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TEACHER NOTES 
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Planck’s constant 
LED apparatus 

Plastic tube for observing LEDs 

4V DC power supply 

Ammeter 

Voltmeter 

Smartphone – for 
observing infra-red 
wavelength LEDs 

Laptop or lab book 
to record data and 
plot graphs 

Equipment setup 

LEDs 



Potentiometer 
to vary voltage 
across LED 

Plastic tube for 
observing LEDs 
when ‘just on’ 

Light Emitting Diodes (LEDs) 
Wavelengths 425nm (purple) 
to  950nm (Infra Red) 



Ammeter scale will be mA 
Voltmeter scale will be 0 to 2 and then 2 to 20V 

Don’t use more than 4V for the power supply – the 
maximum input to the Planck’s Constant LED  
apparatus is 5V. 



The LED (light emitting diode) is a semiconductor, with electron energy levels that are 
separated by an amount that corresponds to the energy of photons in the visible and 
infra-red spectrum. 
 
 
If the photon energy is:  

hc
E




8 -12.998 10 msc  

346.63 10 Jsh  

wavelength /m 

speed of light 

Planck’s constant 

then photons will only be released from the LED when the applied voltage V multiplied by 
the charge on the electron e exceeds E. 

 

Therefore expect no light from the LED (and no current in the ammeter) until:  

hc
V

e


191.602 10 Ce  
electron charge 



TASK1:   
• Set up equipment and turn potentiometer 
  fully anti-clockwise. This will correspond to maximum 
  resistance and therefore minimum voltage across 
  the LED. 
• Choose an LED using the switch. Write down the  
  wavelength in nm. 
• Gradually reduce the potentiometer resistance until the 
   LED begins to lights up. Observe it using the plastic tube. 
• Record the voltage that this occurs. 
 



When the LED ‘just starts to illuminate’   
eV h

c 
 So plotting                 vs   

eV

c

1


should yield a straight line graph from the origin, the gradient of which is Planck’s 
constant  h. 

In the example below, this is the red line of best fit, yielding 
 345.41 10 Jsh   which is about 18% different from the actual value. 



We can use the same equipment to determine a much more accurate value of Planck’s constant 
by recording the voltage vs current curves for each LED. 
 
Extrapolate the linear region to zero current, and take this as the voltage corresponding to: 

hc
V

e
 Then plot              vs   eV

c

1


as before. 



Voltages using I,V curve 
extrapolation 

In this case the gradient of the graph is:  346.26 10 Jsh  



This plot of predicted vs 
measured voltages is 
perhaps a more obvious 
contrast between model 
and measurement. 
Ideally the graphs should 
be y = x for a perfect 
correlation.  You can clearly 
see the I,V curve method 
results in better agreement 
than the ‘by eye’ method. 


