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Why is snow white? 
 

The swirling colours of soap bubbles, the vivid colours of a rainbow and the whiteness of snow are all 

explained using the results of experiments conducted by the English scientist Isaac Newton more than 

350 years ago. Newton shone sunlight through a glass prism and showed that the white light split up into 

colours. He realised that white light was a mix of all the colours of the rainbow. 

 

A pebble dropped into a pond distorts the water, sending a wave across the surface. The distance 

between the peaks of the circular ripples is called the wavelength of the wave. The wave theory of light 

describes light as a series of waves with different wavelengths
1
. It is the wavelength of the visible light 

that we interpret as colour. 

 

When a beam of sunlight travels through a prism it changes direction, but each colour is deflected by a 

different amount. This separates out the colours in the beam of white light, spreading it into a spectrum 

containing all the colours we can see, from violet to red. Red light has the longest wavelength of all the 

colours being about double that of violet light. 

 

What causes the light to change direction? When light travels through a transparent medium like water 

or glass, it travels more slowly than it does through empty space. The light is slowed as it has to ‘push’ 

past the atoms in the material, just as we can’t move as quickly through a crowd of people. Typically 

when travelling through glass light will slow down to two thirds its speed in free space. Imagine a light 

wave like a water ripple moving through space and falling onto an angled glass surface. The leading 

edge of the wave will enter the glass and slow down while the trailing edge continues unimpeded. This 

causes the wave to change direction, slewing the light as it enters the glass. 

 

Think of a car moving along a road. When the wheels on one side leave the road and drive into mud the 

car skids, changing direction as the wheels slow down in the mud. The change in direction of light as it 

moves from one medium to another is called refraction. It’s interesting to note that refraction will only 

happen at the boundary between two media if there is a change in speed for the wave across the 

boundary and the wave is not approaching the boundary head on. Light shining straight onto a flat sheet 
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of glass will not refract as it enters, just as the car won’t skid if both front wheels hit the mud at the same 

time. 

 

Refraction explains why the light changes direction as it enters the prism, but it doesn’t explain why the 

white light splits into colours. Why do the colours separate? We know that light travels at a fixed speed 

in empty space and that this speed does not depend upon the wavelength of the light. This is not true for 

light travelling in water or glass. Not only does the light slow down, but the speed of the wave depends 

upon its wavelength; light with a longer wavelength travels faster than shorter wavelength light. This 

dependence of the speed of light in a material on its wavelength is known as dispersion.  

 

As white light enters the glass prism it refracts, with the change in direction depending upon the change 

in its speed at the boundary. Think of our analogy of the car skidding as its wheels slow down in the 

mud. The slower the wheels move through the mud the larger the skid, and the greater the change in the 

direction of the car. This is exactly what happens to the light; the slower it moves in the glass the more it 

refracts. Dispersion explains why the white light splits into colours; on entering or leaving the prism the 

change in speed of the longer wavelength red light is not as great as that of the blue light. The red light 

bends less than the blue; the glass prism untangles the white light into the pure colours of the visible 

spectrum. 

 

Refraction, reflection and dispersion of sunlight explain how a rainbow is produced on a rainy day. As 

sunlight enters a raindrop refraction and dispersion splits the white light into colours. The light travels 

through the raindrop until it reaches the opposite side of the drop where the light is reflected, sending it 

back. As the light leaves the drop it refracts again, spreading the colours still further. When we look at a 

rain-filled sky, we see different colours depending on the direction in which we look. You are looking at a 

rainbow. For a rainbow to be visible the sunlight must be reflected by raindrops. The next time you see a 

rainbow make a note of the position of the Sun. It is only possible to see a rainbow with the Sun behind 

you. 

 

The fact that we can think of sunlight as a mixture of many waves, each with their own colour, can 

explain why a door is red or why grass is green. The white light from the sun or a light bulb shines onto 
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our door and the only colour that bounces off is red. The surface of the door acts like a selective mirror 

that absorbs all the other colours in the beam and reflects only red light. This is the colour we see 

reflected from our door. Similarly grass reflects only green light, absorbing all the other colours of the 

sunlight. 

 

Finally, why is snow white? A bank of snow is made of tiny flakes of frozen colourless ice crystals. Each 

snowflake has a complicated shape with lots of surfaces acting like tiny mirrors, reflecting light in all 

directions. Light striking the snow is reflected by so many surfaces that no single wavelength gets 

preferentially absorbed or reflected. Thus the majority of the white light from the sun hitting the snow will 

reflect back and, since no single colour is preferentially reflected, the snow bank appears white. For the 

same reason a pile of crushed glass will appear white. A sheet of glass is colourless but crushed glass is 

composed of many small jagged particles with a lot of reflecting surfaces. Each shard behaves just like a 

snowflake, reflecting all colours equally well. 


