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Physics 271, Experiment   9                       _____________                .
  



          

Photoelectric Effect

(Note: This experiment may be used in lieu of the Radioactivity Experiment.)

I.  Please find the checksheet at the end of this lab write-up and tear it out.                                                                                                     

At various points in this lab you will need to get your TA to sign your checksheet to certify that you have completed that portion of the lab. When you leave class, you need to hand the completed checksheet to your TA. You will not receive credit for the lab otherwise. Also, please look through the questions in the questions section. You should write out answers to these questions on a blank sheet of paper during class, and turn it in at the end of class. Your final lab grade will be based on your checksheet and your written answers to these questions.
II.  Equipment                                                                                         _
Black aluminum shielding box containing:


Set of interference filters mounted in a selector wheel 


Phototube, RCA 929, mounted in a socket

Capacitor, 0.001 microfarad (affixed to output connectors)
Mercury lamp (PASCO model OS-9286)
Electrometer (PASCO model ES-9078)

Coaxial cable, grounding wire, capacitor shorting wire 
Safety Goggles
Desk lamp
III.  Introduction                                                                                   
We will reproduce one of the first experiments that showed evidence for the quantum nature of light.  We will shine light on the surface of a metal.  To begin to get the idea, suppose you want to have a rocket break free of the gravitational potential of the earth – there is a minimum amount of energy (velocity) that you must impart to the rocket in order for this to work.  Similarly, in this experiment electrons will receive energy from the incident light and will break free of the electric potential of the lattice of nuclei in the metal. The kinetic energy of the electrons emitted from the metal will be the energy they absorb from the light minus the size of the electric potential “well” that held them in the metal.  From this experiment, we will see evidence that the energies that the electrons can absorb from the light are quantized (can only take on specific values), and that the size of these energy quantums depends on the frequency of the light.

The basic experimental design is outlined in Figure 1. When the incident light strikes the photosensitive (cesium-antimony, Cs-Sb) cathode of the phototube, the emitted electrons drift to, and strike, the thin wire anode. During this process, the anode acquires a net negative charge; the cathode, a net positive charge. The capacitor C, which is connected across the phototube, is therefore slowly charged and develops a voltage, V. This charging process continues until a “leveling-off” voltage is reached. At this voltage, additional electrons are prevented from reaching the anode by the electric field of the charge that has built up on the anode. The capacitor charges up to the same potential as the anode, and since it can contain a much greater amount of charge than the anode, it tends to stabilize the potential on the anode despite small fluctuations in local fields and the experiment. The maximum kinetic energy (like K.E., not like K x E) of the emitted electrons is given by KEm = |eV| where e is the electron charge. Electrons with KE less than eV will never make it to the anode. Measuring V, the “leveling-off voltage,” determines the maximum kinetic energy of the electrons emitted from the cathode.   The PASCO electrometer serves as a high input impedance voltmeter to measure this “leveling-off voltage.”1
High input impedance means that the meter requires only an extremely small current in order for it to measure the voltage, and this means that it drains away very little charge from the anode, and this means that the meter will have very little effect on what it is measuring.
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Figure 1:  Basic Experimental Design

The light is provided by a mercury arc source that emits a number of characteristic spectral lines. Interference filters are used to select different narrow spectral regions. Within each region, there is one predominant spectral line. Prominent emitted wavelengths, λ (λ = c / ν where c is, of course, the velocity of light) include:

	Prominent Spectral Lines Emitted by Mercury Lamp

	color
	red
	Yellow
	green
	Blue
	violet
	ultraviolet

	Wavelength, nm
	690
	578
	546
	436
	405
	365

	intensity
	
	
	
	
	weak
	


Each of the filters in the shielded black box is designed to transmit only a narrow range of wavelengths, such that it will allow the light from only one of the mercury lines to pass through, which essentially isolates that line. The shielding box also contains the phototube with a band of black tape front and center so as to prevent incoming light from striking the wire anode. The box also contains a wheel which holds the filters. The wavelength of each filter is stamped on the front of the filter wheel. The box protects the phototube and the experiment from the room lights and shields the phototube and internal wiring from electric fields.
IV.  Procedure                                                                                         


A.  Instructions for the mercury lamp:
1. Lamp and Filter Protection: Allow 5 minutes for warm-up of the mercury lamp and leave it on for the duration of the experiment. If this lamp is turned off while hot, wait 10 minutes before re-starting it.  Fast cycling shortens its life. Minimum distance between lamp and filters is 3 cm – closer may damage the filters.  

2. People Protection: Never look directly into either the front or rear aperture of the mercury lamp housing. There should be a long aluminum plate blocking the rear aperture of the lamp housing. During ordinary use ultraviolet light exposure risk is lowest with the newer model of mercury lamp in use, but safety goggles are provided if you would like to use them. Note:  the glass envelope UV filter around the PASCO lamp bulb passes enough UV (ultraviolet light) for you to be able to get data on an ultraviolet wavelength. 

Call your TA over and get your checksheet initialed (box 1)

B. Instructions for the electrometer and grounding:

1. See Figure 2: The Electrometer 

2. CAUTION:  To prevent overloading the electrometer and banging of the meter needle NEVER touch the input leads or any other part of the circuit unless you have first touched an earth ground. A person can easily pick up a potential of several thousand volts of static electricity on a dry day. 

3. Grounding yourself:  Just touch the end of a ground wire that is plugged into the grounded conductor of the power strip or a nearby grounding jack. But grounding yourself will not necessarily remove all charge from your clothing, however, and there will be an electric field from this charge which may cause unstable voltage readings when you pass your clothing or hand near the experiment.
4. Grounding the electrometer and the shielded box:  Check that a ground wire is running from either the lab station power strip or a ground jack near the power strip and is connected to the ground terminal on the electrometer. Also check that the shielded box is grounded (a wire is running from the electrometer ground terminal to a support clamp under the shielded box) After this you can ground yourself as needed by touching the ground terminal on the electrometer.  Do not attempt to construct an alternative to the present method for taking a ground from the power strip because of the possibility of encountering line voltage and current which can be dangerous.

Call your TA over and get your checksheet initialed (box 2)


Figure 2: The Electrometer
5. Press the ZERO button (Always do this before turning the electrometer ON in 
order to prevent banging of the meter needle when the electrometer is set to the 3 
volts range)

6. Turn the electrometer on (The switch is on the vertical front edge, on the right)

7. Zero the electrometer:  Just press the zero button. Merely shorting out the capacitor is not sufficient for making the zero adjustment.
Note: When the center conductor of the shielded input cable is conducting a negative current, as in this experiment, the meter will read to the left, negative (-) side of the scale. It’s opposite when the current is positive.

8. Conservation and meter protection:  Turn off the electrometer whenever it is not in use. This conserves batteries and the environment, and prolongs the life of this instrument, which becomes more vulnerable when it is opened up for battery replacement.

C. Instructions for the experiment to measure maximum kinetic energy, KEm , of emitted electrons as a function of the frequency of incident light.
1. Check that the components of your experiment are actually connected as depicted in this diagram. 

    mercury lamp                  black shielding box (top view)     capacitor & shorting wire       electrometer, ES-9078











                    filter wheel                               grounding

Figure 3:  Arrangement of the Experimental Apparatus (not to scale)
2. Capacitor:  Check that the .001 microfarad capacitor is securely mounted on the rear of the shielded box. If it becomes loose you may get erratic readings.

3. Shorting wire:  Install the shorting wire across the .001 microfarad capacitor.
4. Mercury lamp:  Turn it on and leave it on for the duration of your experiment.

5. Alignment: Align the lamp and the shielded box: Rotate the filter wheel to the UV (no filter) position to let a lot of light inside the box, then remove the lid. Do not touch the phototube, but examine it enough to identify the anode, photocathode and anode-shielding black tape. Check that the front of the shielded box is parallel to the front of the lamp and is about 4 cm away. With the beam incident on the filter aperture, move the box across the beam until plenty of light falls upon the phototube. (You may not be able to precisely center the light on the phototube at the same time that the filter is held perpendicular to the beam.) If the beam is not centered vertically, change the altitude of the box. 
6. Ask the TA to turn off the room lights.
We will now proceed to measure the maximum kinetic energy of the electrons versus the photon frequency by carefully measuring the voltage across the capacitor.  Please read the instructions carefully.

7. Identify the filters:  With the lid off and using a piece of white paper as a screen inside the shielded filter box, observe the notation on the filter wheel, then rotate the filter wheel, and observe the color of the light that is transmitted through each filter. Confirm that the observed colors are in agreement with the above table of mercury spectral lines.
8. Prevent light leaks: replace the lid so that it is securely resting against the top edges of all of the vertical walls of the box, then slide it forward so that the crack between the back of the filter wheel and the front edge of the lid is closed.

9. First filter: being careful not to bump or move either the mercury lamp or the shielded box (for the duration of your experiment) rotate the filter wheel until the filter with the next-longest wavelength, 578 nanometers, is in the path of the beam. (The 690 nm filter may not be currently in use.)

10. Un-short the capacitor. Observe the meter reading. Record this reading. Always leave the grounded end of the shorting wire in place and plug/unplug the positive end. This will automatically ground you every time you touch the end of the wire when you pick it up to short out the capacitor.

11. Continue taking data using the other filters with successively shorter wavelengths, 546, 436, 405 and 365 nanometers. Voltage readings for these wavelengths will reach maximum value in approximately 2 to 25 seconds. You have to watch this carefully, and beware of stray room light. Why does the UV reading reach its final value much faster than the others?

12. Do steps 9-11 three more times: For each filter, discard the voltage reading that is 
most different from the rest. (There are several possible sources of error here which 
can produce individual data points which are way off.)



13. When finished taking data, if others will not be using the equipment within 20-30 

minutes, turn off the electrometer, short out the capacitor, turn off the mercury 


lamp, and set the filter wheel between filters so that minimum light 



enters the shielded box so that the phototube and filters will last longer


14. Clean and organize your lab station.
V. Questions 







 




Consult your TA, as there could be questions different from these or in addition to these.
Please complete the following questions on a blank sheet of paper and hand them to your TA before leaving class.
1. Construct a graph of voltage vs. 1/ λ, with 1/ λ on the horizontal axis and with voltage on the vertical axis using the averages of all of the voltages you have collected for each wavelength. 
2. Draw a straight line through the points on your graph such that it appears to be the best fit to your data. 
3. Evaluate the slope and intercepts of this graph?  What physical interpretation can you give to these values?

4. How do the results from this experiment indicate that light energies are quantized and that the size of the energy quantums depends on the frequency (wavelength) of the light? 
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