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2 MATRIX OPERATIONS 

Definition 2.1 (Matrix Addition)  If  𝐴 = (𝑎𝑖𝑗)  and  𝐵 = (𝑏𝑖𝑗)  are matrices of the 

same size  𝑚 × 𝑛, then  the sum of 𝐴  and  𝐵 is the matrix of the size  𝑚 × 𝑛  defined by  

𝐶 = 𝐴 + 𝐵, where 

𝑐𝑖𝑗 = 𝑎𝑖𝑗 + 𝑏𝑖𝑗    for all  𝑖, 𝑗. 
 
 

Definition 2.2 (Scalar Multiplication) Let  𝐴 = (𝑎𝑖𝑗)  be any matrix  and  𝛼  be any real 

number (scalar). Then, the scalar multiplication of  𝐴  is defined by  𝐵 = 𝛼𝐴, where 

𝑏𝑖𝑗 = 𝛼 𝑎𝑖𝑗    for all  𝑖, 𝑗. 

Remark2.1: The size of  𝛼𝐴  is as same as size of  𝐴. 
 
Remark2.2: We define the difference  𝐷 = 𝐴 − 𝐵  by  𝑑𝑖𝑗 = 𝑎𝑖𝑗 − 𝑏𝑖𝑗     for all  𝑖, 𝑗. 

 

Example 2.1 Let  𝐴 = (
5 3 1
0 1 4

−2 0 3
)  and  𝐵 = (

1 0 7
0 2 −1

−2 5 0
). Compute   

1

2
(2𝐴 − 3𝐵). 

 
Theorem 2.1  Let  𝐴, 𝐵, 𝐶  be any three matrices of the same size and  𝛼, 𝛽  be any two 

real numbers. Then, 

(a) Closure property: 𝐴 + 𝐵  is also a matrix of the same size and  is unique. 

(b) Associativity: (𝐴 + 𝐵) + 𝐶 = 𝐴 + (𝐵 + 𝐶). 

(c) Commutativity: 𝐴 + 𝐵 = 𝐵 + 𝐴. 

(d) Distributive laws:   (𝛼 + 𝛽)𝐴 = 𝛼𝐴 + 𝛽𝐴,     

 𝛼(𝐴 + 𝐵) = 𝛼𝐴 + 𝛼𝐵, 

       𝛼(𝛽𝐴) = 𝛼𝛽𝐴. 

(e) 0 𝐴 = 𝟎. 

(f) 𝛼 𝟎 = 𝟎. 
 
 

Definition 2.3 (matrix Multiplication) Let  𝐴 = (𝑎𝑖𝑗)  be  𝑚 × 𝑝  matrix and  𝐵 = (𝑏𝑖𝑗)  be 

an  𝑝 × 𝑛  matix. Then the product  𝐶 = 𝐴𝐵  is an  𝑚 × 𝑛  matrix defined by 

𝑐𝑖𝑗 = ∑ 𝑎𝑖𝑘𝑏𝑘𝑗

𝑛

𝑘=1

, 1 ≤ 𝑖 ≤ 𝑚,   𝑖 ≤ 𝑗 ≤ 𝑛. 
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Remark2.3: Note that number of columns in  𝐴  is equal to the number of rows  in  𝐵. In this 

case, we say that  𝐴  and  𝐵  are conformable for the product  𝐴𝐵.   

Example 2.2 Let  𝐴 = (
1 3 2

−1 0 2
)  and  𝐵 = (

3 2 0
1 0 1

−2 1 1
). Compute  𝐴𝐵  or  𝐵𝐴  which is 

conformable for the matrix multiplication. 

Example 2.3 Let  𝐴 = (2 −1)  and  𝐵 = (
1
4

). Compute  𝐴𝐵  and  𝐵𝐴. 

 

Example 2.4 Show that  (
2 4
1 2

) (
−2 4
1 −2

) = 𝟎. 
 

Remark2.4: Note that if the product of two matrices is zero, then one of them need not to be 

zero matrix. 

 

Example 2.5  Let  𝐴 = (
1 −1
2 3

). Find  𝐴2  and  𝐴3. 

 
Theorem 2.2 Let  𝐴, 𝐵, 𝐶  be matrices for which all oprations below make sense. Then 

(a) Associativity: (𝐴𝐵)𝐶 = 𝐴(𝐵𝐶). 

(b) Distributive laws: 𝐴(𝐵 + 𝐶) = 𝐴𝐵 + 𝐴𝐶, 𝐴(𝐵 − 𝐶) = 𝐴𝐵 − 𝐴𝐶, 

    (𝛼𝐴)𝐵 = 𝐴(𝛼𝐵) = 𝛼(𝐴𝐵), 

    (𝛼𝐴)(𝛽𝐵) = 𝛼𝛽(𝐴𝐵) 

(c) 𝟎 𝐴 = 𝟎𝐴 = 𝟎. 

 
Remark2.5: Note that matrix multiplication is not commutative. That is,  𝐴𝐵 ≠ 𝐵𝐴  in 
general. 
 
 

Definition 2.4  We define the transpose of a matrix  𝐴  of size  𝑚 × 𝑛, and denoted by  

𝐴𝑇, to be the  𝑛 × 𝑚 matrix with entries  (𝐴𝑇)𝑖𝑗 = 𝑎𝑗𝑖. 
 

Remark2.6: In other words, the transpose of a matrix is obtained by interchanging the 

rows and columns of the given matrix. 
 

Theorem 2.3 Let  𝐴, 𝐵  be two matrices. Then,  
(a) (𝐴𝑇)𝑇 = 𝐴. 

(b) (𝐴 ± 𝐵)𝑇 = 𝐴𝑇 ± 𝐵𝑇. 

(c) (𝐴𝐵)𝑇 = 𝐵𝑇𝐴𝑇. 

(d) (𝑐𝐴)𝑇 = 𝑐 𝐴𝑇. 
 

Example 2.6  Verify the theorem 2.3 for the matrices  𝐴 = (
1 3

−1 2
) , 𝐵 = (

0 3
3 1

)  and  𝑐 = 5. 

 
Definition 2.5 A matrix 𝑋  is called symmetric if  𝑋𝑇 = 𝑋  and  skew symmetric if  𝑋𝑇 = −𝑋. 
 

Example 2.7 Let  𝐴 = (
1 3
0 2

). Show that  𝐴 + 𝐴𝑇  is symmetric  and  𝐴 − 𝐴𝑇  is skew 

symmetric. 


