Inverse Matrices
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m 2. Find the inverse of[z 2],i.fitis defined.

L]
You can use the inverse of a matrix to solve a system of equations. This process is
similar to solving an equation such as 5x = 20 by multiplying each side by %, the
multiplicative inverse of 5.

To solve systems of equations with the inverse, you first write the matrix
equation AX = B, where A is the coefficient matrix, X is the variable matrix,
and Bis the constant matrix .

. . . +y=8
The matrix equation representing is shown.
2x+y=1

R

~_

Coefficient matrix A Variable matrixX  Constant matrix B

To solve AX = B, multiply both sides by the inverse A~".

AT'AX=A"'B
IX=A"'B The product of A~ and A is I.
X=A"'B
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EXAMPLE Solving Systems Using Inverse Matrices

Write the matrix equation for the system, and solve.

x+y=8
2x+y=1

Step 1 Set up the matrix equation.

A X
11]x
Matrix multiplication 21y
is not commutative,
so it is important Step 2 Find the determinant.
to multiply by the
inverse in the same The determinant of Ais 1 — 2 =—1.
order on both sides . 1
of the equation. Step3 Find A~

A~ comes first on A:{l l}suA":L[ 1*1]:[—1 1]
21/ —1[-2 1
1

B
8 Write: coefficient matrix  variable matrix =
= [ 1 ] constant matrix.

each side. 2 -1
X = A

B
x]_[-1 1][s8 .
- Multiply.
[y [ 2—1”1} e

-]

The solution is (—7, 15).
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The solution is (—7, 15).
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xX+y=
3. Write the matrix equation for{ Y and solve.
2x+3y=9

EXAMPLE Problem-Solving Application: Cryptography

You receive a coded instant

message from Lupe. 240 48 70 5 173 6 245 123 159

Both you and Lupe use the same 264 56 83 6 206 7 290 146 189

encoding matrix E = [6 5].
76

Upon decoding the message, you
will get a matrix where letters are
represented by numbers (Ais 1,
Bis 2,...Zis 26,and 0 is a space).
Decode the message.

“n Understand the Problem
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] Objectives Who uses this?
Determine whether a Cryptographers, who create and crack
matrix has an inverse. codes, may use matrices to protect the
Solve systems of privacy of messages. (See Example 4.)
equations using inverse
matrices. You can encode a message using a
matrix. The receiver can use an inverse -
Vocabulary process to decode your message. )
multiplicative inverse H
matrix A matrix can have an inverse only if it
matrix equation is a square matrix. But not all square
matrices have inverses. If the product

variable matrix

constant matrix of the square matrix A and the square

matrix A is the identity matrix I,
thenAA'=A"'"A=Jand A 'is
the multiplicative inverse matriy
of A, or just the inverse of A.

Carte
7 OPITGHE by Mtk ari, e i

EXAMPLE Determining Whether Two Matrices Are Inverses
Determine whether the two given matrices are inverses.

2 o1
201 [_10 6]

1 3 6
Remember! i zlmd 210 B [7 10] 0
204 Lo 1

The identity matrix /
hac 1'c an tha main

Dane.
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EXAMPLE Determining Whether Two Matrices Are Inverses

Determine whether the two given matrices are inverses.

2 1
201 3 976
Remember A |a12|and|[—2 1 o B [3 lzland[_l‘; 2]
The identity matrix / 204 _1 o 4 -
has 1's on the main 3 3

diagonal and 0's
everywhere else.

[AT+(E] [AT+(E]

( ]

1oo 598
010 th 81 1B1+1A)
001 i1

‘ (B1*[R] [
[é ? g] Neither product is I,
a8 111 .

so the matrices are
not inverses.

The product is the identity

matrix I, so the matrices are

inverses.

m 1. Determine whether the given matrices are inverses.
[-1 0 2]

[-02 0 o04]
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has 1's on the main 3 3

diagonal and 0's
everywhere else.

[R1*[B]
100 [ gl
BRI,
001

———

‘ [BI*[A]

Neither product is I,
so the matrices are
not inverses.

The product is the identity
matrix I, so the matrices are
inverses.

m 1. Determine whether the given matrices are inverses.
-1 0 2 —-02 0 04

4 l—lland[ 1.2 1-14

04 0 02

Chapter 4 Matrices
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Inverse of a 2 x 2 Matrix

Theinverseofazx2matrixA:[ab sal=_1 [d_b}.
cd —c a

detA

1

If the determinant is 0, Teth is undefined. So a matrix with a determinant of
e

0 has no inverse. It is called a singular matrix.

EXAMPLE Finding the Inverse of a 2 x 2 Matrix

Find the inverse of the matrix, if it is defined.

w3

3 —4

m First, check that the determinant is nonzero. The determinant is

(—2)(—4) — 3(2) = 8 — 6 = 2, so the matrix has an inverse.

) d—b
Toflnd[ic a ab ) ) L d—b
For , the inverse is .

fromA:[ab cd detAl—c a

ol 2 2 4 2] |21
think “switch ops” for So the inverse of A = [ - } isA™' = é [ T ] =, N
the cross products. 3 4_4 -3 -2 -3 -1
Switch a and d. Use a calculator to check, as in Example 1.
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EXAMPLE Finding the Inverse of a 2 x 2 Matrix

Find the inverse of the matrix, if it is defined.

w3

3 —4

First, check that the determinant is nonzero. The determinant is
(—2)(—4) — 3(2) = 8 — 6 = 2, so the matrix has an inverse.

) d—b
To find [ —-c a ab . 1 d —b
b For , the inverse is Gothl-c al
fromA:[ad, cd et
c

think “switch ops” for ; =
the cross products.
Switch a and d.

Take the opposites

of band c.

4 _2] -2 -1

3 2|7 |_3

Sctheinversecan:[_2 Z}isA":—[_ A
3 -4 - S

Use a calculator to check, as in Example 1.
1
5 2
B B=|
312

The determinant is %(12) —3(2) =0, so Bhas no inverse.

m 2. Find the inverse of [ z 2 ], if it is defined.

You can use the inverse of a matrix to solve a system of equations. This process is
similar to solving an equation such as 5x = 20 by multiplying each side by %, the &
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. the cross products. T T—o—=T —— -
B Switch a :nd d. Use a calculator to check, as in Example 1. =211
Take the opposites 1,
of band c. 2
B=
. 312

The determinant is %(12) — 3(2) =0, so B has no inverse.

m 2. Find the inverse uf[ z ; }, if it is defined.

You can use the inverse of a matrix to solve a system of equations. This process is
similar to solving an equation such as 5x = 20 by multiplying each side by %, the
multiplicative inverse of 5.

To solve systems of equations with the inverse, you first write the matrix
equation AX = B, where A is the coefficient matrix, X is the variable matrix,
and Bis the constant matrix .

=8

x+
The matrix equation representing{ Y is shown.
2x+y=1

R

Coefficient mmv Variabli matrixX  Constant matrix B
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