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Waves vs. Particles

¸ Wave TheoryτLight a wave in an electromagnetic  (EM) medium

¸ Particle TheoryτLight is a particle flying through a void

ς Different physical qualitiesand implications. 

ς Both theories cannotbe true of freely propagatinglight.

ς It should be easy to tell with theory is true. 

ς Wave-particle duality is a contradiction; a violation of the first rule of 
philosophy.



Explains or canaccommodate: Wavein Medium Particlein Void

Wavelengthandfrequency Yes No

Polarization Yes No

Invariant velocity independ. of source velocity Yes No

Superpositioning(interference) Yes No

Spreading, Diffraction Yes No

Continuous spectrum (gamma to radio waves)Yes No

Laser ? ?

Blackbody Effect ? ?

Photoelectric Effect ? ?

Compton Effect ? ?

Anti-correlation and other photon experiments ? ?

Quantum Electrodynamics ? ?

Wave-Particle Truth Table

Falsified
Theory

ά/ƭŀǎǎƛŎŀƭέ
Waves



Quantum Electrodynamics Works

¸ In QED, Richard Feynman presents QED as a mathematical scheme to predict
observations. 

¸ QED is not a physical theory of light and electrons.

¸ In QED, light sources produce amplitudevector arrowsthat shrinkwith distance 
(inverse square law) and rotate ǿƛǘƘ ǘƛƳŜ όŀŎŎƻǊŘΦ ǘƻ ŦǊŜǉǳŜƴŎȅύΥ άshrinks and 
turnsέ

¸ ¢ƘŜǎŜ ŀƳǇƭƛǘǳŘŜǎ άgo everywhereέ ŀǘ c.  (Huygens-Fresnel wave model)

¸ Adding up the resultant arrows for all possible paths renders a final amplitude. 

¸ The square of the amplitude represents the probability of anobserved light-
matter interaction occurring at that place and time.



!ƳǇƭƛǘǳŘŜ ŀǊǊƻǿǎ άǎƘǊƛƴƪέ ǿƛǘƘ ŘƛǎǘŀƴŎŜ ŀƴŘ 
άǘǳǊƴέ ǿƛǘƘ ŦǊŜǉǳŜƴŎȅ ƛƴ ǘƛƳŜΦ 

Where amplitudes add up due to similar 
ǇŀǘƘǎ όƭŜŀǎǘ ǘƛƳŜύ ƛǎ άǿƘŜǊŜ ǘƘŜ ǇƘƻǘƻƴ ƎƻŜǎέΦ 

Mirror--light takes all possible paths



Beyond the Classical Model of Reflection
Light amplitudes are absorbedand then re-emitted (scattered in all 

directions) by electrons throughout the glass



v95Ωǎ ²ŀǾŜ aƻŘŜƭ

Sum of all amplitudes


