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1.4 The Matrix Equation Ar =15
1.4.1 Matrix multiplication
Definition 1.9, If A is the matrix with columns ay. az.ay. ... 0, and o is in B" the the product
Aw is defined as

= iy + faa + - - gy

Example 1.4.1. Multiply
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Example 1.4.2. Find Ar given that 4 =

1.4.2 Three ways to write the system of equations .

L. Write Ar = b explicitly in the the form

a1y + el gy 4 -0

+ iy, = Iy
1 + gy + dagdy + -+ A, = by
181+ gy + Gy 4+ Uity = by,
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2. [Write as a vector egquation (Linear combination of colinn vectors)

0y + agdg + e
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where a; = ”:g.
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3. Write as an augmented matrix Qbeg\fg\'dﬂsﬁi O g' .A’ .
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2. [Write as a vector equation {Linear combination of column vectors)
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Theorem 1.1. Let A be an m = n matrix and b be a column veetor in B™. Then the following &

where a; =

statements are logically equivalent. That iz, for a particular A, either they are all true statements

or all false.
I. The equation Ar = b has a solution
2. bis a linear combination of the columns of A

3. bis in spanf{a;, as, ..., ity }

I. Az = b is consistent. \Ito—f A ,o_/)-/\)é k) Lo

Theorem 1.2. Let A be an m = n matrix, Then the following statements are logicallv equivalent.
That is, for a particular A, either they are all true statements or all false.
L. For each & in B™, The equation Ar = b has a solution
2. Each b in B™ is a linear combination of the columns of A \74»
A [

3. The colwmns of A span B™.

. A has a pivot position in every row, </

Example 1.4.3. Write as a vector equation and as matrix equation  —2u + a0 + 20y = —6
-

2ra 4+ 2y
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Example 1.4.5. Given A= | -3 2 & answer the following.
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Example 1.4.7. Find a

and vet have the remaining matrix columns span B

ool -8 g
. How many rows of A contain a pivot position”

Does the equation Ax = b have a solution for each b € |7 U ()

Can each vector in B* be written as a linear combination of the colunns of matrix A7 N O

. Do the columns of 4 span BY? r\j

Example 1.4.4. Let it = | 4 | amN A= | -2 6 |. Is if spanned by the columns of A7 SO l% Af X = u,
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Example 1.4.6. Construct a 3 % 3 matrix, not in echelon form, whose colmmns do NOT span B

Show that yvour matrix has the desired property.

~
—_

I o O
o (0
O o O

— -
~ ~
— —

column of the matrix A4 = that can be deleted
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12 -7 11 -9 5
-9 4 -8 7
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Example 1.4.7. Find a column of the matrix A =
P ! \‘ G111 e Input interpretatio

4
12 -7 11 -9 5

s -9 4 -8 7 -3
row reduce 611 -7 3 -9
4 -6 10 -5 12

and vet have the remaining matrix columns span B
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