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Learning Objectives  

• Understand vectors vs. scalars. 
• Represent vectors graphically and in components. 
• Learn vector addition, subtraction, and multiplication methods 

 

 

Learning outcomes 

• Define and represent vectors. 
• Add and subtract vectors. 
• Find magnitude and direction of resultants. 
• Calculate dot and cross products. 
• Use vector math in problem-solving 

 

 



We previously learned about vectors 

 

 

 



Matrix Shapes and Names 

A matrix that is wide is called a Fat matrix (with is greater than height). For 
example  

                 𝑿 = [
𝟏 𝟐 𝟑
𝒐 𝟎 𝟏

] , 𝒀 = [
𝟏 𝟐 𝟑 𝟎 𝟑
𝟎 𝟎 𝟏 𝟏 𝟏

] ,  𝐙 = [

𝟏   𝟐   𝟑   𝟎

𝟎   𝟎   𝟏   𝟏

𝟎   𝟎   𝟏   𝟏

] 

A matrix that is tall is called Tall matrix (width is less than height).  

For example 

𝑿 = [

𝟏  𝟏

𝟎  𝟐

𝟎  𝟑

] ,  𝒀 = [

𝟎 𝟑
𝟏 𝟏
𝟐 𝟏
𝟑 𝟏

] , 𝒁 = [

𝟏 𝟔 𝟏𝟎
𝟐 𝟕 𝟏𝟏
𝟑 𝟖 𝟏𝟐
𝟒 𝟗 𝟏𝟑

]  

 

 

 



Square matrix 

A matrix whose width is equal to height is called Square matrix.  

For example 

                        𝑋 = [
1 3
2 4

] ,  𝑌 = [
1 4 8
2 5 9
3 6 10

] 

Just like vectors we can also transpose matrices 

The transpose operation is when you flop the vector down 

• 𝑥 = [
1
2
] , 𝑡ℎ𝑒𝑛 𝑥𝑇 = [1   2]  

• 𝑦 = [
1
2
3
] ,  𝑡ℎ𝑒𝑛 𝑦𝑇 = [1  2  3]  

• z = [1  2  3],  𝑡ℎ𝑒𝑛 𝑧𝑇 = [
1
2
3
]  

 



How to transpose a matrix 

• 𝑋 = [
1 4
2 5
3 6

] ,  𝑡ℎ𝑒𝑛 𝑋𝑇 = [
1  2  3

4  5  6
] 

• 𝑌 = [
1  2  3  4

5  6  7  8
] , 𝑡ℎ𝑒𝑛 𝑌𝑇 = [

1 5
2 6
3 7
4 8

] 

Transpose of a transpose 

X= [
1 4
2 5
3 6

] , 𝑡ℎ𝑒𝑛𝑋𝑇 = [
1  2  3

4  5  6
]        (𝑋𝑇)𝑇 = [

1 4
2 5
3 6

] 

 

 

 



Practice 1 

Find the transpose of the following matrices  

1) 𝐴 = [1 2 5]                                      4)  R=[

1 3 5
2
1
2

−3
3
4

3
−2
0

] 

 

2) B=[
1 6 0

−2 5 −1
]                                    5) E=[

3 −1 3
4 3 0
5
7

4
5

5
6

] 

 

3) 𝐷 = [
1 0 5 3
2 3 −3 4

−1 3 0 3
] 

 

 

 



Addition &Multiplying a matrix by a constant 

X = [
1 0
2 1

] ,  𝑡ℎ𝑒𝑛 2X = [
2 × 1 2 × 0
2 × 2 2 × 1

] = [
2 0
4 2

] 

 

Addition by a constant 

Matrix addition requires same size matrices (e.g., A+B only if A and B are both m×). 

So mathematically: 

A+c (where A is a matrix and c is a scalar) is not valid in linear algebra. 

But in applied contexts (like programming or data science): 

Many software tools (like MATLAB, NumPy, R) allow scalar + matrix by applying the 

scalar to each element of the matrix 

X = [
1 0
2 1

] ,  𝑡ℎ𝑒n X + 2 =  [
1 + 2 0 + 2
2 + 2 1 + 2

] = [
3 2
4 3

] 

 



Matrix Addition 

Definition: 

Matrix addition is the operation of adding two matrices of the same order (same number 

of rows and columns) by adding their corresponding elements. 

If  

                          

then the sum is 

                                             

Example 

                                



Matrix Subtraction 

Definition: 
Matrix subtraction is the operation of subtracting two matrices of 
the same order by subtracting their corresponding elements. 

If  

           

then the difference is  

                                                

 



PRACTICE 2 

Solve the following question  

1) 𝐴 = [1 2 5]  & B=[−1 3 5] then find A+B?                                   

 

2) B=[
1 6 0

−2 5 −1
]  &  𝐶 = [

1 2 3
2 4 0

] then find A+C?  

 

3) E=[

3 −1 3
4 3 0
5
7

4
5

5
6

] &R=[

1 3 5
2
1
2

−3
3
4

3
−2
0

] then find R-E & R+E?                                                             

 

4) 𝐷 = [
1 0 5 3
2 3 −3 4

−1 3 0 3
]& 𝐹 = [

1 −1 0 3
3 3 7 −1
5 6 5 5

] then find D+F & D-F? 

 

 

 

 



Matrix Hadamard Product 

Examples 

𝑋 = [
1 0
2 1

]  , 𝑍 = [
1 3
2 3

] 𝑡ℎ𝑒𝑛 𝑋 ⊙ Z = [
1 0
2 1

] ⊙ [
1    3

2    3
] = [

1 0
4 3

] 

  

𝑌 = [
𝑎 𝑏
𝑐 𝑑

] ,  𝑍̇ = [
1     3

2    3
] 𝑡ℎ𝑒𝑛𝑌 ⊙ 𝑍 = [

𝑎 𝑏
𝑐 𝑑

] ⊙ [
1 3
2 3

] = [
1𝑎 3𝑏
2𝑐 3𝑑

] 

 Hadamard product can be performed on any two vectors(matrices) of 
the same dimension. 

𝐴 = [
1 0
2 1
0 3

]𝐵 = [
2 0
0 1
1 0

] 𝐴 ⊙ 𝐵 = [
1 0
2 1
0 3

] ⊙ [
2 0
0 1
1 0

] = [
2 0
0 1
0 0

] 

            2𝐴 ⊙ 𝐵 = 2 [
1 0
2 1
0 3

] ⊙ [
2 0
0 1
1 0

] = [

2    0

4    2

0    6

] ⊙ [
2 0
0 1
1 0

]= [

4  0

0  2

0  0

] 



Matrix Dot Product

 

 

 

 

 



Practice 3 

Find the dot product of following vectors and matrices  

1) If 𝑋 = [1 2]&𝑌 = [
1
4
] find 𝑋. 𝑌&   𝑌. 𝑋 

2) If 𝑥 = [1 2 4] & 𝑦 = [
1
3
5
]find 𝑥. 𝑦 & 𝑦. 𝑥 

3) If 𝑦 = [
1 3
2 2

]& 𝑧 = [
1
4
] find 𝑦. 𝑧 

4) If 𝑥 = [
1 2 4
2 0 −1

] & 𝑦 = [
1

−1
0

]find 𝑥. 𝑦  

5) If 𝑥 = [
1 2 4
2 0 −1

]&𝑦 = [
2 0
3 −1
5 3

] find 𝑥. 𝑦 

6) If 𝑥 = [
1 0 1
0 2 −1
2 3 0

] &𝑦 = [
1 1
2 2
5 0

]  find 𝑥. 𝑦 



7) If 𝐴 = [
2 3 0
2 0 1
0 1 2

]&𝐵 = [
1 0 −2

−1 3 3
0 2 1

] find A.B 

8) If 𝐴 = [
3 1 0
0 0 2
0 1 1

]&𝐵 = [
1 0 1 3
0 4 3 4
1 0 0 2

] find A.B 

9) If 𝐴 = [
3 1 1 1
0 0 3 0
0 1 4 1

]&𝐵 = [

1 0 1 3
0 4 3 4
1
0

2
1

−1
0

0
1

] find A.B 

10) If 𝐵 = [

3 1 1 1
0 0 3 0
1
2

2
3

1
2

0
2

]&𝐶 = [

1 0 1 3
0 4 3 4
1
0

2
1

−1
0

0
1

] find B.C 

11) If 𝐷 = [

3 1 1 1 1
0 0 3 0 −2
1
2

2
3

1
2

3 0
5 1

]&𝐸 =

[
 
 
 
 
1 0 1 3
0 4 3 4
1
1
2

2
0
1

−1
2
0

0
1
0]
 
 
 
 

 find B.C 

 



The order of matrix dot product cannot be flipped. 

 𝐼𝐹 𝑋 = [
1 2
0 2

] 𝑎𝑛𝑑       𝑌 = [
1 1
0 1

]  

then 

 𝑋𝑌 = [
1 2
2 0

] [
1 1
0 1

] = [
1     3

2     2
] 

𝑌𝑋 = [
1 1
0 1

] [
1 2
0 2

] = [
3 2
2 0

]  

                      𝑋𝑌 ≠ 𝑌𝑋 

 

 

 


