
Matrices: operation on matrices 

Dr. Soma Mandal

Department of Physics

Government girls’ general degree college

1/6/2021B. Sc. Physics Honours SEMESTER I CC1



OperatiOn On matrices

 Transpose of a matrix 

 The transpose of a m × 𝑛 matrix 𝐴 = 𝑎௜௝ is defined as the 𝑛 × 𝑚 matrix 𝐵 = 𝑏௜௝ with 
𝑏௜௝ = 𝑎௜௝ for 1 ≤ 𝑖 ≤ 𝑚 and 1 ≤ 𝑗 ≤ 𝑛 . The transpose of 𝐴 is denoted by 𝐴் .

If 𝐴 =
1 4 5
0 1 2

, then 𝐴் =
1 0
4 1
5 2

Thus the transpose of a row vector is a column vector and vice-versa.

 For any matrix 𝐴, we have 𝐴்்
= 𝐴.

 Let 𝐴 = 𝑎௜௝ , 𝐴் = 𝑏௜௝ and 𝐴்்
= 𝑐௜௝ . 

Then the definition of transpose gives 𝑐௜௝ = 𝑏௝௜ = 𝑎௜௝ for all 𝑖, 𝑗 and the result follows.

1/6/2021B. Sc. Physics Honours SEMESTER I CC1



symmetric, skew-symmetric and OrthOgOnal matrix

 Symmetric matrix : A matrix A is called symmetric if 𝐴் = 𝐴

A= 
𝑎 ℎ 𝑔
ℎ 𝑏 𝑓
𝑔 𝑓 𝑐

, B= 
1 2 3
2 4 −1
3 −1 4

are symmetric matrices.

 Skew Symmetric matrix: A matrix C is called skew symmetric if 𝐴் = −𝐴

If C= 
0 −ℎ −𝑔
ℎ 0 −𝑓
𝑔 𝑓 0

, C is a skew symmetric matrix.

 A matrix is said to be orthogonal if 𝐴𝐴் = 𝐴்𝐴 = 𝐼.

 A=

ଵ

ଷ

ଵ

ଷ

ଵ

ଷ
ଵ

ଶ

ଵ

ଶ
0

ଵ

଺

ଵ

଺
−

ଶ

଺

is an orthogonal matrix.
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additiOn Of matrices

 Let 𝐴 = 𝑎௜௝ and 𝐵 = 𝑏௜௝ be two 𝑚 × 𝑛 matrices. Then the sum 𝐴 + 𝐵 is defined to be 

the matrix 𝐶 = 𝑐௜௝ with 𝑐௜௝ = 𝑎௜௝ + 𝑏௜௝. Matrices must have the same dimensions.

A= 4 2 5
1 3 −6

B= 1 0 2
3 1 4

A+B= 5 2 7
4 4 −2

 Subtraction is identical to addition.      9 4
3 1

−
7 2
1 6

=
2 2
2 −5

 Properties of matrix addition:

 Communicative law of addition   A+B=B+A

 Associative law of addition    A+(B+C)= (A+B)+C

 Exercise:

Suppose A+B=A. Then show that B=0.

Suppose A+B=0. Then show that B=(-1)A= −𝑎௜௝ .
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matrix mUltiplicatiOn
 Multiplying a scalar to a matrix

Let 𝐴 = 𝑎௜௝ be an 𝑚 × 𝑛 matrix, for any element 𝑘, 𝑘𝐴 = 𝑘𝑎௜௝ .

If 𝐴 =
1 4 5
0 1 2

and 𝑘 = 3; then 3A= 3 12 15
0 3 6

.

 Matrix multiplication/Product:

Let 𝐴 = 𝑎௜௝ be an 𝑚 × 𝑛 matrix and 𝐵 = 𝑏௜௝ be an 𝑛 × 𝑟 matrix. The product 𝐴𝐵 is a 

matrix 𝐶 = 𝑐௜௝ of order  𝑚 × 𝑟 with

𝑐௜௝ = ∑ 𝑎௜௞𝑏௞௝
௡
௞ୀଵ =𝑎௜ଵ𝑏ଵ௝ + 𝑎௜ଶ𝑏ଶ௝ + ⋯ + 𝑎௜௡𝑏௡௝.

The product AB is defined if and only if 

THE NUMBER OF COLUMNS OF A= THE NUMBER OF ROWS OF B

 To multiply two matrices

1) Multiply each element in a given row by each element in a given column.

2) Sum up their products.
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matrix mUltiplicatiOn
 Example:


𝑎ଵଵ 𝑎ଵଶ

𝑎ଶଵ 𝑎ଶଶ
×

𝑏ଵଵ 𝑏ଵଶ

𝑏ଶଵ 𝑏ଶଶ
=

𝑎ଵଵ𝑏ଵଵ + 𝑎ଵଶ𝑏ଶଵ 𝑎ଵଵ𝑏ଵଶ + 𝑎ଵଶ𝑏ଶଶ

𝑎ଶଵ𝑏ଵଵ + 𝑎ଶଶ𝑏ଶଵ 𝑎ଶଵ𝑏ଵଶ + 𝑎ଶଶ𝑏ଶଶ
=

𝑐ଵଵ 𝑐ଵଶ

𝑐ଶଵ 𝑐ଶଶ

 3 2
1 2
3 4

=[ 3 × 1 + 2 × 3 3 × 2 + 2 × 4 ] = 9 14

 Properties of matrix multiplication

 Matrix multiplication is not commutative. 𝐴𝐵 ≠ 𝐵𝐴.

Let 𝐴 =
1 2
3 4

; B= 0 −1
6 7

𝐴𝐵 =
12 13
24 25

but 𝐵𝐴 =
−3 −4
27 40

 Associative law: Matrix multiplication is associative 𝐴𝐵 𝐶 = 𝐴 𝐵𝐶 = 𝐴𝐵𝐶

 Distributive law: Matrix multiplication is distributive with respect to addition A(B+C)=AB+AC

 For any 𝑘, 𝑘𝐴 𝐵 = k AB = A kB .

 If A is an 𝑛 × 𝑛 matrix then 𝐴𝐼௡ = 𝐼௡𝐴 = 𝐴.
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exercise:

 Let A and B two matrices. If the matrix addition A+B is defined, then prove that 
𝐴 + 𝐵 ்=𝐴் + 𝐵் . Also if the matrix product AB is defined then prove that 
𝐴𝐵 ்=𝐵்𝐴்.

 Let 𝐴 = 𝑎ଵ, 𝑎ଶ, … . 𝑎௡ and 𝐵 =

𝑏ଵ

𝑏ଶ.
.
𝑏௡

. Compute the matrix product 𝐴𝐵 and 𝐵𝐴.
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