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Section 4.1

Topics
We will cover these topics in this section.

1. Second order linear constant coefficient differential equations

2. Spring-mass systems

Objectives
For the topics covered in this section, students are expected to be able to
do the following.

1. Classify second order differential equations as linear or non-linear,
homogeneous or non-homogeneous.

2. Construct second order differential equations, and initial value
problems, that represent spring-mass systems.

3. Interpret component-plots of solutions to spring-mass system
problems.

The textbook explores the linearized pendulum as well as LRC circuits.
We will not have time to explore these concepts at this point. Students
aren’t expected to be familiar with this material.
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Spring-Mass System

Three cases:

(a) Spring of natural length l0 attached to horizontal surface

(b) Mass m, attached to spring, spring length in equilibrium position is
L+ l0

(c) Same as (b) except an external force has extended length of spring

(a) (b) (c)
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Forces

Our mathematical models include four different forces.

force equation

gravitational

spring

external

damping
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Terminology

classification differential equation

unforced undamped oscillator my′′ + ky = 0

forced undamped oscillator my′′ + ky = F (t)

unforced damped oscillator my′′ + γy′ + ky = 0

forced damped oscillator my′′ + γy′ + ky = F (t)
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Participation Activity: Index Card

For each case, construct a differential equation.

• Please work in groups of

• Each group submits one card

• Instructor has paper you can use

• Print full names and email addresses on cover

• Every student in a group gets the same grade

• Grading scheme per question:
I 0 marks for no work or working alone
I 1 mark for starting the problem or for a final answer with insufficient

justification
I 2 marks for a complete solution
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Examples

Construct an initial value problem for the following situations.
1. A 2 pound mass is attached to a spring and stretches it 4 inches.

The spring is released from rest from a point that is 3 inches above
the equilibrium point.

2. If a 0.25 kg mass is attached to a spring, it stretches the spring by
0.5 m. The spring is then attached to a viscous damper with a
damping constant of 0.01 N·s/m, and the mass is released with a
downward velocity of 4 m/s from a point 0.01 m below equilibrium.

The figure below represents the graph of an equation of motion for a
damped spring/mass system. Determine whether the object was released
above or below equilibrium position, and whether the mass was released
with an upward, downward, or no velocity. Assume y is measured
downward.

1 2 3

-1

1

t

y(t)
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