January 28 Math 3260 sec. 51 Spring 2022

Section 1.4: The Matrix Equation Ax = b.

Definition Let A be an m x n matrix whose columns are the vectors
a;, a», --- ,an (each in R™), and let x be a vector in R". Then the
product of A and x, denoted by

Ax
is the linear combination of the columns of A whose weights are the
corresponding entries in x. That is X,
ye | X2

AX = xj@4 + Xo@2 + - - - + Xpap. :
Xn
(Note that the result is a vector in R™!)
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Example
Find the product Ax. Simplify to the extent possible.
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Example
Find the product Ax. Simplify to the extent possible.

SEHEY

A‘l-‘ 3)(1 'L,ks CB\‘A""“'; oA LA

, 2\, s [
X s w W 3. b;x - - 3

W
\
oWe

January 26, 2022

3/17



Example
Write the linear system as a vector equation and then as a matrix
equation of the form Ax = b.

2x1 — 3% + X3 = 2
X1+ X2 + = —1
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Theorem

If Ais the m x n matrix whose columns are the vectors a4, as, - - - ,ap,
and b is in R, then the matrix equation

Ax=Db
has the same solution set as the vector equation
Xia1 +Xo@2+ .-+ Xxpap=Db

which, in turn, has the same solution set as the linear system of
equations whose augmented matrix is

[ay a2 --- ap bl

‘g)f\‘“s Qo \x_, un'\\é&\—\ [A J\o}
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Corollary

The equation Ax = b has a solution if and only if b is a linear
combination of the columns of A.

In other words, the corresponding linear system is consistent if and
only if b is in Span{ay,az,...,an}.
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Example
Characterize the set of all vectors b = (by, bo, b3) such that Ax = b

has a solution where
1 3 4
A=| -4 2 -6 |.
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s Cendires -2, + by, = b, = O
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