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Waves vs. Particles

Wave Theory Light a wave in an electromagnetic (EiWBdium

Particle Theory Light is a patrticle flying throug

¢ Different physicalqualitiesand mplications
¢ Both theoriescannotbe true offreely propagatingdight.
¢ It should be easy to tell with theory is true.

¢ Waveparticle dualityis acontradiction; a violation of the first rule
philosophy.



Explains or camccommodate: Particlein Void

Wavelengthandfrequency Yes

Polarization Yes

Invariant velocityndepend of source velocity Yes G/ €I
Superpositionindinterference) Yes [ Waves
Spreading, Diffraction Yes

Continuous spectrum (gamma to radio waves Yes

Laser 2

Blackbody Effect ?

Photoelectric Effect ?

Compton Effect ?

Anti-correlation and other photon experiments ?

Quantum Electrodynamics ?

Wave-Particle Truth Table
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Quantum Electrodynamics Works

In QED Richard Feynman presents QED asmthematical schemdo predict
observations

QED isiot a physical theory of light and electrons.

In QED, light sources produamplitude vector arrowsthat shrinkwith distance
(inverse square law) amdtate g A U K U A Y S 0 OO 2hNdRsandin2
turnse

¢tKS&aS I YddeveyvdzRé ad (Huygend-resnel wave model)

Adding up the resultant arrows faill possible paths rendersfanal amplitude.

Thesquareof the amplitude represents theprobability of anobserved light
matter interaction occurring at thaplaceandtime
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Introduction

Fi1GURE 11. A photon bouncing
off the back surface of a thin layer
of glass takes slightly longer to get
to A. Thus, the stopwatch hand ends
up in a slightly different direction
than it did when it timed the front
reflection photon. The “back reflec-
tion” arrow is drawn in the same
direction as the stopwatch hand.

FIGURE 15. When the
sheet of glass is just the right
thickness to allow the stop-
watch hand timing the back
reflecting photon to make one
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or more extra full turns, the stopwatch
final arrow is again zero, and
there is no reflection at all. 0.2
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MirAroBr--cIightE takes all ﬁo%sibTe paths
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bottom s the result of adding all the arfows. It is evident that the major
contribution to the final arrow’s length is made by arvows E through I, whose
directions are nearly the same because the timing of their paths is nearly the

same. This also happens to be where the total time is least. It is therefore

Where ampIItUdeS add up due to Slmllar approximately right to say that light goes where the time is least.
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104 Chapter 3
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FIGURE 68. We begin our new analysis of partial reflection by dividing a
laver of vlass into a number of sections (here. six). and looking at the various

Beyond the Classical Model of Reflection
Light amplitudes arabsorbedand thenre-emitted (scattered in all
directions) by electronthroughout the glass




Sum of all amplitudes
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