Measuring Planck’s Constant Using the Photoelectric Effect
Purpose:  
To use the photoelectric effect to find Planck’s constant.
Theory:
The photoelectric effect was first explained by Albert Einstein in 1905.  When a light of high enough frequency is shone on a metal, electrons are ejected from the metal.  According to Einstein’s explanation, when a photon hits the metal, the electrons will be ejected from the metal with a range of kinetic energies from 0 J up to some maximum kinetic energy given by
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where

Ek max​​  is the maximum kinetic energy in J

h = 6.63 x 10-34 Js (Planck’s constant)

f = photon frequency in Hz

W= work function of the metal in J.

The work function (W) of a metal is the minimum energy needed for an electron to be freed from the surface of the metal.  The actual energy needed to free any given electron may be more than the work function; hence, the range of possible kinetic energies for ejected electrons.  Typical work functions for metals are on the order of a few electron-volts (eV).

The work functions for some metallic elements are:
	Metal
	Work Function (eV)
	Metal
	Work Function (eV)

	Ag
	4.26
	Mg
	3.66

	Al
	4.28
	Na
	2.75

	Be
	4.98
	Ni
	5.15

	Ca
	2.87
	U
	3.63

	Cu
	4.65
	Pt
	5.65

	Hg
	4.49
	Zn
	4.33


Table 1 (Ref: http://en.wikipedia.org/wiki/Work_function)
Photon energies can be calculated by 
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where 

c = 3.00 x 108 m/s is the speed of light in a vacuum and is the wavelength of the photon in m.

Frequency can be found for a photon using 
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.  The kinetic energy of an electron can be found by applying an opposing or retarding voltage to the electron to see how much is needed to stop it moving.  The kinetic energy of the photon can be determined from the potential energy change of the electron in the retarding voltage V: 
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where q is the charge on one electron (1.602 x 10-19 C).  
Procedure:

DO NOT AT ANY TIME RESET THE RAM ON THE GRAPHING CALCULATOR (USING <2ND><MEM>AS THIS WILLERASE THE PROGRAM YOU WILL USE.

1.
Start the PHOTEL program.  Press <PRGM> and select “PHOTEL” off the menu.  The line “prgmPHOTEL” will appear on the screen.  Press <ENTER> again.  A title screen will now appear.  Press <ENTER> once more.  You are now at the Start Menu.  If you want to start a new experiment, select the first option.  The second option “Continue Old” will allows you to continue an experiment you were working on earlier.  Any data you had stored will not be erased.  
2.
 If you are starting a new experiment, set the work function.  Choose ONE metal from Table 1.  Select “Setup Expt” off the main menu and then select “Set Work Func.” off the Setup Menu and enter your work function.  Work functions must be entered in eV.  Record the work function you entered.  You will not change this value for the rest of the experiment.
3.
Set the photon wavelength.  Select “Set Wavelength” off the Setup Menu.  The wavelength must be entered in nm.  Start with a value of 400 nm (a violet photon).  Return to the main menu.
4.
Start the simulation.  Select “Run Simulation” off the Main Menu.  You will see the main simulation screen:
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Pressing <DEL> at any time will generate a photon.  Pressing <ENTER> at any time will return you to the Main Menu.

5.
Press <DEL> to generate a photon.  If the photon has enough energy to overcome the work function, an electron will be emitted and travel form the left-hand plate to the right-hand plate.  If no electron is emitted, press <ENTER> to return to the main menu and change your wavelength to a more energetic photon (lower wavelength = more energy).  Try decreasing your wavelength by 100 nm  and running the simulation again to see if an electron is emitted.  Once you have electrons being emitted you are ready to start.  (NOTE: For simplicity, all electrons are ejected with the maximum possible kinetic energy.  No lower energy electrons are generated.  In reality, photoelectron energies are not all the same – they vary from 0 J to whatever the maximum value is as determined by the photon and the work function.)
6.
The electrons are travelling between charged plates.  If you put enough voltage across the plates, you can cause the electron to stop before hitting the negative plate.  The electron will then return to the positive plate.  Set the voltage to about 2.0 V.  This is often referred to as a retarding voltage.

Voltage can be adjusted up and down by using the up and down arrow keys, respectively.  The voltage changes by the value of the voltage increment (Vstep).  Vstep can be changed as well.  The left arrow key decreases Vstep by a factor of 10 (to a minimum of 0.1 V) and the right arrow key increases Vstep by a factor of 10 (to a maximum of 10.0 V).

7.
Press <DEL> to generate a photon and subsequently a photoelectron.  Watch to see if the electron hits the negative (right-hand) plate.   Using trial and error, find the minimum voltage needed to cause the electron to reverse its direction before hitting the negative plate.  Find this voltage to the nearest 0.1 V.  Record the photon wavelength and this minimum voltage.  You can store it in the calculator by using the “Store data” option off the Main Menu.  
8.
Press <ENTER> to return to the main menu.  Change your wavelength by a small amount (up or down by approx 20 nm).  Repeat step 7 to find the minimum voltage for this wavelength.  Repeat this step until you have created a table of wavelengths and voltages with 8-10 entries.
9.
Calculate the frequency corresponding to each wavelength.  Calculate the maximum kinetic energy of each electron by calculating the potential energy change of the electron as it travels between the plates.  Plot this kinetic energy against the frequency of the photon.  If you need to review your data, exit the program and you can find the wavelengths stored in list 1 (press <2nd><1><ENTER>) and the corresponding minimum voltages in list 2  (press <2nd><2><ENTER>).
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