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I was here before, 
but I am very happy 

to be here again. 
 

I thank the 
organizers for 

inviting me to this 
great conference. 



Toyotomi Hideyoshi (1536-98) 
unified Japan, appointed himself as the 

Emperor of China, and invaded Korea in 1591. 

To humans, he looks like a 
monkey. 

 
To monkeys, he looks like a 

human. 
 
Japanese are Kantianists.  

Einstein started as a 
Kantianist. 



This person has been writing papers since 1961.  People 
seem to have  difficulties in understanding his papers. 

To opticd people, I look like 
a particle physicist. 

 
To particle people, I look like 

an optical physicist. 
 
Thus, I should talk about 

particle physics, using the 
language of optics. 



Two great physicists with many faces. 
Henri Poincare (1854-1912) Eugene Wigner (1902-2002) 



How close was I to them? 
Poincare’s Grave in Paris at 
Montparnasse Cem. (2010). 

with Eugene Wigner at the 
University of Maryland (1986). 



Poincare Sphere and Wigner’s Little Groups 

Polarization optics.   
Well understood 

The most difficult paper to 
read. 



I never met this man, but met some who met 
him.  O.J.Turner was a Princeton photographer. 

1947                               1961  



Einstein Issue: How to Lorentz-
transform the hydrogen atom? 



In 1927, the orbit was replaced by a standing 
wave.  How to Lorentz-boost standing waves? 

Proton replaced the hydrogen 
atom, because it can be 

accelerated.  Like the H-atom, 
it is a bound state or standing 

wave. 

The key question is how to put Einstein 
and Schrodinger into one box. 



History of Physics. Where is Wigner? 



Wigner’s little groups define internal 
space-time symmetries 

Wigner’s 1939 paper Steven Weinberg was 
interested in this paper and 
published many papers on this 
subject in 1963-65. 



Sam Treiman was Weinberg’s 
advisor. He was also my advisor.  

Weinberg and Treiman  
1985 

The Treimans and the Kims 
1987 



In 1988, I gave a big conference to Wigner with 8 Nobels 
attending.  I also invited the Hungarian ambassador to the 

United States. 
 

He came with Wigner’s membership  certificate  for the 
Academy of Sciences  

of the Peoples Republic of Hungary. 



In 2002, Hungarians gave a Wigner 
Centennial Conference.  I am very happy 
to meet here two of the organizers of the 

2002 conference. 



In 2002, there was also a meeting in 
Princeton to honor Wigner.  With me in 
this  photo are F.Seitz,C.Upton, J.Taylor. 



Wigner’s family photo (1950?) 



Wigner’s daughter 



When I said I had a photo with Wigner’s daughter, 
young ladies at this conference wanted have photos 

with me.  I am still available. 



Wigner 1939.   
Internal space-time symmetries. 

If the momentum is fixed, there are 
only three degrees of freedom left 
for  internal symmetries. 

Lorentz group has six degrees of 
freedom, three boosts and there 
rotations. 



Wigner Plan 

Start from a massive particle 
at rest 

Jump the hyperbola at infinity 



Wigner 1939: 
Internal space-time symmetries 

For a massive particle, it is 
O(3), or 3-d rotation group.  
This defines the particle spin 
in Einstein’s world 

For  a massless particle, the 
symmetry group is like E(2),  
2d Euclidean group. 

Two-dim. Euclidean group. 
Rotation: helicity.  OK 
Translations: Physics? 



E(2) becomes Cylindrical (1987).   
Up-down translation becomes  gauge transformation. 



When the particle 
mass becomes zero 



Further contents of Einstein’s E = mc^2 

Registered at Phys. Rev. Lett. [63] 348-351 (1989).  



Massive to Massless 



Is there a direct route? 
We need a Poincare sphere. 



Wigner’s Little group whose transformations leave the 
four-momentum of a given particle invariant 























Lorentz completion of the little group 



Go to infinite 
momentum and 

come back 







Wigner and Einstein 



Jones vector for polarization optics 



Matrices applicable to the Jones vector 



Matrices for optics and  Lorentz transformations 



Stokes parameters and coherency matrix 



Stokes parameters constitute a four-vector. 



Poincare 
Sphere 



Poincare sphere with two radii 



From massive to massless 





I would like to thank my long-time 
collegues who worked with me. 

Marilyn Noz since 1970 Sibel Baskal since 1999 



We all thank Wigner Jeno. 

• Available from  
• ysfine.com/wigner/wigner91.jpg 
• ysfine.com/wigner/wigner91.pdf 
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