
S. Cooper MATH 1220

Chapter 1: Linear Equations in Linear Algebra

Section 1.5 – Solution Sets of Linear Systems

Goal: Write a solution of a linear system as a sum of a particular solution and another vector
coming from a special linear system.

Definition: A system of linear equations is called homogeneous if it can be written in the form

Notes:

1. Homogeneous systems always have the trivial solution x = 0 since

2. Ax = 0 has a non-trivial solution (i.e., x 6= 0) if and only if there is at least

Examples:

1. The system

x1 − x2 + 3x3 = 0

2x1 + x2 + 3x3 = 0

is homogeneous. If A =

[
1 −1 3
2 1 3

]
, then the system is of the form
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2. The system 5x1 − 3x2 + x3 = 0 is homogeneous.
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3. The system

x1 − x2 + 3x3 = 1

2x1 + x2 + 3x3 = 2

is not homogeneous. Let A =

[
1 −1 3
2 1 3

]
and b =

[
1
2

]
.

4. The system Ax = 0 with A =

 1 −2 0 3
2 1 5 1
3 −1 5 4

 has non-trivial solutions. Note that

A =

 1 −2 0 3 0
2 1 5 1 0
3 −1 5 4 0


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Theorem: Suppose the equation Ax = b is consistent for some given b. Let p be a solution. Then
then solution set of Ax = b is the set of all vectors of the form

w = p + vh

where vh is any solution of the homogeneous equation Ax = 0.

Proof that w is a solution to Ax = b:
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