9.5: Matrices and Matrix Operations

e Definitions and Dimensions of Matrices:

o A rectangular array of numbers, functions or parameters is called a matrix.

« A matrix with dimension m x n has m rows and n columns. When we refer to i j-entry,
we mean the entry on the ith row and jth column.

« We denote matrices with capital letters. The following is the general representation of

an m x n matrix A:

an  axp ain
az az arn
A=laijl =
aAm1 Am2 Amn
e Matrix addition and subtraction:
Let A and B be m x n matrices:
an  ap - Qip bi1 b2 bin
apy Gy - dop ba1 b2 boy,
aAml Am2 *** Amn] b1 bmz bmn
antbnn  aptb ain £ bin
a1t by ap1 b azn £ by
Then A+B= [a;j ibij] =
| Am1 £ bm1 Gm2Ebma Amnt bmn

Note that matrix addition/subtraction has to be done on matrices with same dimensions
and it produces a matrix of the same dimensions with entries that are addition/subtraction of

the same corresponding entries of A and B.

e Scalar multiplication:

any di2 - dip
. apy dzp - d2p

Let A be a nxm matrix A= . ]
am1 AGm2 - Amn

multiplication of the matrix A by k is
kau kdlz
ka ka
kA= klai,] = 21 22

kami kam

and k be a number. Then the Scalar

kamn

e Some properties of matrix addition/subtraction:

(1) Commutative Property Of Addition: A+ B=B+A
(2) Associative Property of Addition A+(B+C)=(A+B)+C

= [ka;;]




o The identity of matrix addition The m x n matrix Oy, is the following matrix:

0 0O 0

0 0 O 0
Omxn= .

0 0 O 0

Note that Omxn + Amxn = Amxn~

o Matrix Multiplication: The matrix multiplication is only defined if the number of columns
of the first matrix is equal to number of rows of the second matrix.

Let A of be an m x n matrix and B be an n x & matrix, then the dimension of matrix AB is
n X

(AymxnBuxi = AByxr.) The ith row, jth entry of AB is the product of ith row of A and jth
column of B as described below:

B
an Nar a3 bui bz Dy
Example: Here is the multiplication of Ajyxs by Bsxs: P bay by Dos
21 A2 a3
N ~— b3t b3 b33
A

AB = anbi +aizboy + aizbsr  aiibiz + arzboy + aizbzy  aybiz + aipbos + dlsbsss]

ax1 b1 + agoboy + axsbsy  azibiz + azoboz + azabsy o D3+ anobos + ansba
Note that the matrix BA is not defined.

e The identity of matrix multiplication

The identity matrix I,, or I,x, is a square matrix of size n where all entries on the major
diagonal are one and all the other entries are zero.

1 00 0
010 0
I,=0 0 1 0
0 0 0 ... 1]

e Important properties of the identity matrix

Given any m x n matrix In,A=A Al,=A
A the following is true.

o Equal matrices: Let A and B be two m x n matrices:

an  app - A bi1 b1z -+ bip]| Then A= B means
a; axp - @ b1 by -+ b

A = . . ) _n and B=| . o 'n that a;j = b;j for all
aml Am2 - Gmn b1 bme -+ bpp| 1<i<=mand1<j<n.




1. What is a general representation for a 2 x 3 matrix?

2. Consider the matrix A=

(a) What is the dimension of A?

3. Determine which of the following operations is defined?

(a)

o) |

1 -2 3
2 5 0

1 31
2 0 2

[000
000

)

o1 N =

1
2

1
0
1

-2 3
5 0]

(c)

(d)

(b) What is ap3 entry of matrix A?

(1 -2 3][3 11
2 5 0][|5 2

5% ]



4. Perform the following matrix operations.

NN ol
waft 17 olzo|lad




5. Find AB and BA for the following choices of matrix A and matrix B, or say that they are not
defined. In case that they are both defined, determine if AB = BA or not.

1 2 1
() A=lg5 gg] I B={;
20 30
) a=|2 Ol and B=> 1]
5 [3 0
(c) A= and B= |0 1
0 1
11
1 3 1 00 1 0
6. Let A=|5 6|, I3=10 1 0| and I, = [ ] Find any of the following multiplication if it is
0 1
0.5 1 0 01
defined.
(a) A (c) LA
(b) Al (d) AL



I 3 2| [x
7. (a) Calculate [ 5 6 1| |y]|.
05 1 2] |z

1 3 2] [x 1
(b) Express the matrix equality [ 5 6 1| |y|-= 3] in terms of three equations.
05 1 2|z 2



Related Videos:

1. [Example 1: https://mediahub.ku.edu/media/ MATH+-4+Matrices.m4v/1_pn42m74z
2. Example 2: https://mediahub.ku.edu/media/MATH-+-+Matrix+Multiplication+1.m4v/1_b0z677nu

3. Example 3: https://mediahub.ku.edu/media/ MATH+-+Matrix+Multiplication+2.m4v/1_050slick
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