Handout 8 Matrix properties, multiplication and addition

Definition of a matrix

We define a matrix as a rectangular array of numbers: an m by n matrix A is

@11 a2 @13 - Alp
a21 Q22 A3 - A2p
A= az1 Az a3z -+ A3p
am1 Am2 Am3 o Amn

Matrix-vector multiplication

We can multiply an m by n matrix with a vector of length n:

a11 12 aiz - Q1p
T 1121 + G12T2 + + -+ + G1p Ty
azi @22 azsz A2n
T3 2121 + Q22T2 + -+ + G2 Ty
Ax = asyp agzz2 azz - A3p =
Tn Am121 + Gm2T2 + - - + ApnTy
Am1 am?2 am3 tee Amn

The rows of the matrix must be the same length as the column of the vector.

Matrix-matrix multiplication

For an m by n matrix A and an n by p matrix B, we can form the product A B:
AB=C
a1 a2 - Q1n b1 bz - blp C11 Ci2 -+ Cip
a21 Az -+ d2p bor  bap - b2p Co1  C22 -+ C2p
am1 Am2 - Gmn bpi bp2 - bnp Cml Cm2 *° Cmp

The number of columns of A must match the number of rows of B, and the product C is an m by p
matrix. The elements of C are formed using this formula:

n
Cij = E aikbkj.
k=1

The order of multiplication matters so in general AB # B A.
However, you will be relieved to know, (A B)C = A(BC).

Matrix addition
Two matrices can be added if and only if they are the same size; then we just add the elements:
[A+ Blij = aij + bij-

Two matrices are equal if and only if they are the same size and all their elements match.



