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Matrices

A m x n matrix is a m X n rectangular array of numbers

ajy a2 - Gip

a1 @2 -+ G2,
A=

Am1 Am2 °  OAmp

The elements a;; are called the entries of the matrix.

m X n is called the size of the matrix, and the numbers m and n are
its dimensions.

If m = n the matrix is a square matrix of order n.

Shorter notation: A = (a; ;) or A = (a;;)1<i<m,1<j<n
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Matrices

Special Cases: Vectors

A 1 xn matrix

v= (a1 az ... ap)
is called an row vector.
An m x 1 matrix
aj
as
/U ey
Qm

is called a column vector.

The entries of a row or column vector are called the components of
the vector.
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Operation of Matrices

e Equality

Let A= (a;;) bean m xn matrix and let B = (b;;) bea pxgq
matrix. We say that A = B if and only if

(i) m=p and n=gq;

(ii) a;; =b;; forall ¢ and j.

That is, A =B if and only if A and B are identical.
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Operation of Matrices

e Equality

Let A= (a;;) bean m xn matrix and let B = (b;;) bea pxgq

matrix. We say that A = B if and only if
(i) m=p and n=gq;
(ii) a;; =b;; forall ¢ and j.
That is, A =B if and only if A and B are identical.

a b3\ (7 -1z
2 ¢ 0/ \2 4 0

Example:

if and only if

University of Houston

a=17,b

=—-1,c=4, x=3.
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Operation of Matrices

e Addition

Let A = (ai;) and B = (bj;) be m x n matrices.
A+ B isthe m xn matrix C = (¢;;) where

Cij = Q45 + b,’j for all ¢ and J.

That is,
A+ B = (a,-j + bU)

Addition of matrices is only defined for matrices of same size
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Operation of Matrices

Examples:

(@
(25 )+ (T 20)"

2+4(—4) 440 —3+46) [ -2 4 3
24(-1) 5+2 0+0 /1 70

University of Houston Math 3321 Lecture 19

7/52



Operation of Matrices

Examples:

(@
(25 )+ (T 20)"

2+4(—4) 440 —3+46) [ -2 4 3
24(-1) 5+2 0+0 /1 70

1 3
2.4 -3 + 5 =3 is not defined.
2 5 0 0
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Operation of Matrices

PROPERTIES:

Let A, B, and C be matrices of the same size. Then:
e A+ B =B+ A (Commutative)
e (A+B)+C=A+ (B+C) (Associative)
0 A+ 0O =0+ A=A (Identity)

Here the symbol O will be used to denote the zero matrix of
arbitrary size. The zero matrix is the additive identity.

A matrix with all entries equal to 0 is called a zero matrix. E.g.,
0 00 00
00 0 and 0 0
00
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Operation of Matrices

The negative of a matrix A, denoted by —A, is the matrix whose
entries are the negatives of the entries of A.

—A is also called the additive inverse of A.

Example:
1 7 =2
A= 2 0 6
-4 -1 5
-1 -7 2
A= -2 0 -6
4 1 =5
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Operation of Matrices

e Subtraction

Let A= (a;;) and B = (b;;) be m x n matrices. Then

A—B=A+(-B).
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Operation of Matrices

e Subtraction

Let A= (a;;) and B = (b;;) be m x n matrices. Then

A—B=A+(-B).

Example:
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Operation of Matrices

PROPERTIES:
Let A, B, and C be matrices of the same size. Then:
e A+ B=B+ A (commutative)
e (A+B)+C=A+ (B+C) (associative)
e A+ O =0+ A=A (additive identity)
o A+ (—A)=(—A)+ A= 0O (additive inverse)
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Operation of Matrices

e Multiplication of a Matrix by a Number

The product of a number k and a matrix A, denoted kA, is
given by

kA = (k:aij).

This product is called multiplication by a scalar.

University of Houston Math 3321 Lecture 19 12 /52



Operation of Matrices

e Multiplication of a Matrix by a Number

The product of a number k and a matrix A, denoted kA, is
given by
kA = (k:aij).

This product is called multiplication by a scalar.

Examples:

2(123)=(246)

2 -1 4 —6 3 12
=311 5 -2 |= -3 —-15 6
4 0 3 -12 0 -9
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Operation of Matrices

PROPERTIES:
Let A, B be m x n matrices and let «, 8 be real numbers. Then
o 1A=A
e 0A=0
o a(A+B)=aA+aB
o (a+pPB)A=aA+pA

The last 2 properties are called distributive laws.
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Operation of Matrices

e The Product of Two Matrices
Let A and B be given matrices.

The product AB, in that order, is defined if and only if the number of
columns of A equals the number of rows of B.

If the product AB is defined, then the size of the product is a matrix

A B =1C

mxXp pxXn mxn

whose dimension is (no. of rows of A)x(no. of columns of B):
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Operation of Matrices

Matrix multiplication, when defined, is computed by row-column
multiplication

= [1x10 + 2x20 + 3x30 1x11 + 2x21 + 3x31
4x10 + 5x20 + 6x30 4x11 + 5x21 + 6x31

= | 10+40+90 11+42+93 = | 140 146
40+100+180 44+105+186 320 335
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Operation of Matrices

Example:
3 0
LetAz(élllg),B: -1 2
1 -2
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Operation of Matrices

Example:
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Operation of Matrices

Example:

Note:

A B C
2x3 3x2 2%x2
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Operation of Matrices

NOTE: AB # BA in general, that is matrix multiplication is NOT
COMMUTATIVE.
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Operation of Matrices

NOTE: AB # BA in general, that is matrix multiplication is NOT
COMMUTATIVE.

Using the same matrices as the last example, we obtain:

3 0
s () (1)
1 =2

3+0 1240 640
= -1+6 —4+2 -2+10
1-6 4-2 2-10

3 12 6
= 5 -2 8
-5 2 =8

Note that AB # BA, they even have different dimensions.
In general, if AB is defined, BA is not even guaranteed to exist.
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Operation of Matrices

PROPERTIES:

Let A, B, and C be matrices.
e AB # BA in general;

e (AB)C = A(BC) matrix multiplication is associative (when the
multiplications are defined).

o If A isan m x n matrix, then
I,A=Aand Al, = A.

where [, is the n x n identity matrix defined by

10 ... 0
0 1 0
I, = .
0 0 1
University of Houston Math 3321
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Operation of Matrices

PROPERTIES:

Let A, B, and C be matrices. Assuming the following operations

are well defined, the following properties hold.
o A(B+C)=AB+ AC. This is called the left distributive law.
o (A+B)C = AC + BC. This is called the right distributive law.
e k(AB) = (kA)B = A(kB)
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Operation of Matrices

The product between two vectors is a special case of the matrix
multiplication.

The product of a 1 x n row vector and an n X 1 column vector is the
number given by

b1
ba

(ah az, az, ..., an) b3
by,
= a1by + azby + azbz + - - + ayby,.

This is called the dot product or inner product. It maps two
vectors of the same length to a number.
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Operation of Matrices

The product of n x 1 column vector and a 1 X m row vector is a n X m

matrix.

ai
az
as

an,
arby

agbl

anby

University of Houston

(bla b27 b3a ey bm)
albg e albm
agbz e agbm
apbs ... apbnm
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Operation of Matrices

Examples:

1

2,1,-1)| 0 |=241=3
—1

2 2 0 -2

1 |J@o-1)=| 1 0 -1

-1 -1 0 1
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Inverse of a Matrix

Given a matrix A, a matrix B is a multiplicative inverse of A if

AB = BA =1 (the identity matrix)
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Inverse of a Matrix

Given a matrix A, a matrix B is a multiplicative inverse of A if

AB = BA =1 (the identity matrix)

Problems:
e AB and BA might not both exist.
e If AB and BA both exist, they might have different size.

e If AB and BA both exist and have the same size, AB # BA, in
general.
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Inverse of a Matrix

Given a matrix A, a matrix B is a multiplicative inverse of A if
AB = BA =1 (the identity matrix)

Problems:

e AB and BA might not both exist.

e If AB and BA both exist, they might have different size.

e If AB and BA both exist and have the same size, AB # BA, in
general.

Fact:
e If AB and BA both exist and have the same size, then A and B must
be square.
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Inverse of a Matrix

Inverse of a Matrix

Let A bean n xn matrix. An n X n matrix B with the property
that
AB=BA=1,

is called the multiplicative inverse of A or, more simply, the
inverse of A.
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Inverse of a Matrix

Inverse of a Matrix

Let A bean n xn matrix. An n X n matrix B with the property
that
AB=BA=1,

is called the multiplicative inverse of A or, more simply, the
inverse of A.

Uniqueness

If A has an inverse, then it is unique. That is, there is one and only
one matrix B such that

AB=BA=1.

B is denoted by A~L
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Inverse of a Matrix

Because of the way we defined multiplication, a system of linear
equations can be written as:

a1 a2 a1z -+ Gin T b1
a1 a2 a3 -+ Qop ) bo
az1  azy a3z - a3y z3 | = | b3
Aml Am2 am3 - Aamn Tn bm

or in the vector-matrix form
Ax =b

This suggest that we can formally write the solution as = = A~'b
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Inverse of a Matrix

e Procedure for finding the inverse of a matrix

Consider the square matrix A = < :13 i )
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Inverse of a Matrix

e Procedure for finding the inverse of a matrix

Consider the square matrix A = < :13 i )

1 2 r y\ (10
Wewantrosolve<3 4><z w>_<0 1>

We split the problem into two parts
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Inverse of a Matrix

e Procedure for finding the inverse of a matrix

Consider the square matrix A = < :13 i )

1 2 r y\ (10
Wewantrosolve<3 4><z w>_<0 1>

We split the problem into two parts
1 2 x 1
1)Solve<3 4><Z>_<0>
1 21 o 1 2|1 o 1 0 |-2 .
3 410 0 —2|-3 0 —2|-3
1 0] -2
0 1/3/2
. x -2
This shows that < . > = < 3/2 )
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Inverse of a Matrix

Q)Nowsolve(;j)(g)ZG)
(37)=(o 501)-
( f—%z%(“—f/z)

4
This shows that Y= 1
b w ) T\ =12

O = W
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Inverse of a Matrix

Q)Nowsolve(;j)(g)ZG)
(3201)=(0 2]1)-
( f—%z%(“—f/z)

. ¥\ 1
This shows that ( w ) = ( _1/2 >

(2 1
Hence: A= = ( 3/2 —1/2

O = W
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Inverse of a Matrix

Example.

Compute the inverse of A = ( :1,) i )
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Inverse of a Matrix

Example.

Compute the inverse of A = ( :1)) i )

We can solve the two systems described above simultaneously applying
the method of Gaussian elimination:

1210_}1210_}10—21_>
3 40 1 0 -2]-3 1 0 -2]-3 1

<(1) [1)3_/22 —11/2>
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Inverse of a Matrix

Example.

Compute the inverse of A = ( :1)) i )

We can solve the two systems described above simultaneously applying
the method of Gaussian elimination:

<1 211 0)_}(1 2 |1 0>_}<1 0| -2 1)_>
3 4/0 1 0 —2|-3 1 0 —2|-3 1
1 0] -2 1

<o 1]3/2 —1/2>

-2 1
. . CoA-1
This method gives that: A7 = ( 3/2 —1/2 >
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Inverse of a Matrix

Example.

Compute the inverse of A = ( _? _2 )
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Inverse of a Matrix

Example.

Compute the inverse of A = ( _? _2 )

2—110_}2—110
-4 2|0 1 0 0]2 1
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Inverse of a Matrix

Example.

Compute the inverse of A = ( _? _2 )

2—110_}2—110
-4 2|0 1 0 0]2 1

In this problem, it is not possible to find the inverse matrix.

A does not have an inverse.
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Inverse of a Matrix

Example.

Compute the inverse of A = ( _? _2 )

2—110_}2—110
-4 2|0 1 0 0]2 1

In this problem, it is not possible to find the inverse matrix.
A does not have an inverse.

NOTE: Not every nonzero n X n matrix A has an inverse!
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Inverse of a Matrix

Example. Compute the inverse of A =

IS NCR
|

— = O

o W N
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Inverse of a Matrix

1 0 2
Example. Compute the inverse of A= 2 -1 3
4 1 8
1 0 211 0 O 1 0 2 1 0 0
2 -13/01 0)—-10 -1 -1|]-2 10 ]|—
4 1 8|0 0 1 0 1 0]—-4 0 1
1 0 2 1 0 0 1 0 2|1 0 0
0O -1 -1{-2 1 0 — 01 112 -1 0 —
0 0O -1|]-6 1 1 0 0 116 -1 -1
1 0 0f-11 2 2
01 0| —4 0 1
0 0 1 6 -1 -1
University of Houston Math 3321 Lecture 19
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Inverse of a Matrix

1 0 2
Example. Compute the inverse of A = 2 -1 3
4 1 8
1 0 211 0 O 1 0 2 1 0 0
2 -1 3/01 0)]—-]10 -1 -1|]-21 0 |—
4 1 8/0 0 1 0 1 0|l—-4 0 1
1 0 2 1 00 1 0 2|1 0 0
0O -1 —-1{-2 1 0 — 01 112 -1 0 —
0 0O —-1]—-6 1 1 0o 0 16 -1 -1
1 0 0] -—11 2 2
01 0| —4 0 1
0 0 1 6 -1 -1
—11 2 2
Hence A~ = -4 0 1
6 -1 -1
University of Houston Math 3321 Lecture 19
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Inverse of a Matrix

We can summarize the method for finding the inverse of a n x n
matrix A as follows.

Let A be an n X n matrix.
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Inverse of a Matrix

We can summarize the method for finding the inverse of a n x n
matrix A as follows.

Let A be an n X n matrix.

1. Form the augmented matrix (A|I,).
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Inverse of a Matrix

We can summarize the method for finding the inverse of a n x n
matrix A as follows.

Let A be an n x n matrix.
1. Form the augmented matrix (A|I,).

2. Reduce (A|I,) to reduced row echelon form.

University of Houston Math 3321 Lecture 19 31/52



Inverse of a Matrix

We can summarize the method for finding the inverse of a n x n

matrix A as follows.
Let A be an n X n matrix.
1. Form the augmented matrix (A|I,).
2. Reduce (A|I,) to reduced row echelon form.

3. If the reduced row echelon form is
(In|B), then B=A!

If the reduced row echelon form is not (I,|B), then A does not
have an inverse. That is, if the reduced row echelon form of A is
not the identity, then A does not have an inverse.
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Inverse of a Matrix

Application:
Solve the system
1 +2z3 3
21‘1 —x2 +3$3 == )
41 +xz9 +8xr3 = -2
We can write the system in matrix form:
1 0 2 I 3
2 -1 3 T | = 5
4 1 8 T3 -2
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Inverse of a Matrix

Existence of solution

The n x n system of equations

has a unique solution if and only if the matrix of coefficients, A, has
an inverse.
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Inverse of a Matrix

Existence of solution

The n x n system of equations

has a unique solution if and only if the matrix of coefficients, A, has

an inverse.

Axr =10

If the matrix A is invertible, the linear system Axz = b has solution

x = A"1b. That is

I —11
T = To = —4
I3 6

University of Houston

2 2 3 —29
0 1 5) = —14
-1 -1 -2 15
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Determinants

The determinant is a special number that can be calculated from a

matrix.

e 1 x 1 matrix A= (a)

det A=ua
. b
@ 2 X 2 matrix A:<a >
c d
a b
det A = ‘:ad—bc.
c d
University of Houston Math 3321 Lecture 19
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Determinants

ai a2 ag
o 3 x 3 matrix A= by by b3
Ccl1 C2 C3
ap az as
detA=| by by b3 | =
1 C2 C3

a1b203 — albgcg — a2b103 + a2b301 + agblcz — agbgcl
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Determinants

ay ag as
o 3 x 3 matrix A= by by b3
Ccl1 C2 C3
ay az as
detA=| by by b3 | =
c1 Cy C3

a1b203 — a11)302 — a2b103 + a2b301 + agblcz — agbgcl

Re-write as:

al(b203 — bgcg) — ag(blcg — bgCl) + ag(blcg — bgcl)

by b3
C2 C3

bi bo
Cc1 C2

by b3

Cc1 C3

+ a3

:al

This is called the expansion across the first row.
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Determinants

There are alternative ways to compute the determinants of a 3 x 3
matrix.

air a2 as
detA=| by by b3
Ccl1 C2 cC3

ai(bacs — b3ca) — as(bicg — byer) + az(bica — bacy)

University of Houston Math 3321 Lecture 19 36 /52



Determinants

There are alternative ways to compute the determinants of a 3 x 3

matrix.
ay ag as
detA=| by by b3 | =
Ccl1 C2 cC3

ai(bacs — b3ca) — as(bicg — byer) + az(bica — bacy)

Re-write as:

—ag(bicg — bscr) + ba(arcs — azcr) — ca(arbs — azby) =

b1 b3
1 C3

ay ayp asg

b1 b3

This is called the expansion down the second column.

—a2 + by —C

c1 €3
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Determinants

You can expand across any row, or down any column, as long as each
position is associated with an algebraic sign according to table below:
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Determinants

You can expand across any row, or down any column, as long as each
position is associated with an algebraic sign according to table below:

+ - +
— _|_ i
+ - +
For example, across the second row:
a a2 ds az a al a a1 a
2 ag 1 a3 1 a2
b1 b2 b3 | =—-D1 + by — b3
2 3 €1 c3 1 C2
€1 Cc2 3
University of Houston Math 3321
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Determinants

You can expand across any row, or down any column, as long as each
position is associated with an algebraic sign according to table below:

+ -+
— + .
+ -+
For example, across the second row:
@ dz a3 as a al a ar a
2 a3 1 a3 1 a2
by by b3 | =—b + by '—bg
cy C3 ¢ c3 ¢l C
€1 Cc2 c3
or down the first column:
alp ag as
by b3 as az as
by by b3 |=a — b +a
ca c3 2 by b3
1 C2 (3
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Determinants

2 -3 3
Example: A = 0 4 2
-2 1 3

We compute the determinant by expansion across the first row

N O N

-3
4
1

W N W
Il

4
h

2 0 2 0 4
ARG ERIE
= 2(12-2) — (=3)(0 +4) + 3(0 + 8)

= 2(10) — (—3)(4) + 3(8) = 56
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Determinants

2 -3 3
Example: A = 0 4 2
-2 1 3

Alternatively, we compute the determinant by expansion down the first
column (where there are only 2 non-zero entries)

2 -3 3
0 4 2 :2‘?2'4&—2)"33’
-2 13

= 2(12-2) - 2(—6—12)
= 2(10) — 2(—18) = 56
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Determinants

Same idea applies for the determinants of larger matrices

ai as a3z a4

o 4x4matrix A— | P b2 b3 b
C1 C2 C3 (4
dl d2 d3 d4

University of Houston Math 3321 Lecture 19 40 / 52



Determinants

Same idea applies for the determinants of larger matrices

0 4 x4 matrix A=

al
b1
C1

dq

The determinant

az
bo
Cc2
da

ay
by
Cq

dy

is computed by expansion

into 3 X 3 determinants using the sign chart

University of Houston

az asg
by b3
C2 (3
da ds
a3 a4
b3 b4
C3 C4
d3 d4
- +
+ —
- +
+ —
Math 3321
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Determinants

Properties of Determinants
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Determinants

Properties of Determinants

o Let A be an n x n matrix.
If A has a row or column of zeros, then det A =0

Example:

=~ N
o O O
o W N

Expand down second column:
2 3 1 2 1 2
of 3R 3ol 2o
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Determinants

Properties of Determinants

o If A is a diagonal matrix,

al 0 0
A= 0 b 0 |,
0 0 C3
_ b 0 0 O 0 by |
det A = aq 0 ¢ —0‘ 0 e —|—0‘ 0 0 =ay-by-c3
In particular, detl, =1
For example, for I3 we have
100
01 0]=1
0 01

University of Houston Math 3321 Lecture 19

42 /52



Determinants

Properties of Determinants

o If A is a triangular matrix, e.g.,

ai as as
[ 0 by obs
A= 0 0 C3
0 0 O

then det A = ay - by - c3 - dy.

ay
by
Cq
dy

(upper triangular)

This is easily shown by expanding down first column.
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Determinants

Properties of Determinants

o Let A and B be n xn matrices. Then

det [AB] = det A det B.

University of Houston Math 3321
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Determinants

Properties of Determinants

It is possible to compute the effect of elementary row operations on the
determinant of a matrix.
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Determinants

Properties of Determinants

It is possible to compute the effect of elementary row operations on the
determinant of a matrix.

e If B is obtained from by interchanging any two rows (columns),
then

det B = —det A.
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Determinants

Properties of Determinants

It is possible to compute the effect of elementary row operations on the
determinant of a matrix.

e If B is obtained from by interchanging any two rows (columns),
then

det B = —det A.

o If A has two identical rows (or columns), then det A = 0.
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Determinants

Properties of Determinants

It is possible to compute the effect of elementary row operations on the
determinant of a matrix.

e If B is obtained from by interchanging any two rows (columns),
then

det B = —det A.

o If A has two identical rows (or columns), then det A = 0.

o If a row (column) of A is multiplied by a nonzero number £ to
obtain a matrix B. Then

det B = kdet A.
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Determinants

Properties of Determinants

It is possible to compute the effect of elementary row operations on the
determinant of a matrix.

e If B is obtained from by interchanging any two rows (columns),
then

det B = —det A.

o If A has two identical rows (or columns), then det A = 0.

o If a row (column) of A is multiplied by a nonzero number £ to
obtain a matrix B. Then

det B = kdet A.

o If a row (column) of A is multiplied by a number £ and added to
another row (column) to obtain a matrix B. Then

det B = det A.
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Linear systems of equations
An application of determinants. Find the solution of the linear system:

ari + brys = «
cx1 4+ dre =
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Linear systems of equations

An application of determinants. Find the solution of the linear system:

ari + brys = «
cx1 4+ dre =

In matrix notation:

- (a b ™ [ «
Ax =b, whereA-(c d)x_<x2>’b_<6>

If A has an inverse then direct calculation shows

1 d —b
-1 _
A _detA<—c a)

Also
a b a o
g d ) c p
T detd T YT Tdet A
University of Houston Math 3321 Lecture 19
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Linear systems of equations

The following properties hold in general (not only for a system of 2
equations and 2 unknowns):
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Linear systems of equations
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Linear systems of equations

The following properties hold in general (not only for a system of 2
equations and 2 unknowns):

o det A # 0 if and only if A has an inverse

@ The n x n system of equations Az = b has a unique solution if
and only if det A #0

o If det A = 0, then the system either has infinitely many solutions
or no solutions.

Definition

e A is nonsingular if det A # 0;

o A is singular if det A = 0.

University of Houston Math 3321 Lecture 19 47 /52



Linear systems of equations

Theorem

The following statements are equivalent:

[t

. The system of equations: Az =b has a unique solution.
2. The reduced row echelon form of A is I,.

3. The rank of A is n.

4. A has an inverse.

5. det A # 0.
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Linear systems of equations

Cramer’s Rule & systems of equations.

Given a system of n linear equations in n unknowns:

a1 + apxs + - - + a1, = by
ao1T1 + agoo + -+ + agpxr, = by
as1xri1 + asaxs + - - + aspxrn, = b3

Ap1T1 + Ap2Z2 + -+ AppTn = by
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Linear systems of equations

Cramer’s Rule & systems of equations.

Given a system of n linear equations in n unknowns:

a1 + apxs + - - + a1, = by
ao1T1 + agoo + -+ + agpxr, = by
as1xri1 + asaxs + - - + aspxrn, = b3
Ap1T1 + ap2x2 + - + AppTy = bn

The solutions can be written as

- det A;
Yo det A

provided det A # 0,

where 4; is the matrix A with the i*" column replaced by the vector b.
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Linear systems of equations

Example

Find the xo solution system using Cramer’s rule, if the method applies

r1 + 2z + 23 = 3
2r1 — To + r3 = 5
741‘1 + xro — 2:173 = -2
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Linear systems of equations

Example

Find the xo solution system using Cramer’s rule, if the method applies

r1 + 2z + 23 = 3
2r1 — To + r3 = 5
741‘1 + xro — 2:173 = -2
We have
1 2 2
detA=| 2 -1 1| = 1‘ _} _;‘2’ _i _;’+2‘ _Z
-4 1 =2

= (2-1)—2(-4+4)+22-4)=-2

Since det A # 0, Cramer’s method applies.
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Linear systems of equations

1 3 2
det Ay =| 2 ) 1 = 1’
-4 -2 =2

) 1
-2 =2

2 1 2 5
R

—4 -2

(=10 +2) — 3(—4 +4) + 2(—4 4 20) = 24
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Linear systems of equations

1 3 2
5 1 2 1 2 5

detAs—| 2 5 1| - 1’ ’_3‘ ‘+2‘ ‘

4 _9 _9 -2 =2 —4 -2 —4 -2

= (=1042) —3(—4+4) +2(—4 +20) = 24
Hence
detAg 24 19
To = = — = —
2 det A -2
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Linear systems of equations

Example

Find the xo solution system using Cramer’s rule, if the method applies

—2x1 + Tz + 6x3 = -1
5r1 + xro — 2x3 = 7
3171 + 8582 + 4:173 = -1
-2 7 6
detA=| 5 1 -2 |=0
3 8 4

Hence Cramer’s method does not apply.
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