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19BNatural Frequency

Newton’s second law gives the relationship between motion, force, and mass. While the second law still
applies, there are new effects that result when the second law is applied to systems in harmonic motion. This
Investigation will explore the idea of natural frequency, and how the natural frequency of a system is related
to Newton’s laws.

A Make an oscillator

1. Fix two rubber bands onto opposite sides of a washer as shown in the diagram.
2. Stretch the rubber bands a few times to “break them in.”
3. Set the two steel rods into the stand so they are 6 holes apart. The washer is suspended by the 

stretched rubber bands.
4. Pull the washer about 1 centimeter to one side. Release the washer and observe its motion.

Question for this Investigation:
How do force and mass affect harmonic motion?

Materials
• Physics stand
• Two 1/4” × 6” steel rods

• Timer and 1 photogate
• 4 rubber bands (#33, 1/8 × 

3 1/2”)

• Two steel washers. Washers for 
1/2” bolts are about the right size 
and mass.
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B Measure the natural frequency
You can use a photogate to measure the natural frequency by measuring the 
period of your oscillator. Remember, period and frequency are related (frequency = 1 ÷ period). 

The measurement is tricky to do. You have to hold the photogate so the washer breaks the light beam just
once per cycle. 

1. Nudge the rubber bands around until the washer 
oscillates back and forth without twisting 
much. Practice your technique until you can get 
the washer to oscillate back and forth with an 
amplitude of about 1 centimeter 

2. Hold a photogate near the edge of the 
oscillating washer so the washer breaks the 
light beam once per cycle. You should see the 
light on the photogate flash red and green as the 
washer breaks the beam. 

3. Set the Timer to measure the period of the 
oscillation. Record three measurements and 
take the average.

4. Convert period to frequency.

C Thinking about what you observed
  a. Does the washer-and-rubber-band oscillator have a natural frequency? How do you know?

  b. Explain in one or two sentences how you measured the natural frequency. (Hint: describe the washer’s 
motion relative to the photogate.)

  c. What would happen to the natural frequency if you made the rubber bands stronger? Would the natural 
frequency get higher, lower, or stay about the same? Explain your reasoning in a few sentences?

  d. What would happen to the natural frequency if you made the washer heavier by adding more mass? 
Would the natural frequency get higher, lower, or stay about the same? Explain your reasoning in a few 
sentences?

Table 1: Natural frequency data (Hz) for 1 washer with 2 rubber bands
Trial 1

Period (sec)
Trial 2

Period (sec)
Trial 3

Period (sec)
Average

Period (sec)

Natural Frequency (Hz)
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19BD Changing the force in your oscillator

1. Tie a second set of rubber bands around the washer as shown. 
2. Measure the natural frequency with the rubber bands stretched the same distance as part 2.

E How the natural frequency depends on mass and force
1. Use the techniques of part 2 to measure the natural period of your oscillator for the four 

combinations shown in Table 2. 
2. To be consistent, the rubber bands should be stretched the same distance for all trials.

F Thinking about what you observed
  a. Did the results agree with your answers to questions 3d and 3e? If not, give new answers based on your 

observations.

  b. The natural frequency depends on the ratio of two variables. One from the rubber bands and one mostly 
from the steel washer(s). What are the two variables and how should they be arranged as a ratio?

Table 2: Natural Period and Frequency Data (sec)
2 Rubber bands

1 Washer
4 Rubber bands

1 Washer
2 Rubber bands

2 Washers
4 Rubber bands

2 Washers
Trial 1
Trial 2
Trial 3

Average period
Natural frequency 

(Hz)
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