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SAKHAROV THE PHYSICIST 
Layout of Colloquium: 
1942 Sakharov as Experimenter 
1944 PhD with Tamm 
1948 Bomb work with Tamm 
1948 controlled fusion 
1965 Cosmology 
1975 Peace. Progress and Human Rights 
We are fortunate at the Davis Center at Harvard to be the repository of (one 

copy of) Andrei Sakharov’s archives, their rightful place among the men and women 
who created Russian history.  

Today we are also glad to have Andrei’s step daughter Tatiana Yankelevich as 
the curator of these archives. 

Alas his widow, Elena Bonner, is unable to be with us. 
All who met them in those days know that the human rights work in the 1970s 

and 1980s was a teamwork of Andrei and Elena. 
Andrei Dmitreyvich Sakharov, born May 21nd 1921.  
USSR attacked by Germany June 22nd 1941. 

Andrei failed the Air Force medical exam. He finished his undergraduate work in Ashkabad to which city the 
University of Moscow was evacuated in 1942. 

 
His early work was as an experimenter: 
 
Summer 1941: repairing radios for the army. 
 
1942: cartridge factory in Ulyanovsk. Designed and built equipment for non destructive testing of cores of armor 

piercing bullets.  
 
Patented 1945, described in: “cartridge production” by Nicholai Malov. 
 
1942-1943: as a result of trying to invent more devices for the cartridge factory, Sakharov had to solve some 

theoretical problems. 
 
1944: His interest in theoretical physics began in earnest when he travelled to Moscow to begin his studies with 

Igor Tamm.  
 
1947: PhD Thesis “Theory of Nuclear Transitions of the Type 0->0” 
Now these transitions are central to understanding the unitary of the KM matrix. 
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Fig. 1. Bullet C slides down slope A between magnetizing coil K1 and demagnetizing coil K2. If the bullet is not hard it 
will be incompletely magnetized and K2 will magnetize with reverse sign  
 

Plasma work to be discussed by Professor Bruno Coppi 
Laboratory for Plasma Physics, MIT 
 
In 1965 this radiotelescope designed by Kompfner was used by 

Penzias and Wilson to discover the primordial cosmic ray background  
The Cosmic Radiation Background (CMB) is black body at 2.7 

degrees K. 
15 million years ago the expanding universe became transparent 

at 3000 degrees and the light has become of lower wavelength since 
then. But it contains some traces of the earlier universe. Andrei 
Sakharov understood at once. 

 
Sakharov 1965 
The initial stages of an expanding universe and the appearance of a non uniform background.  
Journal of Experimental and Theoretical Physics (USSR) 49:345: he had discussed this with Yakov Zeldovich 

(but it was his own). 
Sakharov was bold enough to address the issue of why protons (baryons) and antiprotons were created together, 

yet the universe only has protons. 
 
Sakahrov 1967 
Journal of Experimental and Theoretical Physics 5:32: 
Violation of:  

• CP invariance 
• C asymmetry and  
• Baryon asymmetry in the Universe.  

 
“Quark Structure and Masses of Strongly Interacting particles” with Yakov B. Zeldovich (1966), JETP 4:395.  
They picked up on the quark model. However the formula was wrong because they did not understand “flavor”. 
 
“Mass Formula for Mesons and Baryons with allowance for Charm” (1975), JETP 21:554 
Now he had it right. Harry Lipkin, who was doing the same work independently showed the following: 
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“Interaction of the Electron and Positron in Pair Production”, JETP 18:631 (1948) 
The usual theory (Bethe – Heitler 1933) is that the electron and positron are free particles. Sakharov derived the 

wave function used to discuss this problem. 
Professor Wendell Furry (Harvard physics) had done this earlier in 1935. Handel Davies and Hans Bethe did it 

again in 1951: pair production varies as Z2 but also Z4 and Z 6 terms. 
The experimental verification of this was my first colloquium in Harvard in 1955! 
 
Sakharov’s cosmic ideas are now “common place”. In 1995 the COBE satellite looked again at the Cosmic 

Microwave Background. It is isotropic to 1 in 10,000, but ripples appear. Now special satellites and a telescope at the 
South Pole look at these ripples. 10 days ago Sakharov’s ideas were discussed here at Harvard! 
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Fig. 3. The ACBAR band powers plotted with those from WMAP3 (Hinshaw et al. 2006) and the 2003 flight of 
BOOMERANG (Jones et al. 2006). The three experiments show excellent agreement in the overlapped region 

 
 
One aspect of Andrei’s views on Progress 
 
Sakharov and Nuclear Energy 
Andrei’s views on nuclear fission: “Radiaoactiove carbon fron nuclear explosions and non-threshold biological 

effects” in Russian “Atomic Energy”, 1957.  
Risk of cancer –> 10-4 per Roentgen (I use 4 × 10-4 ) 
A 1 megaton air test –> 10,000 cancers.  
He urged Kruschev to stop duplication of bomb tests. 
 
1975 Nobel prize speech: “We cannot condemn the construction of bigger nuclear power stations ... since ener-

getics is one of the bases of our civilization.”  
 
Sakharov (1978)  
Nuclear Energy and the Freedom of the West. Bulletin of the Atomic Scientists 34(6):12-14.  
“What is involved.. is the preservation of freedom for their children and grandchildren” 
 
1987: Conference on a Nuclear Free world in Moscow, he reproved a speaker from Germany - “Don’t spend 

time attacking nuclear power. Use your energies to make it safer” 
In 1987 I returned from Chernobyl, and visited Andrei on my return. We had many discussions on safety. The 

last was: “how many cigarettes is equivalent in cancer formation to 1 Rem?” He was too optimistic. He was assuming 
800. I use 400. 

When his widow, Elena, organized a conference (in 1991) in his memory I had the honour of organizing the ses-
sions on Chernobyl. I believe he would have been content with what we discussed. 

Andrey Sakharov is best known among many people for the struggle for human rights in USSR and eastern 
europe from 1970 until his death.  

For others he is known as the man who designed the Soviet hyrdogen bomb and in particular designed what was 
the biggest such bomb - exploded at Nuovo Zembla in the 1960s.  

But he started with more fundamental, scientific interests which always interested him. I quote from his Nobel 
Prize lecture in 1975. “Peace, progress and Human Rights” - these three goals are indissolubly linked; it is impossible to 
achieve one of them if the others are ignored. 
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