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As we know, water waves move slower in a
shallow region in a ripple tank. What is the
cause of it?

!) Copilot

In a ripple tank, when water waves transition
from deep water to a shallow region, they
exhibit a phenomenon called refraction. Let's
explore the cause behind this:

1. Change in Wave Speed:

© As waves encounter the boundary
between deep and shallow water, their
speed changes.

© |In deeper water, waves travel faster due
to less friction with the bottom.

o |n shallower regions, the waves slow
down because of increased friction with
the bottom.
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2025 -10 H8&HE:

Water waves travel slower in relatively shallower regions and faster in relatively deeper regions in

shallow water. Please give a simple, clear physical explanation for high school students.

51 &
@ GPT-5
Here's a simple way to picture it:

« A water wave isn't just the surface moving; the water underneath also moves in circular or
back-and-forth paths as the wave passes.

» In deep water, those motions can extend fairly far down without “bumping into” the bottom, so
the wave can mowve more freely.

» In shallow water, the bottom gets in the way. The moving water near the seabed rubs against
the bottom and is squeezed into a thinner layer. That friction and confinement slow the
motion, so the whole wave travels more slowly.

Another way to see it:

» Ashallow-water wave is like a very long, thin “squash-and-stretch” of the whole water column
from surface to bottom.

» Gravity is still the force trying to pull the surface back to flat, but now that entire column has to
move together while scraping along the bottom.

« More water being dragged plus more bottom interaction means more resistance, hence a
lower speed.

Key facts that match what you observe:

» In deeper water (still within the “shallow-water” regime for very long waves), there’s more
room below the wave to move with less interference, so waves go faster.

« In shallower water, the bottom interferes more strongly, so waves slow down.

This is why ocean waves often slow and grow taller as they approach a beach: they're entering
shallower water, their speed drops, and the wave energy gets packed into a shorter distance,
making the waves steeper.
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Bottom friction attenuates a water wave, will it decrease the wave speed?

1149
@) GPT-5

Bottom friction vs speed:

« The slower speed in shallow water is not mainly due to frictional drag; it arises even in ideal,
inviscid theory from the depth constraint and hydrostatic balance, giving ¢ = V(g h).

Friction mainly attenuates amplitude; its effect on c is a small correction on top of the depth-
controlled speed.
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