
The ELECTRON:  
Wave – Particle Duality 

chapter 4 



What do we know about light? 
Before 1900’s  scientists thought light behaved as a  

wave. This belief changed when it was discovered that light also has particle like 
properties.  

 

 

 

Since many of light’s properties can be described in terms of waves we are going to 
review these wave-like properties. 



The Wave description of Light 
Visible light is just one type of electromagnetic radiation. 
All of this radiation exhibits  wave-like behavior as it travels through space.  
 
Visible light, also known as white light can be split into colors (representing 
wavelengths) 

Red, Orange, Yellow, Green, Blue, Indigo, Violet 

 

 



 

Electromagnetic spectra- radiation over a broad range 
of wavelengths. These all travel at the speed of light. 

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



Electromagnetic Radiation: energy (e-) traveling through space 

 
 

 

Small wavelengths= more dangerous 
the waves have more energy 

Big wavelengths= less dangerous 
the waves have less energy 

The waves travel at the speed of light  
(c) =3.0 x 108 m/s 



Measurable  Properties of Waves 
• Amplitude-height of the wave from origin to crest  
• Wavelength -the distance from crest to crest  
• Symbol is lambda, λ 
• Units are distance units, meters, centimeters or nanometers 



Red - longest wavelengths 

 

 

 

Violet - shortest wavelengths 



Frequency - the number of waves that pass a given point in a specific 
amount of time, usually one second.    

• Units are hertz  
 which is cycles per second 
 sec-1  or Hz 

• Symbol is v 



Is there a relationship between wavelength and 
frequency??  

 

 



Yes! Wavelength and frequency are inversely 
proportional, if one goes up the other goes down. 

Red light 
• Big wavelength 
• Low frequency 

 
Blue light 
• Small wavelength 
• High frequency 

 



c = λ v 
c = speed of light, 3x108 m/s; this is a constant- always 
the same 
λ = wavelength in meter (m) 
v = frequency in hertz (Hz) or sec-1 
 
 
They are inversely proportional, as one goes up the other 

goes down. 

Frequency & wavelength are related by the equation: 



Example #1:     c = λ v 
What is the wavelength of the yellow light emitted by a sodium lamp if 
the frequency of radiation is 5.10 x1014 Hz ? 
 
c = 3x108 m/s  (this is a constant- always the same) 
v = 5.10 x1014 Hz 
λ = ? 
c = λ v 
3x108 m/s = (λ) 5.10 x1014 Hz 
   
λ = 5.88 x 10-7 m               



Example #2:            c = λ v 
What is the frequency of light whose wavelength is 4.257  x  10-7  m? 
 
c = 3x108 m/s  (this is a constant- always the same) 
v = ? 
λ = 4.257  x  10-7  m 
c = λ v 
3x108 m/s = (4.257  x  10-7m) (v )   
 
 



Stop and practice  



The electron and Wave-Particle Duality  
In the early 1900’s two experiments involving interactions of light and matter 
produced results that could not be explained by wave theory. 

The first experiment - the photoelectric effect (questioned wave theory) 

The second experiment - hot object light emission (defined light as a 
particle) 

 



Photoelectric Effect - A metal emits electrons when hit by electromagnetic 
         radiation (light) 

 Using wave theory of light all types of light should be able to cause an electron 
to be dislodged from the metal surface but this is NOT the case! 
 
For a given metal NO electrons were  
emitted below a certain frequency 
of light.  

 
 

Scientists didn’t understand why light had to be of a certain frequency to be 
able to knock loose electrons from the surface. 

 

 



Explanation of the photoelectric effect and wave 
particle duality 

● Watch this: 
● https://www.youtube.com/watch?v=MFPKwu5vugg  

https://www.youtube.com/watch?v=MFPKwu5vugg


Explanation of photoelectric effect ……. 
German physicist Max Planck explained it by doing another  
experiment  studying the emission of light by hot objects. 
 
He said that hot objects do not emit continuous energy but  
energy in the form of small packets called quanta.  

A quantum is the minimum quantity of energy that can be 
lost or gained by an atom. Light is more like a particle. 

 

 



Planck proposed the following equation: 
 
      E  = hv 
E = Energy (units are J, joules) 

h = Planck’s constant  6.6262  x  10 -34 J/s 

v = frequency  (waves per second or Hz) 

Units: Hz & 1/sec are the same and will cancle each other out in equations 

 



Example 
Calculate the energy of a quantum of radiant energy  (the energy of a 
photon) with a frequency  of 5.00  x  10 14 Hz.  
 
E  = ? 
h= Planck’s constant  6.6262  x  10 -34 J/s 
V= 5.00  x  10 14 Hz 
 
E  =  h v 
E  = (6.6262  x  10 -34 J/s) (5.00  x  10 14 Hz) 
 
 
 

 



Einstein weighs in………. 
1905 Albert Einstein expanded on Max Planck’s 
theory by the radical idea that electromagnetic 
radiation has a dual WAVE-PARTICLE nature. 

White light exhibits many wave-like properties and 
it can also be thought of as a stream of particles. 

Particles of light are called photons which have 
zero mass and carrying a quantum of energy. 



Einstein explains the photoelectric effect 
Electromagnetic radiation is absorbed by matter in whole numbers of 
photons. 

Electrons are struck loose by photons that contain a certain amount of 
energy. 

Energy of a photon corresponds to a certain frequency E = h v 

If a photon’s frequency is below a certain minimum then the electron 
remains attached to the metal surface 

Electrons are bound more or less tightly in different metals, so different 
metals require different frequencies to exhibit the photoelectric effect. 
https://www.youtube.com/watch?v=KyjQJBDD5V4  
  

https://www.youtube.com/watch?v=KyjQJBDD5V4


When to use equations 

c  =  λ v        E  =  h v 
when you are given the wavelength   when you are describing 
energy       absorbed or released  

 

 

Now combined practice! page 
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