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All models are wrong.

Some models are useful.





4, 5, -8, 6, -3, -1, -2, 11, -12



4 + 5 - 8 + 6 - 3 - 1 -2 + 11 -12 = 0







Radium 5 MeV radiation:
~6242000000000 MeV in 1 Joule

person / atom mass ratio:
~2500000000000000000000000000

5 MeV to an atom is like 400,000 
lightning strikes to a human…

Nuclear binding energy ~1-9 MeV













Known Subatomic Particles (1955):
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Inferred from 
theory, known 
mass, not yet 

observed 

Known Subatomic Particles 
(2018):



3.3 GeV Cosmotron, 1953

6.2 GeV Bevatron,  
1954









33 GeV AGS, 1974



1000 GeV Tevatron, 1995



1000 GeV Tevatron, 1995









Finally 
discovered 

in 2011

The Higgs 
“completes” the 
Standard Model



13000 GeV
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