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YouTube 

https://www.youtube.com/watch?v=ORPYudikgoc


4I TRadiation power 
per square metre 

Emmisivity 

Absolute 
temperature /K 

8 -2 -15.67 10 Wm K  

Stefan-Boltzmann 
constant 

For a ‘Black Body’ at 
20oC = 293K   

-2418WmI 

It is interesting to compare 
this to the maximum solar 
energy incident upon the 
Earth, which is on average 
about  1,361 Wm-2 
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1 
A ‘Black Body’. i.e. all incident 
radiation is absorbed and then 
re-radiated 

The Sun Stefan’s law of 
radiation power 



4IV A T

Model:  Assume tungsten filament of radiating area A and temperature T transforms 
all input electrical power IV into radiation. i.e. we can ignore other forms of energy transfer. 
Perhaps likely to be a better approximation at the filament gets hotter (and brighter). 

Bulb filament 

Electrical power 
transformed by bulb 

Power radiated 

8 -2 -15.67 10 Wm K  
So we need 
to see how T might 
vary with V and I, 
independent 
of this relationship.... 



DC ammeter 

DC voltmeter 

Potentiometer 

Filament bulb 

2x 2.0V 
DC cells 

Equipment 

Measurements 
 
Record current I and 
potential difference V 
for filament bulb using 
the full range of the 
potentiometer. 
 
Anticipated current 
ranges are about 0.1A 
to 0.3A and voltages 
between 0.9V and 3.8V. 
 
Aim for about 20 to 30  
measurements. 



1.0mm 

2 20.21 1.95 1.96cm 

Screen length of 1.0mm Screen diameter 
= 3.58cm 

3 33.58
10 m 1.83 10 m

1.96
l     

Filament length (within about +/- 10%) Photograph the filament 
bulb with a digital camera 
with a ruler scale in the frame 



1.0mm 

2 20.21 1.95 1.96cm 

Screen length of 1.0mm Screen thickness 
= 0.44cm 

3 40.44
10 m 2.24 10 m

1.96
d     

Filament width (within about +/- 10%) 



Rather than an unwound coil, we can imagine the 
filament to be a radiating cylinder of length l and 
diameter d. The radiating area is (slightly less than): 
 

4 3

6 2

2.24 10 m 1.83 10 m

1.29 10 m

A dl

A

A



  





    

 

The filament is probably 
made from tungsten... 
 
The melting point of 
tungsten is 3,695K. This is 
why it is useful as a bulb 
filament. It will radiate in 
the visible spectrum when 
hot, but won’t melt at 
these temperatures. 
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Wien’s Law 

So peak of radiation spectrum 
from a Tungsten filament 
must be for a larger wavelength 
than yellow, otherwise the filament  
would melt. 

The melting 
point of 
tungsten is 
3,695K.  



Empirical model of tungsten wire resistivity vs temperature 

 
1.205115.968 10 / K ΩmT   

https://hypertextbook.com/facts/2004/DeannaStewart.shtml 

https://hypertextbook.com/facts/2004/DeannaStewart.shtml


Find temperature from V and I 
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Filament diameter 
 
 
Filament length 

52 4.6 10 mr  

4.2cmL 

https://physics.info/electric-resistance/practice.shtml 

Filament is actually a coil 
of thin wire, so the lengths l and 
diameter d measured are both 
likely to be significantly 
inaccurate. (But perhaps OK for 
the radiation calculation since 
the outer coils are likely to be 
the major contributors). 

Using empirical 
resistivity formula for 
tungsten 

Sensible guesses 

42 2.24 10 mr d   
31.83 10 mL l   

If we use our filament measurements 
(i.e. ignore the coiling) 
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This will  
result in excessively 
high temperatures 
i.e. above tungsten 
melting point 

https://physics.info/electric-resistance/practice.shtml
https://physics.info/electric-resistance/practice.shtml
https://physics.info/electric-resistance/practice.shtml


From Tungsten 
resistivity vs T 

From Stefan’s law 

8 -2 -15.67 10 Wm K  
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6 21.29 10 m

A dl

A






 

Predict temperature well below tungsten melting point of 3,695K. 

i.e. we ignore coiling for the radiating area 
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Assume electrical power equates to radiated power 
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Radiating area of filament 

Let’s see if this relationship holds 
for a filament bulb ... 
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Verifying Stefan’s law 
(assuming R(T) correlation) 



Interestingly, the log10(IV) vs log10(V/I) graph has a gradient much closer to 4 than 3.3. It 
appears that the resistance of the bulb is almost proportional to its temperature. 
Perhaps the assumption of all the electrical energy being radiated by the filament is flawed. 
There will inevitably some heat transfer into other parts of the bulb too, and indeed 
conduction into the low density gas within the glass bulb. 



Can we calculate the Stefan Boltzmann constant? 8 -2 -15.67 10 Wm K  
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With our filament 
measurements 

Sensible guess for 
unwound coil 4 3
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2.24 10 m 1.83 10 m
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8 -2 -11.04 10 Wm K  
T is too high 

We are out by about a factor of 5.5 



Empirical I,V curve for 
filament bulb 

1.68

33.8
volts amps

V I  
   

   


