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photoelectric effect

1. Purpose
The experiment serves to demonstrate the photoelectric effect, for which Einstein was awarded a Nobel prize, and in the process determine Planck's constant, h.

The photoelectric effect is the process whereby a photon of energy hf, incident on the surface of a conductor, transfers its energy to one of the electrons of an atom.  If the energy is sufficient, the electron can not only escape from the material, but do so with a certain amount of kinetic energy.  If the electron is in the highest available energy state within the conductor, the least amount of energy, (, is needed to free it, and it will escape with the maximum kinetic energy.  ( is called the "work function" of the conducting material.
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If the conductor forms the anode of a phototube, as shown in Fig. 1, no electrons will reach the cathode if the potential difference ("retarding potential") between the anode and cathode is adjusted to the minimum value necessary to stop the fastest electrons.  The loss of kinetic energy is then balanced by the gain of potential energy, eVs, and the energy equation is given by

                   hf = eVs +(    ......................(1)

where Vs is called the "stopping potential".  The "threshold frequency", f0, is the minimum photon frequency capable of eliciting the photoelectric effect.  It is obtained by setting Vs = 0 in equation (1):

                   f0 = (/h        ......................(2)

In the experiment, a monochromator is used to isolate a number of different wavelengths from a mercury lamp, and for each the stopping potential is determined.  From the data, h, (, and f0 may be determined.

2. Procedure

DAMAGE COULD RESULT IF THE UNIT IS TURNED ON WHILE THE PHOTOELECTRIC CELL IS EXPOSED TO ROOM LIGHT OR INTENSE LIGHT.  Turn on the mercury lamp and wait for about 5 minutes until it reaches its full intensity.  Connect one of the digital multimeters to measure the retarding potential and set it to the 20 V DC range.  Connect the second multimeter to measure the photoelectric cell current (thereby duplicating the reading on the less accurate built-in milliammeter) and set it to the 2 mA DC range.  By turning the wavelength control on the side of the monochromator, different spectral lines will become visible at the exit slit.  Those to be used are: yellow (578 nm), green (546 nm), blue (436 nm) violet (405) and ultra-violet (365 nm).  The violet appears relatively faint and the ultra-violet is, of course, invisible.

Adjust the wavelength control until the yellow line is visible.  Place the photoelectric cell on the stand forming a light tight seal with the monochromator.  Turn the "voltage adjust" control fully clockwise (maximum retarding potential) and then switch on the power switch.  Cover the entrance slit of the monochromator to prevent light entering and adjust the "zero adjust" until zero current is obtained.  This is a very delicate adjustment and you may not be able to obtain a precise zero.  Turn the "voltage adjust" control in a counter-clockwise direction, thereby reducing the retarding potential, until a current of about 1 mA is registered.  Now adjust the wavelength control until the current is maximum.  You have now optimized the monochromator for 578 nm.  Adjust the retarding potential until the current is zero, again a very delicate adjustment.  Before recording the "stopping potential", double check the zero setting, blocking the light as before.  Proceed to measure the retarding potential for about 10 values of current up to about 0.5 mA.

Having completed this wavelength, turn the "voltage adjust" control fully clockwise and remove the photoelectric cell so that you can adjust the monochromator for the next spectral line.  Repeat the above procedures for each line in turn.  The ultra- violet line will have to be found by adjusting the wavelength control beyond the position for the violet line until a current is registered.  Keep adjusting the "voltage adjust" control to prevent the current reading from going off-scale while seeking the maximum current.

3. calculations

On a single graph plot current [ordinate] vs retarding potential (including Vs) [abscissa] for each spectral line.  On a second graph plot Vs (ordinate) vs frequency, f, (abscissa).  From the graph, determine Planck's constant, h, as well as the work function, (, and the threshold frequency, f0, of the anode material.
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