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CALCULATION OF PLANCK'S CONSTANT
Problem

Can a reasonable value for Planck's constant be determined using a simple electrical circuit?

Materials

3 light emitting diodes (LED) of different wavelengths
variable power supply
ammeter

voltmeter



Design

A circuit comprised of a LED, resistor and variable power supply will be constructed. A LED is a device that emits light when current passes through it. The device only allows current to flow in one direction; if the LED is connected backwards, no current will flow in the circuit. A graph of potential difference as a function of current will be plotted and a value of h will be determined from the y-intercept of the graph.

The experiment is based on the Law of Conservation of Energy. The power supply must supply the energy that is radiated from the LED as well as the energy that is converted into heat by the resistance of the circuit. The equation that describes the energy of the circuit is:


Epower supply = Eresistance + Eemitted by LED.
(equation 1)

In electrical circuits, energy is usually measured in terms of potential difference 
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  so equation 1 can be rewritten in terms of potential difference:
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(equation 2) Using Planck's Law we get
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(equation 3) Using Ohm's Law 
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(equation 4)

Equation 4 is the equation of line where R is a constant (the slope) and the term 
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 is a constant equal to the y-intercept.
Procedure
1. Construct a circuit consisting of the LED, resistor, ammeter and voltmeter. Remember that the ammeter must go in series.  The voltmeter must be connected in parallel across the LED and resistor.

2. Vary the setting on the power supply and record the current and potential difference. If you do not get a current reading, reverse the power connections to the LED. 

Data

You will need 3 data tables to record the following information: 
LED ( = _______

	Current (x10-3 A)
	Potential Difference across circuit (V)

	
	

	
	


Analysis

1. Graph the potential difference as a function of the current for the 3 sets of data on the same set of axes.

2. Using linear regression calculations, or reading from the graph, determine the y-intercept of the lines for each set of data.

3. What does the y-intercept represent?

4. Why are the y-intercepts different for each wavelength?

5. Using the value of the y-intercept and equation 4, determine the experimental value of h for each of the 3 wavelengths and then calculate the average value of Planck's constant.
6. Determine the experimental error.

7. List logical sources of experimental error in your experiment.

Hand in your data tables and your analysis at the beginning of the next class. Clear communication and neatness are important.
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