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Motivating Example: 1. 5/13, 8/39

+ > ‘es
2% +3x,+3x, —x, =2 (2)R2 (1R1 ->R1 gives

1, 0, 18/7, 17, 1/7,
X —2x, +4x, +x, =1 0, 1, -5/7, -3/7, 4/7, Note that doing the elementary row
—x, +3x, +2x, =1 0, 0, 1, 513, 8/39, operations in the manner than we did
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T used the Matrix Calculator linked from http://online.math.uh.edu

, Row Reduced Echelon Form
7]he}aug—;nenlled ;na\rn\ is (2)R2 + (DRI ->R1 gives
s - 10, 18/7. 177, 1T
1Lo-2,4 1, -1 0. 1. -5/7, -3/7, 47; (RREF)
-L0,3,2, 1 0, 0, 39/7, 15/7, 8/7;
R <->R2 gives (7/39)R3 -> R3 gives
L2 4 1L 1.0, 18/7, 177, /7 General Process: Apply elementary row operations to a matrix until
2,33, -1, 2 0. 1. -5/7, -3/7, 4/7; e i )
-, 03,2 1p 0. 0, 1. 513, 8/39; . . . .
(-2)R1 + (1)R2 -> R2 gives (5/T)R3 + (1)R2 > R2 gives 1. The first nonzero entry in each row (if there is one) is 1.
I, -2, 4, 1, -I; 1, 0, 18/7, 1/7, UT: (These are called leading entries.) -
0.7, -5 -3, 4 0, 1, 0, -2/13, 28/39; . o o o the 1 . .
103 21 0 0 1 s 80 2. The leading entry in a row is to the right of a leading entry in a row
(DRI + (1)R3 -> R3 gives CI8/IR3 + (DRI > RI gives above.
L2041, -1 1.0, 0, -11/13, -5/13; 3. The entries above and below leading entries are all 0.
0 7. 5 3 4 0. 1, 0, 2/13, 28/39; - =
0, 2, 7.3, 0 0, 0, 1, 513, 8/39;

(1/7)R2 -> R2 gives

L2041, -1 i s 9€ aj,( 2eU9<
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(2)R2 + (1)R3 -> R3 gives
1,2, 4, 1, -1;

0, 1, -5/7, -3/7, 4/7;

0. 0, 39/7. 15/7. 8/7;

Example:
Examples: Which of the following augmented matrices are in The RREF of the augmented matrix for the linear system
=X +3x, X, —x, =4
—3x, +8x, +4x;, -3x, =14
4x, —11x, —6x; +7x, =20
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Solve the system.
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Computing the Inverse of an Invertible Matrix Using RREF
—_—

[ fem (A IﬂB
o ARET
(] e
Tf s \ R (O] awh T
v I, e Kl A oot

2. Push

-\

B = A ‘\I\VU‘F‘U'E ’
8
- _ —_ X'
ﬁ = ¢ C«z Cq B X= Xo
X
Important Note: You can only solve Ax=15 if b isa
linear combination of the columns of 4.
7
why‘ Px=b
— Mﬂ‘
- - = —_— b
¥, C 4%, C ¥ d x.C.
"
linear combination of the
columns of A \ laast i
as =
— RS = .
o D5 e flm ( xed
L' AX 0 ﬁwl'n« yUmWfa
R N
y‘cl+xzcz+--.+xnc,‘ ’O
Al =0 ohes A 5 ]( Note: If there is a nonzero
. T ¥ solution to Ax=0, then we
‘.\ha{ |\ nest C(Ml“\" ' SolutiC
“*_(’,/“"L ! have a nontrivial linear
s Colum$: combination of the columns

that gives the 0 vector.

le)a

Question

Let 4e R™ and x € R”. Denote the columns of

Aby ..., ¢n and suppose x = (x,). What is Ax?
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Question

How 1s linear mdc‘pendcncc rclcbd to solving /Ax =07
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1. Determine whether the set I(—Z) , (—1) , (—3)]
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c. there is not enough information
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Determinants

How do we take the determinant of a 1x1 matrix?
A= (=) dot (A\= =

How do we take the determinant of a 2x2 matrix?

a b
ﬁ-,(c ’ det (B\= ad-be
How do we take the determinant of an nxn matrix?
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Spse A s awa a3 abwe-

Each of the following formulas will give the same value. These are all
called the determinant of A.
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The decision to expand across a particular row or down a particular
column can save you some time (if you choose wisely).
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Compute the determinant of 4 =

2 different ways.
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Question

How do elementary row operations effect the
determinant of a matrix?

Action Effect m datermank
K‘-' . p\i i) Mult 1967 -1
*R. >R, xH0 vt

=R+ R >R, SA No change.

So, if we use elementary row operations until the matrix has all zeros
below the diagonal, then we can get the determinate by keeping track of
the changes, and then multiplying by the product of the entries in the last

matrix. e, 20! s huge.
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Questions (cont.)

Is there a geometric interpretation of the
determinant of an nxn matrix?
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is the determinant of a matrix related to the
determinant 67 the franspose of the matrix?| Qj
the inverse of the matrix (if it exists)?
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Question

Suppose A and B are nxn matrices and o is a
scalar. Determine which of the following are
true:

. det(A + B) = det(A) + det®) Talcz
« det(A B) = det(A) det(B) Ttwe
« det(a A) = adet(A)  False

dot <\ = <" gt (A
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Definition

An nxn matrix A is nonsingular if and only if

X (B\ # 0
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Questions (cont.)

How is the idea of determinant related to linear
independence?
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\Definition _ Part 1

nxn

Suppose4 € R™. We say that a number A € R
is a real eigenvalue of 4 if and only if there is a nonzero
vector x € R" s0 that In this case, the vector

is referred to as an eigenvector associated with the re
x gv—s— — _’_’_’_ﬁl

eigenvalue 4.
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Question: How do we find the eigenvalues
and associated eigenvectors of a real square
matrix 4? ot need amzerg vectme X
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So, to find the eigenvalues of A, you solve det(A - X[)=0
Tus Lo eachh dy. velwe X fird e
Aozt gesrs x soldin (B-»>dx =0 Y

do s Ol oscodaked iy, vehts

\

Definition — Part 2

Suppose 4 € R™. We say that a number 4 € C with sm(A4)# 0
is a complex eigenvalue of 4 if and only if there is a TIONZETO
vector x € C" so that 4x = Ax. In this case, the vector -

x i’s—refelred to as an eigenvector associated with the complex

eigenvalue A

Example

Find the eigenvalues and associated eigenvectors

. 21
for the matrix A= .
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Therefore, the eigen vectors associated with the eigenvalue 3 are the
nonzero scalar multiples of

Ve
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Example

Find the eigenvalues and associated eigenvectors

. -1 1
for the matrix A:(il 71] .
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The eigen vectors associated with the eigen value 1 are the nonzero scalar

multiples of i

X %0

Example

Find the eigenvalues and associated eigenvectors

2 -2 1
for thematrix 4= 1 -1 1 |
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