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12- Stephan's Law for Black Body Radiation 
 
Object: 
Measure how the current through an electric light bulb varies as the applied 
voltage is changed. This will allow you to establish Stephan's Law for Black Body 
Radiation.  
 
Introduction: 
When an electric current flows through the filament in a light bulb the filament 
heats up. The filament  loses heat in two ways: electromagnetic radiation (mainly 
visible light and invisible heat radiation)  and conduction (through the base of the 
bulb). The heat conducted away from the filament increases  linearly with 
filament temperature. The air in the bulb is pumped out during manufacture so 
little heat is  lost by convection. 
 
Since it is difficult to measure the temperature of the filament directly, we use the 
fact that the filament resistance is  approximately proportional to the filament  
temperature at T>>To. (Ro=resistance at room temperature T=To)  
 

R(T)=Ro[ 1+α(T-To) ] 
R(T ) =Ro + α R T- α Ro To  ~ α R T     ( T>>.To) 

R ~ T ( T>>.To) 
 
 
Stefan's Law:  
 
Stefan's Law states that the radiated power density (W/m2) of a black body is 
proportional to its absolute temperature T raised to the fourth power.  
 

E = e σ T4 
 
The emissivity e is a correction for an approximate black body radiator, where e = 
1 – R,    is the fraction  of the light reflected (R) by the black body.   For a true 
black body R = 0 and e = 1 or total absorbtion!    
  
( σ = 5.66e-8 W/m2-K4 = Stephan-Boltzmann constant  ).  
 
Using the power~temperature relationship:  
 

E = e σ T4 = e σ R4 

and  
ln(E)  = ln(e) + ln (σ) + 4 ln(R) 

 
By plotting ln(E) vs ln(R) we should find a linear relationship  y=a + bx where the 
slope b=4. 
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Directions:  
 
We can directly measure the power output of a tungsten filament  at each voltage 
by using the Daedalon Stephan Boltzmann Source and Radiiometer.   

 
1)  A variable  power supply in connected  series to the terminals of a the 
Tungsten Incandescent Lamp. 
 

 
2) Attach a digital multimeter meter (DVM) in parallel across the light bulb + and 
– terminals to measure the voltage drop V across the filament.  
 
3) A second DVM is place in series with the power supply to measure the current 
I passing through the filament.  
 
4) Record the voltage V  and current I   for a number of voltages while keeping  
the current I <1.7A!        I < 1.7A for filaement safety!!! 
 
5) Determine the resistance R  by Ohm;s Law. 
 
6) Graph ln(E)  vs  ln(R) 
 
7) Measure the slope fhe graph  and  confirm Stephan;s Law.    
 
             slope = 4 

! 

± err 
  
8) Determine the error in the slope either by analytical or graphical  means. 
You can use the STephanCalculator.xls.  
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Data Sheet 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1) Verify Stephan’s Law by fitting ln(E) vs ln( R) to a straight line.  
2) Find the temperature of the tungsten filament at V=5V. 
3) Place your hand in front of the radiometer and measure your power output on 
the lowest scale. Compare this with a direct calculation if your body temperature 
is 98.6oF.  Comment  on any differences.  
 

V I R=V / I P(W/m2) 
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