e had picked it up and said ‘M r B rezhnev, I 
w ant a stam p to com m em orate  the cen tenary  of the b irth  of L ord  
R u th e rfo rd ’ and B rezhnev had said ‘O .K .’. A llibone reg re tted  tha t he had 
no second telephone on his own desk!

F o r m any years K apitza  was denied the possib ility  of travelling  beyond 
the E astern  Bloc coun tries, even though  he was frequen tly  invited . 
H ow ever, in 1965 the ice was broken  w hen he was allowed to travel to 
C openhagen  to receive the N iels Bohr G old  M edal of the D anish  
E ngineering  Society. A year later he was aw arded the R u therfo rd  M edal 
of the In stitu te  of Physics and re tu rn ed  to E ngland  after a lapse of 32 
years. H e m ade C am bridge his headquarte rs  and was deligh ted  to find so 
m any of his old friends still there , m ost of them  now  estab lishm en t 
figures. He particu larly  appreciated  the hosp ita lity  of C hurch ill College, 
of w hich his old friend  C ockcroft was then  M aster, and while in 
C am bridge he arranged  for his fo rm er house at 173 H u n tin g d o n  Road to 
be used by the College as a hostel (now know n as K apitza  H ouse), 
particu larly  for Soviet academ ic visitors. In  subsequen t years he was able 
to indulge his love of travel to the full and visited  C anada, U .S .A ., India, 
Sw itzerland  and m any o ther coun tries to receive honorary  degrees, 
honorary  m em bersh ip  of academ ies and m edals (for a full list see K edrov  
1984). H e came back to E ngland  on two m ore occasions: in 1973 to 
receive the Sim on M em orial Prize of the In stitu te  of Physics and in 1976 
to give the Bernal L ectu re  (G 78) at the Royal Society. O n the second 
occasion, a lthough saddened  to find so m any of his old friends no longer 
alive, he enjoyed the op p o rtu n ity  of m aking new friends du ring  his stay at 
C hurch ill College, w hich had m ade him  an H onorary  Fellow  in 1974.

The cu lm inating  event was the aw ard of the N obel Prize in 1978, for 
his work in low -tem peratu re  physics. In  his N obel lecture (83), K apitza 
ra ther w ittily  m ade it clear tha t he th o u g h t the aw ard was a b it belated:

‘. . . I left this field some 30 years ago, a lthough at the  In stitu te  
under my d irection  low tem pera tu re  research is still being done. 
Personally  I am now studying  plasm a phenom ena at those very high 
tem pera tu res tha t are necessary for a therm onuclear reactor. . . .  I 
th ink  that as a subject for the lecture it is of m ore in terest than  my 
past low tem pera tu re  work. For it is said “ les extrem es se 
to u ch e n t” ’.

H e then  w ent on to review his plasm a work. T h e  visit to Stockholm  has 
been am usingly described by R ub in in  (1984).

T h e  K apitzas also led an active social life in M oscow , enjoying the 
com pany not only of the ir fam ily (five g randch ild ren  and seven g rea t­
g randch ild ren  as well as the two sons and num erous nephew s, nieces and 
cousins) bu t of a wide circle of friends am ong the ‘in te lligen tsia’: artists, 
sculptors, w riters, m usicians, actors, film d irectors and so on. On his 80th
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b irth d ay  alm ost everyone in the Soviet cu ltu ral w orld  was at the huge 
pa rty  given at N iko lina  G ora. K ap itza  su p p o rted  m any non -confo rm ist 
a rtists  by a rrang ing  exh ib itions of th e ir  w ork at the In stitu te , particu larly  
d u rin g  the 1960s. T h ese  exh ib itions w ere the talk  of M oscow  and helped 
the  a rtists  sell som e of th e ir  w ork. K apitza  h im self b o ugh t a few, though  
his ow n collection was m ostly  of K ustod iev , F onvisin  and  Falk, w hose 
pa in tings had  been frow ned on in the  S talin  era b u t had, by the 1960s, 
partly  re tu rn ed  to favour. K u sto d iev ’s fine p o rtra it (see p. 337) of 
K ap itza  as a young m an is at p resen t on loan to D arw in  College, 
C am bridge  from  the F itzw illiam  M useum . T h e  K ap itzas’ social life 
ex tended  also to v isito rs from  abroad , particu larly  those w ith C am bridge 
connections. M any such visitors recall the w arm  hospita lity  they received 
in M oscow  or N ikolina G ora  and K ap itza ’s lively conversation.

It is aston ish ing  th a t he m anaged to com bine such a busy social and 
in te llectual life ou tside the laborato ry  w ith  his intensive scientific work. 
T h is  in tense activity  con tinued  alm ost to the end of his life, though  
latterly  he was becom ing ra the r frail. At the end of M arch  1984 he had a 
severe stroke and died  on 8 A pril after a few days in hospital. T h e  
announcem en t of his death  in Pravda was signed by all the  P o litbu reau  as 
well as by the top scientific estab lishm ent, and m any trib u tes  have 
appeared  in Soviet jou rna ls  (particu larly  in Priroda of June  1984) as well 
as abroad. G rea t p repara tions had been in hand  for his 90th b irthday , bu t 
sadly it was instead a m em orial m eeting  at the In stitu te , a m oving 
occasion w ith  m any personal recollections by close colleagues and 
friends.

A c k n o w l e d g e m e n t s

I am  m ost grateful to M rs A nna K apitza  and Professors Sergei and 
A ndrei K apitza  for prov id ing  biographical in form ation  to supp lem ent 
(and often am end) that available in the extensive litera tu re  about Peter 
K apitza. O f this litera tu re , the b iography by K edrov (1984) and parts of 
b iographies of R u therfo rd  by D an in  (1966) and W ilson (1983) have been 
particu larly  useful. T h e  R u therfo rd  archive in the C am bridge U niversity  
L ib rary  and the C ockcroft archive at C hurchill College, C am bridge, have 
also p rovided  useful m aterial; m uch  of the R utherfo rd  m aterial is 
reproduced  in Badash (1985), w hich, however, appeared only after this 
m em oir had been w ritten . M any of those who knew K apitza have been 
kind enough to send me anecdotes and recollections and I should like to 
thank them  for their valuable help. Q uotations from  some of this m aterial 
are explicitly acknow ledged in the text, bu t all of it has been helpful in 
provid ing  background inform ation. I should like to thank the following 
for guidance on various aspects of K ap itza’s scientific work: Professor 
J. F. A llen, F .R .S . (liquid helium ), Professor A. H. W . Beck and Professor
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O. B unem an (m icrow aves), P rofessor A. R. L ang, F .R .S . (X -ray  focus­
ing), M r J. M arshall of B .O .C . L td  (air liquefaction  and oxygen p ro ­
duction), D r  R. S. Pease, F .R .S . (therm onuclear research and plasm a 
physics) and P rofessor S ir B rian P ippard , F .R .S . (m agnetoresistance and 
m icrow aves). I am  also greatly  indeb ted  to M r P. E. R ub in in  and D r D . te r 
H aar for help  w ith  the b ib liography .

O ne of the pho tographs in the  frontisp iece was taken in 1937, the  o ther 
was taken by the au th o r in 1966 at C am bridge.

B i b l i o g r a p h y *

Scientific Papers
E le c tro n  in e rtia  in m o lecu la r  A m p ere  c u r re n ts .^ .  Russ. P h y s . C h em . S oc . P h ys. S e c t. 48, 

297 (R).
T h e  p re p a ra tio n  o f W o llas to n  fibres. J .  R uss. P h y s . C h em . S o c . P h y s . S e c t. 48, 324 (R). 
A m e th o d  o f reflec tion  fro m  crysta ls . B u ll. R oen tgen ol. R a d io l. 1, 33 (R ).
T h e  K o ch  re co rd in g  m ic ro p h o to m e te r. B u ll. R oen tgen ol. R a d io l. 1, 54 (R).
T h e  d ep en d en c e  o f th e  em iss ion  edge of th e  c o n tin u o u s  X -ra y  sp e c tru m  on the  a z im u th  

o f th e  em ission  and  the  in fluence  o f the  an tica th o d e  m eta l. U s p .f i z .  N a u k  2, 322 (R). 
(W ith  N . N . S em en o v  ̂ O n  th e  p o ss ib ility  o f an e x p e rim en ta l d e te rm in a tio n  o f the  

m ag n e tic  m o m e n t o f an atom . J .  R uss. P h y s . C h em . S oc . P h ys . S ec t. 54, 159.
T h e  loss o f en ergy  o f an a - ra y  beam  in its passage th ro u g h  m a tte r . I. Passage th ro u g h  

a ir and  C 0 2. P roc . R . S oc. L on d . A 102, 48.
N o te  on  th e  cu rv ed  tracks o f p -p artic les . P roc . C am b . p h il. S oc . 21, 129.
O n  the  th eo ry  o f 8 -rad ia tio n . P h il. M a g . 45, 989.
S om e o b se rv a tio n s  on  a -p a r tic le  track s in a m ag n e tic  field. P roc . C am b . p h il. S o c . 21, 

511.
A m e th o d  of p ro d u c in g  s tro n g  m ag n e tic  fields. P roc . R . S oc . L on d . A 105, 691. 
a -ra y  track s in a s tro n g  m ag n e tic  field. P roc. R . S oc . L o n d . A 106, 602.
(W ith  H . W . B. S k in n e r ) T h e  Z eem an  effect in s tro n g  m ag n e tic  fields. N a tu r e , L on d . 

114, 273.
(W ith  H . W . B. S k in n e r ) T h e  Z eem an  effect in s tro n g  m ag n e tic  fields. P roc . R . S oc. 

L o n d . A 109, 224.
O v er-te n sio n  in a co n d en se r  b a tte ry  d u r in g  a su d d e n  d ischarge . P roc. C am b. p h il. S oc. 

23, 144.
F u r th e r  d ev e lo p m en ts  o f the  m e th o d  of o b ta in in g  stro n g  m ag n e tic  fields. P roc. R . S oc. 

L on d . A 115, 658.
T h e  s tu d y  of the  specific resis tan ce  of b ism u th  c rysta ls and  its change in s tro n g  

m ag n e tic  fields and  som e allied p ro b lem s. I. T h e  g ro w th  o f crysta l rods w ith  a 
defin ite  o rien ta tio n  o f th e  c rysta l p lanes and  the  specific resis tance  o f b ism u th  
crysta ls . P roc. R . S oc. L o n d . A 119, 358.

T h e  s tu d y  of th e  specific resis tan ce  of b ism u th  c rysta ls and  its change in s tro n g  
m ag n e tic  fields and  som e allied p ro b lem s. I I . T h e  m e th o d  and  ap p a ra tu s  for 
o b se rv in g  the  change of resis tance  o f b ism u th  in s tro n g  m ag n e tic  fields. P roc. R . S oc. 
L on d . A 119, 387.

T h e  s tu d y  of th e  specific resis tance  o f b ism u th  c rysta ls and  its change in s tro n g  
m agnetic  fields and  som e allied  p ro b lem s. I I I .  T h e  change of resis tance  o f b ism u th  
and  th e  tim e lag in m ag n e tic  fields. P roc. R . S oc. L on d . A 119, 401.

T h e  change o f e lec trica l co n d u c tiv ity  in s tro n g  m agnetic  fields. I. E x p erim en ta l resu lts . 
P roc . R . S oc. L on d . A 123, 292.

* All th e  scientific p ap ers  and  m any  o f the  ‘g e n e ra l’ p ap ers , are re p rin te d  (in E ng lish  tran s la tio n  
w here necessary), in C o llec ted  P a p ers  o f  P . L . K a p i t z a  (see B2 below ). In  th is  b ib lio g rap h y  th e  titles 
of p ap ers  in R ussian  (in d ica ted  by  (R)) and  o th e r  languages are given in E ng lish  tran s la tio n . H P E  
d eno tes the  series H igh  P o w er E lec tron ics (R) and  H P M E  th e  E ng lish  tran s la tio n , H igh  P ow er  
M ic ro w a v e  E lectron ics (see B1 below ); E T P  d en o tes the  E ng lish  tran s la tio n  o f E x p e rim en t, T heory  
an d  P ra c tic e  (see B8 below ).

(1) 1916

(2)
(3) 1919
(4)
(5) 1921

(6) 1922

(7)

(8)
(9) 1923

(10)

(11) 1924
(12)
(13)

(14) 1925

(15) 1926

(16) 1927

(17) 1928

(18)

(19)

(20) 1929
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(21) 1929

(22)

(23)

(24)
(25)

(26) 1930

(27)
(28)

(29) 1931

(30)

(31)

(32)

(33) 1932

(34)

(35)

(36)

(37) 1933

(38)

(39) 1934

(40)

(41) 1937

(42)

(43) 1938

(44)

(45) 1939

(46)

(47) 1941

(48)

(49) 1944

(50) 1947

T h e  ch an g e  o f e lec trica l c o n d u c tiv ity  in  s tro n g  m ag n e tic  fields. I I . T h e  analysis and  the  
in te rp re ta t io n  o f th e  ex p e rim e n ta l resu lts . P roc . R . S o c . L o n d . A 123, 342.

(W ith  R. H . F o w l e r ) M a g n e to s tr ic tio n  and  th e  p h e n o m e n a  o f th e  C u rie  p o in t. P ro c . R . 
S o c . L o n d . A 124, 1.

M e ta llic  co n d u c tiv ity  an d  its ch an g e  in a m ag n e tic  field. M e ta llw ir ts c h a f t . 19, 443 
(G e rm a n ).

A p ro p e r ty  o f su p e rc o n d u c tin g  m eta ls . N a tu r e , L o n d . 123, 870.
M a g n e to s tr ic tio n  o f d iam ag n e tic  su b s ta n c e s  in s tro n g  m ag n e tic  fields. N a tu r e , L on d . 

124, 53.
T h e  ch an g e  o f resis tan ce  o f go ld  c ry s ta ls  a t very  low te m p e ra tu re s  in a m ag n e tic  field 

an d  su p ra -c o n d u c tiv ity , P ro c . R . S o c . L o n d . A 126, 683; P h y s. Z . 31, 713 (G erm a n ). 
M e th o d s  o f e x p e r im e n tin g  in s tro n g  m ag n e tic  fields. P roc. p h ys . S oc . L on d . 42, 425. 
E x p e rim e n ta l s tu d ie s  in s tro n g  m ag n e tic  fields. In  P roceed in gs o f  the 6 th  S o lv a y  

C on gress, L e  M a g n e tis m e , p. 458. Paris: G a u th ie r-V illa rs . U sp. f i z .  N a u k  11, 533 
(1931) (R ).

T h e  s tu d y  o f th e  m ag n e tic  p ro p e rtie s  o f m a tte r  in s tro n g  m ag n e tic  fields. I. T h e  balance 
an d  its p ro p e rtie s . P roc . R . S oc . L o n d . A 131, 224.

T h e  s tu d y  of th e  m ag n e tic  p ro p e rtie s  in s tro n g  m ag n e tic  fields I I . T h e  m e a su re m e n t of 
m a g n e tiza tio n . P ro c . R . S oc . L o n d . A 131, 243.

(W ith  W . L . W ebster) A m e th o d  o f m easu rin g  m ag n e tic  su scep tib ilitie s . P roc . R . S oc. 
L o n d . A 132, 442.

R ep ly  to  som e rem ark s by  O . S tie rs ta d t ab o u t an  e r ro r  o f p rin c ip le  in m y m easu re m e n ts  
o f th e  change in re sis tiv ity  in s tro n g  m ag n e tic  fields. Z . P h y s . 69, 421 (G erm a n ). 

T h e  s tu d y  of th e  m ag n e tic  p ro p e rtie s  in s tro n g  m ag n e tic  fields. I I I .  M a g n e to s tr ic tio n . 
P ro c . R . S oc . L o n d . A 135, 537.

T h e  s tu d y  of th e  m ag n e tic  p ro p e rtie s  in s tro n g  m ag n e tic  fields. IV . T h e  m e th o d  of 
m e a su rin g  m a g n e to s tr ic tio n  in s tro n g  m ag n e tic  fields. P roc . R . S oc . L on d . A 135, 556. 

T h e  stu d y  of th e  m ag n e tic  p ro p e rtie s  in s tro n g  m ag n e tic  fields. V. E x p e rim e n ts  on 
m a g n e to s tr ic tio n  in d iam ag n e tic  an d  p a ram ag n e tic  su b stan ces . P roc. R . S oc. L ond . A 
135, 568.

(W ith  J. D . C o c k c r o ft) H y d ro g en  liq u efac tio n  p lan t at the  R oyal S ociety  M o n d  
L a b o ra to ry . N a tu r e , L on d . 129, 224.

T h e  change o f resis tan ce  o f m eta ls in m ag n e tic  fields. L e ip z ig e r  V o r trd g e , p. 1. L eipzig : 
S. H irze l.

(W ith  P. A. M . D irac) T h e  reflec tion  o f e lec tro n s fro m  s ta n d in g  ligh t w aves. P roc. 
C am b. p h il. S oc. 29, 297.

L iq u e fac tio n  o f h e liu m  by  an ad iab a tic  m e th o d  w ith o u t p reco o lin g  w ith  liqu id  
h y d ro g en . N a tu re , L on d . 133, 708.

T h e  liquefac tio n  o f h e liu m  by an ad iabatic  m e th o d . P roc. R . S oc. L on d . A 147, 189; 
U sp. f i z .  N a u k  16, 145 (1936) (R).

(W ith  C. J. M il n e r ) A m odified  p o te n tio m e te r  for m easu rin g  very  sm all resis tance. 
J .  sc ien t. In stru m . 14, 165.

(W ith  C. J. M il n e r ) N o te  on  th e  use o f liq u id  n itro g e n  in m agnetic  ex p erim en ts . 
J .  sc ien t. In stru m . 14, 201.

V iscosity  o f liq u id  h e liu m  below  th e  ^ -p o in t. N a tu re , L on d . 141, 74; D o k l. A k a d . N a u k  
18, 21 (R).

(W ith  P. G . S trelkov  & E. L a u rm a n n ) T h e  Z eem an  and  P asc h en -B ack  effects in 
s tro n g  m ag n e tic  fields. P roc. R . S oc . L ond . A 167, 1; Z h . eksp. teor. F iz . 8, 276 (R). 

E xpan sio n  tu rb in e  p ro d u c in g  low te m p e ra tu re s  app lied  to air liquefaction , y. P h ys. 
U S S R ,  1, 7; Z h . tekh . F iz . 9, 99 (R).

In fluence  o f fric tion  forces on  the  s tab ility  of h ig h -sp eed  ro to rs , y .  P h ys. U S S R , 1, 29; 
Z h . tekh . F iz . 9, 124 (R).

T h e  s tu d y  of heat tran sfe r  in h e liu m  II. y .  P h ys. U S S R  4, 181; Z h. eksp. teor. F iz .  
11, 1 (R).

H eat tran sfe r  and  su p e rflu id ity  o f h e liu m  II . f .  P h ys. U S S R  5, 59; Z h . eksp. teor. F iz .
11, 581 (R); P h ys. R e v . 60, 354 (ab rid g ed  version).

O n P ro fesso r S. Ya. G e rsh ’s p ap e r ‘L ow  and  h igh  p ressu res in deep -co o lin g  sy s tem s’. 
V est. M ash in ost. N o. 7/8, p. 43 (R).

T h e o re tic a l and  em pirica l exp ress ions for the  heat tran sfe r  in a tw o-d im en sio n a l 
tu rb u le n t flow. D o k l. A k a d . N a u k  55, 595 (R); C . r. A c a d . S c i. U R S S  55, 591.

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


368 Biographical Memoirs

(51)
(52)

(53)

(54)

(55)

(56)
(57)

(58)

(59)

(60) 

(61) 

(62)

(63)

(64)

(65)

( 66)

(67)
( 68)

(69)
(70)
(71)
(72)
(73)

(74)

(75)

(76)

(77)

(78)

(79)

(80) 

(81)

1948 W ave flow o f th in  layers o f a v iscous fluid. I. F ree  flow. eksp . teor. 18, 3 (R). 
W ave flow o f th in  layers o f a v iscous fluid. I I . F lu id  flow in the  p resen ce  o f  c o n tin u o u s

gas flow and  h ea t tran sfe r . Z h . eksp . teor. F iz . 18, 19 (R)
1949 (W ith  S. P. K a pit za ) W ave flow o f th in  layers o f a v iscous fluid. I I I .  E x p e rim en ta l

s tu d y  of flow in the  w ave reg im e. Z h . eksp . teor. F iz . 19, 105 (R).
O n the  p ro b lem  o f the  fo rm a tio n  o f  sea w aves by th e  w ind . A k a d  N a u k

64, 513 (R ).
1951 D ynam ical s ta b ility  o f a p e n d u lu m  w ith  a v ib ra tin g  p o in t o f su p p o r t Z h  eksp  teor F iz  

21, 588 (R ).
P e n d u lu m  w ith  a v ib ra tin g  su sp en sio n . U sp . f i z .  N a u k  44, 7 (R ).
E v a lu a tio n s o f th e  su m  of negative  even pow ers o f roo ts o f Bessel fu n c tio n s  D o k l A k a d  

N a u k  77, 561 (R).
I lea t c o n d u c tiv ity  and  d iffusion  in a liq u id  m e d iu m  u n d e r  p e rio d ic  flow co n d itio n s  

Z h . eksp . teor. F iz . 21, 964 (R).
1955 T h e  h y d ro d y n am ic  th eo ry  o f lu b ric a tio n  in th e  p resen ce  o f ro lling  Z h  tekh  F iz  25 

747 (R ).
O n the  n a tu re  o f b a ll- lig h tin g . D o k l. A k a d . N a u k  101, 245 (R); P h ys. B l. 14, 11 (1958) 

(G erm a n ).
1959 D esign  of a h e liu m -liq u e fy in g  cycle w ith  ex p an sio n  en g in es co n n ec ted  in cascade. 

Z h . tekh . F iz . 29, 427 (R); S o v . P h y s . tech. P h ys . 4, 377.
(W ith  V . A. F ok & L . A. V a in s h t e in ) S ta tic  b o u n d a ry  p ro b lem  for a hollow  cy lin d e r of 

finite len g th . Z h . tekh . F iz . 29, 1177 (R); S o v . P h y s . tech. P h y s . 4, 1077 (1960). 
(W ith  V. A. F ok & L . A. Va in s h t e in ) S y m m etric  e lec tric  o sc illa tions o f a perfec tly  

co n d u c tin g  hollow  cy lin d e r o f finite leng th . Z h . tekh . F iz . 29, 1188 (R)- S o v  P h ys  
tech. P h y s . 4, 1088 (1960).

1961 (W ith  I. B. D a n ilo v ) E x p an sio n  en g in e  for liquefaction  o f he liu m . Z h . tekh . F iz . 31,
486 (R); S o v . P h ys . tech. P h ys . 6, 349.

1962 (W ith  I. B. D a n ilo v ) C ascade co m p ress io n  h e liu m  liquefie r w ith  no ex te rn a l re ­
frig era tio n . Z h . tekh . F iz . 32, 457 (R); S o v . P h y s . tech. P h ys. 7, 333.

H igh  pow er e lec tron ics. H P E  1, 9 (R); U sp. f i z .  N a u k  78, 181 (R); P h ys. U sp . 5,
111  (1963); H P M E  1, 3 (1964); ab rid g ed  version  in P riro d a  N o. 8, p. 21 (1964) (R ). 

C h a rac te ris tic  o sc illa tions o f g r id d ed  reso n a to rs . 1 , 159 (R); H P M E  1 , 117 (1964).
1964 (W ith  S. I. F il im o n o v  & S. P. K a pit za ) T h e  th eo ry  o f e lec tron ic  p rocesses in a

c o n tin u o u s  g en e ra to r  o f the  m ag n e tro n  type . H P E  3, 7 (R).
1965 T ra n sd u c e rs  o f H -w av es in to  E -w aves. H P E  4, 7 (R).

(W ith  L . A. P rozorova) E x p e rim en ta l s tu d y  o f a tra n sd u c e r. H P E  4, 53 (R).
A b so lu te  m easu rem en ts  o f a h ig h -freq u en cy  field in a reso n a to r. 4, 206 (R).

1968 (W ith  L . A. P rozorova) N ew  H 01-w ave tra n sd u c e rs . H P E  5, 209 (R).
Ball lig h tn in g  and  rad io  em ission  fro m  linear lig h tn in g . Z h . tekh . F iz . 38, 1829 (R)- S o v  

P h y s. tech. P h ys. 13, 1475 (1969).
(W ith  I. B. D a n ilo v ) C ascade h e liu m  liquefie rs w ith  p is to n  ty p e  eng ines. In  P roc. 1st 

C ryogen ic  E ng. C on f. T o k yo  a n d  K y o to ,  J a p a n , 1967 , p. 228. L o n d o n : H eyw ood 
T e m p le  In d u s tr ia l P u b lica tio n .

(W ith  S. I. F il im o n o v ) S o leno id  p ro d u c in g  a m agnetic  field up  to  3 0 k O e  in a 
vo lum e of 5 litres , using  500 kW . U sp. f i z .  N a u k  95, 35 (R); S o v ie t  P h ys. U sp  11 299- 

HPE6, 147 (1969) (R).
1969 (W ith  S. I. F il im o n o v  & S. P. K a pit za ) H ig h  c o n tin u o u s  pow er d o u b le  set n ig o tro n

H P E  6, 7 (R).
F ree p lasm a filam ent in h ig h  freq u e n cy  field at h ig h p ressu re . Z h . eksp teor F iz  57 

1801 (R); S o v ie t  P h ys. J E T P  30, 973 (1970).
1970 A th e rm o n u c le a r  reac to r w ith  a p lasm a filam ent freely floating  in a h igh  freq u en cy  field.

Z h . eksp. teor. F iz . 58, 377 (R); S o v ie t  P h y s . J E T P  31, 199.
1971 (W ith  S. I. F il im o n o v ) A p p ara tu s  fo r p ro d u c tio n  o f a free p lasm a filam ent. D e te rm i­

na tio n  o f the c u rre n t and  resis tance  o f the  filam ent. Z h . eksp . teor. F iz . 61, 1016 (R)- 
S o v ie t  P h ys . J E T P  34, 542 (1972).

1973 (W ith  E. A. T ish c h en k o  & V. G . Z a t s e pin ) A ctive su b m illim e te r  d iagnostics o f the
m ov ing  U H F  d isch arg e  in d e u te r iu m  at h igh  p ressu re . In  P roc. 11th  C onf. 
P henom . Io n ized  G ases (ed. I. S to ll), p. 457. P rague: C zech. A cad. Sci.

1974 (W ith  L . P . P ita ev sk ii) P lasm a h ea tin g  by m agnetoacoustic  osc illa tions. Z h . eksp teor
F iz . 67, 1411 (R); S o v ie t  P h ys . JETP40, 701 (1975).
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(83)

(82)

(84)

(85)

1975 U se fu l en erg y  fro m  th e rm o n u c le a r  reac to rs . P ism a  v  Z h . eksp . teor. F iz . 22, 20 (R); 
S o v ie t  P h y s . J E T P  L e tte rs  22, 9.

1979 P lasm a and  th e  co n tro lle d  th e rm o n u c le a r  reac tio n s, (N o b e l L ec tu re ) . U sp. f i z .  N a u k  
129, 569 (R); R e v . m od. P h y s . 51, 417; S c ien ce , W ash . 205, 959; P o ste p y  F iz . 30, 547 
(Po lish ); C esk . C a s. F y z .  30, 272 (1980) (C zech); W u li 10, 214 (C h inese); F T P  p. 86; 
also in L es P n x  N o b e l-1 9 7 8  S to ck h o lm  and  N o b e l L ec tu re s , A m ste rd am : E lsev ier.

1981 T h e  s tu d y  o f th e rm o n u c le a r  p ro b le m s co n d u c ted  at the  In s titu te  fo r P hysica l P ro b le m s 
o f th e  U .S .S .R . A cadem y o f S ciences. In  P roc. 10th  E uropean  C on f. C o n tro lle d  Fusion  
a n d  P la sm a  2, 59.

1983 (W ith  M . P. M alkov and  I. B. D a n ilo v ) A p p a ra tu s  for th e  liq u efac tio n  o f n itro g e n  
usin g  th e  ‘c o m p o u n d ’ system . K h im . i N e f ty a n o e  M a s h in o s tr . no. 5, p. 18 (R).

Popular, semipopular and miscellaneous general *
( G l) 1913
(G 2) 1927
(G 3) 1931

(G 4) 1934

(G 5) 1936
(G 6)
(G 7) 1937

(G 8)
(G 9)

(G 10)

(G l  1) 1939
(G 12)

(G 13) 1940
(G 14)
(G 15)
(G 16) 1941
(G 17)
(G 18)

(G 19)
(G 20)

(G 21)
(G 22)
(G 23)

(G 24) 1942

(G 25)

(G 26)
(G 27) 1943

C o d -liv e r  oil. A rg u s  no. 10, p. 76 (R).
T h e  fu tu re  o f m ag n e tism . N a tu r e , L ond . 119, 809.
T h e  p ro d u c tio n  o f and  e x p e r im e n ts  in s tro n g  m ag n e tic  fields. T ran s. O x f. U n iv . j r  

sclen t. C lu b  (5), no. 4, p. 129; E T P  p. 3.
A new  m e th o d  fo r the  liq u efac tio n  o f he liu m . S o ts . R ekon str . N a u k a  no. 8, p. 104 (R);

P o k ro k y  M a t .  F y z .  A s tr . 24, 255 (1979). (C zech); F T P  p. 8.
A g rea t m an  (in m em o ry  o f I. P. Pavlov). P r a v d a  27 F e b ru a ry  (R); E T P  p. 32.
T h e  c o n s titu tio n  o f the  m o st pow erfu l co u n try . P r a v d a  15 Ju ly  (R).
T h e  c o n s tru c tio n  and  w ork o f th e  In s titu te  of P hysica l P ro b le m s of the  U .S .S .R . 

A cadem y of Sciences. I z v .  A k a d . N a u k  S S S R  S e r . f i z .  no. 3, p. 265 (R ) (E ng lish  
versio n  on p. 278); E T P  p. 103.

L o rd  R u th e rfo rd . N a tu re , L o n d . 140, 1053.
In  m em o ry  of E rn e s t R u th e rfo rd . I z v e s t ia  21 O c to b e r (R); In  P h ysics o f the 20 th  

cen tu ry  p. 3 (1971). M oscow : Z n an ie  (R); E T P  p. 229.
R eco llec tions o f P ro fesso r E. R u th e rfo rd . U sp. K h im . 6, 1605 (R); U sp. f i z .  N a u k  19, 

1 (1938) (R); B3, p. 35 (R); E T P  p. 231.
L iq u id  air. T ekh n ika  M o lo d . no. 3, p. 28 (R); P la n . K h o z .  no. 2, p. 73 (R).
A new  m e th o d  of p ro d u c in g  low te m p e ra tu re s  for a ir liquefaction . S o v . N a u k a  no. 5, 

p. 150 (R).
S cience for the  people. K o m so m o lsk a ya  P r a v d a  1 Ja n u a ry  (R); E T P  p. 224.
O n  a s te reoscop ic  c inem a. M ash in ostroen ie  12 M a rch  (R).
Science fiction . D e ts k a y a  L ite r a tu ra  no. 4, p. 18.
T h e  u n ity  o f science and  techno logy . P r a v d a  17 Ju n e  (R).
S ta lin  will lead us to  a tru e  and  decisive v ic to ry . P r a v d a  23 Ju n e  (R).
S peech  at m ee tin g  o f rep re sen ta tiv es  of th e  Jew ish  people (24 A ugust). In  B ro th er  

J ew s o f the whole w o r ld , p. 22. M oscow : G o sp o litizd a t. (R).
A rm  yourselves w ith  know ledge. P io n ersk a ya  P r a v d a  30 A u g u st (R).
P ro b le m s of liq u id  heliu m . S o v . N a u k a  no. 1, p. 33 (R); V est. A k a d . N a u k  S S S R  no. 

2/3, p. 27 (R); E T P  p. 12.
R u th e rfo rd . B o lsh a ya  S o v e ts k a y a  E n ts ik lo p e d iy a  (1st ed ition ) 48, 504 (R). 
R u th e rfo rd . E n tsik loped ich esk ii s lo v a P  G ra n a t (7 th  ed ition ) 36, 852 (R).
S peech  at sc ie n tis ts ’ an ti-fasc is t m eeting , M oscow  12 O cto b er. V est. A k a d . N a u k  

S S S R  no. 9 /10, p. 9 (R); C hem . P ro d . 5, 9.
Science and  w ar. K r a s n a y a  Z v e z d a  26 F e b ru a ry  (R); T ekh n ika  M o lo d . no. 7, p. 3 (R); 

S cience  95, 396.
O n  the  25th  an n iv ersity  o f th e  es tab lish m en t of th e  S oviet sta te  (unsigned  ed ito ria l).

J .  P h ys. U S S R  6, 233.
W e fight for freedom . T ru d  28 O c to b er (R).
S cho lars of th e ir  co u n try . V ech ern aya  M o sk v a  5 M ay (R).

* Som e of these artic les have app eared  in several d ifferen t jo u rn a ls  and books in several languages and 
so m etim es in d ifferen t varian ts , w ith  vary ing  titles. H ere , an E ng lish  version  is alw ays cited  w here 
possib le , b u t the  list is no t exhaustive  as regards o th er versions. A few artic les th a t have no t been 
p u b lish ed  excep t in E T P  are o m itted  from  th is  list, as are also n u m ero u s co m m em orative  and ob itu ary  
no tices (m ostly  in U sp. f i z .  N a u k )  signed jo in tly  by  serveral au th o rs  inc lu d in g  K apitza.

 on July 19, 2018http://rsbm.royalsocietypublishing.org/Downloaded from 

http://rsbm.royalsocietypublishing.org/


370 Biographical Memoirs

(G 28) 1943

(G 29)
(G 30) 1944

(G 31)

(G 32)
(G 33)

(G 34)

(G 35) 1945
(G 36) 1946
(G 37) 1956
(G 38)

(G 39)
(G 40)
(G 41) 1957

(G 42)

(G 43) 1959

(G 44) 1960

(G 45)

(G 46) 1961

(G 47) 1962
(G 48)
(G 49) 1963
(G 50) 1965

(G 51)

(G 52)
(G 53)

(G 54) 1966

(G 55)

(G 56)

(G 57) 1967

(G 58)

(G S9)

R e p o rt on  th e  o rg an iza tio n  o f sc ien tific  w ork  a t th e  In s t i tu te  fo r P hysica l P ro b le m s o f 
the  A cadem y o f S ciences o f the  U S S R . V est. A k a d . no. 6, p. 75 (R);
P o d  zn am en em  m a rk s izm a  no. 7 /8 , p. 90 (R); V esm ir 37, 3 (1958) (C zech ) ' 

ETPp. 115.
K iev . P r a v d a  11 N o v e m b e r  (R).
P ro b le m s o f in ten sifica tio n  o f tech n o lo g ica l p ro g ress by  oxygen . K is lo r o d  no 1 

P- 1 (R ).
O n the  su p e rflu id ity  o f liq u id  h e liu m  II . U s p . f i z .  26, 133 (R); N a u k a  Z h iz n ’

no. 3, p. 13 (R); In  Q u a n tu m  liqu ids. T h eo ry , ex p erim en t. (1969) M oscow : Z nan ie , 
(R ).

S u p e rflu id ity . B o lsh a y a  S o v e ts k a y a  E n ts ik lo p e d iy a  (1st ed itio n ) 50, 423 (R). 
V iscosity  free flow o f h e liu m  I I .  In  P roc . C onference on V iscosities o f  liqu ids a n d  

C o llo id  S o lu tio n s  2, 8 (1940). M oscow : A cad em y  o f S ciences U S S R  (R).
Isaac N ew to n . I z v .  A k a d . N a u k  S S S R  ser. 8, 169 (R); P riro d a  no. 7 p 3 

(1977) (R). F '
(W ith  A. J offe and  S. V a vilov) P ro fesso r L . I. M a n d e ls tam . N a tu re , L o n d . 156, 105. 
L e tte r  to  th e  E d ito r . R a d io  n o .l ,  p. 2 (R ).
250 th  an n iv e rsa ry  o f th e  b ir th  o f B en jam in  F ra n k lin . P r a v d a  17 Ja n u a ry  (R ).
T h e  sc ientific ac tiv ity  o f B en jam in  F ra n k lin . 58, 169 (R); B3, p. 21 (R);

V est. A k a d . N a u k  S S S R  no. 2, p. 65 (R); A n a le le  R o m in o -so v ie t. S e r . M a t .  F iz . 11 
101 (1957) (R u m an ian ); ETPp. 300.

H o w  is a tom ic  w ar to  be p rev en ted ?  N o v o e  V rem ya  no. 39, p. 9 (R); p. 337.
S ortileg e  d u  so u v e n ir  e t de l ’am itie . ( In te rv iew ) 19 D ece m b e r (F ren ch ).
S om e aspects o f the  o rg an iza tio n  o f sc ientific w ork . P r a v d a  4 M ay  (R)- S c ie n t W ld  

L o n d . no. 1 (5), p. 12 (1959).
T h e  p a th  o f d ev e lo p m en t o f p hysic s in U .S .S .R . in 40 years o f  S ov ie t pow er 

(l*958^ned  e d lt° ria l ')' Z h ' eks*>' teor- F i z ' 3 3 ’ 1081 P h y s. J fE T P  6, 385

(W ith  L . A. A r tsim o v ic h  and  I. E. T a m m ) T h o u g h tle s s  sc ientific sensa tio n a lism .
P r a v d a  22 N o v e m b e r (R); S o v ie t  N ew s  no . 4162, 27 N o v em b er.

In tro d u c to ry  and  closing  rem arks. In  P roc . A ll-U n io n  C on f. L o w  T em p. P h y s ., T b ilis i 
1958 , pp . 5 and  271. A cad em y  o f S ciences o f G eo rg ian  S S R  (R).

T h e  fu tu re  o f science. S c ien t. W ld , L o n d . no. 3 /4 , p. 4; N a u k a  Z h iz n ’ no. 3, p. 18 
(1962) (R); F iz . S z le  25, 341 (1975) (H u n g aria n ); B u ll. a tom . S c ien t. A pril 1962, 
p. 3 (m odified  version); E T P  p. 345.

L o m o n o so v  and  w orld  sc ience. I z v e s t ia  18 N o v e m b e r  (R); B3, p. 3 (R); U sp. f i z .
N a u k  87, 155 (1965) (R); S o v ie t  P h ys . U sp . 8, 720 (1966); p. 279.

T h e o ry , ex p e rim en t, p rac tice . E konom . G a z e ta  26 M a rch , p. 10 (R); p. 155. 
In te rv iew  w ith  K ap itza . T ryb u n a  L u du  22 S e p te m b e r  (Po lish ).
In  co m m em o ra tio n  o f N ie ls B ohr. P riro d a  no. 1, p. 67 (R).
T h e  p h y sic is t and  p u b lic  figure Pau l L an g ev in . B3, p. 54 (R); I’H u m a n ite  19 

D ece m b e r (1966) (F ren ch ); ETPp. 315.
E ffectiveness o f sc ientific w ork . Vest.A k a d . N a u k  S S S R  no. 2, p. 55 (R);

p. 161.
In tro d u c tio n  to  F. K e d ro v ’s book: E rn est R u th er fo rd  p. 3. M oscow : A to m izd a t (R). 
M an  in the  w orld  o f in fo rm a tio n  (in te rv iew ). K o m so m o lsk a ya  P r a v d a  2 S ep tem b er 

(R); also in P a rry  (1968) p. 223.
A p p lica tio n  o f th e  ach iev em en ts  o f science and  techno logy . K o m so m o lsk a ya  P r a v d a  

20 Ja n u a ry  (R); N e w  W ld  R e v . A pril, p. 28; E T P  p. 165.
R eco llections o f L o rd  R u th e rfo rd . P roc . R . S o c . L on d . A 294, 123; N a tu r e , L o n d . 210, 

780; N o v y  M ir  no. 8, p. 205 (R); F iz . S z l e  no. 3, p. 65 (1967) (H ungarian );’ 
C eskosloven sky casopis p ro fy s ik u  A 20, 59 and  111 (C zech); p. 251.

A lek san d r A lexandrov ich  F rid m a n . In  S e le c te d  w orks o f  A .  A .  F r id m a n , p. 397. 
M oscow : N au k a  (R); E T P  p. 325.

In tro d u c to ry  rem ark s . In  P roc. 10th  In t. L o w  T em p. C on f. M o sco w , 1 966  1 4. 
M oscow : V in iti (R).

In v ita tio n  to  an a rg u m e n t (in te rv iew ). Y un ost no. 1, p. 79 (R); P o li ty k a  18 F e b ru a ry  
(Po lish); also in P a rry  (1968) p. 233.

E x p erim en t is the  basis o f school physics teach in g  (in te rv iew ). F iz ik a  shk. no. 2 p. 3 
(R); P h ys. T each. 6, 82 (1968).
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(G 60) 1967

(G 61) 1969

(G 6 2 )
(G 63) 1970

(G 64) 1971

(G 6 5 )

(G 66)

(G 67)

(G 68) 1972

(G 69) 1973

(G 70)

(G 71)

(G 72) 1974

(G 73)
(G 74)
(G 75) 1975

(G 76) 1976

(G 77)

(G 78) 1977

(G 79)

(G 80)

(G 81) 1979

(G 82) 1980

(G 83)

(G 84) 1983

(G 85)
(G 86) 1985

O n th e  50 th  an n iv e rsa ry  o f  th e  S ov ie t S ta te  (u n sig n ed  ed ito ria l) . Z h . eksp . teor. F iz .  
53, 1178 (R ).

P h ilo so p h y  an d  th e  ideo log ical s tru g g le . V op. filo s . no. 5, p. 147 (R); F T P  
p. 342.

L ev  D av y d o v itch  L a n d a u . B iogr. M e m . F e ll. R . S o c . 15, 141; F T P  p. 327.
T h e  c e n te n a ry  o f th e  b ir th  o f V. I. L e n in  (u n sig n ed  ed ito ria l) . Z h . eksp . teor. F iz . 58, 

1129 (R ).
S cience  teach in g  an d  sc ien tific  m e th o d . S c ien t. W ld  no. 1, p. 12; V op. filo s . n o .7, 

p. 16 (R); P h y s. T each . 9, 429; K o m so m o lsk a ya  P r a v d a  31 Ju ly ; F iz . S z l e  21, 1 
(H u n g a ria n ); F iz ik o -m a te m a tic h e sk o  sp isan ie  14, 347 (B u lgarian ); see also d is ­
cussion  in V op. filo s . (1972) no. 9, p. 126 (R); F T P  p. 204.

T h e  ro le  o f an e m in e n t sc ien tis t in the  d ev e lo p m en t o f science. K o m so m o lsk a ya  
P r a v d a  28 A u g u s t (R); N e w  S c ien t. 51, 639; T ek h n ik a  m olod. no. 1, p. 14, (1972) 
(R ); F T P  p. 271; also in (B7) p. 18 (R).

R e m a rk s on  th e  a n n iv e rsa ry  o f th e  P h y s ic o -T e c h n ic a l In s titu te . In  T he 50 th  
A n n iv e r sa r y  o f the P h y s ico -T ech n ica l I n s t i tu te , L en in g ra d , p. 28 (R); also in (B5) 
p. 42 (1972) (R); F T P  p. 220.

N o t a b lin d  copy , b u t c rea tiv ity  (in te rv iew ). K o m so m o lsk a ya  P r a v d a  28 N o v em b er 
(R ).

T h e  scien tific  ac tiv ity  o f R u th e rfo rd . In  E rn est R u th er fo rd  se lected  scien tific  papers. 
A to m ic  stru c tu re  a n d  a r tif ic ia l d isin teg ra tio n  o f  e lem ents, p. 495. M oscow : N au k a  
(R ).

T h re e  aspec ts  o f th e  g lobal p ro b le m  of re la tio n  betw een  m an  and  n a tu re . V op. filo s . 
no. 2, p. 37 (R); P r a v d a  15 M ay; S c ien t. W ld , L on d . no. 2, p. 17; B u ll. A to m . S c ien t. 
no. 1, p. 40 (1981); F T P  p. 365.

Basic fac to rs  in th e  o rg an iza tio n  o f science and  how  th ey  are h an d led  in th e  U .S .S .R . 
D a ed a lu s  102, 167; F T P  p. 183.

T h e  cen ten a ry  o f th e  J o u rn a l o f E x p e rim en ta l a n d  th eo re tica l P h ysics  and  th e  role o f 
jo u rn a ls  in th e  d e v e lo p m en t o f sc ience. V est. A k a d . N a u k  S S S R  no. 7, p. 13 (R); 
U sp. f i z .  N a u k  111, 535 (R); S o v ie t  P h y s . U sp . 16, 928 (1974); F iz ik o -  
m a tem atich esko  sp isan ie  19, 102 (1976) (B ulgarian); F T P  p. 173.

M o d e rn  d ev e lo p m en ts  in s tu d ie s o f m ag n e tism . P r ir o d a , no. 2, p. 50 (R); In  P roc. In t.
M a g n e tism  C on f. M K M 7 3  1, 1. M oscow : N au k a  (R); E T P  p. 60.

P ro fesso r and  s tu d e n t. K h im . Z h iz n  no. 7, p. 21 (R); F T P  p. 215.
O xygen  ( lec tu re  o f 25 M ay  1944). N a u k a  Z h iz n  no. 19, p. 25; E T P  p. 35.
R ead in g  M . M . P r is h v in ’s d iary . S e v e r  no. 6, p. 69 (R); In  P rish v in  a n d  p resen t tim es , 

p. 147 (1978). M oscow : S o v re m en n ik  (R).
O u r  h om e, th e  p lan e t E a rth . In  S o c ie ty  a n d  en vironm en t. M oscow : P ro g ress (R);

E n g lish  ed itio n  1977, p. 9. [V arian t o f G 69.]
E n erg y  and  physics. V est. A k a d . N a u k  S S S R  no. 1, p. 34 (R); P riro d a  no. 2, p. 70 

(R); U sp. f i z .  N a u k  118, 307 (R); S o v ie t  P h ys . U sp. 19, 169; ab rid g ed  version  in 
N e w  S c ien t. 72, 10 and  83; E T P  p. 75.

S cien tific  and  social ap p ro ach es fo r the  so lu tio n  o f g lobal p ro b lem s (B ernal L ec tu re ).
P r o c . R . S oc. L on d . A 357, 1; V op. filo s. no. 1, p. 46 (R); E T P  p. 387.

G lo b a l p ro b lem s and  energy . U sp. f i z .  N a u k  122, 327 (R); S o v ie t  P h ys. U sp. 20, 547; 
E T P  p. 372.

T h e  tra in in g  of scientific and  techn ica l p erso n n e l at th e  M oscow  P hysico -tech n ica l 
In s titu te . V est. A k a d . N a u k  S S S R  no. 8, p. 8 (R).

T h e  im pact o f m o d ern  scientific ideas on  society. V op. filo s . no. 1, p. 61 (R); E T P  
p. 403.

A lb e rt E in s te in . V op. F ilos. no. 6, p. 29 (R); V est. A k a d . N a u k  S S S R  no. 7, p. 37 (R); 
S o v . S tu d . P h il. no. 3, p. 3.

Q u a r te r  o f a cen tu ry  o f f r ien d sh ip  and  co llab o ra tio n  (talk  on M oscow  R adio). In  
C ollection  in honour o f P a v e l S a v ic h , p. 21. B elgrade (S e rb o -C ro a t) .

G lobal p ro b lem s. P roc. 2 n d  In t. S em in a r on N u c lea r  w a r , E rice , S ic ily  1982  Servizio  
D o cu m en taz io n i dei L ab o ra to ri N azionali di F rascati d e ll’IN F N , Ju ly , p. 183 (also 
to ap pear in (B2), vol. 4).

S hakespeare  and  Bacon. Izo b re ta te V  i R a ts io n a lisa to r  no. 2, p. 14 (R).
T w e n ty  tw o rep o rts  on liq u id  air and  oxygen (1939-41) (ed. P. E. R u b in in ). 

K h im iy a  Z h iz n  no. 3, pp . 15, 64; no. 4, p. 63; no. 5 to ap p ea r (R).
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Books and *
(B l)  1962

(B2) 1964

(B3) 1965

(B4) 1966
(B5)

(B6) 1971
(B7) 1973
(B8) 1974

(B9)

H igh  po w er electron ics vol. 1. M oscow : A cadem y o f S ciences U S S R  (R) T ra n s la te d  as 
H ig h -P o w er  M ic ro w a v e  E lec tron ics O xford : P erg am o n  P ress. (1964).t  

C o llec ted  p a p ers o f  P . L . K a p i t z a  (ed. D . te r  H aar), vol. 1, 1964; vol. 2, 1965; vol. 3, 
1967; vol. 4, 1985. O xfo rd : P erg am o n  P ress.

L ife  d evo ted  to science (L o m o n o so v , F r a n k lin , R u th erfo rd , L a n g e v in ) . M oscow : Z nan ie . 
(R).

T h eo ry , ex p er im en t, p ra c tic e . M oscow : Z nan ie . (R).
P h ysics problem s. M oscow : Z n an ie  (R); som e so lu tio n s in N a u k a  Z h iz n  nos. 2 -6  (1967) 

(R); ex p an d ed  ed itio n  (R) 1972 (R); L e liv re  du prob lem e de p h ysiqu e . P aris: E d itio n  
C E D IC . 1977 (F ren ch ).

T he fu tu r e  o f science. R om e: E d ito ri R iu n iti ( Ita lian ).
R u th er fo rd — scholar a n d  teacher, (ed .) M oscow : N au k a  (R).
E xp erim en t, th e o ry , p ra c tic e . M oscow : N au k a  (R); 2nd  ed itio n , 1977; 3rd  ed itio n  1981; 

Sofia: N au k i i Isk u s tv o  1977 (B ulgarian); R om e: E d ito ri R iu n iti 1979 (Ita lian ); N ovi 
Sad: R adivoj C irp an o v  1980 (S e rb o -C ro a t) ; B uchares t: E d itu ra  P o litika  1981 
(R u m an ian ); B udapest: G o n d o la t 1982 (H u n g aria n ); P rague: M lad a  F ro n ta  1982 
(C zech); B erlin : A kadem ie  V erlag  1982 (G erm a n ); E n g lish  tra n s la tio n  (ed. R. S. 
C ohen) w ith  add itio n s: D o rd re c h t, B oston  and  L o n d o n : D . R eidel P u b l. C o. 1980. 

S cien ce, m an k in d , o rg a n iza tio n . T okyo : M isuzi S hobo  (Japanese).

Patents%
(P I) 1925 226857
(P2) 226858

(P3) 227149
(P4) 1926 254349
(P5) 259272
(P6) 1929 308329
(P7) 310093
(P8) 312259
(P9) 318474

(P10) 1935 433860
CPU) 1939 511337

(P I 2) 1940 520762
(P I 3) 1941 540555
(P14) 1948 610572
(P15) 614006

(P16) 1949 615464
(P17) 622469
(P18) 625107

(P19) 1971 1256686

(W ith  H . F . H ea th ) Im p ro v e m e n ts  in e lec tric  sto rage  ap p a ra tu s .
(W ith  H . F. H ea th ) Im p ro v e m e n ts  re la tin g  to  th e  p ro d u c tio n  of h igh  

ten s io n  d ischarges.
Im p ro v e m e n ts  re la tin g  to flash illu m in a tio n .
(W ith  M . K o sten k o ) E lec tric  im p u lse  g en era to r.
Im p ro v e m e n ts  in e lec tric  c u rre n t b reakers.
(W ith  G . V. L o m o n o sso ff) Im p ro v e m e n ts  in b rakes.
(W ith  G . V. L o m o n o sso ff) Im p ro v e m e n ts  re la tin g  to b rakes for vehicles.
(W ith  G . V. L o m o n o sso ff) Im p ro v e m e n ts  in e lec tro m ag n e ts .
(W ith  G . V. L o m o n o sso ff) Im p ro v e m e n ts  re la tin g  to  c lu tch es and  

v a riab le -sp eed  gearing  for po w er tran sm iss io n  ap p a ra tu s .
Im p ro v e m e n ts  re la tin g  to  th e  p ro d u c tio n  of low tem p era tu res .
C o u p lin g  m eans in c lu d in g  a stab iliz in g  device for secu rin g  h ig h  speed  

ro to rs  to shafts.
Im p ro v ed  device for stab iliz in g  h igh  speed tu rb in e  and  like ro to rs .
Im p ro v e m e n ts  in expan sio n  tu rb in e s  for low te m p e ra tu re  p lan ts.
T w in  ex pansion  eng ine  fo r p ro d u c tio n  o f low te m p e ra tu re s .
A m e th o d  and  m eans o f p ro d u c in g  liq u id  oxygen o r liq u id  air rich  in 

oxygen.
M eans for d am p in g  tran sv e rse  o sc illa tions at h igh  shaft speeds.
M eans for rectification .
M e th o d  and m eans for rectification  and  d istilla tio n  of liqu ids w ith  low 

te m p e ra tu re  bo iling  po in ts .
Im p ro v e m e n ts  in and  re la ting  to th e rm o -n u c le a r  p lasm a p ro d u c in g  

a rra n g em en ts .

* T h e  books B3, B4, B6, B8 and  B9 are m ostly  d ifferen t se lections o f the  p o p u la r , se m i-p o p u la r  
and m isce llaneous general a rtic les listed  above; th e  m ost ex tensive  of these is B8.

t  S u b se q u e n t vo lum es o f H P E  (2, 1963; 3, 1964; 4, 1965; 5, 1968, 6, 1969) w ere ed ited  by 
P. L . K ap itza  and  L . A. V ainsh te in . O n ly  v o lum es 1 and  2 w ere tran s la ted  in to  E ng lish  (H P M E ).

J O nly  the  B ritish  p a ten ts  are listed  (the  year is th a t o f final accep tance, o ften  several years la ter 
than  the  date  of app lica tion ). M o st of the  inv en tio n s are also p a ten ted  in the  U .S .A . and som e in 
F rance , G erm an y  and the U .S .S .R . N o  foreign  p a ten ts  have been  fou n d  for inven tio n s o th e r  than  
those in the  B ritish  list.
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References to other authors of scientific papers
A likaev , V. V. e t at.1985. In  N u c lea r  fusion', su pp lem en t on p la sm a  ph ysic s a n d  co n tro lled  fu sion  

resea rch , vol. 1, p. 419.
A llen , J. F ., P e ie rls , R. & U d d in , M . Z . 1937 N a tu r e , L on d . 140, 62.
A llen , J. F . & M ise n e r, A. D . 1938 N a tu r e , L o n d . 141, 75.
A n d ro n ik ash v ili, E. L . 1946 P/zys. U S S R  10, 201.
B oys, C . V. 1923 D ic tio n a ry  o f  A p p lie d  P h y s ic s , vol. 3, p. 720. L o n d o n : M acm illan .
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