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Standing Waves
If I shake the end of a rope, I can make a single, small wave travel through it. We
say that a wave is a way to carry an oscillation from place to place - shaking one end
of the rope produces a wave shape that travels through the rope and shakes the other end in the same way.

If I continuously oscillate one end of the rope, however, I can get a more interesting result - I can make
those waves build up in the rope into a big wave that gets the whole rope moving at once. It no longer
appears that a wave is traveling along the rope - rather, the whole rope is oscillating. This is called a
"standing wave."

There are a few interesting things about standing waves. First of all, there are many different patterns of
standing waves that can form in any given rope. In general, the more "waves" you want in the rope, the
faster you have to shake it. Also, some points of the rope move hardly at all in the standing wave. These
points are called "nodes." The points in between - where the rope moves most - are called "antinodes".

The different shapes of standing wave that can form are called the "modes" of the rope. Mode 1 is the
longest wavelength and thus slowest oscillation; higher modes have higher frequencies. The possible modes
are determined by the rule that a "closed" end (tied down) must be a node, and an "open" end (free to move
back and forth) must be an antinode.

. 1 a) Draw the next possible mode of this rope.

b) If this rope has a length of 3 m, what is the wavelength of its first mode? (Remember that a
"wavelength" is a full up-and-down once, two "lobes" of a standing wave)

c) What is the wavelength of the mode you drew?

d) Counting the ends, how many each of nodes and antinodes are there in mode 1? How many in
mode 2?



. 2 A rope 12 m long is fixed in place at both ends. Its first three modes of standing waves are shown
below.

a) How many nodes are there in
mode 2? How many antinodes?

b) If I strike the string near the
middle, which mode(s) will resonate
most?

c) Draw an arrow where I could hit the string that would give me the most resonance from mode 3,
less from mode 2, and less from mode 1.

d) What is the wavelength of mode 1? Of mode 2? Of mode 3?

. 3 A string is able to slide on both ends, as shown in the picture to the
right.

a) In the space below, draw what the lowest three modes of standing
waves will look like.

b) How many nodes are there in the third mode? How many antinodes?

c) If the string has a length of 24 m, what is the wavelength of mode 1? Of mode 3?


