
THE LIGHT T O U C H 

Swimming pool optics 

As we enjoy the last hot days of the 
year, there is still time for a few 

good romps in a swimming pool with 
the kids. By now, they may be tiring 
of the usual water games. This is a fine 
time to sneak in a little optics educa
tion; they won't even realize they're 
learning! Rather than doing experi
ments, why not see what the kids can 
observe around a pool, in terms of op
tics. (Besides, as a friend commented, 
with swim suits looking the way they 
do these days, oberservations around 
the pool could be pretty interesting.) 

Many children are familiar with the 
concept that light bends when it enters 
the water. If the kids you're with are 
young enough not to be aware of this, 
you can let them hold any straight ob
ject, half in and half out of the water, 
and have them notice the apparent 
bend. This is also fun to do with an 
arm: it makes it look broken. 

With older children, you can also 
have them try holding any straight ob
ject at different angles, including the 
vertical. They should note that the 
amount of bending depends on the 
angle of incidence; in fact, there is not 
apparent bending in the vertical posi
tion. Ask them to notice whether the 
part in the water bends further from 
the vertical or closer to the vertical. 

Another interesting phenomenon 
that may be observed in a pool is the 
pretty pattern of light on the bottom. 
Constantly moving, it looks almost 
like a giant lacework or quilt pattern. 
This is something you could ask al
most any age child to watch and try to 
explain. Most will be content to ob
serve that the bottom pattern is pretty, 
and that it is caused by the ripples on 
the surface. They might be able to 
cause circular ripples, and they may 
also be able to observe that sharper 
waves yield sharper contrast in the 
light pattern. 

This pattern on the bottom is really 
another artifact of the refraction of 

light at the surface. You can explain 
that, as the water sloshes in the pool, it 
forms miniature troughs. As shown in 
Fig. 1, the troughs converge the light, 
yielding bright regions on the pool 
bottom, and the waves diverge the 
light, yielding darker regions. Sharp 
ripples can give sharp dark regions, al
most like shadows. You might explain 
to older youngsters that the variation 
in the bottom light occurs because, as 
noted earlier, the amount of bending 
depends on the angle of incidence, and 
the curved surface of the water causes 
the angle of incidence to vary. 

The glitter pattern on the water can 
also be pretty interesting. This can be 
seen by standing on the edge of the 
pool, facing in the direction of the 
sun, and looking at the water. If the 
water is calm, have the kids use a hand 
to block the area of direct reflection 
(specular reflection), so they don't in
jure their eyes. Next, have someone in 
the water rough the surface. Notice 
that there is a region surrounding the 
direct reflection, which is the glitter 
pattern. You can have the kids notice 
how the size of this region becomes 
much larger when the water surface is 
rougher. Even from high altitude, this 
can be used as a pretty good indicator 
of sea surface roughness. 

Now how about having the kids see 
what interesting shadows they can see. 
For example, what about bubbles? 
You can make fine bubbles by cup

ping both hands together, just over 
the water, and forcing them several 
feet under the water. Do the bubbles 
make shadows? Or do they make 
bright spots on the bottom? Or do 
they do nothing at all? It will probably 
be necessary for one person to be the 
bubble maker while the other floats 
near the bottom, to observe the shad
ows. 

What about a person's shadow? The 
children can try observing their shad
ow when out of the pool, then com
paring the shadow created when they 
are in the pool. Is there still a shadow? 
If so, are the edges as sharp? Is the 
shadow as dark? 

You might challenge the kids to see 
what other things they can observe 
about the light. Does the water appear 
colored? Does the brightness of the 
water surface depend on which direc
tion they look? Does the appearance 
of objects change as they drop into the 
water and float to the bottom? Can 
they notice something you have failed 
to notice? 

Even today, scientific break
throughs can come from a person sim
ply observing some everyday phenom
enon and trying to figure it out. Archi
medes made breakthroughs by 
observing bath water overflowing, 
and Feyman got inspiration from ob
serving the wobble of a plate thrown 
in the air at a cafeteria. The ability to 
perform careful detailed experiments is 
often vitally important, but the ability 
to observe and think is even more cen
tral to science. 

Bending of the light by the surface waves. 
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