September 29 Math 3260 sec. 51 Fall 2025
3.8 Matrix Equations

We’ll consider two types of matrix equations.

Matrix-Vector Equation

solved for is the vector X.

AR =y

The matrix A and the vector y are known. The variable to be

is the matrix X.

Matrix-Matrix Equation

AX=Y

The matrices A and Y are known. The variable to be solved for

.
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Matrix-Vector Equation

Suppose A = [a;] is an m x n matrix, and let y = (y1,¥2,...,¥m) be a
vector in R™.

AX=y (1)
» Any vector X = (x1, X2, ..., Xp) in R" that satisfies equation (1) is
called a solution.

» The solution set of equation (1) is the set of all vectors X in R”
that are solutions.

» Equation (1) may have no solution, exactly one solution, or
infinitely many solutions.
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Linear System

ayn a2 ag
dp1 dp2 o3
equations of AX = y where X = (xy, Xo, X3).

Let A= [ } and y = (y1, y2). |dentify the entry

Ax: L Qoo (a)-7 CRow, AV XD = (Y y >

' X
: <O|.\)<\+ 0[’7 X1+al.7¥j 3 O‘ZIX'* 07_-;\(7_“’0‘21 3>

= C &o.') k97,5

eﬁuo.\ve Carr e3@°hé'\‘/‘8_ Cv\.s\—fﬁ‘e\f'

September 26, 2025

3/29



Q.. \(, + O\.zxﬁ_“(—o‘.jg XZ _‘\4

\

O, X, + Qez ¥y + Qo VB_‘\ﬁZ‘

September 26, 2025 4/29



—

AX =y

The vector X is a solution of the matrix-vector equation AX = y
if and only if (x1,x2,...,Xn) is a solution of the system of linear
equations

an Xy + aeXe + -+ @pXn = Y1
a1 X1 + aXo + -+ -+ ApXp = )2

am X1 + amaXe + -+ + @mnXn = Ym-

Note this is the system having coefficient matrix A and aug-
mented matrix A = [A|y].

September 26, 2025

5/29



Suppose that A is an m x n matrix and that y is a vector in R™ and
consider the matrix—vector equation

—

AX =y.
Let A be the augmented matrix A = [A] V]

1. If the rightmost column of A is a pivot column of A, then AX = y is
inconsistent.

2. If the rightmost column of Ais not a pivot column of A, then
AX = y is consistent.

Moreover, if AX = y is consistent then

1. If every column of A is a pivot column of A, then AX = ¥ has a
unique solution.

2. If at least one column of A is not a pivot column of A, then AX = y
has infinitely many solutions.
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Example: Consider AX = y for A and y given.

(@) A:'[i _2] and 7= (5,2)
A%
> If X € R", whatis n? n=2 zxZ&@
g"l-

» Is AX = y consistent or inconsistent?
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Example: Consider AX = y for A and y given.

2 1
(b) A[1 2], and y=(5,2,0)
3 4 P\?m

> If X € R", what is n? Ell &E

(2
» |s AX = y consistent or inconsistent?
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Example: Consider AX = y for A and y given.

2 1
(c) A=| -1 -2 |, and y=(2,1,2)
3 4
> If X ¢ R", whatisn? n-=2

» |s AX = y consistent or inconsistent?
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