
The fundamental nature of forces: virtual particles
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Force Source Range Strength

Gravitation mass infinite 10-39

Electromagnetism Electric

charge

infinite 10-2

Strong nuclear Color

charge

10-15 m 1

Weak nuclear Weak

charge

10-18 m 10-5



19



20



21



22



23



24



quarks leptons
Gauge bosons

u     c      t

d     s      b 

e      

e

W, Z, g, Gg

Hadrons

Baryons  qqq qq   mesons

p = uud

n = udd

K = us or us

= ud or ud

Strong interaction

nuclei

e

atoms
Electromagnetic

interaction
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Strong color field

Energy grows with separation !!!E=mc2 !“white” proton

quark

quark-antiquark pair

created from vacuum

“white” proton

(confined quarks)

“white” 0

(confined quarks)

Quantum Chromodynamics  QCD

distance

energy density, temperature
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Why bare quarks have 

never been observed.

Thanks to Mike Lisa 

(OSU) for parts of this 

animation 
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Much ado about NOTHING:

Nothing is something

Nothing has energy 

Nothing interacts with something

-R. Kolb


