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Learning Objectives from the beginning of the chapter in OpenStax College Physics
29.1. Quantization of Energy
• Explain Max Planck’s contribution to the development of quantum mechanics.
• Explain why atomic spectra indicate quantization.

29.2. The Photoelectric Effect
• Describe a typical photoelectric-effect experiment.
• Determine the maximum kinetic energy of photoelectrons ejected by photons of one energy or wavelength, when given the maximum kinetic energy of photoelectrons for a different photon energy or wavelength.

29.3. Photon Energies and the Electromagnetic Spectrum
• Explain the relationship between the energy of a photon in joules or electron volts and its wavelength or frequency.
• Calculate the number of photons per second emitted by a monochromatic source of specific wavelength and power.

29.4. Photon Momentum
• Relate the linear momentum of a photon to its energy or wavelength
• Describe what occurs in the Compton effect.

In the early 1900’s physicists realized that the behavior of small objects was different from the classical physics models.  We used this concept in the early part of the semester by saying that charge comes in packages of n * 1.6 x 10-19 Coulombs.  This is an example of quantization.  But, there is much more than just quantization.  We will discover that small objects can act like waves and apply that concept to better understand the atom.   Again, there will be a correspondence principle in that the results of this chapter simplify to the classical physics equations for large objects.

29.1 Quantization of Energy
A blackbody emits light at all wavelengths.  The characteristics of the spectrum of the blackbody depend only on the temperature of the object, not on what type of elements are in the blackbody.

Solid objects, liquids, and dense gases emit light like a blackbody

The total power emitted by a sphere that is a blackbody is proportional to R2 T4 .

R is radius, T is temperature in Kelvins.

The energy emitted by a blackbody is not the same at all wavelengths.  The radiation from a blackbody peaks at a wavelength that is related to the temperature of the object.  Cool objects peak in the infrared, hotter objects peak in the ultraviolet.

Wien’s Law lets us calculate the wavelength at which the most energy is being emitted by the blackbody.


λmax = 2.9 x 10-3 /T  meters.    T in Kelvins

The blackbody spectrum presents a problem to classical physics.   The equations and understanding of classical physics cannot predict the observed spectrum of a blackbody.  Some equations will match the spectrum at small wavelengths but be wrong at long wavelengths.   Some equations will match the spectrum at long wavelengths but fail at short wavelengths.  Physicists wanted to find one equation that would correctly describe the whole spectrum.

Planck derived the formula that correctly describes the blackbody spectrum only after he assumed that the energy of the oscillating atoms were quantized with E = (n + ½ ) h f      


n is an integer 0, 1, 2…     h is Planck’s constant.  6.626x10-34 J seconds    f is frequency

Planck thought this restriction on the energy was just a mathematical trick that allowed him to derive the equation for the blackbody.  However, this quantization of energy is real.

Q1.  What is the smallest change in energy for an oscillator?   (Hint: e.g. N goes from 0 to 1.)

Atomic Spectra
List one feature of atomic spectra that is much different than the spectra of blackbodies.

The spectra have discrete features (emission lines or absorption lines) that are unique for each element.  These spectra will be important in developing models for the atom in Chapter 30.

29.2 The Photoelectric Effect
When ultraviolet light falls on a set of wires it is easier to create a spark between the two wires.   This suggests that the light is causing electrons to leave the wires and help in breaking down the insulating gap of air.

What is the photoelectric effect?

What is a photon?

You should be familiar with the 5 characteristics of the photoelectric effect.  #3 is the only characteristic that agrees with classical physics. Characteristics 1,2,4, and 5 can only be explained using another new understanding of how the universe works; the photon model for light.

It is important to note that the KE in 5) is the maximum KE of the electrons.  The electrons that are ejected from the surface of the metal will have this maximum KE.  Electrons that are ejected from slightly under the surface have less KE.  The BE quantity is often called the Work function and W is used as the symbol in other physics textbooks.

KE max = hf – BE

Einstein came up with this equation in 1905 and the model that light acts like a photon when the light is absorbed.  He was awarded the Nobel Prize in 1921 for the explanation of the photoelectric effect.  List some devices that use the photoelectric effect.

29.3 Photon Energies and the Electromagnetic Spectrum
With the photon model we can easily calculate the energy associated with a particular wavelength of light.   E = hf   and f = c / λ

It is more convenient to work with electron-volts (eV) than Joules for most atomic calculations.  Planck’s constant has a value of about 4.14 x 10-15 eV seconds .

A typical ionization energy is around 10 eV.

Q2. Define “ionizing radiation.”

Does visible light fall into the category of ionizing radiation?

You should be aware of how x-rays are produced but we will not do calculations for the voltage of the equipment.

29.4 Photon Momentum
Experiments performed by Compton in the 1920’s confirmed that light makes collisions with electrons and momentum is conserved.  Photon momentum  p = h/λ

ANSWERS   ……………………..

Q1.  The smallest change in energy = hf.

Q2.  Light (or alpha or beta particles) that can give an atom enough energy to remove an electron from the atom.
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