
 LectureV 51.3 ConsequencesofGauss Jordan
51.5 Matrix Operations

I Consequencesof Gauss Jordan

A linear system has o I or a many solutions

If equations a variables the linear system cannot
has a unique solution

Reason dependent variables s ofus variables so

we will have at least one independentvariable

Definition Assume the matrix B is in reduced echelon form We

define Rank B r nonzero rows of B dependentvars

For arbitrary matrices B Rank B Rank B where
B is the unique reduced echelon frm matrix equivalentto B

Consequences Rank B E m rows of B
Rank B E nt columnsof B
Rank B e n if thesystem is consistent

Freeparameters n Frank B so we have

a unique solution it andonly if thesystem is
consistent Rank B n

note that n em by

whyso L g fitness



If B has Co o I an a row we are inconsistent This

means by our assumptions that the right must starting I is
within the first n columns The staircase shape fras In

i
t.FI us a ii i our

6 o 6 o o

consistent inconsistent

2 Operationson Matrices Mattias rectangular arraysof numbers

NEXT GOALS Define 3 operations n mattias
7 Addition
ScalarMultiplication

Multiplication
these3 willbeusedto defineabstract rector spaces

Study the algebra behind these operations rules

that will help us compute faster like we do with tax in R
Application We can write limos systems aux t t am Xu b

aim X t t 9mnXu bu

using matrix multiplication A In A Lais
gemMXI

Ex MX1

Definition Two matrices are equal whenthey have the same size the

same entries More explicitly
it A aig Jean

B l bij Kier
is ja s

M too matrices

of sizes mxn rx s respectively then A B means

me r ne s and hip bij for every Itb im j i in



Examples 9 because 11,2 entriesdon'tagree

9 I to because the numberof columns is
different

Definition A scalar is a number real ramplex

Next we define addition and scalar multiplication and studytheir
properties

3 Matrix Addition Scalar Multiplication

Fix two matrices A B ofthe same size We want to build
a new matrix At B

Definition 1 If A B have size man then ATB is amatrix

of size man with entries At B i j Aig t Bij
17 JI L addentryby

entry

Examples C 1363 812 6 1
e 9 9 is notdefined thematrices have

differentsizes

Given a matrix A and a scalar r we want to build a new matrix rA

Definition2 If A has size man then the shroud CA is a
matrix of size mxn with entries rA ij rAig for it m

jet in
multiply allentriesby r

Example 2163 333 18



59 Matrix multiplication

Next we definemultiplication ofmatrices We willdiscuss the
definition do some examples Next time wewill see why this is the right
definition

Idea B
Ones

AB
M X s

mustmatch or else theproduct is notdefined

Definition Given A aaj man matrix
B bij res

I the product AB

is onlydefined when n r I adsA rowsB Assuming

this is the case then A B is a matrix of size mxs with
entries A B

ig
ai bij ta iz bag t t 9inbig

É Aik lakj
summation notation

Pictorially To get i j entry of AB we focus on the

ith row ofA the jth column of B

and Liz aint

ftp
We multiplythe corresponding

in j
entries add them up

my hi bij t ai z bag t t 9in bug lij entryofAB



Examples i i 3 69 is not defined

2 3 Ex 2

2
i 1

is defined and gives a 2 3 matrix

2 3 3 3

lil entry I 0 33 f
1 I 0.0 3.1 2 5

1 2 i o 3 y
1 C1 t 0.2 3.4 1 12 11

1,3 1 0 3

f
1 3 0.7 3.5 3 15 18

similarly we can compute the 2,17 2,2 2,3 entries

Result I If

Note The formula for eachentry of A B is exactly how we
define dot products in R R This is more general


