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;2& Undefined matrix multiplication

T 5
9 6 g 4) &is not defined
A

12 4
4*}- - &=
T e ... NO
3.3 Is matrix multiplication commutative? ..........0..0 ~
s SEEraC Ty

[0e] £5, 1 IaS

11

1 6
Consider A=B L;I},Bz —32 —45 CHE(K AxB mA

6

Il
| 6

o g | -| =
35120 3 :
-2 Y% h Xy

2% 2

Note: We denote A" the product of multiplying the matrix A to |tself n tlmes For

example, A> = AxA and A’ = AXAxA. A= \ 2 A =T \ 2
Identity Matrices 1\ 1 | ‘1, i

for all square matrices A

B

LetAb

a matrix

of A.

; [ 1 0
Matrix Inverses 1‘ [ }6 Qz‘ks,“. 11 ]2‘57—

e a square matrix of order n, and I be the identity matrix of order n. If there exists
‘(called “Ainverse”) such that A"A=AA" =1 Then A is called the inverse
ool

If no such matrix exists, then A is said to be a singul@ matrix. If Alha 'an inverse, A is

called a nonsingular matrix.

5.1 Tnverse of a 2x2 matrix
There is a simple procedure to find the inverse of a two by two matrix. This

procedure only works for the 2x2 case.
R %’- T :W‘A
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Example 17 Find the inverse of

- 1 O 2 1
A (‘D(ol -(n-y) ! 7-]

Alp=T<An" choadhen 6uz10p ~

5.2 Inverse of a general square matrix

1. Augment the matrix with the nxn identity matrix.

2. Use elementary row operations to transform the matrix on the left side of
the vertical line to the nXxn identity matrix. The row operations are used for the
entire row, so that the matrix on the right hand side of the vertical line will be
changed as well.

3. When the matrix on the left is transformed to the nxn identity matrix, the

matrix on the right of the vertical line is the inverse.

Note: If, at some point, the matrix on the left satisfies properties 2 and 3 of reduced
row echelon form and it is not an identity matrix, the initial matrix does not have an

inverse.
1 2 3
Example 18 Find the inverseof |2 5 3.
o v Lo
2 3 )10 0] 23 |1 00]
253001 0| ~]0 Q -3 | -2 1 0|-2R,¥R;—>R,
1 081001 02 5 | -1 0 1|-R+R, >R,

8 | 0 0 I]R,+R, >R,

10
[A\I:\ ~1001 3 {-2'1 @ |
00 -5 2 1|2R,+R, >R,

0 0 < 'O_;%% 1) 3(’
-0

0=
g\+ A4
1

2k,

§—2 -I \
-} - ;
LT |A ] 2?;;3 -;).4'0 1
.-l og 5 -1 -1
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Example 19 Find the inverse ofj 2 4 1} WWM.U [
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21 o R-2R, 9 R4
1 0 HtR @,

-1 2 3

S A Rdawnodym)cmmu

6. Basic Properties of Matrices ‘ ‘o(\a(W(\SM‘v]ﬂM}V)(‘V”
3 \ 6.1 Addition Properties h..l‘g(“ A .\0 [O]hxh
\\‘5&\&0(})‘ Associative: (A + B) + C = A + (B+ C)

PV

. Matrix Equations

Commutative: A+ B =B + A
Additive Identity: A+ 0 =0+ A = A
Additive Inverse: A + (—A) = (-A) + A = 0

6.2 Multiplication Properties

Associative Property: A(BC) = (AB)C

Multiplicative identity: Al = IA = A

Multiplicative inverse: If A is a square matrix and A~ exists,
then AA™ = A7A =1

6.3 Combined Propefie
Left distributive: B*+ C) = AB + AC
Right distributive: (B + = BA + CA

6.4 Equality A‘\'C"B"’C "_’)A=B /

Addition: f A=B,thenA+ C=B+C

Left multiplication: If A = B, then CA=CB =

Right multiplication: IfA = B then / AC‘— B_C CA CB >
Ac =fc

Many of the basic properties of matrices are similar to the properties o
numbers.

Given an nxn matrix A and an nxp matrix B and a matrix X

14
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L)
Consider \(' ‘Q(lﬂ\:‘(:::\l{-:n\,f
Xab @6—* constont e
A,. A =A"B
(A A)X—A B
(I,)X=A"B
X=A"B

Example 20 Use matrix inverses to solve the system

x +y 2z =1 X} “'l%
x ty ?.x +\[+02
?X

x 2y +iz =3 1-1?

The inverse of A is | —1

s 7 ) .
AT &] _ @
drouinoos Sve A
Wu msu0 [msviu [emeuta

J:J(j,\_(l 2)—-1(77)
K> (0 + @) +00) "“l L -l - !
poeran | 217
0

| 2 --‘a S | W N

3 3
]
y
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Application

Example 21 Production scheduling: Labor and material costs for manufacturmg two guitar
models are given in the table below: Suppose that in a given week $1800 is,

. Hsed for labor
and $1200 used for materials. How many of ea oler=in d be produced to use exactly
each o cationsz.

Guitar Labor Material
model cost cost
X $30 $20
Y $40 $30

et x be the ornber of produrad medel X -
\5 n— — _"_Y

WX+ 40\j =1%00 m)3x+4\1 = )y0
20X+ 30 3 = 1200=) 2« +3Yy =120

® LI

-— \/-y—- \’\f" \,\,_‘a
3 -4 Ihso
a1 13-4 X=[ ][ ]
A’q-%L’L 3 -1 3 Jlieo
1 -4 - (s)avo)-(u)(azoj
-‘."7- 3 D) «3(120)
£o
p =[]
uanw\\

60 u
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