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I am known as a person who 

maintains webpages

http://ysfine.com

for conference catalog

•http://ysfine.com/princeton

for beautiful campus

http://ysfine.com/einstein
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Because I look old these days, 

many people ask me whether 

I met Einstein

Einstein left us in 1955, but I 

went to Princeton in 1958, but 

I met some people who met 

Einstein.



Orren Jack Turner

1947 1961



Einstein (1905)

Special Relativity 

for 

point particles



Extended Particles

Einstein invented special relativity for point

particles.

How about rigid bodies with space-time  
extensions?

How about rotations of the extended 

objects?



How about extended particles?



Hydrogen Atom: Naïve!



Quantum Mechanics

Wave-particle duality



Leopold Infeld
He considered Lorentz

boost of cubical cavity of 

Electromagnetic waves.

Inspiration

Replace a rigid body with 

a package of standing 

waves.



Evolution of the Hydrogen Atom



Gell-Mann’s Quark Model

Feynman’s Parton Model



1969: Feynman’s 

Partons

If the hadron moves

with a speed close to c,

It appears like a

collection of partons:

free incoherent 

particles with wide

spread momentum

distribution.

Very Strange!



Further contents of Einstein’s Energy-

momentum Relation (Phys Rev  Lett. 89)



Feynman revolution: do not use 

Feynman diagrams for bound states, 

but use harmonic oscillators,



Waves in Relativistic World

• There are running waves and standing waves.  

• Running waves can be approximated by plane 

waves.  Running waves can be made Lorentz-

covariant through the Klein-Gordon equation.  

Thus, the S-matrix and Feynman diagrams.

This is called Quantum Field Theory.  Is the field 

theory capable of solving standing wave or 

bound-state problems?



History 

of 

Physics



Physical ideas are great, but 

this paper is total mess from 

the mathematical point of 

view.

Also  inconsistent with 

fundamental principles of 

quantum mechanics and 

special relativity.

How to construct a 

mathematically coherent 

theory compatible with all 

known physical principles.  





Time separation



1962: Audience with Dirac



Dirac:

American 

physicists should 

spend more time 

for studying 

Lorentz 

covariance. 

He was talking 

about Feynman



Dirac’s Papers 

are like Poems.

Dirac did not 

know how to 

draw diagrams.

Dirac was quite 

fond of using 

harmonic 

oscillators.



Wigner seldom 

used harmonic 

oscillators



1939. Wigner’s Little Group

Subgroups of the

Lorentz Group wich

leaves the

four momentum 

of a given particle 

invariant’



Wigner’s Little Groups

For Massive particles, it is like 

O(3), which defines particle spin.

For massless particles, is like E(2)

Which defines helicity and gauge 

degrees of freedom



O(3) little 

Group 

becomes

E(2) Little 

group



Since Einstein’s energy-momentum 

relation (1905)



Last Lunch (1991)



Feynman, Washington, 1970



Feynman said!

• For Scattering problems, use Feynman 

diagrams.

• For bound-state problems, use harmonic 

oscillators.

• However, there were no Lorentz-covariant 

oscillators in 1970.

• People said Feynman was absolutely crazy.

• But, I became excited about what he said, 

and studied his physics systematically.



History of Physics



Running waves and Standing Waves



Symmetries. Wigner’s Little Groups



Feynman said



Wigner and Einstein





Lesson from 

Dirac, 1962



Dirac and Feynman in Poland  (1962)

• Dirac: construct a 
beautiful mathematics.

• Feynman: mathematical 
instrument that will 
produce numbers which 
compared with numbers 
observed in labs.

• In order to satisfy both, 
use two coupled 
oscillators. 



Covariant Bound States

(Standing Waves)

• Bound States: Hydrogen 
Atom or

Harmonic Oscillators.

• Feynman chooses osc. 
wave functions to 
understand the covariant 
world.

• Hadron consisting of two 
quarks.  Overall 
coordinate and space-
time separation.  



Wigner’s Little Group

• The space-time symmetry inside the hadron is 

smaller than the Lorentz group.  It is isomorphic

to O(3), three-dimensional rotation group. 



Dirac’s Quantum World

Time-energy uncertainty

without excitations.  

C-number T-E

uncertainty.

Space-time asymmetry.



Dirac’s Light-

Cone System

(1949)



Relativity and Quantum Mechanics



Lorentz-squeezed Hadron



Squuezed States of Light







Let us go  back to Feynman











Orthogonality 

Relations



History of Physics



Lorentz-covariant 

Picture of Feynman’s 

Parton Model



Quarks and Partons



Parton Distribution Function



Time Dilation





Proton Form 

Factor

Not  point particle. 

Has its space-time 

extension.



Form Factor 

Behavior 

against 

Momentum 

transfer





Further contents of Einstein’s Energy-

momentum Relation (Phys Rev  Lett. 89)



Feynman’s Rest of the Universe



Conclusion

• Quantum mechanics and special relativity are 
two most important physical theories formulated 
during the past century.  As far as we can see, 
both are right within their regions of applicability.  

However, they cannot be complete theory 
unless they are consistent with each other.

We have to solve this problem before 
inventing a  new quantum mechanics.



Victor Weisskopf used to play 

piano with his ten fingers.  He 

understands Harmony.

I used to like his talks, 

because he knew what

he was talking about.

According to him

Physics is a  

Symphony



Feynman sings Harmony

The adventure of our

science of physics is a

perpetual attempt to

recognize that the

different aspects of

nature are really different

aspects of the same

thing. 



Physics of Harmony


