
Experiment 12

Velocity and Propagation of Waves

12.1 Objective

To use the phenomenon of resonance to determine the velocity of the propagation of waves
in taut strings and wires.

12.2 Discussion

Any medium under tension or stress has the following property: disturbances, motions of
the matter of which the medium consists, are propagated through the medium. When the
disturbances are periodic, they are called waves, and when the disturbances are simple
harmonic, the waves are sinusoidal and are characterized by a common wavelength and
frequency.

The velocity of propagation of a disturbance, whether or not it is periodic, depends
generally upon the tension or stress in the medium and on the density of the medium. The
greater the stress: the greater the velocity; and the greater the density: the smaller the
velocity. In the case of a taut string or wire, the velocity v depends upon the tension T in
the string or wire and the mass per unit length µ of the string or wire. Theory predicts
that the relation should be

v2 =
T

µ
(12.1)

Most disturbances travel so rapidly that a direct determination of their velocity is not
possible. However, when the disturbance is simple harmonic, the sinusoidal character of
the waves provides a simple method by which the velocity of the waves can be indirectly
determined. This determination involves the frequency f and wavelength � of the wave.
Here f is the frequency of the simple harmonic motion of the medium and � is from any
point of the wave to the next point of the same phase. Loosely speaking, the wavelength
is the distance from crest to crest or from trough to trough. The velocity of the sinusoidal
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Figure 12.1: The solid wave travels left while the dashed wave travels right. The resulting
interference produces a standing wave with nodes and antinodes.

wave is given by

v = f� (12.2)

While there are a number of ways of determining the frequency of the wave, the wave-
length is not easily measured because the wave travels so rapidly. However, if we let two
waves of the same amplitude and frequency travel in opposite directions in the same region
of the medium, standing waves are generated. These appear as simple harmonic vibra-
tions of the medium whose amplitudes vary with distance, as shown in Fig. 12.1. The
wavelength of the wave is twice the distance between those points in the wave at which
the medium does not move. Such points are called nodes. Standing waves arise because
of the interference of the waves of the same frequency and amplitude traveling in opposite
directions.

We will set a taut string in vibration using an electrically driven string oscillator, the
other end of which is held over a pulley, from which weights hang to provide tension. When
the frequency is caused to vary, it passes through values which are conducive to providing
standing waves in the string. Standing waves of greatest amplitude are generated when
there is a node near the string vibrator. Of course, there must always be a node at the
pulley.

Standing waves are important in musical instruments as it is the resonance of the wave
vibrating the air, string, bar, etc. that produces the musical note. In this lab, we will
produce standing waves in two tubes, one with the ends open and one with one end closed.
A vibrating tuning fork will excite the air in the tube, producing the resonance we seek.

In a tube with both ends open, such as in Figure 12.2a, there must be an antinode at
each end for resonance to be maintained. The lowest number of antinodes possible is two.
This creates one node in the middle and represents 1/2 of a wavelength. The next lowest
number of antinodes is three, giving an antinode at each end and one in the middle. Two
nodes exist in this wave. This pattern continues, adding an antinode and a node each time.

In a tube with one end closed, such as in Figure 12.2b, there must be a node at the
closed end, but an antinode at the open end. Thus, the lowest resonant configuration is
1/4 of a wavelength. There is one node and one antinode in this configuration. The next
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(a) Standing waves

in a tube open at

both ends.

(b) Standing waves in

a tube closed at one

end.

Figure 12.2

possible one adds half a wavelength making two nodes and two antinodes. Again, the
pattern continues adding an antinode and a node each time.

12.3 Exercises

12.3.1 Vibrating String

1. Make sure one end of the string is attached to the string vibration generator mounting
bracket passing over the slotted post of the generator. Next, check that the other
end is passed over the pulley.

2. Suspend a 200g mass from the loop on the pulley end of the string.

3. Use Equation (12.1) to calculate the velocity of the wave. (The value of µ is 4.33⇥
10�3 kg

m

.)

4. Download and open the Capstone file provided under the Supplementary Information
section at http://physics.wfu.edu/lab/software.html.

5. Turn the Output on and slowly increase the frequency using the software controls
until a clear standing wave pattern is seen in the string.

6. Measure the distance directly on the string from one node to the next using the meter
stick. This value is 1/2 of a wavelength.

7. Now use Equation (12.2) to again calculate the velocity of the wave.

8. Find the percent deviation between the velocities found in steps 3 and 7.
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9. Repeat steps 5 through 8 for a total of three di↵erent standing wave patterns. It is
recommended to keep the frequencies used below 100Hz.

12.3.2 Open End Pipe (no cap on the end)

1. Place the inner pipe just inside the outer pipe. Be sure not to cover the outer ends
of the pipe!

2. Tap the tuning fork against the rubber actuator. Do not tap the fork against the
table; this will weaken them and eventually they will crack!

3. Slowly slide the outer pipe over the inner pipe and LISTEN CAREFULLY.

4. Find the length that produces loudest tone.

5. Measure and record this length.

6. Switch partners and repeat the exercise again.

7. Take an average of the two (or three, depending on your group) lengths.

8. For the open ended pipe, this length is 1/2 a wavelength. Calculate and record the
wavelength.

9. Check on the tuning fork for the frequency (such as 480 Hz). Record this number.

10. Using Equation (12.2), calculate the speed of sound in air.

11. Choose a di↵erent tuning fork and repeat the process.

12.3.3 Closed End Pipe (cap on one end)

1. Place the cap firmly on the end of the outer pipe.

2. Sliding the pipe over one another, find the length that produces loudest tone.

3. Measure and record this length.

4. Switch partners and repeat the exercise again.

5. Take an average of the two (or three, depending on your group) lengths.

6. For the closed ended pipe, this length is 3/4 of a wavelength (it is the second mode
of vibration, not the first!). Calculate and record the wavelength.

7. Check on the tuning fork for the frequency (such as 480 Hz). Record this number.

8. Using Equation (12.2), calculate the speed of sound in air.

9. Choose a di↵erent tuning fork and repeat the process.
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