Physics 309



    Photoelectric Effect


    Fall 2013
Reference University Physics, 13th ed., pp 1261 – 1266.
Make sure that you understand the differences in the predictions made by the classical wave theory of light as opposed to the photon theory of light.  
You will be performing Experiment 1 from the manual that came with the apparatus.  Although data tables are provided in the manual, do not use those tables to record data.  Instead record your data in tables in your lab notebook.

The Effect

When light is shone onto a metal surface, electrons are ejected from the surface.  Evidently, the light is providing enough energy to the electrons normally bound in the metal crystal so that they may escape.  The liberated electrons are called photoelectrons.  The amount of energy required for an electron to escape from the metal surface is called the work function.  Whatever energy the photoelectron has beyond the work function is accounted for by the kinetic energy of the photoelectron.  We are interested in the relationship among the work function, the incident light energy, the photoelectron kinetic energy, and the number of photoelectrons emitted.  The value of the work function is a property of the metal.
The photoelectrons have a range of kinetic energies.  The maximum kinetic energy is Kmax.
The experiment consists of exposing a metal surface to light of different frequencies and intensities, and measuring the resultant Kmax.  This is done indirectly by applying a voltage to the metal surface sufficient to just prevent any photoelectrons from being emitted.   That voltage is called the stopping potential, Vs.
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The experimental finding is that 
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, where f is the frequency of the incident light, 
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 is the work function and h is the slope of the graph Kmax vs. f.  Further, increasing the intensity of the incident light increases the magnitude of the photocurrent (i.e., the number of photoelectrons), but does not affect Kmax.  
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The interpretation is that the E-M radiation is quantized; it comes in particles called photons.  Each photon has the energy 
[image: image6.wmf]f

 

h

E

=

.  An electron absorbs a single photon, or does not.  If the electron absorbs a photon, the energy in excess of the work function appears as kinetic energy.  If the photon energy is less than the work function [f < fo], the electron does not escape from the metal surface—no photoelectrons are produced no matter the incident intensity.  At a fixed frequency, greater intensity of radiation means a greater number of photons impinging on the surface, liberating more photoelectrons while the excess energy beyond the work function remains the same for every photoelectron.
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