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Learning Objectives from the beginning of the chapter in OpenStax College Physics
29.5. The Particle-Wave Duality
• Explain what the term particle-wave duality means, and why it is applied to EM radiation.

29.6. The Wave Nature of Matter
• Describe the Davisson-Germer experiment, and explain how it provides evidence for the wave nature of electrons.

29.7. Probability: The Heisenberg Uncertainty Principle
• Use both versions of Heisenberg’s uncertainty principle in calculations.
• Explain the implications of Heisenberg’s uncertainty principle for measurements.

29.8. The Particle-Wave Duality Reviewed
• Explain the concept of particle-wave duality, and its scope.

29.5 The Particle-Wave Duality
Interference and diffraction show that light travels as a wave.  The photoelectric effect shows that light should be treated like a particle (photon) when light is absorbed.  This dual nature is far from a classical physics concept.  But, experimental evidence supports this particle-wave dual explanation.  You apply the correct model for the situation at hand.

What questions do you have on particle-wave duality?

29.6 The Wave Nature of Matter
 Q1. Why did de Broglie propose that matter has a wave behavior?

    de Broglie wavelength      = h/(mv)

Why don’t you observe the wave nature of a baseball as it is thrown?

What experimental evidence indicates that de Broglie was correct?

How is the wave nature of the electron used in an application?
29.7 Probability: The Heisenberg Uncertainty Principle
Probability Distribution
Quantum Mechanics lets scientists calculate the probability that a particle will be in a certain range of locations or the probability that an object will have an energy within some range of energies.  The textbook shows the probability distribution for an electron after the electron passes through two slits.  This should remind you of the interference pattern you observed when light passes through two slits. Fig 29.26 is mislabeled for the b) frame.  It should read “photons” not “protons.”

It is also worth noting that if you try to measure which slit the electron passed through you destroy the interference pattern.  

Heisenberg Uncertainty
On a fundamental level, it turns out that there is an inherent uncertainty in the knowledge of measured items.  In fact, the act of measurement disturbs the system and gives uncertainty to the measured items.

The uncertainty principle we will use for position and momentum is:

∆X  ∆px  >  h/(4 π )        ∆X is the uncertainty in the X location




∆px is the uncertainty in the X component of the momentum

∆px will sometimes be expressed as m∆Vx  (mass times uncertainty in the X component of the velocity).

If you try to obtain better information on the location of a particle you will lose the ability to have accurate information on the velocity of the particle.  You can visualize this result by recalling how the diffraction pattern spread out when the single slit became narrower.   Narrowing the slit is equivalent to trying to obtain better information on the location.  As this is done, the light had more uncertainty (spread out more) on where it would strike the screen.  The central maximum spread out.

Q2. What makes the uncertainty in the velocity in the X direction larger?

There is also an uncertainty principle for energy and time:

   ∆E   ∆t   >  h/(4 π)

   ∆E   is the uncertainty in the energy value (in Joules)





∆t is the length of time during which the energy value is measured.

Q3. What makes the uncertainty in the energy value larger?

The uncertainty principle for energy plays a role in alpha decay from nuclei.  For a short time the kinetic energy of the alpha particle will be negative.

29.8 The Particle-Wave Duality Reviewed
The concepts of particle-wave duality and uncertainty principles apply to all objects.  But, it is only for small objects that the effect is important.  When macroscopic objects are involved the equations of classical physics can be used.
ANSWERS   ……………………..

Q1. He assumed that nature was symmetric.  With light having a particle and wave nature he assumed that matter would have the same behavior.

Q2.  Any attempt to obtain better information on the X position will make the uncertainty in the X component of the momentum larger.

Q3.  If the energy measurement is made during a shorter time interval, the uncertainty in the energy value is greater.  This has applications in the emission of light from atoms and subatomic particles.  
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