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 Millikan repeated the experiment for many oils drops. 
 The results he obtained were consistently an integer multiple of a common factor: 1.6x10-19c 

He inferred that this must be the charge on an electron. 
 
NB1: pupils who scored 2 usually did not make the link between the common factor and the 
charge on the electron explicit. 
 
NB2: many pupils went into great detail about the method he used. This is not what the 
question asks, and is unnecessary: you were not asked to describe his method but to “explain 
how the results…”. (This was not penalised in an otherwise correct answer, but it was a waste 
of time.) 
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•

•

•  

•

•

•

  
Relevant Calculations: 

Ephoton = hc/ = 4.73x10-19 J = 2.95 eV 
KEelectron = 2.95 – 2.20 = 0.75 eV 

Threshold Frequency = /h = 2.20*1.6x10-19/6.6x10-34 = 5.3x1015 Hz 
 
NB1: the most common reasons for pupils losing marks on this question were: 

• Not providing an appropriate context: beginning their answers with the equation   without 
explaining where it comes from or relating it to any information in the question. 

• Not making the one-to-one interaction between photons and electrons explicit. 

• Not making clear the relationship between light intensity and the number of photons, or how this 
relates to the number of electrons emitted. 

 
NB2: In any question of the photoelectric effect, you must: 

• Identify what the photoelectric effect is. 

• Outline the photon model of light, referring to photons and using the equation E = hf or E= hc/ 
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When the light bulb is connected to the coil, work must be done by the electrons to illuminate the light 
bulb. Therefore, part of the energy from the coil (i.e. part of the work done by the magnetic forces 
making the coil turn) is now transformed into light and heat energy. 
 

There wasn’t any current in the coil before, as the circuit was open. Just the emf induced by Faraday’s 
law due to the rotation at constant speed of the coil in the magnetic field. 
 

When the light bulb is connected, then a current flows in the circuit and in the coil. The current in  the 
coil is flowing within an external magnetic field and will therefore experience the motor effect 
(F = BIlsinθ) and by Lenz’s law, the force acting on the coil will oppose its motion, slowing down the 
rotation of the coil. Therefore, its angular speed will decrease. 

•

•

•

•

•

•

 
Most common explanation/error: 
“The light bulb adds resistance to the circuit reducing the current flowing in the circuit/coil therefore the 
coil spins more slowly”, as if there was already a current flowing in the coil before the light bulb was 
connected. 
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• Incomplete magnetic flux linkage between the primary and the secondary coils. 
 

Improvement: introduction of a soft iron core to allow more magnetic field lines from the 
primary coil to thread through the secondary coil. 

 

• Eddy currents in the soft iron core: resistive heating (Plost = RI2). 
 

Improvement: lamination of the soft iron core (perpendicularly to the plane of the coil) to 
reduce the size of these eddy currents (reduced surface area) + use of ferrites which reduce 
the ability to establish eddy currents in the first place. 

 

• Resistive heating also in wires carrying a current (Plost = RI2) 
 

Improvement: use of thicker wires to reduce their resistance.

 
Many boys merely only stated sources of energy losses without really connecting any of them to a 
specific improvement. 
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 Point A Point B Point C 

Vertical Height (m) 5.0 0 10.0 

Radius of Curvature (m) 7.5 8.0 6.2 

Predicted Speed (m s-1) 10 14.1 1.4 
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