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1.  Basic wave theory predicted that a blackbody should put out more energy at higher frequencies.  In reality, above the peak frequency a real blackbody emits less radiation with increasing frequency.  Planck was able to explain this contradiction by assuming that light energy is quantized and that higher frequencies of light have a bigger quantum.  Explain why light energy being quantized this way means that a blackbody will emit less energy at higher frequencies.

2.  The photoelectric effect is the name given to the process where light waves striking the surface of a metal frees some electrons and produces an electric current.  How is it possible for a light wave to liberate an electron from a piece of metal?

3.  If all electromagnetic waves are made up of photons (discrete quanta), why don’t we hear the effect of each distinct packet of energy when we listen to a radio (which is being effected by a radio wave)?

4.  For biological organisms, more damage is done to cells by standing in front of a very weak (low power) beam of x-rays than in front of a much brighter red light.  How does the photon concept explain this situation that an 18th century physicist would have found paradoxical?

5.  In photoelectric effect experiments, no photoelectrons are produced when the frequency of the incident radiation drops below a cutoff value (which varies depending on the metal used in the experiment), no matter how bright or intense the light is.  How can you explain this fact using a “particle” theory of light instead of a wave theory of light?

6.  What is the energy of one quantum of 5.0 x 1014 Hz light?

7.  A photon has 3.3 x 10-19 J of energy.  What is the wavelength of this photon?  What part of electromagnetic spectrum does it come from?

8.  Which as more energy, a photon of violet light or a photon of red light from the extreme ends of the visible spectrum?  How many times more energy does the bigger photon have?

9.  What is the lowest frequency of light that can cause the release of electrons from a metal that has a work function of 2.8 eV?

10.  The threshold wavelength for emission from a metallic surface is 500 nm. 

a)  What is the work function for that particular metal?

b)   Calculate the maximum speed of a photoelectron produced by each of the following wavelengths of light:  

i)  400 nm  

ii)  500 nm  

iii)  600 nm.

11.  The work function for a photoelectric material is 3.5 eV.  The material is illuminated with monochromatic light with a wavelength of 300 nm.

a)  What is the cutoff frequency for that particular material?


b)  Find the stopping potential of emitted photoelectrons.

12.  In studying a solid material for possible use in a solar cell (which turns light into electrical energy), material engineers shine a monochromatic blue light (λ = 420 nm) to produce photoelectrons.  They measure the maximum kinetic energy of the emitted electrons to be 1.00 x 10-19 J.  Predict what will happen when the engineers test the material with red light (λ = 700 nm).  Will the light dislodge electrons from the material?  If so, how much kinetic energy will those dislodged electrons have?

13.  Gold has a work function of 4.82 eV.  A block of gold is illuminated with ultraviolet light (λ = 160 nm).

a)  Find the maximum kinetic energy of the emitted photoelectrons in electron volts

b)  Find the threshold frequency for gold

14.  Sodium and silver have work functions of 2.46 eV and 4.73 eV, respectively.  

a)  If the surfaces of both metal are illuminated with the same monochromatic light, which metal will give off photoelectrons with greater speed?  How much faster will those photoelectrons be?


b)  What is the cutoff wavelength for each material.
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15.  The diagram shown  here is a graph of stopping potential measured for different wavelengths of light shone upon a particular photoelectric material.  

  Based on the data shown here, and (more importantly) the best fit line for that data:

a)  Find the work function for this material.

b)  Find an experimental value for Planck’s constant.  (How does our equation relate to the graph given?)

