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20BResonance and Standing Waves

Waves can be reflected from boundaries, such as the clamped end of a string. If the conditions are just right,
a standing wave forms. A standing wave is an extended oscillation where a whole system can move with a
single wave pattern. In this Investigation, you will use a standing wave to explore the connection between the
frequency of a wave and its wavelength. You will use a vibrating string because the standing waves are large
enough to see easily. However, what you learn applies to all other types of waves as well.

A Setting up a standing wave 
experiment

Connect the Timer to the sound and waves generator as
shown in the diagram. The telephone cord connects the
Timer and wave generator. The black wire goes between
the wave generator and the wiggler.

1. Attach the fiddle head to the top of the stand as 
high as it will go.

2. Attach the wiggler to the bottom of the stand as 
low as it will go.

3. Stretch the elastic string a little (5 to 10 
centimeters) and attach the free end to the fiddle 
head. Loosen the knob until you can slide the 
string between any two of the washers. GENTLY 
tighten the knob just enough to hold the string.

4. Turn on the Timer using the AC adapter.
5. Use the button on the lower left of the front panel 

to set the wave generator to waves. The wiggler 
should start to wiggle back and forth, shaking the 
string.

6. Set the Timer to measure frequency. You should 
get a reading of about 10 Hz, meaning the 
wiggler is oscillating 10 times per second.

7. Try adjusting the frequency of the wiggler with 
the frequency control on the wave generator. If 
you watch the string, you will find that 
interesting patterns form at certain frequencies.

Question for this Investigation
How do we make and control waves?

Materials
• Physics stand
• Sound and waves kit

• Timer with AC adapter
• Photogate wire

• 0 - 5N spring scale
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B Thinking about what you observed
At certain frequencies, the vibrating string forms standing wave patterns called harmonics. 
The first harmonic has one bump, the second harmonic has two bumps, and so on. 

  a. The string is 1 meter long. The wavelength, λ, is the length of one complete wave. Without using a 
meter stick, how can you determine the wavelength of each standing wave?

C Finding the standing waves
You noticed that the standing waves only occur at certain special
frequencies. The wiggler applies a periodic force to the string. When
the periodic force matches the natural frequency of the string, a large
response develops (resonance).

1. Use the frequency control to find the first through the 
eighth harmonics of the string (at least). 

2. Record the frequency and wavelength for each harmonic in Table 1. You should fine-tune the 
frequency to get the largest amplitude wave before recording the data. Look for harmonics 2 to 6 
before looking for the first one. The first harmonic, also called the fundamental, is hard to find with 
exactness. Once you have the frequencies for the others, they provide a clue for finding the 
frequency of the first harmonic.

D Thinking about what you observed
  a. In one or two sentences, describe how the frequencies of the different harmonic patterns are related.

  b. Why is the word fundamental chosen as another name for the first harmonic?

  c. Give an equation relating frequency (f) and wavelength (λ) that best describes your observations.

  d. If the frequency increases by a factor of two, what happens to the wavelength?

  e. Propose a meaning for the number you get by multiplying frequency and wavelength. 

Table 1: Frequency, harmonic, and wavelength data
Harmonic # Frequency

(Hz)
Wavelength

(m)
Frequency times 

wavelength

1
2
3
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20BE Frequency and energy
Waves are useful because they carry energy from one place to
another. The energy of a wave can also carry information such as a
voice signal from a cell phone or a TV picture.

1. Set up several wave patterns and measure the amplitude 
for each harmonic. 

2. Measure at least 5 different harmonics, including the 6th or 
higher.

 

F Thinking about what you observed
  a. What happens to the amplitude of the waves as their frequency increases?

  b. How does the energy of a wave depend on its frequency if the amplitude stays constant? How is your 
answer supported by your observations of the vibrating string? 

G Resonance
The diagram shows a useful way to think about pushing a swing. The person pushing applies a periodic force
to the swing, just like the wiggler does to the vibrating string. Like the string, a swing is a system in harmonic
motion. If the push is applied at the swing’s natural frequency, the amplitude grows large, like the standing
wave on the string. The response of a swing to a periodic push is an example of resonance. The harmonics on
the vibrating string are another example of resonance. Resonance happens when the force applied to a system
matches its natural frequency. We use resonance to create waves with specific frequencies, such as in a
musical instrument, cell phone, or microwave oven.

Table 2: Frequency vs. amplitude data
Harmonic # Frequency (Hz) Amplitude (cm)
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