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Refraction
We've said that light always travels at a speed of 3×108 m/s. This is not actually true
all the time. If I make light go through something dense (but still transparent, like
water or glass, it will slow down). This means, since the frequency of a wave never changes, that the
wavelength gets shorter when the wave moves into a more dense material.

One of the more interesting effects of this is the phenomenon
known as refraction. As light coming in at an angle hits a more
dense material, it slows down, packing the waves closer together.
In order to have the incoming waves line up with the outgoing
waves, the ray of light has to bend. This is why, if you look at a
stick that goes down into the water, it appears to bend at the point
where it hits the water. It's not the stick that's bending; it's the light
coming from it.

In general, a ray of light that is going into a more dense material
will bend away from the surface, and a ray of light going into a less dense material will bend toward the
surface. If light from underwater hits the surface at too shallow an angle, it is bent so much that it stays
underwater; this is why, looking up from underwater, you can't see through the surface at any great distance
away.

. 1 A rock is sitting on the lakebed, underwater. Two rays of light coming from the rock are shown.

a) Draw what the rays of light will do when they hit the surface.

b) Tracing back the rays that come out of the surface, where does the rock appear to be located?

c) Does refraction make a body of water appear to be more shallow, or more deep, than it really is?



. 2 An object is behind a thick pane of glass. Draw what the ray of light will do as it goes through the
glass. Note that it should bend twice.

Looking through the glass at this angle, will the object appear to be located higher up, or lower down,
than it actually is?

. 3 The earth's atmosphere is denser than space around it. A lot of the optical effects we see when looking
up into space are similar to what you would see from the bottom of a swimming pool. For example,
you've seen sunlight scattered into ripples moving across the bottom of a swimming pool by the
refraction of the water; the same effect, applied to starlight, is what makes stars appear to twinkle, as
those ripple move back and forth past our eyes.

Draw the path that the light ray from the star will take as it hits the atmosphere. Which of the
following statements are true?

a) The star will appear to be lower in the sky than it actually is.

b) The star will appear to be higher in the sky than it actually is.

c) Refraction might cause a star near the horizon to be hidden under the horizon.

d) Refraction might cause a star that is actually under the horizon to be visible.


