Matrices
A matrix is a rectangular grid of numbers arranged into rows and columns.

An m x n matrix A has m rows and n columns and is written

Ay - Qgp
az1 - Qzn
A=|Q31 .. Q3u
Am1 - Amn

the numbers m and n are called the dimensions of A.

where the element a;;, located in the i row and the j* column, is a scalar quantity;
a numerical constant, or a single valued expression.

The diagonal elements of a matrix are those elements where the row and column
index are the same. For example, the diagonal elements of the 3x3 matrix A are
api, az, and asz;. The other elements are non-diagonal or off-diagonal elements.

A1 Q12 Qg3

A =|Gz1 Az Qaz3

Q31 Q32 A3z
The sum of the diagonal elements of A is called the trace of the matrix, denoted
by tr(A).

tr(A) =daq =+ az» + asz3

A matrix having either a single row (m = I) or a single column (n = 7) is defined
to be a vector because it is often used to define the coordinates of a point in a
multi-dimensional space. (In this note the convention has been adopted of
representing a vector by a lower case “bold-face” letter such as x, and a general
matrix by a “bold-face” upper case letter such as A.)

A vector having a single row, for example
X = [X11 X12 - X1n]

is defined to be a row vector, while a vector having a single column is defined to
be a column vector

Y11



Special Types of Matrices
1-Square Matrices

Matrices with the same number of rows as columns (m=n) are said to be square
and of order n (or m).

3 2 5
A=[i 0 -2
-7 1 8

Here A is a square matrix of order 3 (sometimes it is written as Az).

2- Diagonal Matrix

If all non-diagonal (off-diagonal) elements in a matrix are zero, then the matrix
1s a diagonal matrix.

2 0 0

0 6 0

g 0 =9

A=

3- Identity Matrix

The square identity matrix 1, is a special matrix where all of its elements equal to
zero except those on the main diagonal (where i = j) which have a value of one:

1 @ .. 0
=7 1 0

0 0 .. 1
4- Null Matrix

The null matrix 0, which has the value of zero for all of its elements:

0 0 .. O
0=[0 0 - 0

0 0 .. 0
5- Upper Triangular matrix:
A square matrix said to be an Upper triangular matrix if

ai;=0foralli>j



Q13 Q12 Qg3
A=|0 azp a
0 0 as;
6- Lower Triangular Matrix:
A square matrix said to be a Lower triangular matrix if

aij=0foralli<j

a;; O 0
A=|a; a 0
Az1 QAzz A3z

7- Symmetric Matrix:

A square matrix A = (@) said to be a symmetric matrix it a;; = a;; for all i and

j.
8 -2 6
A=|-2 7 3

6 3 1

8- Skew- Symmetric Matrix:

A square matrix A = (@)« said to be a skew-symmetric matrix if a; = -a;; for all
iand .

8 =2 6
A=|2 7 3‘
—6 =3 1

Transposition of a Matrix

Consider a matrix A with dimensions mxn. The transpose of A (denoted A”) is
the nxm matrix where the columns are formed from the rows of A. In other words,
A";j= A;. This “flips” the matrix diagonally

1 2 1
5 6 5 2

There are two important observations concernjng matrix transposition:

1. For a matrix A of any dimension (AT)T=



A=

1 2
T._.l 4 5 T _
ol 3 gl

2. For any diagonal matrix D, (including the identity matrix I), DT=D.

2 0 01" 12 0 0
060‘=[060‘
0 0 -9 0 0 -9

1 .2
4 3
5 6

3. (A+B)T =AT + BT
4. (A-B) =AT - BT

Matrix Algebra

e Equality of two matrices
Two matrices A and B are said to be equal if
(1) They are of same dimensions.
(1)  Their corresponding elements are equal.

e Addition and Subtraction of Matrices

It is possible to add two matrices together, but only if they have the same
dimensions. If A and B are both (im x n), then the sum

C=A+B

Where C is also (m x n) and is defined to have each element the sum of the
corresponding elements of A and B, thus

cij = a;j + by;
Matrix addition is both associative, that is
A+B+C)=(A+B)+C
and commutative
A+B=B+A
Example:
If A and B are matrices given by
3 2 -3 9
A=[4 —9],1:?:[8 —1‘

~2 =3 2 8

Find A + B



