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WAVE

- A wave is a disturbance which is periodic in space and time.

- A vibration is  a disturbance which is periodic in space or time.

velocity=frequency x wavelength

ψ=Asin(2πx/λ-ωt)
=Asin(kx-ωt)

Phase
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Single Slit Diffraction

Diffraction

single slit double slit
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Interference
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Wave-Particle Duality: Light

Does light consist of particles or waves? When one focuses upon the different types of phenomena observed with light, a strong case can be 
built for a wave picture:

Interference      Diffraction             Polarization
By the turn of the 20th century, most physicists were convinced by phenomena like the above that light could be fully described by a wave, 
with no necessity for invoking a particle nature. But the story was not over.

Most commonly observed phenomena with light can be 
explained by waves. But the photoelectric effect suggested 
a particle nature for light. Then electrons too were found to 
exhibit dual natures.
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Photoelectric Effect

Most commonly observed phenomena with light can be explained by waves. But the photoelectric 
effect suggested a particle nature for light.

angle velocity
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Wave-Particle Duality: electron ?

Publicized early in the debate about whether light was composed of particles or waves, a wave-particle 
dual nature soon was found to be characteristic of electrons as well. The evidence for the description of 
light as waves was well established at the turn of the century when the photoelectric effect introduced firm 
evidence of a particle nature as well. On the other hand, the particle properties of electrons was well 
documented when the DeBroglie hypothesis and the subsequent experiments by Davisson and Germer 
established the wave nature of the electron.
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Wave Nature of Electron

As a young student at the University of Paris, Louis DeBroglie had been impacted by relativity 
and the photoelectric effect, both of which had been introduced in his lifetime. The photoelectric 
effect pointed to the particle properties of light, which had been considered to be a wave 
phenomenon. He wondered if electrons and other "particles" might exhibit wave properties. The 
application of these two new ideas to light pointed to an interesting possibility: 
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DeBroglie Wavelengths
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Examples of Electron Waves

Two specific examples supporting the wave nature of electrons as suggested in the DeBroglie hypothesis 
are the discrete atomic energy levels and the diffraction of electrons from crystal planes in solid materials.

The wave nature of the electron must be invoked to explain the behavior of 
electrons when they are confined to dimensions on the order of the size of an 
atom. This wave nature is used for the quantum mechanical "particle in a box" 
and the result of this calculation is used to describe the density of energy states for 
electrons in solids.
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Davisson-Germer Experiment

This experiment demonstrated the wave nature of the electron, confirming the earlier hypothesis 
of deBroglie. Putting wave-particle duality on a firm experimental footing, it represented a 
major step forward in the development of quantum mechanics. The Bragg law for diffraction 
had been applied to x-ray diffraction, but this was the first application to particle waves.

λ (nm)            V(keV)
0.0037              100
0.0025               200
0.00197             300
0.00169             400
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Wave vs. Particle
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Wave vs. Particle
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A single electron is a particle wave
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Wave Packet
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Wave Packet

Phase velocity: velocity of matter wave
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Wave Packet

Phase velocity: velocity of matter wave

Dispersion
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Wave Packet

Phase velocity: velocity of matter wave

Dispersion

group velocity
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Monochromatic Wave

~ infinity length of wave packet
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Chromatic Wave
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The Uncertainty Principle
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Confinement Calculation
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Δx

Uncertainty Principle in Diffraction
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Δx

Diffraction plane Δp

Uncertainty Principle in Diffraction
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Δx

Diffraction plane Δp

Uncertainty Principle in Diffraction
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Δx

Diffraction plane Δp

Uncertainty Principle in Diffraction
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Δx

Diffraction plane Δp

Uncertainty Principle in Diffraction
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Δx

Diffraction plane Δp

Uncertainty Principle in Diffraction
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Probability in Quantum Mechanics

The wavefunction represents the probability amplitude for finding a particle at a 
given point in space at a given time. The actual probability of finding the particle is 
given by the product of the wavefunction with it's complex conjugate (like the 
square of the amplitude for a complex function).

Since the probability must be = 1 for finding the particle somewhere, the 
wavefunction must be normalized. That is, the sum of the probabilities for all of 
space must be equal to one. This is expressed by the integral

Part of a working solution to the Schrodinger equation is the normalization of the 
solution to obtain the physically applicable probability amplitudes.

Sunday, February 20, 
2011


