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SPH4U: Wave Nature of Light 

Light: Is it a Particle or Wave?  

Light was known to transfer energy. Fundamentally there 

are only 2 means for transferring energy.  

Waves: Disturbances which transfer energy from one 

particle to the next without also transferring particles. 

Particles: Particles transfer kinetic energy through collisions with other particles.  

In the seventeenth century, there two competing views for modeling light and its properties. Scientists 

found themselves siding with either those who believed in the wave model or those who accepted the 

particle model.  

At the time experiments had shown that light:  

1. Travelled very quickly in straight lines (this tendency of light to travel in 

straight lines is described by rectilinear propagation)  

2. Exhibited reflection and refraction (usually a combination of the two) 

3. Exhibited dispersion; certain colours of light were refracted more than others.  

4. Did NOT appear to exhibit significant diffraction or interference.  

Both groups set out to develop models to explain these properties.  

The Particle Model:  

According to the particle theorists, most notably Newton and Laplace, proposed the following to model 

light: 

1. Light consists of tine corpuscles of very small mass travelling very quickly.  

2. There high speed explained why they seemed unaffected by gravity and their 

curvature of flight is very slight.  

3. Much like bouncing rubber balls (without spin) they exhibit the law of reflection. 

4. To explain refraction, Newton compared light to going into glass with a ball rolling 

down a ramp.  

 

Newton suggested that the glass “attracted” the light the same way as gravity did, “pulling” it towards 

the normal as it sped up. In other words, Newton suggested that light travelled more quickly in glass. 

This suggested the following form of Snell’s law.   

sin(𝜃1)

sin(𝜃2)
=
𝑣2
𝑣1

 

Newton suggested that some corpuscles were more prone to reflect than 
to refract, thus explaining the combination of refraction and reflection that 
resulted. 

Newton suggested that red corpuscles were more massive the blue 
corpuscles. As a result of their larger inertia, they had a greater tendency to 
travel in straight lines therefore were less refracted than the lighter blue corpuscles.  

The experiments that seemed to have shown evidence of diffraction, Newton 
dismissed as insignificant and suggested that any such effects were due to 
interactions of the corpuscles with the edges of the slits that the light had passed 
through. 
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SPH4U: Wave Nature of Light 

The Wave Model:  

According to the wave theorists, most notably Robert Hooke and Christian Huygens, had 
experimental evidence, showing that waves exhibited: 

1. Partial reflection and refraction 
2. Dispersion (different frequency waves were refracted by slightly different amounts) 
3. Diffraction and interference. 

The wave theorists based their model on what is known as Huygens principle.    

“Every point on a wave-front may be considered a source of secondary spherical wavelets 
which spread out in the forward direction at the speed of light. The new wave-front is the tangential 
surface to all of these secondary wavelets.” 

Huygen’s principle dictates that the future position of any wave can be 
determined by treating the original wave position as a line of circular 
wave sources. The position of the wave some time, 𝑡,  later can be found 
by drawing circular waves with a radius 𝑟 = 𝑣𝑡 later. These "wavelets" 
are then connected by a smooth line as on the right of the diagram on the 
right to determine the wave’s future position. 

This approach (though time consuming) exactly predicts the law of 
reflection and refraction. However, the law of refraction (Snell's law) was 
different than that predicted by the particle model.  

Snell’s Law: 
sin(𝜃1)

sin(θ2)
=

𝑣1

𝑣2
 

Notice: This form of the equation suggests that the speed of light 
would travel more slowly in a medium like glass than in air.  

The wave model suggested that much like water waves light 
dispersion resulted from different colours of light having different 
frequencies and thus travelled at slightly different speeds. 

 

 

Summary:  

The following table summarizes the strengths and weaknesses of each of the theories.  

Phenomenon Can be explained in terms of waves. Can be explained in terms of particles. 

Reflection 
  

Refraction 
  

Interference 
  

Diffraction 
  

Dispersion 
  

Polarization 
  

Photoelectric Effect 
  

 

 

 


