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Math 26500 - Zecheng Zhang, Spring 2022

Section 1.4 The Matrix Equation Ax = b W
= =24t
Definition: Matrix vector product A= s G, ;A L V- U

If A is an m X n matrix, with columns ay, - - - ,a,, and if x in R”, then the product of A and x,
is the linear combination of the columns of A using the corresponding entries in X as

weights, that is 3 N X\ RN —
Ax= Coa-- Gul ]| = xjee o
-
¥ +--. Xulqg
\’H
Example 1: Use the definition to compute ¥ t @‘

Row-Vector Rule for Computing Ax:
If the product Ax is defined, then the i th entry in Ax is the sum of the products of
corresponding entries from row i of A and from the vector x.

Example 2: Use the Row-Vector Rule to compute

& ey of A

Theorem:
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If A is an m x n matrix, u and v are vectors in R”, and c is a scalar, then:

1. A(u+v) =Au+Av

2. Alcu) = m gcaler

Theorem: Three equivalent ways of representing a linear system
If A is an m X n matrix, with columns ay,---,a,, and if b in R™, the matrix equation

Velhr % (:'w:‘ b

leﬂﬂs AX = B-
x1a;+xay+---+x,a,=b (2)

has the same solution set as the vector equation

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

a; ap --- a, b] (3)

Example 3: Write the system first as a vector equation and then as a matrix equation.

- otk cguat®s -
(z : coe“ “ X ¢ %5x1+3x2—2x3:0 Jector ez““"h“\

Q= s O‘X|+ xp F6x3 =Y 5
3 lo \(.\Rf“sz‘f)‘a:zl L«-("
f‘,: CNH 0( Xg eads e])u. i

6)- (s) Ax:b' oy in
L=
L - - S 3‘1 Q«m't\h'\.
SRS PR ‘

02 : (‘Z) b= (9]

Example 4: LetA = I; Ig , b= [ZI . Show that the equation Ax = b does not
2
have a solution for some choices of b, and describe the set of all b for which Ax =b

does have a solution.




e We ovzwv\\u‘ ~[°m/
Can 39

Ly e theoew, we U b‘}

‘ [A LJ ‘ lo b,

ko LR 0"3
sl Yo 08 LR
T Me s

¥ ' R
\918"‘ ‘a _(,

At] “-4 .
s C %74J]
L:-t;; l_oO‘Ha*'m
lo_w ud s

veuld woke L X




Math 26500 - Zecheng Zhang, Spring 2022

-3
o
~ -~ 0&3
(] )
Theorem: A= \ﬂ\; Y
Let A be an m x n matrix. Then the following statements are logically equivalent.

1. For each b in R™, the equation Ax = b has a solution.

2. Each b in R is a linear combination of the columns of A N {ov oy b & R

3. The columns of A span R™. ') there exst % - Ka
sutk that.

4. A has a pivot position in every row.

0 0 2 ' MMN* bl
Example 5: Letv; = |: 0 ] , Vy = [—1] , V3 = |:—1] . Does {v{,v2,v3} span R3?
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