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STephan-Boltzmann Law

1. Purpose
In 1900, Max Planck obtained his famous blackbody formula that describes the energy density per unit wavelength interval of the electromagnetic radiation emitted by a blackbody at a temperature T:

                      u( (,T) =      8πhc       .

                                    (5(ehc/(kT - 1)

Planck's assumption was that submicroscopic oscillators whose total energies were quantized produced the radiation:

                 Eoscillator = nhf,   n = 1,2,....

He further assumed that radiation of frequency f was emitted when an oscillator dropped to the next available energy state.

The total power per unit area, E, radiated by a blackbody is found basically by integrating u((,T) over the entire wavelength range from zero to infinity.  When this is done, we obtain the Stefan-Boltzmann law:

                           E = (T4
where the ( is the Stefan-Boltzmann constant.  For an incandescent solid, the ratio of the energy radiated to that from a blackbody at the same temperature is called the emissivity, e, a number always less than one.

The experiment is to investigate the relationship between E and T for the tungsten filament in an ordinary lamp.  The emissivity of tungsten is not quite constant but decreases with increase in wavelength and increase in temperature.  The temperature of the filament will be determined from its change in resistance with temperature.

2. Procedure

Use the Wheatstone bridge to accurately determine the resistance, Rref, of the lamp filament at room temperature (~ 300K).  Use a 1.5 V battery as the power supply and first determine the resistance of the lamp connecting leads.  A dummy lead of the same total length is provided for this purpose.  Then measure the resistance of the lamp plus connecting leads and, by subtraction, obtain the filament resistance alone.  These measurements need to be done very accurately as a small error will lead to large errors in filament temperatures.

Connect the radiation sensor (thermopile) to a digital multimeter that should be set on a 100 or 200-millivolt DC range.  Connect the lamp to a DC power supply together with an ammeter and voltmeter to record filament current and voltage respectively.  HAVE YOUR CIRCUIT CHECKED BY AN INSTRUCTOR BEFORE SWITCHING ON.  NOTE ALSO THAT THE LAMP VOLTAGE SHOULD NEVER EXCEEED 6.5 V.  Arrange the lamp and sensor facing each other at the same level and about 5 cm apart.  Slide the shutter ring on the radiation sensor forwards to open the shutter.

	Lamp Voltage
	Lamp Current
	Rad (mV reading)
	Log(Rad)
	Lamp Resistance
	Temperature, T
	T4
	Log T

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


For filament voltages of 0.5, 1.0, 1.5, .....6.5 V, record the filament current and the sensor millivoltmeter reading.  Make the latter readings quickly and in between readings, place the reflecting heat shield between the lamp and sensor with the reflecting surface facing the lamp.  This will help to keep the sensor at a relatively constant temperature.  Note that the millivoltmeter reading, designated "Rad" in Table 1, is proportional to the total power radiated by the lamp.
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3. calculations

Record your results in a table such as Table 1 above.  Determine the filament temperature T either from Table 2 or the accompanying graph.  Plot a graph of log (Rad) (ordinate) vs log T (abscissa).  From your graph, determine the exponent in the Stefan-Boltzmann law, and the associated error.  Also plot a graph of Rad (ordinate) vs. T4 (abscissa).  Is it consistent with the Stefan-Boltzmann law?  Can you account for any departures?
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