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Light travels more slowly in materials than in vacuum.  This isn’t because the fundamental laws 

of physics are different in materials.  Instead, it’s because there are electrons in materials.  

When the electrons see the oscillating electric field associated with light (or any 

electromagnetic wave) they start dancing along – because they are charged and they feel a 

rapidly oscillating electrostatic force.  Then the electrons emit electromagnetic radiation, and 

that is added to the original electromagnetic wave.  And if you go through all of that gory 

mathematics in detail, what you get is an electromagnetic wave front traveling more slowly 

than c (which is equal to 3.0 x 108 m/s).   

The phenomenon of refraction, in which light bends in materials, is the result of this change of 

the speed of light in materials.  Here you will get to see how that works. 

Start here: 

https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html 

Click twice on the icon that says “More Tools”.  You will see a light source in the upper (white) 

part of the screen.  Drag it so that is pointed straight down at the interface, which is between 

air (the white part – and the speed of light in air is very, very close to that in vacuum) and glass 

(the blue part).   

There is a blue box in the upper left part of the screen that has “Ray” and “Wave” buttons in it.  

Make sure the “Wave” button is pressed.  The press the red button on the light source to turn it 

on.  In this simulation, the light source operates like a laser – giving a straight monochromatic 

beam.  You will see that the wavelength in air is longer than the wavelength in the glass.  In the 

gadget box in the lower left part of the screen, there is a gadget that says “Speed” on it.  Drag 

that gadget out into the beam of light in the air and see its speed (which is more or less the 

speed of light in vacuum).  The drag the Speed gadget down to the beam in the glass.  It will tell 

you that the light is traveling much more slowly in glass than in air. 

Why is the wavelength smaller in the glass than in the air?  For any periodic wave, the product 

of the wavelength and the frequency are equal to the wave speed.  The wave speed in the glass 

is much lower than in the air.  Furthermore, the frequency of the light must be the same in the 

glass as it is in the air (to maintain the continuity of the electric and magnetic fields at the 

interface between the air and the glass).  Therefore, the wavelength must be much smaller in 

the glass than it is in the air. 

  

https://phet.colorado.edu/sims/html/bending-light/latest/bending-light_en.html


Now click the little box in the lower left hand corner of the screen labeled “Angles” and rotate 

the light source to the left so that the light is striking the glass-air interface at an angle.  Move 

the light source so that the incident beam (the beam coming out of the light source) is making a 

45 degree angle to the line that is perpendicular to the interface.   

 

What direction is the light beam traveling in the glass?  And…how is that related to the angle at 

which the light in the air is traveling? 

Those two angles are related using Snell’s Law, which looks simple enough: 

n1 sin θ1 = n2 sin θ2 

n1 is the “index of refraction” of the air and θ1 is the angle between the light beam’s direction 

of travel in air and the perpendicular to the interface.   n2 and θ2 are the corresponding 

quantities in the glass.  The index of refraction is the ratio of the speed of light in vacuum to the 

speed of light in the material.  You can read from the screen that the index of refraction for 

glass is 1.500.  That means that the speed of light in glass is given by the speed of light in 

vacuum divided by 1.5 – light travels much more slowly in glass than in vacuum.   

Now change the wavelength of the light using the slider in the upper left part of the screen.  

Does it change the direction of the light beam in the glass?  Or is the refraction independent of 

wavelength? 

Some of the light is reflected from the interface instead of being refracted in the glass.  How 

does the amount of light reflected instead of refracted depend on the angle θ1? 

Now trade the materials using the gray boxes on the right side of the screen, so that the glass is 

on top and the air is on the bottom.  This also means that the light source is in the glass.  This 



will allow you to see how a fiber optic cable keeps all of its light inside the glass instead of 

having some escape into the air.  Put the light source back up to zero degrees, so that the beam 

is perpendicular to the interface.  Of course, all the light escapes from the glass into the air.  

Now, slowly increase the angle until all of the light is reflected back into the glass and none 

escapes into the air.  As long as the light inside a fiber optic cable is traveling at an angle θ that 

is larger than that angle (which is called the critical angle), all of the light will stay inside the 

fiber and none will escape.  This effect isn’t magic – it’s just a consequence of Snell’s Law. 

Now change the materials again so that the “material” on the top of the screen is air.  From the 

“Material” menu for the bottom of the screen, select “Mystery A”.  What is the index of 

refraction for the Mystery A material?  Now select “Mystery B” from the menu and determine 

the index of refraction for that material. 


