
Lecture 9: 02/06/09

Clinton Davisson and 
Lester Germer



I3 Particle Waves

I3,1 De Broglie Hypothesis: 

I3,3 Superposition of Particle Waves 
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Example: v group = vparticle = c/2 vphase=c2/v=2c
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Example: v group = vparticle = c/2 vphase=c2/v=2c



The envelope function of the wave packet 
associated with a localized particle should be 

related to…

A. The size of the particle (smaller size -> shorter  

envelope function)

B. The range of space in which the particle might be  

found if its position would be measured

C. Something else



I3,4 Group and Phase Velocity for de Broglie’s Particle Waves:



I3,5 λλλλ=h/p: Order of Magnitude Estimate

Or: Why wasn’t this noticed before? 



DavissonDavisson --GermerGermer Experiment (1925): Scattering of low Experiment (1925): Scattering of low 
energy electrons by a crystal surfaceenergy electrons by a crystal surface

(∝∝∝∝1/λλλλ)

λλλλ ≈≈≈≈ 1 Å

I3,6 Evidence for de Broglie’s Particle Waves:



G. P. ThompsonG. P. Thompson ’’s Experiment: Diffraction of 10 s Experiment: Diffraction of 10 –– 40 40 keVkeV
electrons by a thin polycrystalline foilelectrons by a thin polycrystalline foil

polycrystalline film ⇒⇒⇒⇒ Bragg condition satisfied for 
any given reflecting plane ⇒⇒⇒⇒ concentric circles  

λλλλ ≈≈≈≈ 0.1 Å

thin foil
screen





Electron diffraction by 
polycrystalline aluminum 

Laue pattern of 
electron diffraction by 

a single crystal

(Courtesy of Prof. Y. Soejima, Dept. of 
Physics, Kyushu Univ.) 



22--slit Interference of Electronsslit Interference of Electrons



Diffraction of NeutronsDiffraction of Neutrons

λλλλ = several Å down to <10 -14 m



The Spallation Neutron Source (SNS) 
in Oak Ridge, TN



Why Neutrons?Why Neutrons?



Scattering of Alpha ParticlesScattering of Alpha Particles



Crystal Diffraction of Neutral Helium (1930)Crystal Diffraction of Neutral Helium (1930)
λλλλ ≈≈≈≈ 1 Å



Fullerene 
molecule C60 , 

consisting of 60 
carbon atoms

Interference of MoleculesInterference of Molecules



I4 The “Old Quantum Theory”

I4,1 Key Ideas / Concepts / Postulates:





2-slit experiment with particles: Assume that only 
one slit is open, and that the probability of a particle 

to arrive  at a small section ∆x of the screen is F.
What is the maximum probability of finding a particle 
in that section ∆x of the screen if both slits are open 

simultaneously?

A. √√√√2 F

B. 2 F

C. 4 F

D. 2 √√√√ F

E. F2




