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EEMATERE Al BTN ERE © Water waves move slower in a
shallow region in a ripple tank. What is the cause of it?

2024 £/

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 B

Water waves move slower in a shallow region in a ripple tank. What is the cause of it?

od-mini

In a ripple-tank (and in the ocean) the key point is that “shallow-water waves” satisfy a
different dispersion relation than "deep-water waves.” In particular:

1. For small-amplitude gravity waves on water of depth h and wavelength A, the general
phase speed is
¢ = V[ (g M2m)tanh(2rth/A) 1.

2. In the deep-water limit (h > A), tanh(2mh/A) — 1 and
c_deep = /(g NM2m),

so longer waves go faster.

3. In the shallow-water limit (h <« A), tanh(2mth/A) = 2mth/A and
c_shallow = V(g h),
which depends only on depth h, not on wavelength. Thus as h decreases, c = V(g h)

decreases.
What's “physically” going on?
¢ In deep water the fluid motion is confined to a layer of order A/2m near the surface: only
that “skin” of water needs to move, so the wave can travel relatively fast.

¢ In shallowwater the bottom is close enough that virtually the entire water column (down
to the tank floor) is involved in the motion. You're pushing a larger mass of water for the
same restoring force (gravity), so the wave travels more slowly.

In short:
» Cause: the bottom boundary "flattens” the fluid orbits so all the water moves, increasing

the effective inertia.

» Result: the phase speed drops to ¢ = V(g h), which decreases as the depth h is reduced.
FF5:14
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