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1- Vectors 

 

 

𝐴𝐵⃗⃗⃗⃗  ⃗  = (𝑥𝐵 − 𝑥𝐴)𝑖 + (𝑦𝐵 − 𝑦𝐴)𝑗 + (𝑧𝐵 − 𝑧𝐴)�⃗�  

                  

 

Addition of vectors �⃗� + �⃗⃗� = (𝑥𝑉 + 𝑥𝐾)𝑖 + (𝑦𝑉 + 𝑦𝐾)𝑗 + (𝑧𝑉 + 𝑧𝐾)�⃗�  

Subtraction of vectors �⃗� − �⃗⃗� = (𝑥𝑉 − 𝑥𝐾)𝑖 + (𝑦𝑉 − 𝑦𝐾)𝑗 + (𝑧𝑉 − 𝑧𝐾)�⃗�  

Dot product (scalar product)  

Analytical writing of Scalar 

product  

�⃗� ∙ �⃗⃗� = ‖�⃗� ‖ ∙ ‖�⃗⃗� ‖ ∙ cos 𝜃 

�⃗� ∙ �⃗⃗� = (𝑥𝑉 ∙ 𝑥𝐾) + (𝑦𝑉 ∙ 𝑦𝐾) + (𝑧𝑉 ∙ 𝑧𝐾) 

Cross product (Vector product) 

Analytical writing of Vector 

product 

|�⃗� ∧ �⃗⃗� | = ‖�⃗� ‖ ∙ ‖�⃗⃗� ‖ ∙ sin 𝜃 

�⃗� ∧ �⃗⃗� = (𝑦𝑉𝑧𝐾 − 𝑧𝑉𝑦𝐾)𝑖 − (𝑥𝑉𝑧𝐾 − 𝑧𝑉𝑥𝐾)𝑗 + (𝑥𝑉𝑦𝐾 − 𝑦𝑉𝑥𝐾)�⃗�  

Unit vector associated with 

each vector (�⃗⃗� ) 
�⃗� = ‖�⃗� ‖ ∙ �⃗⃗�  

Parallel and perpendicularity 

of two  vectors 
�⃗� ⊥ �⃗⃗� ⟹ �⃗� ∙ �⃗⃗� = 0⃗   �⃗� ∥ �⃗⃗� ⟹ �⃗� ∧ �⃗⃗� = 0⃗       &      

 

Exercise 01  

The components of A(xA,yA,zA), B(xB,yB,zB) and  C(xC,yC,zC) are recorded in the 

corresponding table :  

1- Write the vectors (𝐴𝐵⃗⃗⃗⃗  ⃗), (𝐴𝐶⃗⃗⃗⃗  ⃗) and (𝐵𝐶⃗⃗⃗⃗  ⃗), then represent them in the orthogonal basis (Oxyz)  

2-  Determine the magnitudes (‖𝐴𝐵⃗⃗⃗⃗  ⃗‖), (‖𝐴𝐶⃗⃗⃗⃗  ⃗‖) and (‖𝐵𝐶⃗⃗⃗⃗  ⃗‖) 

3- What is the unit vector associated with each vector ? 

4-  Find the result of :  

 
 

 
 
 

5- Find the relationship between (x,y,z) components of V⃗⃗  (𝑉⃗⃗⃗⃗ = 𝑥 𝑖 + 𝑦 𝑗 + 𝑧 𝑘⃗⃗⃗   ) when �⃗� ∥ 𝐴𝐶⃗⃗⃗⃗  ⃗ 

𝑥𝑉 = 𝑥𝐵 − 𝑥𝐴 
𝑦𝑉 = 𝑦𝐵 − 𝑦𝐴 
𝑧𝑉 = 𝑧𝐵 − 𝑧𝐴 

 

�⃗� = 𝐴𝐵⃗⃗⃗⃗  ⃗ = 𝑥𝑉𝑖 + 𝑦𝑉𝑗 + 𝑧𝑉�⃗�  ⟹ 
 

z y x  

3 -2 1 A 

1 2 1 B 

0 0 2 C 

𝐴𝐵⃗⃗⃗⃗  ⃗ + 𝐴𝐶⃗⃗⃗⃗  ⃗ + 𝐵𝐶⃗⃗⃗⃗  ⃗ = ? 

𝐴𝐵⃗⃗⃗⃗  ⃗ − 𝐵𝐶⃗⃗⃗⃗  ⃗ = ? 

𝐴𝐵⃗⃗⃗⃗  ⃗ ∙ 𝐴𝐶⃗⃗⃗⃗  ⃗ = ? 

𝐴𝐵⃗⃗⃗⃗  ⃗  ∧  𝐴𝐶⃗⃗⃗⃗  ⃗ = ? 

𝐴𝐵⃗⃗⃗⃗  ⃗ ⋅ (𝐴𝐶⃗⃗⃗⃗  ⃗ ∧ 𝐵𝐶⃗⃗⃗⃗  ⃗) = ? 

A (xA,yA,zA) 
B (xB,yB,zB) 
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2- Derivative 

Derivative of a 

vector with 

respect to time 

𝑑�⃗� 

𝑑𝑡
=

𝜕𝑥𝑉

𝜕𝑡
𝑖 +

𝜕𝑦𝑉

𝜕𝑡
𝑗 +

𝜕𝑧𝑉

𝜕𝑡
�⃗�  

𝑑

𝑑𝑡
(�⃗� ∧ �⃗⃗� ) =

𝑑

𝑑𝑡
(�⃗� ) ∧ �⃗⃗� + �⃗� ∧

𝑑

𝑑𝑡
(�⃗⃗� ) 𝑑(�⃗� ∙ �⃗⃗� ) = 𝑑(�⃗� ) ∙ �⃗⃗� + �⃗� ∙ 𝑑(�⃗⃗� ) 

Derivatives of 

trigonometric 

and exponential 

Functions 

 

𝑑 cos 𝜃

𝑑𝑡
= −

𝑑𝜃

𝑑𝑡
sin 𝜃 

𝑑 sin 𝜃

𝑑𝑡
=

𝑑𝜃

𝑑𝑡
cos 𝜃 

𝑑(𝑒𝑥)

𝑑𝑡
=  

𝑑𝑥

𝑑𝑡
∙ 𝑒𝑥 

𝑑(𝑙𝑛𝑥)

𝑑𝑡
=

𝑑𝑥

𝑑𝑡
(
1

𝑥
) 

Useful 

relationships  

𝑐𝑜𝑠2𝜃 =
1 + cos 2𝜃

2
 𝑐𝑜𝑠2𝜃 + 𝑠𝑖𝑛2𝜃 = 1 

𝑠𝑖𝑛2𝜃 =
1 − cos 2𝜃

2
 

cos(𝛼 ± 𝛽) = cos 𝛼 cos 𝛽 ∓ sin 𝛼 sin 𝛽 

sin(𝛼 ± 𝛽) = sin 𝛼 cos 𝛽 ± cos 𝛼 sin 𝛽 

 

 Exercise 02 

 We have:  

 

1- Find the derivative formula (
𝑑�⃗⃗� 

𝑑𝑡
) and (

𝑑�⃗⃗� 

𝑑𝑡
) when (𝑥 = 𝑡2 − 2), (𝑦 = −𝑡3) and (𝑧 = 𝑡), then 

calculate the magnitude of the obtained result at 𝑡 = 3 𝑠𝑒𝑐   

2- Determine (�⃗� ∙ �⃗⃗� ) and (�⃗� ∧ �⃗⃗� ), then calculate (
𝑑(�⃗⃗� ∙�⃗⃗� )

𝑑𝑡
)  and (

𝑑(�⃗⃗� ∧�⃗⃗� )

𝑑𝑡
), when :   

a. 𝑥 = 𝑡2 − 2𝑡,  𝑦 = −𝑡3 and 𝑧 = 𝑡 

b. 𝑥 = sin 2𝑡, 𝑦 = 2 cos 2𝑡    and  𝑧 = 0 

c. 𝑥 = 𝑙𝑛3𝑡 ,  𝑦 = 𝑒2𝑡  and  𝑧 = 0 

 

Exercise 03 

The time equations of motion of a moving object are written as follows:  

 

 

1- Determine the position vectors 𝑂𝑀 ⃗⃗⃗⃗⃗⃗ ⃗⃗ , calculate its magnitude when 𝑡 = 2𝑠𝑒𝑐 and then draw it in 

the homogeneous orthogonal coordinate reference (Oxyz)  

2- Find the  velocity (�⃗� ) and acceleration  (𝑎 ) vectors. Calculate their magnitudes  at  𝑡 = 2 𝑠𝑒𝑐 

�⃗� =  𝑥 𝑖 − 𝑦 𝑗 + 𝑧 �⃗�  

�⃗⃗� =  2𝑥 𝑖 +
𝑦

4
 𝑗  

𝑥 = 𝑡2 − 2 

𝑦 = −𝑡2 

𝑧 = 𝑡 


