Unit 7: Oscillations

Topic 7.1

Defining Simple Harmonic Motion (SHM)

Learning Objectives

e Apply Hooke's law to a spring.
e Describe periodic motion.
e Describe simple harmonic motion as a special case of periodic motion.

Topic Questions

e What characterizes the motion of an object as simple harmonic motion?
e What is the relationship between the restoring force and displacement from equilibrium of a spring?

e What is the relationship between acceleration and displacement from equilibrium for objects in simple
harmonic motion?

7.1.01 Definition of Simple Harmonic Motion (SHM)
[71.A1 71.A2]

When certain materials are displaced from a position of stable equilibrium, a force is produced causing
the material to move back to its undisturbed shape or position. This force is known as a restoring force,
and it is characteristic of elastic materials.

For example, a stretched or compressed spring returns to its original length when released due to the
elastic spring force Fa. When distorted and released, many elastic materials undergo a repeated, or
periodic, motion and vibrate at a particular rate, or frequency.

As seen in Sub-Topic 2.8.01, Hooke's law states that the elastic spring force Fel exerted by a spring on an
object is equal to the negative product of the spring constant k and the spring's displacement x from its
equilibrium length (see Figure 7.1):

F-)el = —kf
The negative sign indicates that ﬁel is directed opposite to x.

Hence, the equilibrium position of a spring (or any elastic material) is the location where the net force
equals zero.
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*F_, Elastic force
= —kx *k  Spring constant
*x Displacement from
equilibrium position

el

Extended Relaxed Compressed

Figure 7.1 The elastic force is proportional to the displacement of the spring from equilibrium.

When an object with mass m is attached to the end of a spring and displaced from its equilibrium position,
the object oscillates with a periodic motion. Because the spring exerts a force on the object, it accelerates
according to Newton's second law of motion. The object's acceleration a equals the ratio of Fei and the
object mass m:

Combining the previous two equations:

An object's periodic motion is called simple harmonic motion (SHM) when the magnitude of its acceleration
is directly proportional to the magnitude of its displacement from equilibrium (Figure 7.2):

|al o< —|x]
Therefore, the motion of a mass-spring system is SHM. In addition to a mass-spring system, the motion of
a simple pendulum oscillating with a small amplitude is approximately SHM and is discussed in Topic 7.2.

Assume that a box is connected to a spring that is neither stretched nor compressed (ie, at its equilibrium
position). If the spring is compressed to its maximum position x = —x,,, to the left of equilibrium and
released, the elastic restoring force acts to the right on the box, causing it to accelerate and increase speed
(Figure 7.2). The inertia of the box carries it through the equilibrium position, after which the restoring force
acts to the left, causing the box to slow down.
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N *a Acceleration
x =X « x Displacement
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Figure 7.2 A box oscillates in simple harmonic motion.

When the box reaches its maximum displacement to the right, the box momentarily comes to rest but the

restoring force continues to act on the box to the left. The box begins moving to the left, increasing speed
until it passes its equilibrium position a second time. When the box is to the left of equilibrium, the restoring

force acts to the right on the box, causing it to slow to a stop when it reaches its initial position, and then

the whole process repeats.

The resulting periodic motion of the box is simple harmonic motion (SHM). The exact relationship between
the position, velocity, and acceleration of an object moving in SHM is explored in greater detail in Topic 7.3.
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Topic 7.1 Defining Simple Harmonic Motion (SHM)
Check for Understanding Quiz
1. Which of the following graphs best represents the magnitude of elastic force Fe as a function of
displacement x from equilibrium for a spring?
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2. Which of the following relationships between elastic force Fei, acceleration a, displacement from
equilibrium x, and speed v characterizes a system oscillating in simple harmonic motion?

1

A F,x—v
B. dx—v
C.ax—%
D. ¥ x —X

Note: Answers to this quiz are in the back of the book (appendix).
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