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2.1 Early theories of light  

1. What was Newton’s corpuscular theory of light? 
 

2. What did corpuscular theory predict should be 
observed in Young’s double slits experiment?  
 

3. What does Young’s double slits experiment tell 
us about the nature of light?  
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Newton Reflection... 
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Newton Refraction... 
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Newton or Huygens? 

This is wrong because... 
 
1) If light was a stream of 

particles two “rays” only 
would arrive on the screen 
 

2) There is no diffraction in 
Newton's model 
 

3) No interference pattern 
which we can see! 

This is right because... 
 
1) We see diffraction & 

interference 
 

2) Pattern is formed due to 
superposition of waves 
 

3) This is a parallel to water 
waves. 
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Can you explain this? 
1. Imagine you are holding a rope at one end which is attached to a brick wall at the other. 

 
2. You are sending regular oscillations down the rope and something weird is happening.  

Words to help... 
 
Frequency, amplitude, phase, node, antinode, super crest, 

super trough, reflection, cancel, reinforce,   

You cannot see the top image but only the bottom one. 
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2.2 The discovery of electromagnetic waves  

What are electromagnetic waves?  
 
1. What did Maxwell prove about the speed of electromagnetic 

waves?  
2. How were radio waves first produced and detected?  
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When electrons move through a wire we call it an electrical current. It has a simple 
definition which leads to 1A = 2 x10-7Nm or 1A = 1Cs-1 

Units of Electrical Current 
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33cm 
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2.3 The development of the photon theory of light  

 
1. Why is wave theory unable to explain 

photoelectricity?   
 

2. What is meant by the stopping potential 
in the photoelectric effect?  
 

3. What was the significance of Einstein’s 
explanation of photoelectricity?  

A simple analogy for the 
photoelectric effect is for students 
to think of a sculptor chipping 
away at a stone block. Insufficient 
energy produces no result; a hard 
blow chips a little away; a harder 
blow can send a small chip flying.  
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Maximum EK emitted 
electrons / J 

Frequency f / Hz 

metal A 

Work 
function, Φ 

Threshold 
frequency f0 

metal B 

EK  =  hf  -  Φ  

Gradient of each graph = Planck’s constant, h. 



Mr Powell 2008 
Index 

f / Hz 1014 
0          5                           10                      15 

Max Ek / eV 

1 

2 

Potassium Magnesium Aluminium 



Mr Powell 2008 
Index 

Animation.... 

photoelectric.jar


The Stopping Voltage 
Robert Millikan was an American physicist who was awarded the Nobel Prize 
for Physics for his experiments on the photoelectric effect and on the charge 
carried by an electron.  
 
He used the equipment as shown to test out various metals the energies of 
photoelectrons which they emitted. 
 
His idea was simple he made the electrode of this special vacuum tube slightly 
negative to repel the emitted electrons . 

This meant that only the most 
energetic electrons could register on 
the voltmeter. Then he upped the 
voltage until no current flowed.  
 
This was the point at which the 
electrons with the maximum possible 
KE had been stopped. 
 
He then did some rather clever 
maths .......... 



The Maths 
We can say that if the current is zero then the 
stopping voltage or field produced by that 
voltage is equal to the maximum kinetic 
energy of the electron. 
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So from a table of voltages and frequencies we can work out 
a value for h &  measured in eV or Joules 

Frequency Vstop in V 

6.00E+14 0.2 
8.00E+14 1 
8.60E+14 1.3 
1.04E+15 2 
1.10E+15 2.3 
1.20E+15 2.6 
1.28E+15 3 

Try this out by 
graphing the 

data! 
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Results 

y = 4E-15x - 2.246 
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For this experimental case reading from the graph we can say that the gradient is; 
 4 x 10-15 V/s-1 Hence h = 6.4 x 10-34 Js                    (1V = 1J/C) 

 
fT = 5.6 x 1014 Hz so if V = 0 then Kemax = 0  
 
so hf =   = 6.4 x 10-34 Js  x 5.6 x 1014 Hz = 3.58 x 10-19J  or  2.24eV 
 
We can now see that at 1 x 1015Hz  the Kemax = hf -  =  2.82 x 10-19J or 1.76eV 
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Does every photon produce a photoelectron? 
• Assuming we’re above the threshold frequency, there are other things to think about when the   

photon arrives. Photons can easily pass between or even through atoms without hitting (interacting 
with) an electron. So when they do finally hit an electron, there are a number of possible scenarios. 
So in fact a very small proportion of the photons that arrive at the metal will cause photoelectrons 
to be emitted. 

 

1. The photon hits an electron at the surface of the metal. The electron uses the energy that it has gained to 
leave the atom and head off to freedom.  

 

2. The photon hits an electron at the surface of the metal. The electron leaves the atom but heads off deeper 
into the metal and never escapes 

 

3. The photon passes deep into the metal before it hits an electron. The electron leaves the atom and heads 
towards the surface and escapes! 

 

4. The photon passes deep into the metal before it hits an electron. The electron leaves the atom and heads 
towards the surface but it doesn’t have enough energy to push its way past all the other atoms to get to 
the surface so it grinds to a halt still inside the metal and never escapes. 

 

5. The photon passes deep into the metal before it hits an electron. The electron leaves the atom and heads 
off in the wrong direction and never escapes.  
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2.4 Matter waves  

Do matter particles have a dual wave–particle nature?  
 

1. Can matter particles be diffracted?  
 

2. Why is an electron microscope more powerful in terms of magnification 
than an optical microscope?  
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Alternate View 

A velocity selector is 
used with mass 
spectrometers to select 
only charged particles 
with a specific velocity 
for analysis.  
 
It makes use of a 
geometry where 
opposing electric and 
magnetic forces match 
for a specific particle 
speed.  
 
It therefore lets through 
undeflected only those 
particles with the 
selected velocity. 
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3.6  Wave Particle duality 

The dual nature of light: 

The diffraction of light provides evidence of light being wavelike in nature 

The photo electric effect provides evidence of light being particle-like in nature 

The dual nature of matter: 

The diffraction of an electron beam directed at a thin metal film provides 

 evidence of matter being wavelike in nature  ( also electron deflection in  

  electric and magnetic fields) 

The rows of atoms in the metal crystals behave like light passing through slits  



3.6  Wave Particle duality 

The dual nature of light: 

The diffraction of light provides evidence of light being wavelike in nature 

The photo electric effect provides evidence of light being particle-like in nature 

The dual nature of matter: 

The diffraction of an electron beam directed at a thin metal film provides 
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The de Broglie wavelength  λ  
 In 1923 de Broglie hypothesised: 

 
* Matter particles have a dual wave-particle nature 

 
* The wave like behaviour is characterised by a wavelength λ  
 

λ  =    h 

     mv 

h  =  planks constant 
 
m  =  mass 
 
v =   velocity 

λ  =    h 

      p 

Change the  
by changing a  

particle’s speed 

λ  



The de Broglie wavelength  λ  
 In 1923 de Broglie hypothesised: 

 
* Matter particles have a dual wave-particle nature 

 
* The wave like behaviour is characterised by a wavelength λ  
 

λ  =    h 

     mv 

h  =  Planks constant 
 
m  =  mass 
 
v =   velocity 

λ  =    h 

      p 

Change the  
by changing a  

particle’s speed 

λ  



The de Broglie wavelength  λ  
 In 1923 de Broglie hypothesised: 

 
* Matter particles have a dual wave-particle nature 

 
* The wave like behaviour is characterised by a wavelength λ  
 

λ  =    h 

     mv 

h  =  Planks constant 
 
m  =  mass 
 
v =   velocity 

λ  =    h 

      p 

Change the  
by changing a  

particle’s speed 

λ  



Energy levels explained: 

The de Broglie wavelength of an orbiting electron has to fit the shape and  

 size the electron’s shell.  

 
Eg for a circular orbit the circumference = n λ  
 ( a whole number of de Broglie wavelengths) 



Quantum technology 

STM    (scanning tunnelling microscope) 

 The wave nature of electrons allows ‘tunnelling’ across a gap between a  tip 

  and a metal surface a few nm across. 

 



Quantum technology 

TEM    (transmission electron microscope) 

 Electrons are accelerated to a high speed to produce a very short 

 de Broglie wavelength. 

 

Very detailed images can then be resolved  

 

MRI scan     (magnetic resonance imaging) 

Radio waves are emitted when hydrogen nuclei ( eg in water molecules) 

change energy states in a strong magnetic field. 

 

SQUID  superconducting quantum interference device     - magnetic field detector 

Used to detect very weak magnetic fields from tiny electrical currents 

inside the brain  and for feotal examinations 

 

Quantum tunnelling occurs at a thin slice of an insulating barrier  
placed in a superconducting ring.  

When  more current is induced the barrier becomes 
 resistive and produces a measureable voltage . 

(Brian Josephson  1962 )  http://www.abdn.ac.uk/physics/case/squids.html 














