
Basic Matrix Operations

Definition: A m row by n column matrix A is a rectangular array of mn entries

A =


a11 a12 · · · a1n

a21 a22 · · · a2n
...

...
. . .

...

am1 am2 · · · amn

 (1)

We call a m row by n column matrix a m× n matrix.

Definition: Let A,B be m× n matrices and c a real number in R where

A =


a11 a12 · · · a1n

a21 a22 · · · a2n
...

...
. . .

...

am1 am2 · · · amn

 , B =


b11 b12 · · · b1n

b21 b22 · · · b2n
...

...
. . .

...

bm1 bm2 · · · bmn


We define

A + B =


a11 + b11 a12 + b12 · · · a1n + b1n

a21 + b21 a22 + b22 · · · a2n + b2n
...

...
. . .

...

am1 + bm1 am2 + bm2 · · · amn + bmn

 , cA =


ca11 ca12 · · · ca1n

ca21 ca22 · · · ca2n
...

...
. . .

...

cam1 cam2 · · · camn


and

−A = (−1)A, A−B = A + (−B)

Example 1: Suppose A =

[
1 0 −1

2 2 3

]
and B =

[
2 −1 3

−4 −1 −5

]
. Calculate −A and 2A + B.
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Definition: We call

In =


1 0 · · · 0

0 1 · · · 0
...

...
. . .

...

0 0 · · · 1

 (2)

the n× n identity matrix.

Example 2: Let A =


3 1 1

1 3 1

1 1 3

. Calculate A− 2I3.

Definition: Let A = [aij ] be a m× n matrix. We define the transpose of A, denoted AT , to be

the n×m matrix defined using the formula

(AT )ij = aji (3)

Example 3: Let A =

[
1 2 3

4 5 6

]
. Calculate AT and (AT )T . What do you observe?

Theorem 1 (Poole 3.4 part a): If A is a m× n matrix then

(AT )T = A (4)
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Example 4: If x =


1

2

3

, then xT = is called a row vector.

Example 5: Let A =

[
1 3

2 1

]
, B =

[
1 −1

1 1

]
. Calculate (A + B)T and AT + BT . Observation?

Theorem 2 (Poole 3.4 parts b and c): If A and B are m× n matrices and k in R then

(A + B)T = AT + BT , (kA)T = k(AT ) (5)

Definition: A n× n matrix A is called symmetric if AT = A.

Example 6: Which of the following matrices are symmetric? Explain.

A =


1 0 1

0 2 0

−1 0 3

 , B =


3 −1 2

−1 1 4

2 4 5

 (6)
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