Note: All [DIAGRAMS] will be provided in the lecture
PHYSICS 244 NOTES

Lecture 3 

Particles really do sometimes act like waves
Interference

From de Broglie we learned that the discreteness that shows up in atomic spectra may find an explanation if we postulate that electrons have some wave character.  The idea is that waves confined in a finite region of space (like a guitar string) will vibrate only at certain frequencies, which is just what an atom does.  This explanation still has an ad hoc character: one hypothesis that explains one phenomenon does not a scientific theory make.  What we do in science when faced with this situation is to try to test out the hypothesis in other circumstances.  So we ask – what are some other characteristics of waves?  

One phenomenon utterly characteristic of waves is interference.  Two waves, when added, will superpose in some places to add together and form a stronger wave (constructive interference) and in other places to form a weaker wave (destructive interference).  You may be familiar with this from studying phased-array antennas, for example, or just from watching two circular outgoing water waves come together.   

[DIAGRAM]

Electron diffraction

A really nice illustration of wave interference is a 2-slit experiment.

[DIAGRAM]

The light waves interfere constructively in places that are equidistant from the slits - alternating regions of the screen.  If you see this diffraction pattern, you can be absolutely sure you are dealing with a wave.  Particles cannot act like this.

How could we send a beam of electrons through a diffraction grating?  The problem is that the rulings have to be really small, about a few Å.   We use a crystal instead.  Davisson and Germer saw the wave pattern when electrons scattered from a surface.  Systematic investigation in transmission through thin samples showed that sin θ = n λ/D, where θ is the complement of the angle of incidence, n is the order: n=1,2,3,,,  λ is the wavelength, and D is the separation of the planes.  For small θ, grazing incidence, we get  θ = nλ/D, so we can measure λ by getting θ. 

[DIAGRAM]

If we put different voltages on the electrons, then we find eV = p2/2m = h2/2mλ2 or, plotting λ = (2meV/h2)-1/2, we should find a straight line.  This shows that the electrons also behave like particles !!!  

These days, the experiment is turned around, and electron diffraction is used to investigate the structure of crystals.  The two-slit experiment, which was performed by Thomas Young in the early 19th century with light, was not done successfully with electrons until the late 20th century.  It turns out to be quite demanding technically.

