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FROM THE HISTOR Y OF PHYSICS PACS numbers: 01.60. + q 

Igor' Evgen'evich Tamm 

E L Feinberg 

This centenary provides an occasion to recall once again 
the un ique character of Igo r ' Evgen'evich T a m m , inter
esting for a number of reasons . M y intent ion is to reminisce 
abou t Igor ' Evgen'evich as a theoret ical physicist of 
exceptionally high s ta ture and abou t his work . I shall 
describe the condi t ion of science at the t ime he was 
working , and the relat ionship of T a m m ' s work to the 
development of the whole of our physics, which has grown 
in his lifetime from a provincia l level to tha t of high science 
tha t has gained wor ld recogni t ion. M y intent ion will also 
be to include some persona l reminiscences. 

Igo r ' Evgen'evich was b o r n on 8th July 1895 in 
Vladivostok, bu t dur ing his early chi ldhood the whole 
family travelled the long way via J apan (the Trans-Siber ian 
Ra i lway had no t yet been completed) to El isavetgrad 
( renamed Ki rovograd by the Soviet Governmen t ) . Here , 
his father became a city engineer: he built an electric power 
stat ion, a water supply system, etc., and he managed all 
these establ ishments . His posi t ion ensured tha t the family 
was no t rich bu t comfor table . Here , Igo r ' Evgen'evich 
finished high school in 1913 and even before tha t he 
decided on his ma in life's interest: science, and m o r e 
precisely, physics. H e was so serious abou t it tha t when 
in the summer of 1913 he went to s tudy at Ed inbu rgh 
Universi ty, he was sufficiently p repared to ignore physics 
lectures and to a t tend only l abora to ry sessions. H e started 
his ma themat i c s directly from the second and third-year 
courses. In addi t ion, he studied cursorily chemistry and 
languages, and was engaged in social activities. By 
December 1913 he passed an examinat ion on the sec
ond-year mathemat ics . H e wro te as follows in a letter to 
his future wife Na ta l iya Vasil 'evna Shuiskaya: " I am 
therefore s tudying no t engineering, bu t pu re m a t h e m a t 
ics. D u r i n g the third term ( A p r i l - J u n e ) I will t ake a course 
on the theory of oscillations in physics and p robab ly also 
logic and in t roduct ion to ph i lo sophy" . In fact, for some 
reason he was listed formally as s tudying engineering and he 
complained: " I t looks silly tha t I am studying to be 'an 
engineer ' . M y interest is in pu re science only and a pract ical 
worker I will never be . . . At this stage I cannot change from 
engineering to universi ty [science]. I will t ry to do it next 
yea r" . 
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However , as in Russia , he was equally interested in 
social p rob lems , which he called 'poli t ies ' . H e a t tended 
polit ical meet ings and gather ings of socialists, became 
acquain ted with the life of the poor , read Russ ian l i terature 
forbidden in his own country , and studied M a r x ' s Kapital. 
Life was of great interest to h im in all its aspects. H e 
became closely acquain ted with s tudents from India and 
other countr ies . H e jo ined a socialist s tuden ts ' circle and the 
F a b i a n Society. H e earned some money by teaching 
Russ ian at courses of foreign languages (complaining 
tha t " this t ook up an e n o r m o u s a m o u n t of t i m e " ) and 
was preoccupied with m a n y other mat te rs . 

His own decisive judgement , par t icular ly sharp in his 
you th , led Igor ' Evgen'evich to this est imate of his teachers: 
"The re is no poin t in a t tending the lectures: one professor 
presents the subject at a level so e lementary as to be funny, 
ano ther slips up . . . so t h a t | the s tudents correct h im. In my 
opinion, only one professor deserves to be h e a r d " . 

T a m m was going to re turn to Russ ia and he asked abou t 
the possibili ty of jo in ing the ' M o s c o w Technical College ' 
(he asked whether his year in Ed inburgh would be counted) , 
bu t after his re turn at the beginning of summer 1914 he 
nevertheless jo ined the Phys icomathemat ica l D e p a r t m e n t of 
M o s c o w State Universi ty. This determined the whole of his 
professional life. 

This is not the place to describe all the r emarkab le 
events in the life of Igo r ' Evgen'evich, and the charac ter 
istics of his personal i ty , which manifested dur ing his 
universi ty years and in the years of the Civil War . f H e 
completed his studies at the Univers i ty at the end of 1917 
and only then he moved sharply away from politics (in 1917 
his poli t ical activities were so intense tha t he was even a 
Elisavetgrad delegate to the first All-Russia Congress of 
Soviets; his polit ical affiliation was with Menshevik In te r 
nat ional is ts , i.e. he was qui te close to the Bolsheviks. 
However , the October Revolu t ion largely repelled him 
from the Bolsheviks). 

The next few years were wasted in his scientific career. 
True , for a t ime he lectured at Simferopol Universi ty, where 
he associated with m a n y r emarkab le scientists (physicist 
Frenkel , ma themat i c i ans Smirnov and Krylov , biologists 
Gurvich and Lyubishchev, and others) . Then , in 1921 he 
went to Odessa to M a n d e l s t a m m (Mande l ' sh t am) , who 

f In his letters, Tamm abbreviates the Russian words 'kak ' ('as') and 
' tak ' ('so') to 'kk ' and 'tk', obviously to save time. Even when old, he 
walked rapidly in small steps as if he tried to overtake himself. 
% See, for example, a collection of papers entitled Reminiscences about 
I E Tamm (Moscow: Nauka , 1st edition 1981, 2nd edition 1986, 3rd 
edition, all in Russian). The third edition is supplemented by materials 
which, for a number of reasons, have been hitherto forbidden (in English: 
published by Nauka , Moscow, 1987). 
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later became his lifetime elder (by 16 years) friend and one 
can say a teacher. Before tha t the disorderly years of the 
Civil W a r were filled with much travelling, frequently very 
dangerous because war fronts had to be crossed. 

Only in 1921 in hungry and cold Odessa did T a m m 
really began his scientific activity. It is a suitable place n o w 
to depar t from the b iog raphy and say a few words abou t the 
posi t ion of physics in our coun t ry at the t ime. 

Before the Revolu t ion , our physics was on the whole 
weak. In chemistry there were such names as Mendeleev, 
But lerov; in ma themat i c s there were Lobachevsk i 
(Lobachevski i) , Ost rogradski i , Chebyshev, M a r k o v , 
L y a p u n o v ; in physiology we had Sechenov, Pavlov, and 
Ukh tomsk i i . However , in physics after L o m o n o s o v at the 
beginning of the nineteenth century, there was a soon-
forgotten Pet rov, then Lents and Yakob i , the inventor of 
rad io . P o p o v shone briefly, and a m o n g the mos t impor t an t 
were U m o v and Stoletov, little k n o w n in the West . The 
really r emarkab le physicist, Lebedev, had jus t became 
active. The poin t to stress is tha t Lebedev was no t just an 
excellent experimentalist , the first to observe and measure 
the pressure of light (which was work p robab ly of N o b e l 
Prize level). H e was a m a n who was always full of physics 
ideas and the first w h o , at the beginning of the twentieth 
century, founded in Russ ia a physics school of the same 
na tu re as those in Western Eu rope . H e fostered his pupils 
(Vavilov, Andreev , Arkad ' ev , and others) . However , in 
1911, together with over a hund red other professors of 
M o s c o w Universi ty , Lebedev left it as a protes t against the 
reforms of the Minis ter of Educa t ion Kas so , who greatly 
limited the t rad i t iona l universi ty a u t o n o m y in order to 
suppress revolu t ionary s tudent movements . 

This act ion (as usua l in Russia , the intelligentsia did no t 
dis tance itself from the liberal movemen t s and from social 
and polit ical p roblems) generally bled white the Univers i ty 
and was suicidal for universi ty physics. A year later, 
Lebedev died of a hear t disease at the age of 46 and 
physics at the Univers i ty withered, falling far behind the 
world level. Igor ' Evgen'evich recalled tha t the theory of 
electricity was presented by a certain professor who on 
reaching the Maxwel l equa t ions announced tha t this was a 
very complex theory and he would not deal with it. A few 
m o r e serious y o u n g lecturers (Andreev, Landsberg , and 
others) did no t set the tone . 

The si tuat ion in St Pe te rsburg was different: in 
1 9 0 7 - 1 9 1 2 an ou t s t and ing Aus t r i an theoret ician, Pau l 
Ehrenfest , was work ing there because there was no place 
for h im in his own country . A regular theoret ical seminar 
organised by Ehrenfest had an e n o r m o u s influence on the 
format ion of a group of young theoret ic ians and theore t 
ically educated experimental ists , which became obvious in 
full measure later, after the Revolu t ion . The remain ing 
physicists of the older generat ion were as conservat ive here 
as in Moscow. The exception to the rule was Khvo l ' son , 
whose five-volume course of physics no t only appeared in 
Russ ia in the form of several edit ions which were being 
cont inuously revised, bu t was also t rans la ted ab road . 

One could say tha t if Russ ia was 'p regnant with 
revolut ion ' , then Russ ian cul ture was 'p regnant with big 
science' . In physics there was a researcher Eichenwald, who 
demons t ra ted experimental ly the equivalence of the con
vection and conduct ion currents (Eichenwald effect), there 
was F e d o r o v who classified the crystal lographic symmetry 
g roup , and there was F r i e d m a n n (Fr idman) , who , however , 

pe rhaps should be regarded as an applied mathemat ic ian . 
F r i e d m a n n had just m a d e ( 1 9 2 2 - 2 3 ) an ou t s t and ing 
discovery in physics: he found nons t a t i ona ry solut ions in 
Einstein 's cosmology and thus proved the possibili ty tha t 
the Universe might be expanding. However , the absence of 
scientific schools was the p rob lem, with the only exception 
of the school of Lebedev, which soon fell apar t . 

Almost all the impor t an t physicists of the p re -Revolu-
t ion generat ion (with the possible exception of U m o v ) in 
their you th studied for m a n y years and worked ab road , 
a lmost exclusively in G e r m a n y which unt i l Hi t l e r ' s 
destruct ion of science was an u n d o u b t e d wor ld leader in 
na tu ra l sciences. F o r example, Lebedev studied under 
K u n d t , Koh l rausch , and Helmhol tz ; Ioffe studied 
under R o n t g e n ; and Eichenwald, Papaleksi , Rozhdes tven-
skii, Andreev , Goli tsin g radua ted from G e r m a n or Swiss 
universities or at least worked there for a few years after 
g radua t ing from Russ ian univerisities. After the Revo lu 
t ion, a lmost all of them established their own schools, 
organised insti tutes, etc. 

M a n d e l s t a m m was no t an exception. Dr iven out of the 
Odessa (Novorossi isk) Univers i ty for par t ic ipa t ion in a 
s tudent movement , he was s tudying from 1899 and then 
worked under B raun in St rasbourg , where he became a 
professor and his work gave him world recognit ion. H e 
re turned to Russ ia only in 1913. M a n d e l s t a m m had an 
e n o r m o u s influence on Igor ' Evgen'evich. It was under 
M a n d e l s t a m m ' s leadership tha t , at the age of 26, T a m m 
began his scientific work . 

• • • 

Igo r ' Evgen'evich was fully ready for such work . His 
ma themat i ca l t ra in ing was par t icular ly advanced. H e dem
ons t ra ted this when in 1 9 2 2 - 1 9 2 5 he publ ished his first 
three papers . 

The first brief paper , coau thored with M a n d e l s t a m m , 
was pr in ted after the others a b r o a d [1], bu t essentially it was 
a predecessor of m o r e extensive pape r s [2, 3], which were 
publ ished later and only in Russ ian . These invest igations of 
the e lectrodynamics of anisot ropic media in the theory of 
relativity were interest ing from the general and fundamenta l 
viewpoints . However , even n o w one does not encounter in 
the literal sense an anisot ropic b o d y moving at relativistic 
velocities. N o t surprisingly, these topics have no t been 
discussed in the l i terature for a long t ime. Only after a 
quar te r of a century did Jauch and W a t s o n become 
interested in the p rob lem and, u n a w a r e of the work of 
M a n d e l s t a m m and T a m m , reproduced some of the results 
of the latter [ 4 - 6 ] . 

In reality, these investigations do apply to qui te concrete 
physical p rob lems . The poin t is this: even in the case of 
isotropic media moving at a velocity \u\ ~ c a s i tuat ion 
arises which is of anisot ropic na tu re . F o r example, the 
permit t ivi ty e and the permeabi l i ty \i in the presence of 
spatial a n d / o r t empora l dispersion become (for example, in 
the case of a p lane wave) dependent not only on the 
frequency co and the wave vector k of the wave, bu t 
also on the ' an i so t rop ic ' combina t ion co — k'U. Therefore, 
the equa t ions of e lectrodynamics become effectively of the 
same n a t u r e as in the case of an anisot ropic medium. 
Ano the r example is a p lasma bunch moving relativistically 
in a magnet ic field. Such s i tuat ions can be tacked usefully 
employing the main result of M a n d e l s t a m m and T a m m [1]: 
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the Maxwel l equa t ions for the s t rengths of the electric and 
magnet ic fields E, H and their induct ions D, B are reduced 
to a single tensor equat ion . In the absence of field sources, 
this equat ion is 

where Fik(E, B) and Hji(D, H) are the usua l second-rank 
M i n k o w s k i tensors , and sijki is a four th- rank mater ia l 
tensor derived in a certain manne r from the componen t s e a 

and fia (a = 1, 2, and 3 a long the three axes) and the vector 
k. Consequent ly , the s t rengths can be replaced with the 
potent ia ls , the Green function can be found, etc., which 
greatly simplifies the p rob lem. A review of the whole of this 
s i tuat ion and the b ib l iography of an e n o r m o u s number 
(over 400) of publ ica t ions (up to 1975) on specific 
' an i so t rop ic ' relativistic p h e n o m e n a can be found in an 
extensive paper of Bolotovski i and Stolyarov [7], which 
also includes their own original work . 

However , a lmost all of this was done wi thout any 
reference to the work of M a n d e l s t a m m and T a m m . The 
first paper openly connected with their work was tha t of 
R y a z a n o v [8]. The work described above had been carried 
out by Igo r ' Evgen'evich a l ready in Moscow, where he went 
in 1922 since the si tuat ion had become somewhat m o r e 
n o r m a l after in t roduct ion of the N e w Economic Policy. 
However , he lived in a very unset t led manner . N o w tha t he 
had a family, he suppor ted it by b o t h lecturing at 
uninteres t ing higher educat ional establ ishments , wri t ing 
popu la r pape r s on physics, and t rans la t ing b o o k s . 

On the other hand , the si tuat ion in physics in the 
coun t ry as a whole was rapidly improving. In Pe t rograd 
(formerly St Petersburg , later called Leningrad) there were 
n o w major physics insti tutes of a kind never before found in 
Russia . This was, after all, the Physicotechnical Ins t i tu te 
organised by Ioffe, which became the nursery of m a n y other 
insti tutes tha t gradual ly developed from it, beginning in the 
thirt ies. Moreover , this did no t happen jus t in the nat ive city 
of the Physicotechnical Inst i tute . N e w insti tutes appeared in 
K h a r k o v , Dneprope t rovsk , Sverdlovsk (formerly Eka te r in 
burg) , and Tomsk . The kernels of these inst i tutes were 
complete t eams which were a lumni of the Ioffe Ins t i tu te (the 
K h a r k o v and Sverdlovsk insti tutes later became s t rong 
scientific centres). Ano the r major insti tute, Rozhdes tven-
skii 's Opt ical Inst i tute , worked largely on applied p rob lems 
(essentially, only because of this Ins t i tu te could an indust ry 
mass -manufac tur ing a very wide range of opt ical devices 
later appear out of nowhere) . However , the Optical 
Ins t i tu te combined this with research work on the mos t 
fundamenta l p rob lems in optics. It was no t accidental tha t 
apar t from Rozhdes tvenski i himself, the following phys 
icists worked there as well: F o k (Fock) , Vavilov, and 
Terenin. Finally, one should ment ion the X-ray and 
Radio logica l Ins t i tu te of Kh lop in where subsequent ly 
(1937) the first cyclotron in E u r o p e was commissioned. 

In M o s c o w such fast g rowth began somewhat later. A n 
impor t an t s t imulus was provided by M a n d e l s t a m m who 
went to M o s c o w in 1925 to head the Chai r of Theoret ical 
Physics at the Universi ty . Igo r ' Evgen'evich became an 
unestabl ished lecturer in the Physics D e p a r t m e n t back in 
1924 and in 1930 he succeeded M a n d e l s t a m m to the 
Theoret ical Physics Chair . The best pa r t of the old 
professorship jo ined M a n d e l s t a m m , as did also young 
assistants: A n d r o n o v , Vitt, Leontovich , Gorel ik , Kha ik in , 
Ry tov , etc. The invitat ion to M o s c o w came to M a n d e l 

s t amm after a long fight by these people against the old 
professors. A n impor t an t role was played here by the 
youngsters , who were enter ing the governing bodies of 
the Univers i ty and who had n o w a major influence ( among 
them especially active was the s tudent Andr ionov , who later 
became a member of the A c a d e m y of Sciences). A m o n g the 
teachers a major role was played by young Vavilov. 

However , physics was also developing in M o s c o w at 
new technical insti tutes, similar to tha t established by Ioffe 
in Leningrad , and repor t ing to the N a t i o n a l Commissar ia t 
(i.e. Minis t ry) of Heavy Indus t ry . The Electrical Engineer
ing Inst i tu te was established in this way and in the late 
twenties T a m m worked there in the Theoret ical or Physics 
Divisions, as well as at M o s c o w Universi ty . It is interesting 
to no te tha t his mos t impor t an t works on q u a n t u m theory 
of rad ia t ion [9, 10], described below, were publ ished as 
from this Inst i tute . 

Wel l -known specialists in optics began to work there at 
approximate ly the same t ime. They were F a b r i k a n t , 
Granovski i , and Vul ' fson, pupi ls of M a n d e l s t a m m and 
Landsberg . Other topics in physics were investigated, for 
example, under Predvodi te lev at the Hea t Technical 
Inst i tute , which was headed by a major and widely 
educated engineer, R a m z i n (later tried as the alleged 
head of a mythical ' P r o m p a r t y ' ) . 

The state suppor ted , as much as possible, the develop
ment of science and even directed funds (as can be seen from 
above) t h rough an industr ia l ministry. However , research 
ins t ruments were no t yet being p roduced in the country . 
Research team members (in 1930, I was one of them, then 
the auxil iary l abora to ry worker at the Hea t Technical 
Inst i tute) searched second-hand shops for damaged 
H a r t m a n n - B r a u n or S i e m e n s - H a l s k e ammeters and vol t 
meters , which could still be repaired, looked for objectives 
from old still and cine cameras , etc. W h e n M a n d e l s t a m m , 
who did not have a spectrometer with a sufficient resolving 
power , suggested to the Leningrad optics physicist Gross 
tha t he should try to detect the doublet splitting of an optical 
line as a result of scattering, which M a n d e l s t a m m predicted 
(this is k n o w n n o w as the M a n d e l s t a m m - B r i l l o u i n doublet ) , 
he sent h im (as a scatterer) pa r t of a crystal glass decanter , 
which was bough t in a second-hand shop. Physicists sent on 
official t r ips a b r o a d frequently bough t the necessary 
mater ia ls at their own expense. Na tura l ly , the state itself, 
a l though poor , bough t ins t ruments extensively ab road . 

In 1931 two pupi ls of M a n d e l s t a m m — A n d r o n o v 
and Gorel ik — together with their close colleagues in 
Leningrad — Grekhov , G a p o n o v , and o t h e r s — w e n t to 
N i z h n y N o v g o r o d and established there an inst i tute which 
has developed n o w a d a y s into a great complex of insti tutes, 
k n o w n to the scientific world . It should be stressed tha t all 
this spread (of people from Leningrad and from M o s c o w ) 
to the provinces was largely based on the civic unde r 
s tanding of the need to spread science from the capi tal to 
the whole country . The t rad i t ions of the Russ ian intelli
gentsia were still alive. These people had to overcome 
e n o r m o u s difficulties, bu t the job was done . 

The shor tage of equipment was being overcome slowly 
even in the early thirt ies. I saw with m y own eyes h o w 
initially empty cupboa rds began to fill at the Ins t i tu te of 
Physics of M o s c o w Universi ty. F o r example, eno rmous 
n u m b e r s of F I mi r ror ga lvanometers , m a d e at the Lenin
grad Physics Inst i tute , appeared at tha t t ime. H a l f of them 
failed to opera te a lmost from start , bu t with each year the 
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qual i ty improved. They were inexpensive and they worked . 
Opt ical ins t ruments also appeared . The const ruct ion of the 
cyclotron began in 1932 at the R a d i u m Inst i tute in 
Leningrad and even earlier a Van de Graaf f was started 
in K h a r k o v . The indust ry n o w fulfilled special orders . 

However , the living condi t ions of the scientists, pa r t i c 
ularly the y o u n g ones, cont inued to be ha rd for a long t ime. 
U p to 1935, Igor ' Evgen'evich lived in an ' a p a r t m e n t ' 
constructed from a stable at the Universi ty . The floor 
was at the g round level and the ' a p a r t m e n t ' was frequently 
flooded; the toilets were outs ide. However , this did no t 
embar rass us . Di rac , a friend of Igo r ' Evgen'evich, twice 
came to the Soviet U n i o n and lived in this ' apa r tmen t ' . 
There is a wel l -known account of Di rac ' s second visit. 
Embar rassed , Igo r ' Evgen'evich, rapidly and volubly 
apologising tha t no th ing had changed since Di rac ' s first 
visit, was answered by the precise and laconic Di rac as 
follows: " N o t h i n g changed? W e had to carry a candle last 
t ime and n o w you have an electric l a m p " . 

* * * 
W e must n o w re turn to T a m m ' s work dur ing this per iod. 

H e began his scientific work very late (for a theoret ician) , at 
the age of 26, bu t he worked very intensively. Initially, after 
the paper s discussed above [ 1 - 3 ] , there were few other 
pape r s still based on the old Bohr q u a n t u m theory (before 
the appearance of q u a n t u m mechanics) which were not of 
great impor tance . However , one should ment ion a pape r on 
the pa ramagne t i sm of a t o m s [11] in which the cont r ibu t ion 
of the orbi ta l m o m e n t a was considered for the first t ime. 
This result na tura l ly remains valid even now, bu t is regarded 
as elementary. The work repor ted in Ref. [12] suffered a 
different fate: in this case Igo r ' Evgen'evich tried to find a 
general quant i ta t ive criterion of the validity of the cor re 
spondence principle, which then was the only me thod for the 
calculat ion of the p h e n o m e n a in e lectrodynamics based on 
q u a n t u m ideas, and he calculated the intensities of a tomic 
spectral lines. The work sent to press on 15th June 1925 was 
basically too late. The appearance of q u a n t u m mechanics 
m a d e it unnecessary. However , we shall tu rn to the 
cor respondence principle again. Final ly, dur ing these years 
he worked on his course Fundamentals of the Theory of 
Electricity, which appeared first in 1929. This course, 
r emarkab le for the clarity of its physics, became very 
popu la r . It went t h rough m a n y edit ions, each a lmost 
always supplemented and reworked dur ing the life of 
Igo r ' Evgen'evich. The course cont inued to be publ ished 
also after his death . In view of the above descript ion of the 
level of teaching of the theory of electricity in the p re -
Revolu t ion M o s c o w Universi ty, it is no t difficult to u n d e r 
s tand h o w refreshing and revolut ionising was the role played 
by this book . The course is still valuable today . 

In a sense, the tu rn ing poin t in the life of Igor ' 
Evgen'evich came in 1928, when as an established scientist 
he went a b r o a d for half a year. H e visited Born at 
Got t ingen , bu t he spent most of his t ime with Ehrenfest 
in Leiden. Here , he fully embraced q u a n t u m mechanics 
which had jus t been p roposed and established close 
re la t ionships with Ehrenfest , w h o m he regarded highly, 
and with Di rac who came to Leiden. 

T a m m went h o m e and finished work , which he started 
in Leiden, on the e lectrodynamics of a spinning electron 
[13]. It would be difficult to unde r s t and n o w why in 
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1 9 2 8 - 2 9 , when q u a n t u m mechanics and the Di rac theory 
of an electron with spin were a l ready in existence, it was 
necessary to develop a complex relativistic n o n q u a n t u m 
theory of the magnet ic m o m e n t of an electron. However , 
the very fact tha t this work was done mainly at Leiden and 
tha t acknowledgement was m a d e to Ehrenfest and F o k k e r 
'for m a n y valuable discussions ' shows tha t the p rob lem of 
the cor respondence between the D i r ac theory of spin and 
the classical p ic ture of a spinning charge was regarded as 
topical by the best physicists of the t ime. 

Igo r ' Evgen'evich was devoted to physics in an all-
absorb ing manne r . W h e n at tha t t ime his interests tu rned to 
the unified field theory of Einstein, he publ ished in 1929 
a lone five (!) communica t ions (two of them coau thored with 
Leontovich) . The aim was to explain the behaviour , in this 
theory, of a D i r ac electron and, m o r e widely, to t ry to show, 
as he writes in the first of these communica t ions , " tha t the 
new Einstein field theory has certain quan tum-mechan ica l 
fea tures" . In par t icular , T a m m tried to determine whether 
the field of a charged part icle is spherically symmetr ic in the 
unified field theory. 

However , this work , which required much t ime and 
effort, as well as complex ma themat ica l p rocedures , 
suffered a bad fate. The unified field theory — in which 
Einstein tried to unify electromagnet ic and gravi ta t ional 
fields in the same way as the electromagnet ic field unifies 
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electric and magnet ic fields, and to which Einstein devoted 
the last three decades of his life — failed to solve the 
p rob lem. W e n o w k n o w why this was so: e lectromagnet ism 
should be included in the unified theory together with weak 
(as well as s t rong) interact ions, which were no t yet k n o w n . 
Practically the whole physics world then regarded Eins te in ' s 
s tubbornness as a peculiari ty permissible to a genius. It 
t ook several decades for Eins te in ' s idee fixe to be reborn at 
a new level and become a generally accepted key p rob lem. 

Summar is ing this stage of the first eight years of serious 
work of Igor ' Evgen'evich in theoret ical physics, when he 
demons t ra ted his high ' technical ' professionalism and 
knowledge of subjects, one must admit tha t it did no t 
br ing h im real success. Of course, one must no t forget his 
excellent course on the theory of electricity. Nevertheless , 
there were no perceptible scientific results. 

Here , Igor ' Evgen'evich makes a sharp tu rn in his 
research. H e moved away from considerat ion of the 
most general p rob lems (relativistic e lectrodynamics of 
anisot ropic bodies , limits of validity of the cor respondence 
me thod , and unified field theory) to a s tudy of specific 
p h e n o m e n a within the f ramework of q u a n t u m mechanics . 
In a few years he obta ined very significant results. 

H e was close to M a n d e l s t a m m , to Landsberg , who was 
almost his age, and to the younger friend Leontovich . This 
had a direct influence on the selection of the subject of the 
first work done dur ing this per iod [9]. These physicists 
began to s tudy in a very fundamenta l way the scattering of 
light in solids b o t h experimental ly and within the frame
work of the classical theory in which this p h e n o m e n o n is 
regarded as the scat tering of an opt ical wave by elastic 
v ibra t ions of a crystal. It was a l ready fully unde r s tood tha t 
the frequency of the scattered light could be higher or lower 
t han the initial frequency. Igo r ' Evgen'evich provided a 
q u a n t u m theory of the process, bu t the impor tance of this 
work goes well beyond a simply consistent theory of a 
specific process . H e quant ised elastic v ibra t ions by analogy 
with the quant i sa t ion of an electromagnet ic field carried out 
by Heisenberg and Pauli . As a result, he represented 
collective v ibra t ions of the lattice part icles as a gas of 
'elastic q u a n t a ' regarded as quasipart icles, each of which 
includes the mot ion of all the part icles in the crystal lattice. 
F renke l suggested tha t they should be called p h o n o n s . The 
specific formulas obta ined also revealed some depar tu re 
from the results of the classical theory. They were 
confirmed immediate ly by the exper iments of Landsbe rg 
and M a n d e l s t a m m . 

However , the main poin t is tha t for the first t ime in 
physics the mo t ion of m a n y interact ing part icles was 
reduced to the behaviour of a gas of quasipart icles. It is 
difficult to exaggerate the impor tance of this s t e p . | After 
all, since then the var ious quasipart icles, and in par t icular 
p h o n o n s , have become such a fixed feature of physics and a 
generally accepted concept tha t any specialist physics or 
general encyclopaedia under the headings ' p h o n o n ' or 
'qua sip art icle ' will fail even to ment ion tha t they were 
in t roduced into physics by T a m m in Ref. [9]. 

Immedia te ly af terwards ano ther impor t an t work was 
publ ished by Igo r ' Evgen'evich on the scattering of light by 
a free electron, i.e. a theory of the C o m p t o n effect [10]. This 
is again a par t icular process, bu t once m o r e the results are 
of fundamenta l theoret ical impor tance . 

f See the paper of Savrasov and Maksimov in the present issue. 

This impor tance arises from the fact tha t up to the late 
twenties the major i ty of leading physicists had been 
assuming tha t in calculat ion of q u a n t u m elect rodynamic 
processes it is sufficient to quant ise the mo t ion of electrons 
and to consider their interact ion with the field in accor
dance with the cor respondence principle. F o r example, the 
m u t u a l scattering of two electrons, when one goes over 
from a state i A i ( r i ) to a state iAi( r i )> a n d the other goes 
over from state ^2(^2) to state ^/\{r2) is dealt with as 
follows: let us construct the charge densities for the 
t rans i t ion pf= e^{r\)^f\{rx) and = e^2*(r2)^?(r2) 
together with the t ransi t ion currents j^=ei//\ {ri)a\j/\{r{) 
and = e\j/{ (r^axfyfa). Accord ing to pe r tu rba t ion 
theory, considered in the lowest order in respect of the 
charge, the scattering ampl i tude is then (M oiler formula) : 

J h - r 2 l 
(a are the D i r ac matr ices; const is a wel l -known factor). 
Here , second quant i sa t ion is completely unnecessary. (Even 
L a n d a u held this view right up to the last war .) 

Similar considera t ions yield the t rans i t ion ampl i tudes 
for other processes. However , the justification for this 
app roach is in doub t . Moreover , even at tha t t ime there 
were k n o w n cases when this app roach gives different results 
in different specific appl icat ions. Igor ' Evgen'evich himself 
referred in Ref. [10] to the difference between the results of 
Schrodinger and Klein, who dealt with the R a m a n scat ter
ing of light by a toms . 

Therefore, Igor ' Evgen'evich reviewed the p rob lem of 
the C o m p t o n effect and quant ised the field consistently in 
accordance with Paul i and Heisenberg, i.e. he applied 
second quant i sa t ion . His final formula was identical with 
tha t ob ta ined by Klein and Nish ina a year earlier by 
applying the cor respondence principle. It would seem 
tha t T a m m simply confirmed their result and tha t his 
work belongs to the category which L a n d a u called con
temptuous ly 'Verklarungen u n d N e u b e g r u n d u n g e n ' 
(explanat ions and new derivations) . However , this would 
be completely wrong . The cor respondence principle 
involves only the initial and final states of the particles, 
whereas in termedia te states are considered in second 
quant i sa t ion . Igo r ' Evgen'evich discovered tha t in termedi
ate states, in which a D i rac electron is in a state with a 
negative energy, p lay a fundamenta l role. Even in the 
limiting case of the scattering of long (infrared) wave-
legths, when the result is the classical T h o m s o n formula, 
these negative-energy states are absolutely essential. 

It should be ment ioned tha t at tha t t ime the existence of 
the negative-energy states in Di rac ' s theory was a headache 
to physicists. After all, this theory predicts tha t all the real 
electrons with a posit ive energy should drop to a level with 
an infinitely large negative energy. As is known , D i r ac 
himself suggested an improvement in the si tuat ion by filling 
all the levels with negative energies by electrons, so tha t the 
observed objects can only be the 'holes ' in this b a c k g r o u n d 
and they would have the p rope r ty of positively charged 
part icles. Essentially, this was a predict ion of the existence 
of pos i t rons , bu t they were discovered later in 1932 and at 
the t ime b o t h D i r ac and T a m m assumed tha t the holes were 
p ro tons , a l though in fact the mass of a hole should be equal 
to the mass of an electron. The major i ty of theoret ic ians 
regarded the filled b a c k g r o u n d and the holes to be an 
absurdi ty . 
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In this foggy a tmosphere m a n y found it to be absolutely 
essential to banish somehow the negative-energy states from 
Di rac ' s theory. Therefore, the result of Igor ' Evgen'evich 
was of e n o r m o u s impor tance . H e destroyed the hop e for the 
ban i shment of negative energies. 

In the same paper , Igo r ' Evgen'evich considered the 
probabi l i ty of annihi la t ion of an electron and a hole, which 
he again assumed to be a p ro ton , and discovered a new 
serious difficulty; an electron in an a tom should become 
annihi la ted by interact ion with a nuclear p r o t o n in a 
negligibly short t ime of ~ 1 0 - 3 s. Only two years later, 
when the pos i t ron was discovered, this formula helped to 
m a k e clear why pos i t rons are so difficult to observe under 
terrestr ial condi t ions: when they reach a med ium with a 
large number of electrons, they become very rapidly 
annihi la ted by interact ion with electrons. 

The instructive poin t of the his tory of this paper was tha t 
b o t h T a m m and Di rac regarded their ' terr ible ' conclusion on 
the fast annihi la t ion of an electron with a p r o t o n in its own 
a tom only as a theoret ical 'difficulty', bu t no t a ca tas t rophe . 
A n ord inary theoret ician not work ing at such a high level 
would not have dared to look so calmly at this result, which 
seemed to m a k e the whole theory useless. However , b o t h 
D i r ac and T a m m saw in this theory a convincing h a r m o n y 
and beauty , and no t only a successful explanat ion of the spin, 
so tha t difficulties of this k ind did no t disturb them. 

A specific event is related to this paper and pe rhaps we 
should digress to describe it. A letter from T a m m to 
Ehrenfest of 24th F e b r u a r y 1930 has been preserved. It 
follows from this letter tha t Igor ' Evgen'evich had initially 
sent the paper with a small error . He re is an excerpt from 
this letter: 

" D e a r Pavel Sigizmundovich! I am sure you have 
received m y telegram. I am very, very ashamed . As I 
wro te to you, I checked m y calculat ions three t imes 
before sending you the note . Then I sat down to wri te 
the paper in full for publ ica t ion and, as always, I 
derived everything again wi thout looking at wha t was 
wri t ten. A n d n o w I found tha t r ight at the beginning I 
everywhere gave the w r o n g sign to the sine! If all this is 
correct, then the final formula does no t differ in any 
way from the K l e i n - N i s h i n a formula! 

" T h e whole s tory is especially painful, because I have 
n o w been able to carry out calculat ions in an elegant form 
which I find pleasing. If these calculat ions are modified only 
slightly, it is possible to calculate — for example — the 
probabi l i ty of a spon taneous t ransi t ion of an electron 
from a state with a posit ive energy to a negative-energy 
state. I am work ing on this at present and will finish the 
work in a few days. 

"I find it terrible tha t I am tu rn ing to you for the second 
t ime with a request to publ ish and the second t ime with such 
errors (last year I did no t symmetrise the wave equa t ion) . . . 

" Y o u r s sincerely, Igor T a m m 
" P . S. Na tu ra l ly , all tha t I said abou t the dominan t role 

of t rans i t ions via a negative-energy state remains valid. Igor 
T a m m " . 

In m y reminiscences abou t Igo r ' Evgen'evich (see the 
footnote on the first page of this paper ) I wro te tha t he did 
no t publ ish a single paper with an error (he pu t forward 
hypotheses , which were no t confirmed experimental ly and 
were addressed pr imar i ly to experimentalists) and tha t he 
used to submit only very carefully and repeatedly checked 
manuscr ip t s . However , there were obviously m o m e n t s when 

he avoided publ icat ion with an error at the last possible 
mo men t . It is evident from this letter tha t the corrected 
paper was supplemented, in par t icular , by a formula for the 
annihi la t ion cross section. 

Two m o r e specific communica t ions by T a m m were 
devoted to Di rac ' s theory of the electron: in 1930, on 
the scat tering of light by two electrons, and in 1934, after 
the discovery of the pos i t ron , on the density matr ices in 
Di rac ' s theory (instead of the n a m e of the inst i tute where 
the work was carried out , T a m m wrote : "Teberda , 
C a u c a s u s " , i.e. the work was carried out dur ing a hol iday 
in a m o u n t a i n resort [14]). 

In 1931, T a m m travelled to work in Cambr idge with 
Di rac , w h o m he called a genius and w h o m he admired . On 
the way there, he visited Ehrenfest in Leiden, and on his way 
back he met J o r d a n in Ros tock . The contact with D i r ac 
developed into a t rue friendship. In a letter to M a n d e l s t a m m , 
Igo r 'Evgen ' ev ich wrote : " I feel very well in Cambr idge . . . In 
the scientific sphere . . . the most interest ing is a new work of 
D i r ac finished 'in front of m y e y e s ' . . . H e demons t ra tes tha t 
the existence of isolated magnet ic poles is possible in 
q u a n t u m m e c h a n i c s " . Igor ' Evgen'evich adds in this 
connect ion tha t he "wro te a ma themat i ca l (sic!) work , 
repor t ing an investigation of amus ing proper t ies of the 
eigenfunction of an electron in the field of a magnet ic 
p o l e " . T a m m means here his paper cited as Ref. [15]. 

D i r ac t augh t T a m m to drive a car and they went to 
Scot land where at a suitable place Igo r ' Evgen'evich 
in t roduced D i r ac to mounta inee r ing (before tha t " A s a 
pre l iminary course, I personal ly climbed trees with h i m " , as 
he writes in the same letter). Later , when Di r ac came to the 
Soviet U n i o n , T a m m went mounta inee r ing with D i r ac in 
the Caucasus . 

However , let us n o w re turn to physics. 
After his work on the scattering of light and on D i r a c ' s 

theory of the electron, Igor ' Evgen'evich tackled a new topic 
which was just emerging: this was the q u a n t u m theory of 
metals . H e investigated three impor t an t p rob lems . 

Firs t , in 1931 together with Shubin, a pupi l of 
M a n d e l s t a m m and an exceptionally ta lented theoret ic ian 
(who was arrested in 1937 and killed a year later), he 
p roposed a theory of the photoelect r ic effect in metals . This 
work became a classic and the s tar t ing poin t for m a n y 
subsequent invest igations by other workers . Two different 
physical bases for the two componen t s of the effect were 
clearly dist inguished: the surface effect, i.e. the knock ing 
out of an electron from a surface layer in which the main 
role is played by a j u m p of the poten t ia l at the m e t a l - a i r 
interface, and the bulk effect, i.e. the knock ing out of the 
conduct ion electrons (Bloch waves) moving inside the 
metal . On his way to Cambr idge , Igo r ' Evgen'evich 
presented this work in a lecture in Leiden [16]. 

Second, together with his s tudent Blokhintsev, he 
repor ted an investigation of the work function of electrons 
emitted from a meta l [17]. 

Final ly, the third and pe rhaps the most impor t an t in this 
cycle was T a m m ' s discovery of the possibili ty of existence of 
special surface states of electrons in a meta l . The electrons 
in these states cannot escape outs ide or enter the interior of 
the meta l [18]. These ' T a m m levels' , as they have since been 
called, p roved to be exceptionally impor t an t in the physics 
of surface p h e n o m e n a and, a quar te r of a century later, in 
t ransis tor technology, etc. By the sixties this topic grew so 
much tha t it meri ted a review b o o k by Dav i son and Levin 
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entitled "Surface s t a t e s " [19], publ ished in Russ ian t rans la 
t ion in 1 9 7 3 . | 

Final ly, ending this per iod in 1933, I mus t ment ion tha t 
Igo r ' Evgen'evich for the first t ime turned to the m e t h o d 
ological p rob lems of physics in a phi losophical j o u r n a l [20]. 
H e defended the new physics, i.e. the theory of relativity 
and q u a n t u m mechanics , from ignorant a t tacks of pa r t y 
phi losophers and conservative physicists, who called t h e m 
selves Marxis t s . Igor ' Evgen'evich explained to them the 
t rue mean ing of this new stage in the development of 
science, bu t he was rewarded only with naked ha t red which 
fixed his repu ta t ion as a 'bourgeois idealist ' . This repu ta t ion 
was the reason why he later encountered much dangerous 
unpleasantness . 

* * * 
Let us pause for a m o m e n t and consider the si tuat ion in 

physics at this t ime, which was at a tu rn ing poin t bo th on 
the world scene and in our country . 

In the wor ld dimension the year 1932 saw the exper
imenta l discovery of the pos i t ron (which confirmed 
strikingly Di rac ' s predict ions, s t rengthening the au thor i ty 
of q u a n t u m mechanics and theoret ical physics in general) , 
and of the neu t ron (it became clear accordingly tha t the 
nucleus consists of p r o t o n s and neu t rons , which opened up 
a new era of nuclear physics). In Apr i l of tha t year, 
Cockcroft and Wal ton used a high-vol tage accelerator 
which they built to split, for the first t ime, a tomic nuclei 
by accelerated p ro tons . All this (and m a n y other successes 
of physics) changed the whole research a tmosphere and 
initiated rapid growth of the scale of research. This change 
is described well in the novel of Mitchel l Wilson (physicist by 
educat ion) called Life with Lightning (for some inconceiv
able reason entitled in the Russ ian t rans la t ion Life in a Fog). 

In our count ry this coincided with the per iod of 
t r ans format ion of physics into an advanced b ranch of 
science which has acquired in terna t ional recognit ion. By 
tha t t ime we could boas t of several discoveries of the kind 
tha t would deserve N o b e l prizes. F o r example, in 1928, 
Landsbe rg and M a n d e l s t a m m discovered the R a m a n 
scattering of light in crystals, usual ly k n o w n by this 
n a m e because R a m a n observed it in India and repor ted 
this by telegram to Nature three m o n t h s before Landsbe rg 
and M a n d e l s t a m m sent their paper for publ ica t ion, and it 
was R a m a n who received the N o b e l Prize.f. This delay 

f Enormous numbers of experimental and theoretical investigations of 
the multiplicity of the physical phenomena published so far are rooted in 
Tamm's surface levels, but of course the treatment is now much more 
complex and there is a greater variety of these phenomena. One example 
of this is the paper by Volkov in the present issue. 

% In fact, Landsberg and Mandelstamm observed the effect even a little 
earlier than did Raman , but they took a long time to check further their 
experiments. For these and other reasons, they delayed sending their 
manuscript [for details, seeFabelinskii I L Sov. Phys. Usp. 21 780 (1978)]. 
For a long time it was thought in our country that Soviet scientists were 
excluded from consideration for the Nobel Prizes because of the anti-
Soviet attitude of the Nobel Committee (and that Born resigned from the 
Committee by way of protest). This attitude could have been a serious 
factor, but now the situation looks simpler because, in accordance with 
the rules of the Committee, all the confidential documents were published 
after more than 50 years from the events in question. It turned out that in 
1929, nobody recommended Landsberg and Mandelstamm, whereas 
Raman was nominated by two outstanding physicists, including Bohr. 

p roved decisive, a l though R a m a n ' s unde r s t and ing of the 
effect he observed was less complete t han tha t of Landsbe rg 
and M a n d e l s t a m m who accounted clearly for the physics of 
the effect. 

Moreover , in 1927, Skobel ' tsyn discovered, at the 
Leningrad Physicotechnical Inst i tute , tha t cosmic rays 
observed on the surface of the E a r t h were high-energy 
electrons (and, therefore, could not be, for example, 
p roduc t s of radioact ive impuri t ies in the a tmosphere ) 
and in 1929 he proved tha t they arrived in the form of 
showers of electrons (it is interest ing to no te tha t up to tha t 
t ime the abst ract j o u r n a l Physikalische Berichte classified 
work on cosmic rays in the geophysics section). This 
discovery can be regarded as the beginning of high-energy 
physics. However , the N o b e l Prize went to Wal ther Bothe , 
who confirmed this result by ano ther me thod , using a 
system of counters connected to a coincidence circuit, 
instead of observat ions in a Wilson chamber , as was 
done by Skobel ' t syn. It is interest ing tha t the Prize was 
formally awarded specifically for the me thod . 

In 1 9 2 6 - 3 2 , Semenov (initially work ing with K h a r i t o n ) 
discovered branched-cha in chemical react ions and a quar te r 
of a century later he received the N o b e l Prize for this 
discovery jo int ly with Cyril Hinshe lwood . 

Final ly, somewhat later in 1933, Vavilov and Cherenkov 
observed unusua l emission of light by electrons in a 
med ium, n o w k n o w n by their names (their results were 
publ ished in 1934), which was explained several years later 
by T a m m and F r a n k . A quar te r of a century later they also 
received the N o b e l Prize. 

In addi t ion, much other r emarkab le work was done . 
I shall quo te just a few examples. Leontovich and 
M a n d e l s t a m m demons t ra ted theoretical ly tha t q u a n t u m 
mechanics predicts the possibili ty of the tunnel effect 
and explained all its main proper t ies . G e o r g e G a m o w 
used this effect to develop his theory of a decay of 
nuclei. A Van de Graaf f accelerator was constructed at 
the K h a r k o v Physicotechnical Ins t i tu te and it was used (in 
the same year 1932 which saw the discovery of Cockcroft 
and Wal ton ) by Val ' ter , Latyshev, Leipunski i and SinePni-
kov (all y o u n g scientists) to repeat the experiment on the 
splitting of the nucleus. One could ment ion also other 
impor t an t work . 

All this is evidence tha t in the early thirt ies there existed 
a new generat ion of theoret ic ians ( including the still y o u n g 
L a n d a u ) and experimental ists , b rough t up within one 
decade, able to p roduce work at world level. Even greater 
n u m b e r s of such high-level pape r s appeared in the years 
immediately after. The schools created by scientists of the 
older generat ion, ment ioned above, gave bi r th to other new 
schools. 

At the same t ime, as I ment ioned earlier, scientific 
ins t rument p roduc t ion was being established. N e w insti
tutes multiplied rapidly. Earlier pape r s were t radi t ional ly 
sent to Zeitschrift fur Physik and Physikalische Zeitschrift, 

However, the Prize was awarded to de Broglie. Next year, in 1930, 
both our scientists were put foward by Khvol 'son while Mandels tamm 
was additionally supported by Papaleksi, whereas Raman ' s candidature 
was supported by many more well-known physicists. This was probably 
decisive. Raman received the Prize. In simple words, our physics did not 
yet have sufficient authority abroad. Moreover, the procedure for putt ing 
forward a candidate, as is well known, requires special 'organisational 
activity' on behalf of the candidate. 
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I E Tamm with Paul Dirac (Caucasus, 1936) 

where they were rapidly publ ished. Besides we h a d only the 
Zhurnal Russkogo Fiziko -Khimicheskog o Obshchestva where 
paper s were publ ished in Russ ian after a delay (of up to one 
year) . However , in 1931 an in terna t ional j o u r n a l 
Physikalische Zeitschrift der Sowjetunion was started in 
K h a r k o v and pape r s were publ ished rapidly in G e r m a n , 
English, and F rench . True , this j o u r n a l was most ly only 
nominal ly ' in te rna t iona l ' ; nevertheless, pape r s appeared 
there also by foreign au thors , even by Di rac . The main 
poin t was tha t Soviet work n o w had a direct channel 
a b r o a d and the new j o u r n a l was read there. 

A n In te rna t iona l Conference on Theoret ica l Physics was 
held in 1934 in K h a r k o v with just 30 at tendees . However , 
they included Bohr , Rosenfeld, Waller, and G o r d o n (of the 
K l e i n - G o r d o n equat ion) , a to ta l of 8 foreigners. The 
interest in our science was growing. 

Only a few years before the simple fact of the existence 
of physics research in our coun t ry was no t widely k n o w n . I 
can quo te here my own example. I grew up and went to 
school in central Moscow. I was a t t rac ted to physics and I 
visited the R u m y a n t s e v (later Lenin) L ibra ry to read b o o k s 
describing the work of Einstein, Bohr , and Ruther fo rd . I 
was certain tha t research was only for people of genius and 
no t for o rd inary people . W h e n I finished school I applied to 
a chemical inst i tute, which at least dealt with e lectrochem
istry. W h e n next year (1930) I learned of the existence of a 
physics depa r tmen t abou t a k i lometre from m y school and 
jo ined it, some acquain tances of my pa ren t s asked whether 
physics was physical t ra ining. 

Such ignorance d isappeared soon. The announcemen t 
abou t the splitting of the a tomic nucleus in K h a r k o v was 
pr in ted in Pravda on the first page as the main news of the 

day in the form of a " R e p o r t to C o m r a d e Sta l in" , as a 
major achievement of Soviet science. Knowledge of physics 
grew rapidly. 

• • • 

The scientific revolut ion of 1932 sent also Igor ' 
Evgen'evich in a new direction. H e switched to nuclear 
physics. 

The fate of his first work in this field (carried out jo int ly 
with his pos tg radua t e s tudent Al ' t shuler) is interesting: in 
this work an analysis of the exper imental da ta on the 
magnet ic m o m e n t of the nuclei was used to conclude tha t a 
neu t ra l part icle (neut ron) had a magnet ic m o m e n t . It is n o w 
very difficult to unde r s t and why this minor work a t t rac ted 
such very great condemna t ion at the K h a r k o v Conference 
on Theoret ical Physics, ment ioned above and held in 1934. 
This was because at the t ime it was regarded as self-evident 
tha t e lementary part icles are e lementary in the limiting 
sense and, therefore, are point- l ike. Moreover , some 
au tho r s were of the opinion tha t a part icle cannot be 
no t point- l ike because then the interact ion in a collision 
would have travelled across the part icle at a velocity 
exceeding tha t of light. In other words , a nonpo in t part icle 
was regarded implicitly as undeformable and absolutely 
ha rd . Therefore, there was no possibili ty tha t within a 
neu t ra l part icle there could be a nonzero charge or current 
dis t r ibut ion, which would give rise to a part icle which is 
neu t ra l only as a whole . However , Igor ' Evgen'evich did no t 
regard these objections as convincing a rgumen t s and he 
insisted on his in terpre ta t ion . N o t much t ime was needed 
before his view was accepted as correct. 
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Extensive and impor t an t work of T a m m on the n a t u r e 
of nuclear forces was of a very different character . 
Na tura l ly , the p r o t o n - n e u t r o n s t ructure of the nucleus 
raised the quest ion of the forces hold ing these part icles 
together . After all, at the t ime only gravi ta t ional and 
electromagnet ic forces were k n o w n . Even the very h y p o t h 
esis tha t there are some other forces seemed to be an 
improbab le bold fantasy. Igor ' Evgen'evich wro te thus in 
his paper : " . . . directly after the discovery of the neu t ron in 
1932, Heisenberg pu t forward the hypothesis tha t the 
interact ion of a p r o t o n with a neu t ron is due to an 
exchange of electric charge" . Please note , only the electric 
charge is ment ioned . N o t h i n g was k n o w n abou t the 
exchange mechanism. However , in 1934, F e r m i pu t for
ward his r emarkab le theory of (3-decay, as a process of 
emission of an e l e c t r o n - n e u t r i n o pair by a nucleon. This 
was sufficient for Igor ' Evgen'evich to suggest immediately 
tha t nucleons (actually this te rm was no t then yet used) 
interact by exchange of such pai rs and their ant ipairs . This 
was a hypothes is of the existence of completely new forces, 
addi t iona l to gravi ta t ion and electromagnet ism. T a m m 
immediately started calculat ions, cont inued them at night 
dur ing the K h a r k o v Conference, and obta ined a d iscourag
ing result: this exchange indeed represented a new type of 
force and, as required, of very short range decreasing 
with distance r as r - 5 , bu t the force was too weak by 
m a n y orders of magn i tude to account for the stability of 
nuclei. Igo r ' Evgen'evich publ ished his formula for the 
interact ion poten t ia l V = ar~5 in the form of a letter to 
Nature [21] and he was extremely u n h a p p y abou t his 
fa i lure . ! In this formula the constant a is p ropo r t i ona l 
to the square of the (3-decay constant g (i.e. as we would 
say now, the square of the weak- in terac t ion charge) and the 
formula applies when r <̂  H/mc, where m is the mass of an 
electron, i.e. if r < 1 0 ~ 1 3 cm, we have V(r) oc g2r~5. 

In the next two years T a m m searched unsuccessfully for 
other ways of implementa t ion of his concept . W h e n in 1935 
K o n o p i n s k i and Uhlenbeck pu t forward a modif icat ion of 
the F e r m i (3-decay theory [23], Igo r ' Evgen'evich grasped this 
var iant , which for a year or two charmed some physicists by 
the fact tha t it seemed to describe bet ter the (3-ray spectra. In 
this var iant the forces tu rned out to be several orders of 
magn i tude greater t han required. In an extensive paper , 
publ ished in 1936, T a m m showed [24] tha t the required force 
can be ob ta ined as a linear combina t ion of the two var iants . 
But the actual app roach of K o n o p i n s k i and Uhlenbeck 
admi ts the possibili ty of m a n y var ian ts so tha t Igor ' 
Evgen'evich ends his paper with a melancholy sentence: 
"I t seems senseless to investigate further the e n o r m o u s range 
of possibilities of this k ind wi thout knowledge of some 
general principles, which have no t yet been d iscovered" . I 
r emember his feelings at the t ime. H e sent his paper for 
publ ica t ion unwillingly. 

However , he was wrong . Firs t , in fact the " e n o r m o u s 
range of poss ibi l i t ies" which the var ian ts of the theory of 
K o n o p i n s k i and Uhlenbeck provided disappeared very 
soon. Righ t from the beginning this theory met with 
fundamenta l objections of m a n y theoret ic ians . The inter
action Hami l ton i an of this theory conta ins te rms with 
higher-order derivatives (of the opera tor wave function) 

f Ivanenko also published a letter in Nature in the same issue [22]: he put 
forward exactly the same exchange concept, but without any formulas, 
calculations, quantitative results, or even estimates. 

with respect to t ime. This is no t permissible, because then 
the change in the wave function with t ime is no t govened by 
its value at m o m e n t 'zero ' , bu t requires knowledge at the 
same m o m e n t of the t ime derivatives of this function. This 
is in conflict with fundamenta l principles of q u a n t u m 
mechanics . 

Second, it soon became clear tha t the experimental ly 
observed deviat ion of the (3-ray spectra from predic t ions of 
the initial F e r m i theory can be explained excellently by the 
superposi t ion of several (3-ray spectra and by the cascade 
decay of radioact ive nuclei. Therefore, the initial var iant 
(i.e. tha t based on the F e r m i (3-decay theory) of the T a m m 
theory of (3 forces describes real weak forces between 
nucleons (these forces were detected experimental ly several 
decades later), bu t these forces do no t determine the 
stability of nuclei. 

Very soon, in 1935, Y u k a w a quoted directly T a m m ' s 
work and pu t forward a bold idea, according to which the 
nuclear forces are due to exchange with an as yet u n k n o w n 
hypothet ica l part icle with a mass o f - 3 0 0 M e V c " 2 , which 
he called the meson. W e n o w k n o w tha t this part icle is the 
p ion . The s tar t ing poin t in Y u k a w a ' s work was Igor ' 
Evgen 'evich 's idea of interpart icle forces due to exchange 
of part icles with a finite mass . 

Thus , over a per iod of some six or seven years, T a m m 
publ ished three series of papers : on the scattering of light by 
solids ( in t roducing the concept of a quasipart ic le in the 
form of the p h o n o n ) and by electrons (including the 
e l e c t r o n - h o l e annihi la t ion, demons t ra t ing the inevitability 
of for the Di rac negative-energy levels); on q u a n t u m theory 
of metals (predict ing the existence of the surface ' T a m m 
levels' and explaining for the photoelect r ic effect in metals) ; 
on nuclear physics (put t ing forward the idea tha t the 
neu t ron has a magnet ic m o m e n t and, most impor tan t , 
p ropos ing a theory of nuclear (3 forces). This range of 
work immediate ly gave him the recognit ion and respect of 
the world communi ty of physicists. I was told by Bruno 
Pontecorvo tha t F e r m i had a great regard for T a m m . D i r ac 
was T a m m ' s friend and worked with him. Ehrenfest 
suggested tha t he be his successor for a professorship 
which was held by Loren tz before Ehrenfest . Our own 
physicists also recognised his work : in 1933, Igor ' 
Evgen'evich was elected Cor re spond ing M e m b e r of the 
U S S R A c a d e m y of Sciences, he established good re la t ion
ships with L a n d a u and F o k (Fock) , and an old friendship 
linked him with Frenke l . But he also gained a repu ta t ion of 
a 'bourgeois idealist ' a m o n g our 'Marx i s t ' physicists and 
react ionaries . 

It seemed very na tu ra l tha t , when Vavilov organised 
(after the Academy of Sciences of the U S S R was relocated 
to M o s c o w in 1934) the Lebedev Physics Ins t i tu te and 
invited there the best M o s c o w physicists, one of them 
should be Igor ' Evgen'evich who organised and headed 
the Theoret ical Division of the Inst i tute . This was the 
posi t ion he occupied unt i l after his death . The Division 
is n o w named after T a m m . Very soon Igo r ' Evgen'evich 
transferred his weekly seminar from the Univers i ty to the 
Lebedev Inst i tu te and concent ra ted his activity there. 

• • • 

A completely new event occurred at tha t t ime. In 1933, 
Cherenkov , an exceptionally careful and t h o ro u gh exper
imentalist and a pos tg radua t e s tudent of Vavilov, was 
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investigating the rad ia t ion of u rany l salts dissolved in a 
liquid, which represented the fluorescence excited by (3 
electrons emitted by rad ium. Cherenkov was horrified to 
find tha t the liquid emitted luminescence a lmost as s t rong, 
even wi thout u rany l salts. This m a d e the s tudy of these salts 
a point less task. However , Vavilov immediate ly became 
interested in this 'paras i t ic ' rad ia t ion and rapidly es tab
lished tha t this was a new hi ther to u n k n o w n effect. The 
subsequent studies, very difficult at the level of the then 
available exper imental techniques, enabled Cherenkov to 
determine the detailed characterist ics of this rad ia t ion (it 
was later found tha t these details were determined surpr is
ingly accurately) . Discussion of the var ious possibilities by 
Vavilov, F r a n k , and T a m m led them increasingly to the 
conclusion tha t a uniformly moving electron was emit t ing 
such radia t ion . This seemed to be a wild suggestion and it 
caused much amusement , because 'everybody k n e w ' tha t a 
uniformly moving electron could no t emit rad ia t ion . Every
b o d y knew it was sufficient to go over to a frame in which 
an electron is at rest and it becomes clear tha t it can emit 
no th ing . However , this misses a ' t iny ' detail. The conven
t ional th ink ing quoted here applies to an electron moving in 
a vacuum. However , we are discussing here the mot ion in a 
mater ia l med ium (in this case, a liquid solvent). Then , in a 
frame in which an electron is at rest, there appears the effect 
of the mov ing med ium which n o w begins to emit. F r a n k 
and T a m m proposed in 1937 [25, 26] an explanat ion and a 
theory of the C h e r e n k o v - Vavilov rad ia t ion (in the West it 
is k n o w n simply as the 'Cherenkov rad ia t ion ' , ignoring the 
impor t an t role tha t Vavilov played in this discovery). In a 
paper publ ished in 1939, Igo r ' Evgen'evich developed his 
theory m o r e fully. As ment ioned above, it was precisely for 
this discovery tha t T a m m , F r a n k , and Cherenkov received 
the N o b e l Prize in 1958 (Vavilov died well before and the 
N o b e l Prizes are no t awarded pos thumous ly ) . 

It is amus ing tha t , in a scientific b iog raphy of Igor ' 
Evgen'evich, this work (recognised by a very high award) 
was essentially regarded as a t e m p o r a r y side line. After all, 
the physics of nuclei and elementary part icles was T a m m ' s 
main p reoccupa t ion at tha t t ime and subsequently. One 
could regard also as a side line a very good paper , which 
helped greatly the physics of cosmic rays. This was the 
paper tha t T a m m publ ished in 1939 joint ly with his pupi l 
Belen'kii (Belenky) [27] and in which the theory of 
e lectromagnet ic showers was greatly improved by includ
ing the losses of the part icle energy in the process of 
ionisat ion of the med ium in which a shower is develop-
i n g . | Only then is it possible to apply the theory to the main 
group of shower part icles, namely those with relatively low 
energies bu t represent ing the bulk of a shower. Later , the 
same au tho r s re turned to this p rob lem [28] in order to 
refine the t rea tment and to compare their results with the 
experiments publ ished in 1945. 

Ano the r paper publ ished in 1940 [29] was in the 
ma ins t ream of T a m m ' s interests and deserves to be 
specially ment ioned . At this t ime the discovery (in cosmic 
rays) of m u o n s and detection of their decay led to the 
e r roneous opinion tha t they each decay into an electron and 
one neu t r ino , so tha t their spin was assumed to be uni ty. It 
was no t yet k n o w n tha t this was no t the meson p roposed by 

f The influence of the nuclear medium on q u a r k - g l u o n jets is at present 
under active discussion (see the paper by Dremin and Leonidov in the 
present issue). 

Y u k a w a as the carrier of the interact ion between the 
nucleons (the pion was discovered only in 1947). Only 
gradual ly a recognit ion came of a fundamenta l conflict 
which arose when a t t empts were m a d e to identify the 
Y u k a w a nuclear meson with the with the part icle observed 
in cosmic rays: in fact, it was k n o w n tha t cosmic-ray mesons 
represent wha t is k n o w n as the pene t ra t ing componen t , i.e. 
tha t they interact weakly with the nuclei of a toms in the 
med ium and, therefore, cannot be the carriers of nuclear 
forces. Nevertheless , possible proper t ies of charged part icles 
with a spin of uni ty were the subject of m a n y theoret ical 
investigations. This usually a m o u n t e d to calculat ions of the 
pa rame te r s of var ious electromagnet ic processes involving 
these part icles (such as their scat tering by C o u l o m b centres 
or e lectromagnet ic bremss t rah lung) , carried out on the basis 
of pe r tu rba t ion theory . The results of such calculat ions led 
to unl imited rise of the cross sections with the energy at 
high values of the latter, which was incompat ib le with 
pe r tu rba t ion theory. 

T a m m obta ined a very interest ing and impor t an t result: 
he found tha t the exact and complete system of wave 
functions of such a part icle in the field of a C o u l o m b centre 
must include states with a singularity at this centre, i.e. such 
equa t ions describe the part icle falling on the centre [29]. 
One can solve this p rob lem by a t t r ibut ing, as suggested by 
L a n d a u , finite d imensions to the part icle and by considering 
its scattering by a C o u l o m b centre in the Born pe r tu rba t ion 
theory approx imat ion , in order to avoid an infinite rise of 
cross sections with the energy. L a n d a u assumed tha t the 
rad ius of a meson with a spin of uni ty should be 

oc e2/m^c2, where is the meson mass [30]. 
Na tura l ly , this was only a rough est imate. After all, 

n o b o d y knew h o w to in t roduce a relativistic part icle of 
finite d imensions into a local theory. Nevertheless , this 
rough est imate, together with the conclusion of Igor ' 
Evgen'evich of the falling down on a centre in the exact 
theory, was used by L a n d a u and T a m m to pu t forward a 
hypothesis [31] tha t such a meson approaches a p r o t o n only 
to a distance of the order of r^. At this distance the energy 
of the electromagnetic m e s o n - p r o t o n interact ion becomes 
of the order of h u n d r e d s of megaelect ron volts, i.e. of the 
order needed for the nuclear forces. Accord ing to this 
hypothesis , a neu t ron consists of a p r o t o n and a negative 
meson with spin of unity. 

This work of two major theoret ic ians is a clear 
demons t ra t ion of the deep fog tha t had to be penet ra ted 
by physicists in order to unde r s t and the na tu re of the 
nuclear forces, and h o w far from reality were the h y p o t h 
eses they pu t forward. In the prewar years, Igor ' 
Evgen'evich publ ished several m o r e paper s on the p rob lem 
of nuclear forces, which were m o r e in the na tu re of reviews 
of the state of the art and discussions of var ious p roposed 
ideas, bu t they did not move the topic essentially forward. 
The theory of nuclear forces was in a bl ind alley unt i l the 
discovery of the p ion . 

• • • 

In the per iod from the mid-thir t ies right up to the War , 
the scientific work of T a m m had thus three milestones: the 
first was the 'Nobe l ' work on the theory of the V a v i l o v -
Cherenkov radia t ion , which — in spite of the high profes
sionalism it needed — paradoxica l ly could no t be regarded 
as par t icular ly ou t s t and ing a m o n g all the invest igations of 
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Igo r ' Evgen'evich, a l though na tura l ly it was one of the 
bet ter ones. The second was the work , carried out jo int ly 
with Belen'kii , on an improved theory of e lectromagnet ic 
cosmic-ray showers. The third and final work of funda
menta l impor t ance was on charged part icles with spin of 
uni ty in the C o u l o m b field. Is this much or little? Obviously, 
this is the work of a high-level theoret ic ian. However , one 
could still say tha t the au tho r of the p h o n o n concept and of 
the theory of the (3 forces could do bet ter . W h a t was the 
p rob lem? The explanat ion could no t be an age-induced 
falling-off of creativity. At the same t ime, Igor ' Evgen'evich 
was 4 0 - 4 5 , which — according to the ancients — is the 
' acme ' , the flowering per iod. Moreover , T a m m ' s subse
quent work is sufficient p r o o f to reject this supposi t ion. 

In fact, one could only be surprised h o w much Igor ' 
Evgen'evich achieved dur ing tha t t ime. After all, these were 
the years of Stalin 's awful terror . The friends and colleagues 
of Igor ' Evgen'evich were killed off or sent to G u l a g camps . 
M o n s t r o u s false trials followed one another . At one of these 
trials Leonid Evgen'evich T a m m , a beloved b ro the r of Igor ' 
Evgen'evich, appeared as a 'witness ' who publicly ' admi t t ed ' 
fantastic sabotage (he occupied a high engineering posi t ion 
in the D o n b a s s region) on the inst ruct ions of Pya takov , who 
was his boss and one of the central figures at the trial . The 
confessions of Leonid Evgen'evich were publ ished under 
large headlines in na t iona l newspapers . One could only 
guess wha t kind of in ter rogat ion could p roduce these 
confessions. Leonid Evgen'evich soon died in pr ison. As 
usual , this resulted in addi t iona l terrible misfor tunes to the 
family of the convicted. Igor ' Evgen'evich himself was 
subjected to humil ia t ing censures at publ ic meet ings at 
the Univers i ty and at the Lebedev Inst i tute , at which he 
was accused of the 'loss of vigilance' against the 'enemies of 
the n a t i o n ' ( including his b ro ther , his chi ldhood friend 
Gessen, Direc tor of the Ins t i tu te of Physics at the U n i 
versity, shot in 1936, and so on) . All this was accompanied 
by hints and threa ts of serious consequences. Even when no t 
said a loud, there were implicat ions of his Menshevik past , 
etc. The whole a tmosphere was terrifying and of itself it was 
very depressing even if there were no persona l censures. 

It might seem surprising tha t people still remained 
h u m a n and even worked reasonably in this a tmosphere . 
Even now, it is difficult to unde r s t and h o w the minds 
gr ipped and twisted by fear and ideological pressure could 
at the same t ime work independent ly and creatively in a 
professional field. Obviously, such work was a form of 
salvation and a kind of ' inner emigra t ion ' , which m a d e it 
possible to retain one 's humani ty . H o w could one otherwise 
explain the fact tha t L a n d a u after a year in pr ison — under 
the then rul ing ha rd investigation condi t ions , which were in 
fact b ru t a l in te r rogat ions ( 'conveyor-belt ques t ioning ' 
etc.) — was able to publish (in the next one and a hal f 
or two years) some ten papers , including the fundamenta l 
theory of liquid hel ium for which he later received the 
N o b e l P r i z e . ! 

D u r i n g tha t per iod Igor ' Evgen'evich was weighed down 
and tired out by persecut ions, threa ts , loss of his nearest 

f One must recall how, during the several years of his terrible illness which 
led to his death, Igor ' Evgen'evich was partly paralysed and connected to 
an artificial respirator, but nevertheless continued his scientific work 
actively. Somebody who expressed surprise about this in the presence of 
Leontovich received the answer: "And what else could save him in this 
s i tuat ion?" 

friends, and t rans format ion of the regime which promised 
socialism (the d ream of his life right from his y o u n g days) 
into a despotic pitiless d ic ta torship . T a m m was a m a n of 
s t rong will and did not reveal his state of mind in front of 
o thers at the Inst i tute . One could guess wha t he was living 
th rough only when frequently the stern concent ra t ion 
replaced his usua l lively face, add ing m o r e and m o r e 
wrinkles. To such a creative m a n the pu re a tmosphere 
of hones t scientific work was tha t b rea th of fresh air which 
m a d e it possible to survive with the 'noose a round the 
neck ' . This was t rue of the major i ty of those who devoted 
their life to science. 

• • • 

W h e n the Second Wor ld W a r started, nuclear t h e o 
reticians and experimental is ts faced a quanda ry . A feeling 
tha t nuclear science was unnecessary was super imposed on 
the general grief and hor ro r . This state of depression was 
unconcealed when on the second day of the War , on 
M o n d a y 23rd June 1941, Igor ' Evgen'evich b r o u g h t 
together the few (at tha t t ime) colleagues work ing in the 
Theoret ical Division of the Lebedev Inst i tute . Pe rhaps only 
one of them, Leontovich , recently work ing on the theory of 
p ropaga t i on of radio waves, knew tha t for h im the 
t ransi t ion to defence research (radar!) would be a na tu ra l 
step. However , the dominan t subjects in the Division were 
fundamenta l p rob lems in the theory of e lementary part icles, 
of nuclear forces, etc. N o b o d y n o w needed these subjects. 
Feverish search therefore began for topical applied fields. 
At the Leningrad Physicotechnical Ins t i tu te the work on the 
physics of nuclei and part icles was w o u n d down imme
diately by K u r c h a t o v who was head ing a team tha t had jus t 
carried out the first experiments on the recently commis 
sioned cyclotron (the first in Europe ) at the R a d i u m 
Inst i tute . K u r c h a t o v started work on the means of safe
guard ing warships from magnet ic mines. H e was jo ined by 
Aleksandrov and other colleagues from the same Leningrad 
Inst i tute . At the Lebedev Inst i tute , evacuated to K a z a n , 
Blokhintsev a t tacked the p rob lem of reducing the noise of 
aeroengines (initially, before r ada r was developed, the an t i 
aircraft defence was based on noise direction finding). This 
required a serious s tudy of acoustics. P o m e r a n c h u k (work
ing at the t ime at the Lebedev Inst i tute) also tackled this 
subject for a t ime. Others selected very n a r r o w appl icat ions. 
F o r example, M a r k o v began to construct an t i t ank shells 
with improved ae rodynamic proper t ies (this was na tura l ly a 
bit naive because the designers at the defence insti tutes were 
bet ter professionals in this field), and so on. However , the 
pass iona te desire to help in some way the soldiers at the 
front was deep and sincere. Nuclear physicists p roved 
essential only two or three years later. 

These are the circumstances under which T a m m (jointly 
with Ginzburg) worked on layer cores for magne t s [32] 
needed in radio engineering (and Papaleks i work ing at 
the Lebedev Inst i tu te m a d e use of this work) ; they also 
worked on var ia t ions of the terrestr ial magnet ic field, which 
was of no use to defence. At the request of K u r c h a t o v , 
Igo r ' Evgen'evich calculated complex magnet ic fields of 
ships, etc. 

Nevertheless , T a m m cont inued to work intensively in 
K a z a n on the p rob lems of the theory of part icles and 
nuclear forces. Like Ginzburg , in addi t ion to his work of 
pract ical value (on p ropaga t i on of radio waves in the 
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ionosphere) , T a m m cont inued to pu r sue his interest in the 
theory of a part icle capable of assuming states with different 
spins and the two of them began to coopera te . The result 
was a paper [33] in which they p roposed a relativistic 
equat ion for a part icle with a variable spin. There were 
some unsat isfactory elements of this work , which were 
el iminated later when the app roach was generalised by 
Gel ' fand and Yag lom who p roposed their own equat ion . 
Igo r ' Evgen'evich, no t satisfied with the results, held up the 
publ ica t ion of this work till 1947. 

But wha t did T a m m do for the four years of the W a r ? 
Litt le on the scale of this ou t s t and ing theoret ician, and 
na r rowly applied work was ment ioned above. One should 
add also some par t ic ipa t ion in the work of the l abora to ry of 
Landsberg , as a result of which the A c a d e m y in K a z a n 
designed 's t i loscopes ' , which were ins t ruments for fast 
spectroscopic analysis of the composi t ion of a meta l 
(very bad ly needed at the front for rapid sort ing of metals 
from the damaged equipment , so as to separate the valuable 
k inds of steel from the general scrap). Igor ' Evgen'evich 
helped in the design of opt ical systems, etc. W e have seen 
tha t , apar t from this 'small change ' which he tackled with 
enthusiasm, there was only the jo in t paper with G inzburg 
on part icles with higher spins. W h a t else? I can only state as 
an eyewitness tha t all the t ime Igo r ' Evgen'evich was 
work ing at full tilt, in spite of the cirumstances. One 
should quo te here from the reminscences of V J Frenkel , 
then a young boy, whose pa ren t s were close friends of 
T a m m . H e describes " O n e of the evenings with the T a m m 
fami ly" [34]: " I g o r ' Evgen'evich sat on some tiny chi ld 's 
bench, N a t a l ' y a Vasil 'evna, his wife, t ook care of the 
housekeeping, and her father, a very old m a n with a 
b r o a d and thick beard , repaired w o m e n ' s shoes (this was 
no th ing unusua l in the families of scientists — E L F ) . . . 
W h e n we came with mother , Igor ' Evgen'evich j umped , 
greeted us , said a few words , and then excused himself and 
sat down again on the bench with an exercise b o o k on his 
knees. 'We will no t dis turb you if we ta lk? ' asked my 
mother . ' N o , no , no , talk please, p a y no a t tent ion to me! ' 
' G o r a (this was wha t his wife and chi ldhood friends called 
Igo r ' Evgen'evich — E L F ) can switch off completely ' 
explained N a t a l ' y a Vasil 'evna to my m o t h e r " . In other 
reminiscences one can find tha t a pile of po t a toes was lying 
on the floor in the corner of the r o o m , a characterisic detail 
typical in the ha rd life dur ing evacuat ion, even in the case of 

ou t s t and ing scient is ts . ! (However , the Lebedev Inst i tu te 
had re turned to M o s c o w in the a u t u m n of 1943 and the 
si tuat ion was easier there. At least the food ra t ion cards 
were no t useless bi ts of paper and one could indeed b u y 
some p roduc t s , a l though in very modes t amoun t s . ) 

One m a y assume tha t the result of tha t intensive work 
was a long and very impor t an t paper [35], publ ished 
immediately after the W a r (submit ted on 27 Augus t 
1945). Igo r ' Evgen'evich p roposed in tha t paper an 
approx ima te me thod for a relativistic app roach to the 
nuclear forces effected by exchange of p ions of different 
types. In the world l i terature this is k n o w n as the 
T a m m - D a n c o f f me thod (because some five years later it 
was rediscovered in the U S A by Dancof f [36]). Igor ' 
Evgen'evich personal ly called this the me thod of t runca ted 
or cutoff equat ions . The me thod consists of the following: 
in a system of equa t ions obta ined by expanding as a series 
in te rms of the constant of the exact equat ion , only (for 
example) the first two equa t ions are retained and the term 
in the second equat ion coupl ing it to the later equa t ions is 
d ropped . The retained system of two equa t ions is then 
reduced to one integrodifferential equat ion for the wave 
functions and the energies of states. This equat ion is solved 
exactly wi thout recourse to pe r tu rba t ion theory ( Igor ' 
Evgen'evich did no t k n o w and n o b o d y told h im tha t , 
back in 1934, F o c k adop ted a similar app roach to 
electrodynamics.) This equat ion was used by T a m m to 
investigate the stability of a coupled p r o t o n - n e u t r o n 
system for different types of forces (i.e. for different types 
of p ions t ransferr ing the interact ion) . 

This me thod a t t rac ted the a t tent ion of m a n y au thors . 
F o r example, Cini [37] p roposed a covar iant form of the 
me thod and discussed the p rob lem of renormal isa t ion , and 
D y s o n devoted three paper s to its relativistic general isat ion, 
the result of which was the 'new T a m m - D a n c o f f 
m e t h o d ' [38]. Obviously, the me thod is imperfect, bu t it 
is somewhat bet ter t han pe r tu rba t ion theory. Its relativistic 
general isat ion is essentially equivalent to the B e t h e -
Salpeter equat ion , which appeared later. Igor ' Evgen'evich 
re turned to the p rob lem much later in two pape r s publ ished 
in 1952 and 1955. They were publ ished jo int ly with young 
(then) Silin and Fa inberg , member s of the staff of the 
Theoret ical Division of the Lebedev Inst i tute . The first of 
these paper s dealt also with a new topic, which will be 
discussed later, of in t roduct ion of nucleon ' i sobars ' , which 
are uns tab le part icles (for the first t ime a relativistic 
equat ion for part icles with spin 3 /2 was used here because 
an excited state of a nucleon was regarded as such a 
part icle) . The second paper was concerned with the m e t h o d 
of t runca ted equa t ions applied to the scat tering of p ions by 
nucleons. 

f In an excellent novel Life and Fate, Vasilii Grossmann — who was at 
the front and obviously had a poor understanding of the life behind the 
front — describes some prominent physicist who was evacuated with 
his institute to Kazan. In one beautiful scene the physicist's daughter 
brings two kilograms of cream butter from a special shop for 
outstanding scientists. This is an improbable fantasy, at least in the 
case of Kazan. Apart from the Tamm family, I knew closely one other 
family of a corresponding member of the Academy and can state 
categorically that there was no special shop for such scientists. All of 
them were as hungry as other scientists and they never set their eyes on 
a luxury such as butter. Additional goods for scientists of all 
specialities, and for those in the arts, writers, composers, etc. became 
available only in 1945. 
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* * * 
Hav ing reached this point , the reader will be justified in 

asking the quest ion why, having formulated this m e t h o d 
publ ished in 1945, Igor ' Evgen'evich only re turned to its 
appl icat ion 7 years later? W h a t happened in the intervening 
years? The answer is: much happened . 

A m o n g Soviet theoret ic ians of any significance, T a m m 
was one of the very few who was no t immediately assigned 
to the work on nuclear weapons . In spite of the par t ic ipa
t ion of m a n y remarkab le physicists in this work , there was 
an acute shor tage of scientists. Even pos tg radua t e s tudents 
re turn ing from the front and any specialists in related fields, 
who mastered quickly the new subject, were t aken on. 
However , Igor ' Evgen'evich was ignored. The reason for 
this is easy to find. I th ink tha t the following da ta in his 
persona l file played a role: his b ro the r was an 'enemy of the 
n a t i o n ' and shown to be such to the whole count ry ; those 
near to him, friends, were also 'enemies ' ; he himself was a 
former Menshevik , etc. H e was ' b a d ' and was not wor thy of 
t rust . Even in 1946, when m a n y new academicians were 
elected, he was not . The efforts of the then President of the 
Soviet Academy of Sciences, Vavilov, resulted in the 
election as full academicians of the excellent physicists 
L a n d a u , Leontovich , Landsberg , and Skobel ' t syn. But 
no t Igor ' Evgen'evich, a l though he had a s t rong and 
in ternat ional ly very high repu ta t ion and by tha t t ime he 
had publ ished all his major work . H e was a specialist in the 
theory of the a tomic nucleus, bu t readily tackled a great 
variety of other subjects. In reminiscing abou t T a m m , I had 
al ready wri t ten tha t he always tackled the most difficult and 
most topical p rob lems and, frequently, after intensive work , 
he failed. After m a n y weeks or m o n t h s of such work , he 
would come disappointed to the Division and request: 
" W o u l d you please give me some little specific p rob lem 
because I need a hair of the dog tha t bit me after h a rd 
d r ink ing!" This was the origin of two paper s wri t ten joint ly 
with Brekhovski i [39, 40]. Such a little p rob lem he solved 
with the ease of a first-class professional . In fact, the 
number of p rob lems of this kind to be solved in the 
a tomic field was uncoun tab le . However , Igor ' Evgen'evich 
was left outside. 

The reader might also be surprised abou t the s ta tement 
m a d e above tha t certain academicians were elected "due to 
the efforts of Vav i lov" . It is n o w difficult to believe tha t the 
lists of candidates had to be approved by the Cent ra l 
Commi t t ee of the Communi s t Par ty . The list used to be 
divided by the Commi t t ee into 'desirables ' and 'undesir
ables ' . The leaders of the Academy should have disputed 
these or o thers and should have presented a rguments in 
favour of those 'desirable ' or 'permissible ' . However , after 
the resolut ion of the Cent ra l Commi t t ee no member of the 
Pa r ty or even academicians no t be longing to the Pa r ty 
would have dared to vote against the Cent ra l Commi t t ee ' s 
resolut ions (a l though the vote was secret). In T a m m ' s case 
it was k n o w n tha t in 1946 his n a m e was crossed out 
personal ly by Pol i tburo member Z h d a n o v . Z h d a n o v was 
in charge of ideological mat te r s and Igo r ' Evgen'evich was 
b r anded as a 'bourgeois idealist ' . This was the si tuat ion 
unt i l Stalin died. After his dea th the guidance of the Cent ra l 
Commi t t ee remained a pe rmanen t feature, a l though in a 
slightly softer form. On the election day in each division 
abou t an hour before the meet ing the academicians and 
cor responding member s belonging to the Pa r ty met and in 

the presence of a representat ive of the Science Division of 
the Cent ra l Commi t t ee were informed who , in the opinion 
of tha t Commit tee , should be suppor ted and who should be 
rejected. These r ecommenda t ions were carried out wi thout 
fail and they were decisive. However , let us re tu rn to the 
work done by T a m m . 

Time was passing, and in 1946 he was asked to 
par t ic ipate , on a small scale, in the assessment of some 
(but no t the main) topics in the 'closed' (i.e. classified) 
subject of the a tomic p rob lem. Such was the origin of a 
paper on the front of a shock wave, publ ished m a n y years 
later [41] (with an indicat ion tha t the work was carried out 
in 1947), and of ano ther paper [42] on high-energy part icle 
accelerators , which at the t ime was regarded as belonging to 
a tomic physics and therefore secret. In the latter case a 
footnote indicates tha t the accelerator work was done in 
1 9 4 7 - 4 8 . 

W h e n a new prob lem of const ruct ing thermonuc lear 
weapons was faced K u r c h a t o v , who headed all the 
scientific work on nuclear p rob lems relat ing to such 
weapons , was able to convince the ' appropr i a t e pe r sons ' 
of the need to use T a m m ' s ta lents . (By tha t t ime 
Z h d a n o v was dead.) As we all n o w k n o w from 
S a k h a r o v ' s Reminiscences, I go r ' Evgen'evich was given 
the task of organising, in the Theoret ical Division of the 
Lebedev Inst i tute , a group for ' suppor t ' or 'verification' of 
the theoret ical work which was being done at tha t t ime by 
Zel 'dovich ' s t eam. The Lebedev Inst i tu te g roup included 
Ginzburg , Belen'kii , Sakha rov who had jus t finished his 
pos tg radua t e studies, and a pos tg radua t e s tudent , F r a d k i n ; 
they were soon jo ined by R o m a n o v and Fa inbe rg who 
g radua ted from the M o s c o w Engineering-Physics Inst i tute . 
F o r all of them the p rob lem was completely new. However , 
it m a y be because of this, free of the preconcept ions tha t 
have become established in E d w a r d Teller 's t eam in the 
Uni t ed States and here in Zel 'dovich ' s team, tha t the group 
at the Lebedev Inst i tu te obta ined a result which was 
fantastically unexpected: instead of ' suppor t ' , Sakha rov 
and Ginzburg in just two m o n t h s pu t forward two decisive 
and completely new ideas. As is well known , S a k h a r o v ' s 
idea was tha t react ing deuter ium (or, in a different var iant , 
deuter ium and t r i t ium) should su r round a de tona to r in the 
form of a u r a n i u m or p lu ton ium b o m b , bu t no t with just 
one layer (because then due to the slowness of the d + d 
nuclear react ion and even of the hundred t imes faster d + 1 
react ion, the reactive mater ia l does no t react completely and 
flies apar t uselessly), bu t with layers of d + d and d + 1 , 
a l ternat ing with layers of na tu ra l u r an ium. This layer 
s t ructure makes possible a p roduc t ive react ion: deuter ium 
and t r i t ium do no t fly apar t because fast neu t rons cause 
fission in the u r a n i u m layers, w h i c h — b e c a u s e of the 
heat ing and to ta l ionisat ion of the a t o m s — produce an 
e n o r m o u s confining pressure. G inzburg ' s idea related to the 
difficult p rob lem of h o w the decaying radioact ive t r i t ium 
should be in t roduced into the system. H e solved the 
p rob lem very elegantly: one should in t roduce , 6 L i (in the 
form of solid l i thium deuteride, 6 L i D ) , w h i c h — b o m b a r d e d 
with n e u t r o n s — y i e l d s the necessary t r i t ium and hel ium, 
and an even greater energy is released. 

The simplicity of these basic ideas did no t solve m a n y 
physical (and even m o r e so technological) p rob lems which 
required intensive complex research. This was work to 
which Igor ' Evgen'evich and the whole of his g roup 
devoted all their efforts and t ime even dur ing the first 
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per iod, when the whole g roup was work ing in Moscow. 
This was especially t rue after T a m m , Sakharov , and 
R o m a n o v were sent in M a r c h 1950 to the Nuclear 
Research Cent re (headed by Kha r i t on ) , n o w k n o w n as 
'Arzamas-16 ' . 

It is no t possible to give here a full account of the work 
of Igo r ' Evgen'evich on this 'main subject ' of the years in 
quest ion, which was the const ruct ion of the hydrogen 
b o m b . All tha t can be said is formulated beautifully in a 
cont r ibut ion of K h a r i t o n et al. [43]. W e learn from this 
reminiscence tha t Igo r ' Evgen'evich played an ou t s t and ing 
role as a leader and a 'guide ' of a large team, encouraging 
others , and yet intervening all the t ime in a decisive way in a 
large number of cont inuously encountered specific p r o b 
lems. The spectrum of the topics he dealt with is strikingly 
wide: from fine and complex physical p rob lems to those 
essentially of the organisa t ional na tu re . By way of example, 
one can ment ion tha t it was he with some of his colleagues 
who rapidly bu t carefully analysed all the meteorological 
da ta arr iving before the first explosion in order to 
determine the direction tha t the terrible radioact ive fallout 
would follow. They h a d an e n o r m o u s responsibil i ty: the 
results of their analysis were used to decide the m o m e n t of 
the test. If they had been wrong , the destructive tail of the 
e n o r m o u s cloud would have reached a region where m a n y 
t h o u s a n d s of people were living. As far as physics is 
concerned, it is sufficient to ment ion here jus t one of 
the p rob lems tha t Igo r ' Evgen'evich had to solve [43]. 

Right from the beginning, in spite of the apparen t 
simplicity of the two main ideas pu t forward by Sakha rov 
and Ginzburg , there remained an impor t an t quest ion: wha t 
h a p p e n s immediate ly after these ideas opera te , as expected, 
in the layer s t ructure at a singularity formed in this way: 
h o w does a 5-like element t ransform later into a con t inuous 
process? The p rob lem was so difficult and obscure tha t 
Igo r ' Evgen'evich decided to consult Academician Fock , a 
physicist and mathemat ic ian of the highest level, bu t no t 
par t ic ipa t ing formally in the hydrogen b o m b produc t . H e 
obta ined permission for this consul ta t ion. However , even 
this failed. The solution required not only professional 
knowledge of the highest grade, bu t exceptional intui t ion in 
order to unde r s t and the processes tak ing place. In the end, 
Igo r ' Evgen'evich succeeded in solving the p rob lem and 
thus opened up the way for further progress . T a m m ' s 
g roup , and the group of Zel 'dovich work ing in parallel , 
had to overcome cont inuously difficult theoret ical p rob lems 
which they faced again and again. 

W o r k i n g under this e n o r m o u s stress, Igor ' Evgen'evich 
nevertheless found the t ime to follow the scientific l i terature 
on the fundamenta l p rob lems in physics. H e would come to 
M o s c o w and par t ic ipa te in the work of the general seminar 
at the Theoret ical Division and , moreover , he b rough t in 
y o u n g colleagues Silin and Fa inbe rg to work in coopera t ion 
on further developments of his ' t runcated equa t ion ' me thod , 
i.e. the T a m m — Dancof f me thod . The result was a jo int 
paper [44], publ ished before Igo r ' Evgen'evich re turned 
finally to M o s c o w (this happened a few m o n t h s after the 
successful test of the first hydrogen b o m b in Augus t 1953). 

However , this is still an incomplete account of the 
intensive scientific work of Igor ' Evgen'evich, who by 
tha t t ime was 55. There were two m o r e fields in which 
he was work ing . 

Firs t , there was development of the idea of control led 
the rmonuc lear fusion in a 'magnet ic ' the rmonuc lea r reac

tor , n o w k n o w n as the T o k a m a k . The idea for this reactor 
was pu t forward in 1954. It is usua l to call it the idea of 
Sakha rov and T a m m , and in the seventies and eighties when 
Sakha rov was in great disfavour, the n a m e of Sakha rov was 
omit ted completely. But Igor ' Evgen'evich always stressed 
tha t the idea belonged to Sakharov . I recall tha t when the 
words " T h e work of T a m m and S a k h a r o v " were used, he 
would j u m p up in his place and shout " S a k h a r o v and 
T a m m , Sakharov and T a m m ! " stressing vocally S a k h a r o v ' s 
name . Golovin recalls tha t at the first meet ing of a h igh-
level commit tee chaired by Beria, Sakha rov ment ioned 
briefly the suggestion and poin ted out tha t the main 
calculat ions were carried out by T a m m . " T a m m was upset 
by this and, asking to speak, began to explain in an excited 
manne r tha t the main ideas belonged to Sakha rov and the 
main credit should be due to him. Beria impat ient ly waved 
his hand and in ter rupted with the words ' N o b o d y will 
forget S a k h a r o v ' " [45]. However , Sakha rov was right: the 
main extensive calculat ions needed in this case and new 
specific ideas came from Igor ' Evgen'evich. 

In 1958 the work on T o k a m a k became public . A six-
vo lume collection of the research done by tha t t ime was 
publ ished. This collection opens with a paper by Igor ' 
Evgen'evich [46] as Par t I of the combined cont r ibut ion of 
Sakha rov and T a m m ; this is followed by Par t II wri t ten by 
Sakharov , and Par t I I I , again by T a m m [47]. These detailed 
invest igations m a d e clear the fundamenta l initial ideas and 
provided a quant i ta t ive formulat ion. The work was done in 
1951. 

The first pa r t is entitled "Proper t ies of the h igh-
t empera tu re p lasma in a magnet ic field". The kinetic 
equat ion is used in this paper to consider the role of 
' o rd ina ry ' diffusion and the rmal diffusion. It is shown 
tha t the diffusion coefficient is four t imes larger t han 
the the rma l diffusion coefficient, i.e. the simple diffusion 
process domina tes . This conclusion was of e n o r m o u s 
impor tance for the subsquent work . T a m m considered 
the proper t ies of p lasma under the condi t ions when this 
conclusion was t rue and initially he neglected collisions. 
This approx imat ion was later used extensively. But Igor ' 
Evgen'evich later t ook account of collisions as well. A n 
impor t an t feature of this work was also the discovery of a 
possible t empera tu re j u m p at the wall of a chamber . The 
paper under discussion ends with " a p p r o x i m a t e small-
mode l ca lcula t ions" . The next paper [47] is on the "Drif t 
and the rma l conduct ivi ty of p lasma in a to ro id in the 
presence of a stabilising c u r r e n t " and it represents further 
steps in the project t owards a realistic system. 

Ha l f a century has passed since and we can see tha t 
real isat ion of this idea still requires much work , bu t 
physicists work ing in var ious countr ies have m a d e much 
progress . As is well known , a giant in te rna t iona l reactor 
project is being pursued by Russia , the U S A , and Japan . In 
this connect ion I would like to ment ion one account of Igor ' 
Evgen'evich on the psychological feelings of the physicists 
tackl ing the p rob lem. All of them were in a state of 
hypnosis induced by the striking success of scientific 
predict ions . In const ruct ing the u r a n i u m and p lu ton ium 
b o m b s , they worked th rough a m o u n t a i n of very complex 
nuclear , gas dynamic , chemical, metal lurgical , and other 
scientific p rob lems , and also design prob lems , and found 
tha t everything worked excellently in the first tests, b o t h in 
the U S A and in the Soviet U n i o n . Tackl ing the const ruct ion 
of the the rmonuc lear b o m b required overcoming a m o u n -



Igor ' Evgen'evich Tamm 787 

L A Artsimovich, N Bohr, D A Rozhanskii, I E Tamm, and A P Aleksandrov (P N Lebedev Physical Institute, 1961; photograph taken by D S Pereverzev) 

tain of new scientific and technological p rob lems and once 
again all the result was 'an object ' which opera ted at once, 
from the 'first p resen ta t ion ' , as those in the indust ry would 
say. There was certainty tha t control led the rmonuc lear 
fusion would be achieved as fast and as successfully. 
The first a t t empts were m a d e by Arts imovich and a miracle 
happened! The experimental is ts created a high-current gas 
discharge and achieved a 'p inch ' in the discharge filament. 
They discovered tha t neu t rons were emitted by the filament. 
The delight was universal . However , this was no t shared by 
Arts imovich himself. H e said tha t these were no t the ' r ight ' 
neu t rons . Igo r ' Evgen'evich told me tha t for two weeks he 
tried to convince Arts imovich tha t the desired success was 
achieved. It seemed tha t all agreed with the theoret ical 
est imates. However , Ar ts imovich held to his view. Finally, 
he convinced the o thers of the joyless t ru th . A per iod of 
furious a t tack on the p rob lem, still cont inuing, began 
immediately. I recall also tha t the wel l -known Indian 
physicist Bhabha , who came to the Soviet U n i o n in the 
middle of the fifties, said tha t he would lay a bet tha t the 
p rob lem would be solved in the next two decades and tha t 
this would be done in the Soviet U n i o n . B h a b h a ' s t ragic 
p r e m a t u r e death prevented paymen t of his lost bet . 

However , I said tha t dur ing this per iod between the 
forties and fifties, apar t from being preoccupied with the 
hydrogen b o m b , Igor ' Evgen'evich was active in two 
impor t an t spheres and I have described so far only one. 
The second was of completely different na tu re . It had no 
relat ion to the b o m b , bu t dealt with the fundamenta l 
physics of part icles. This was the idea of nucleon reso
nances , called 'nucleon i sobars ' by Igor ' Evgen'evich 
himself. Briefly, the idea is as follows. 

A little earlier, Amer ican experimental is ts ( including 
Fermi ) investigated p h o t o p r o d u c t i o n of p ions from nucle
ons and the scattering of p ions by nucleons at energies up to 
hund reds of megaelectron volts. They discovered tha t the 
greatest cont r ibu t ion to these processses comes from the 
states of the n u c l e o n — p i o n system with the isotopic spin 
3 /2 and the mechanica l spin 3 /2 or 1/2. This was sufficient 
for Igor ' Evgen'evich to pu t forward a bold hypothes is of 
the existence of an uns tab le part icle, which was a ba ryon 
with isotopic and mechanica l spins of 3 /2 . H e called this 
part icle an ' i sobar ' , decaying into a nucleon and a p ion. 
T a m m , joint ly with Gol ' f and and Fa inbe rg [48], pu t 
forward a relativistic p i o n - n u c l e o n scat tering theory 
(with an isobar as an in termedia te step) and they selected 
the necessary interact ion cons tan ts and the energy of the 
excited state of the isobar so as to obta in the correct 
(experimental ly observed) angular dis t r ibut ion of p ions at 
different energies. By tha t t ime the necessary da ta were 
available in very large amoun t s . 

Their work required extensive numer ica l calculat ions, 
which in the case of the then available technical means 
(usually elderly mechanica l calculators , supplemented only 
at the end of the work by Mercedes electric calculators) 
required a fantastic a m o u n t of work to select four u n k n o w n 
constants . However , this work was rewarded by the fact 
tha t they were able to describe well all the n u m e r o u s 
experiments , bu t with one somewhat unpleasan t result: 
the energy of the isobar level was only slightly greater 
t han the width of this level. 

This aspect m a d e m a n y M o s c o w theoret ic ians deeply 
skeptical. W o u l d it be meaningful to consider such a state as 
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a part icle (for example, include this part icle together with 
other stable part icles in the F e y n m a n diagrams)? 

However , Igor ' Evgen'evich though t out the calculat ions 
tho rough ly and was inspired by the results. The work with 
isobars grew par t icular ly rapidly after his final re turn to 
M o s c o w at the end of 1953. Several young members of the 
Division tackled different aspects (pion p h o t o p r o d u c t i o n , 
etc.). Once again, agreement with experiments was achieved 
with the same cons tan ts as before. N o w we k n o w tha t Igor ' 
Evgen'evich was correct. The resonances (which is h o w the 
T a m m isobars are n o w known) , with the level width of the 
same order as the separa t ion of a level above the g round 
stable state, have n o w become full member s of the 
e n o r m o u s family of the k n o w n part icles. The level (3 /2 , 
3 /2) , predicted by T a m m and his colleagues, is the n o w 
wel l -known A(1236) resonance. This resonance was in t ro 
duced by Igo r ' Evgen'evich, jo int ly with Silin and Fa inbe rg 
[44], where — as ment ioned above — the relativistic equa 
t ion for a part icle with spin 3 /2 was used in a pract ical way 
for the first t ime. 

* * * 
Reviewing the first pos twar per iod ( 1 9 4 5 - 5 5 ) of 

T a m m ' s scientific work , we cannot bu t be struck by the 
boldness of the intuitively guessed ideas and the wide range 
of different b ranches of physics, b o t h fundamenta l and 
applied, which he covered by his direct invest igat ions and 
by organis ing the cooperat ive effort of a talented team of 
theoret ic ians. 

W e can see tha t T a m m ' s pos twar decade was extremely 
product ive in the scientific sense. A l though a major place 
was taken up by applied physics, this physics was on an 
e n o r m o u s scale b o t h in the sense of its pract ical value and 
in respect of the b read th of the var ious p rob lems T a m m 
dealt with. W h a t was done by Igor ' Evgen'evich was indeed 
physics of a very high level. 

Tu rn ing n o w to his work on fundamenta l topics, we 
must above all ment ion something no t discussed so far, 
a l though the work was carried out back in 1944 and 
publ ished in 1945. This is the result of coopera t ion with 
M a n d e l s t a m m (who died in 1944), dealing with the t ime 
and energy indeterminacy relat ion [49]. As poin ted out in 
tha t paper , in contras t to the m o m e n t u m and coord ina te 
indeterminacy relat ion, which follows from the Schrodinger 
formalism of q u a n t u m mechanics , the t ime and energy 
indeterminacy relat ion is usual ly based on G e d a n k e n 
experiments and trivial t ime and frequency relat ionships. 
This gap was filled by T a m m and M a n d e l s t a m m [49]. They 
showed tha t the t ime interval At, in which observable 
physical quant i t ies change in a nons t a t i ona ry state by an 
a m o u n t of the order of the quan t i ty itself, on the one hand , 
and uncer ta in ty of the energy AE of this state, on the other , 
are linked by the required indeterminacy relat ion and tha t 
this result follows from the commuta t i on relat ion between 
the Hami l ton i an opera to r and the opera tor represent ing a 
given variable. Moreover , they demons t ra ted tha t the 
indeterminacy re la t ions usually considered for a pu re state 
remain valid also for a mixed state. The relat ionship 
AEAt rsj ft becomes a formal consequence of q u a n t u m 
mechanics . 

Two m o r e impor t an t cont r ibu t ions to fundamenta l 
physics, ment ioned above, were m a d e by Igo r ' Evgen'evich 
dur ing this per iod. The first is the development of the 

approx ima te t runca ted equat ion ( T a m m - D a n c o f f ) m e t h o d 
and its appl icat ion to the interact ion of nucleons (for details 
of this me thod , see Ref. [50]). The second is the bold idea of 
nucleon isobars , i.e. of resonances represent ing excited 
states of a nucleon decaying by pion emission. Igor ' 
Evgen'evich had to suppor t this idea by a series of 
invest igations (together with y o u n g colleagues), and 
defended it with the same a rdour and with equally high 
author i t ies as in his you th , when n o b o d y believed his idea 
tha t the neu t ron has a magnet ic m o m e n t . Unfor tuna te ly no 
one n o w remembers tha t it was T a m m who in t roduced 
resonances into the physics of e lementary part icles and 
demons t ra ted the fruitfulness of this concept in account ing 
for specific processes. 

However , this per iod is characterised also by an 
avalanche of h o n o u r s and gifts, awards and titles which 
were showered on Igo r ' Evgen'evich. At last he was elected 
an Academician . The death of Stalin removed from the 
count ry much of the ter ror in which all lived. Igor ' 
Evgen'evich became persona grata. But he did remain a 
deeply democra t ic m a n . M o n e y a t tached to var ious prizes 
he gave away extensively to y o u n g scientists in need, he 
personal ly sought them out . H e began to t ravel a b r o a d for a 
variety of reasons , for ta lks on coopera t ion with the 
A c a d e m y of Sciences in the G e r m a n Democra t i c R e p u b 
lic, to receive the N o b e l Prize in Sweden, to the Pugwash 
conferences (four t imes) in the U S A and England , to the 
In te rna t iona l Conference on Peaceful Uses of A tomic 
Energy in Switzerland, and once again to Switzerland to 
a conference on high-energy physics and to a meet ing of 
experts on nuclear d i sa rmament . H e travelled also to India , 
F rance , Japan , China , . . . 

F o r the first t ime his pass ion for travelling, for seeing 
new countr ies and new people , could be satisfied. H e was 
elected to a number of foreign academies, including such 
prest igious ones as the N a t i o n a l A c a d e m y of Sciences in the 
U S A . This was a h a p p y per iod also because the coun t ry at 
h o m e began to feel slightly happier . However , in pract ice for 
some t ime the purely scientific work of T a m m , done at h o m e 
at his own table, s topped. Na tura l ly , the love of science 
ruled him as before. F r a n k ment ions in his Reminiscences 
[51] tha t even in S tockholm, in the middle of the celebrat ions 
accompany ing the investi ture with the N o b e l Prize, when 
Igo r ' Evgen'evich heard from others abou t some new 
interest ing experiments , he sat work ing at night in order 
to unde r s t and the theoret ical mean ing (unfor tunate ly he was 
no t able to achieve this because the r u m o u r abou t the 
experiment proved incorrect) . However , he felt b a d when he 
could not do real scientific work . The main p rob lem was the 
lack of new ideas and with his na tu re , he needed major ideas 
and no t a 'small change ' which he could still do . H e wro te 
paper s reminiscing abou t his friends. H e used his au thor i ty 
to fight for science, par t icular ly against Lysenko. H e was 
a t t rac ted by the new discoveries in molecular genetics. H e 
studied related work and tried to do something himself by 
guessing the genetic code, bu t he was over taken by G a m o w . 
Final ly, in 1964 a new idea tha t he needed seemed to arrive 
and it conquered him. 

Before we deal with this idea, we need to consider the 
si tuat ion then rul ing in theoret ical physics. The inabili ty to 
go beyond pe r tu rba t ion theory in the physics of s t rong 
interact ions, on the one hand , and the impor t an t observa
t ion of F r a d k i n , and of L a n d a u and P o m e r a n c h u k (1955) 
on the tendency of the part icle charge to go to zero 
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( 'Moscow zero ') , on the other , unde rmined the faith in 
q u a n t u m field theory. At the Kiev In te rna t iona l Conference 
on High-Energy Physics in 1959, L a n d a u said (this was 
repeated in his paper in a collection publ ished to h o n o u r 
Paul i [52]): " T h e Hami l ton ian is a corpse and it should be 
bur ied with all due respect" . The need to develop a 
completely new theory, no t based on the o r t h o d o x 
q u a n t u m field theory, seemed unavo idab le to many . 
Beginning from approximate ly 1955 for a per iod of abou t 
15 years the best theoret ic ians sought unsuccessfully to 
replace this field theory. Only a few of them regarded the 
objections against the t rad i t iona l app roach as no t solid 
enough and the ' M o s c o w zero ' as insufficiently r igorous for 
such fundamenta l conclusions. Igor ' Evgen'evich, p robab ly 
because such fundamenta l changes had al ready occurred in 
his lifetime, also suppor ted the ' revolu t ionary ' po in t of 
view. In 1965, at a conference in J apan to celebrate the 30th 
anniversary of Y u k a w a ' s predict ion of the pion, he said 
[53]: " I t had n o w become clear tha t the development of 
physics had led us to a po in t where it has become necessary 
to alter some of our fundamenta l physical ideas and tha t the 
change should be as radical as the establ ishment of the 
theory of relativity and of q u a n t u m mechan ic s " . 

This per iod has seen a large number of ' m a d ' theories, 
beginning with the work of Heisenberg (1957), based on the 
nonl inear D i rac equat ion , from which Heisenberg deduced 
reasonable values of the ' charges ' : electric, s t rong-inter
act ion, and gravi ta t ional . However , Bohr no t wi thout 
reason called this theory 'insufficiently m a d ' . It had to 
be d ropped . The axiomat ic S mat r ix me thod , nonloca l 
theories , etc. were also compet ing bu t the target remained 
una t t a inab le . 

Igo r ' Evgen'evich concent ra ted his a t tent ion on the fact 
tha t at high energies the measurement of the coordina tes of 
a part icle by means of ano ther (test) part icle meets with a 
difficulty which makes it impossible to measure the part icle 
coordina te : the process of measurement creates m a n y new 
particles, including those which are uns tab le and decay far 
from the measurement ( interact ion) point . Therefore, a 
limit is set on the process of measur ing the coordina te . 
Hence , T a m m concluded tha t there should be an inde
terminacy relat ionship between the componen t s of the 
coordinates . However , the part icle m o m e n t a can be meas 
ured by de terminat ion of, for example, deflection in a 
magnet ic field. Therefore, in the case of the m o m e n t u m 
componen t s there is no indeterminacy relat ion. Conse 
quently, following the work of Snyder (1947), T a m m 
developed a theory valid in the m o m e n t u m space. H o w 
ever, Snyder was unsuccesful because of certain specific 
divergences (in integrat ion over the angles). Igor ' 
Evgen'evich modified this theory by in t roducing a m o m e n 
t u m space with a var iable curvature , which eliminated these 
divergences, bu t the theory was then unbel ievably difficult 
to investigate. Only the high professionalism, in combina 
t ion with the excellent mas tery of the required mathemat ics , 
enabled Igo r ' Evgen'evich (and his younger colleague 
Vologodski i who joined him) to m a k e any progress . The 
difficulties were not only mathemat ica l , bu t also funda
menta l . T a m m worked as addicted and with the same 
a rdour as in his y o u n g days. In two years he was b rough t 
down by a terrible incurable disease. Soon he had to lie 
down, the nerves control l ing his d i aphragm became p a r a 
lysed, and he had to be connected to an artificial respira tor 
in order to save his life. This machine p u m p e d air into his 

lungs cont inuously, day and night . However , this did no t 
b reak T a m m . F o r m o r e t han two years he cont inued to 
work intensively. H e got up from the bed, sat behind a table 
where there was a second por t ab le machine , and cont inued 
unbel ievably complex calculat ions on the basis of a great 
m a n y var iants of the theory which he developed (I myself 
saw the number ing of the pages of these calculat ions: at the 
end there were m o r e t han 3 000 pages!). This eno rmous 
work and infinite inventiveness in overcoming cont inuously 
appear ing difficulties went on for six years. 

Igo r ' Evgen'evich himself cursed his obst inacy, he 
a l ready felt tha t the fundamenta l difficulties could no t 
be overcome, bu t he could no t 'kill ' finally his idea, and 
the calculat ions cont inued. Na tura l ly , dur ing the per iod of 
his illness this work had a psychologically heal ing effect and 
gave reasons for living, bu t even so the work remained 
incomplete . The app roach was like a blind alley. W h a t was 
nevertheless achieved, was publ ished only after his death 
[54]. 

However , in discussing this per iod one mus t ment ion 
one m o r e paper which he wro te then. In 1967, the U S S R 
A c a d e m y of Sciences awarded the L o m o n o s o v Gold M e d a l 
to Igor ' Evgen'evich. This is the highest scientific prize 
given by the Academy. Regula t ions said tha t the award 
winner should follow the receipt of this meda l at a general 
meet ing of the A c a d e m y with a speech abou t his work , an 
overview of the si tuat ion in the selective b ranch of physics, 
and his predict ions on the future investigations. This 
ceremony and the speech should have taken place in 
M a r c h 1968, when the seriously sick Igor ' Evgen'evich 
was ' chained ' to his respira tor . M a n y though t tha t this 
speech could no longer be wri t ten by T a m m and at best they 
would expect his colleagues to p repa re it. However , Igor ' 
Evgen'evich decided to wri te it and na tura l ly he did it 
himself. At a general meeting, his speech was read by 
Sakharov . All those tha t heard it were sure tha t the au thor 
was Igo r ' Evgen'evich. The b read th of his views, the specific 
po in t s of view, and the opt imism t h r o u g h o u t the whole text, 
were surprisingly typical of himself. H e ended with the 
words : " I h o p e tha t I shall live to see a new stage in the 
theory, no mat te r wha t tha t stage might b e " . 

H e did not . Igo r ' Evgen'evich died on 12 Apr i l 1971. 
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