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Introduction
Max Planck was a German physicist who discovered the exact relationship between the energy of a photon and its frequency.  According to his quantum concept of photon energy,

E = nhυ

where n is an integer (1,2,3...), υ (Greek letter nu) is the frequency of a photon in Hertz, and h is Planck’s constant with units of Joulesecond.  Planck’s constant is derived from the graph of the maximum attainable kinetic energy of a photoelectron vs. the frequency of the incident photon striking the surface.  The Kmax of an ejected electron can be determined from the stopping potential, Vo, the voltage applied to a photoemissive surface to prevent any of the electrons from leaving the surface.  Thus, if the stopping voltage can be determined at a particular frequency or wavelength of light, the appropriate graph can be plotted and the slope can be taken as Planck’s constant.

In this lab, the stopping potentials of light emitting diodes (LED) of known wavelengths are used to obtain the data.  LEDs are made of semiconductors.  An applied voltage causes an electron to be “pumped” up to a higher energy band.  As the electron falls back to the lower band, light is emitted.  When the LED reaches and exceeds its stopping potential, it registers a current in a multimeter and begins to glow. 

An advantage of LEDs is that little energy is wasted as heat.  Many traffic lights now use LEDs.  The difference in colors of various LEDs is created by differences in semiconductor materials and the resulting “energy gap” E.  The reader is encouraged to learn more about the physics of LEDs.

Materials: two multimeters, several LEDs, variable power source, several wires

Procedures
[image: image1.emf]1.  Determine the positive and negative sides

of the LED.  The longer lead is positive. 

Arrange the power source, LED, ammeter, 

and voltmeter as shown in the schematic 

diagram.  Be sure the power source is set

at zero volts before energizing.  The ammeter

should be set to read in the mA range and set

to the 200μ amp setting (or 200 m).  

The voltmeter should be set to the 20 Volt setting.

2.  Slowly increase the voltage from zero until

the LED conducts current.  Adjust the voltage 

until the ammeter vacillates between 0.0 and 0.1

μA.  Record this voltage as the stopping 

potential.  Record the wavelength of the LED.

3.  Repeat the procedure for several other 

wavelengths of LEDs.

Analysis
1.  Complete the table below.

Table 1
	Color
	Wavelength(nm)
	Frequency (Hz )
	Stopping Vo
	Kmax Energy (J)
	Energy (eV)

	infrared
	
	
	
	
	

	red
	
	
	
	
	

	orange
	
	
	
	
	

	yellow
	
	
	
	
	

	green
	
	
	
	
	

	blue
	
	
	
	
	


2.  Plot the graph of Kmax Energy (J) vs. frequency using Excel®. Perform a regression to obtain the slope.  What does the slope represent?  If you plotted a graph of energy in eV vs frequency, what value would you expect for the slope?

3.  Which LED has the highest work function (Φ)?  Explain what this means.

