
Algebraic Vectors 
 

Geometric Vectors 
 

 Geometric vectors are vectors with no fixed location 

 

 Geometric vectors are written as a ______________________ and a ________________________ 

 

i.e. ___________________________ 

 

 

 

Algebraic Vectors 
 

 Algebraic vectors are vectors that are drawn on a coordinate plane with the tail at ____________. 

 

 

Polar Coordinates 

 

 Algebraic vectors can be written using polar coordinates in the form ________________________,  

 

where the angle is measured from the terminal arm (positive x-axis). 

 

 

i.e. _____________________  or  ______________________ 

 

 

1. Plot the vector a = (4, 120o)    2. Plot the vector a = 9 units [S45oW] 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Cartesian Coordinates 

 

 Algebraic vectors can be written using Cartesian coordinates in ___________________________   

or  _________________________ form.  

 

i.e. _____________________  or  ______________________ 

 

 

1. Draw the following algebraic vectors: 

 

a) a = (3, 5)     b)  a = (-4, 1) 

 

 

 

 

 

 

 

 

 

2. Write the vector AB  in component form if: 

 

a)  A = (4, 3) and B = (-1, 1) 

 

 

 

b) A = (25, 70) and B = (15, 100) 

 

 

 

 

 

 

 

3. Determine a + b  if a = (1, 5) and b = (3, -2) 

 

 

 

 

 

 

 

4. Determine 2 a  if a = (-3, -1) 

 

 

 

 



5. Simplify 10 a  – 3 b  if a = (-2, 7) and b = (3, 1) 

 

 

 

 

 

 

 

 

Unit Vector Form 

 

 Algebraic vectors can be written using ________________________. 

 

i  = ___________________________________________ 

 

j  = ___________________________________________ 

 

 

1. Write each of the following vectors in unit vector form: 

 

a) a = (2, 5) 

 

 

 

b) b = (-3, 10) 

 

 

 

 

 

 

 

Magnitude of an Algebraic Vector 

 

Calculate the magnitude of the following algebraic vectors: 

 

a) a = (5, 2)    b)  a = (-7, 3) 

 

 

 

 

 

 

 

 

 

 



Converting Between Forms 

 

1.  Write a = -4 i  + 3 j   in component form: 

 

 

 

 

 

 

 

 

 

2. Write the vector a = 6 m [N30oW] as an algebraic vector in component form. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. Write the vector a = (5, -2) as a geometric vector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Drawing Vectors in Three Dimensions 
 

 

Draw each of the following vectors: 

 

a) u (2,6,5)        b) u (6,3,1)  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

c) u (3,1, 4)         d) u ( 5,4,3)   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

e) u (3, 1, 4)         f) ˆ ˆ ˆu 5i 2j 7k     

 

 

 

 

 

 

 

 



Velocity Again 
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Vectors in Three Dimensions 
 

 

 

Algebraic Form 
 

 

 

 

 

 

Write u = (2, -3, 1) in unit vector form  Write u = -7 i  + 5 j  + 9 k  in component form 

 

 

 

 

 

 

Geometric Form 
 

 

 

 

 

 

 

Write the vector u (3,1, 4)   as a geometric vector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Component Form 

u  = (x, y, z) 

Unit Vector Form 

u  = x i  + y j  + z k  

Magnitude 

| u |  = 2 2 2x y z   

Direction (Direction Cosines) 

x
Cos

| u |
   

y
Cos

| u |
   

z
Cos

| u |
   



Scalar Multiplication 
 

a) 3(4i 2j k)       b) 10(3,7,1)  

 

 

 

 

 

Vector Addition 
 

a) (5,7, 3) (6,2,4)      b) ˆ ˆ ˆ ˆ ˆ ˆ(2i 15j 3k) (6i 4j 2k)      

 

 

 

 

 

 

 

 

Parallel Vectors 
 

 Parallel vectors have the same or opposite direction. 

 

 Two vectors are parallel if  ________________________________________________ 

 

a) For the points A(3, 2, 7), B(4, 5, 1), C(-4, 7, 1), D(-6, 1, 13), determine whether AB  is parallel 

to CD . 

 

 

 

 

 

 

 

 

Collinear Points 

 
 Three points (A, B, C) are collinear if  ____ and ____  are  _________________ . 

 

a) Determine whether the points A (4, -2, 3), B(3, 2, 7), C(1, 10, 15) are collinear. 

 

 

 

 



Linear Combinations
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Dot Product 
 

Dot product is the ________________________________ of one vector with the scalar projection of 

the other vector. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Determine a b , if | a |  = 20, | b |  = 45 and θ = 55o.  

 

 

 

 

 

 

 

 

 

 

 

Perpendicular Vectors 
 

If two vectors are perpendicular, their dot product ___________________________ 

 

Determine a b , if | a |  = 5, | b |  = 10 and θ = 90o.  

 

 

 

 

 

 



Algebraic Vectors 
 

 

 

 

 

1. If u  = (2, -3, 1) and v  = (-5, 2, 4), calculate u   v . 

 

 

 

 

 

 

2. If u  = 3 i  + 2 j  + 7 k  and v  = 5 i  – 9 k , find u   v . 

 

 

 

 

 

 

3. Find the angle between the vectors u  = (-2, 3, 4) and v  = (1, 5, 2). 

 

  

 

 

 

 

 

 

 

 

Properties of Dot Product 
 

k( u   v ) =  

 

 

u   ( v  + w ) =  

 

 

u   u  =  



Projections

   a7AlgVectors Page 1    



   a7AlgVectors Page 2    



   a7AlgVectors Page 3    



Applications of Dot Product 
 

Work 
 

 Work occurs when a force is applied on an object, resulting in the displacement of the object. 

 Measured in Joules 

 

 

 

 

 

 

 

 

 

 

1. A 30 kg child slides down a 3 m long slide that makes an angle of 35o with the ground. Determine the work 

done by the force of gravity.  

 

 

 

 

 

 

 

 

 

 

 

 

 

2. A mover pushes a washing machine 7.5 m across a basement floor.  Calculate the work done by the mover, 

if he is pushing against a frictional force of 300 N. 

 

 

 

 

 

 

 

 



Cross Product 
 

The cross product is the _________________ multiplication of two vectors, which results in a vector 

that is ____________________________ to the original two vectors. 

 

 

| a b | | a || b |Sin    

 

 

a b a b a b a b a b a ba b (y z z y ,z x x z ,x y y x )      

 

 

1. If  | u |  = 10 , | v |  = 13, and the angle between them is 25o, find | u × v |. 

 

 

 

 

 

 

 

 

 

2. If  a  = (2, 3, 5) and  b  = (4, 7, 6), find a × b . 

 

 

 

 

 

 

 

 

 

3. Find a vector perpendicular to u  = 10 i  + 3 j  + 7 k  and v  = -2 i  – 1 j . 

 

 

 

 

 

 



4. Calculate the magnitude of a × b  when a  = (3, 2, 1) and b  = (4, -5, 7) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Properties of Cross Product 
 

 

 

a  × a  =  

 

 

a  × b  = 

 

 

a  × ( b  + c ) =  

 

 

k( a  × b ) =   

 

 

 

1. Simplify ( a + b ) × ( a + b ). 



Applications of Cross Product 
 

Area of a Parallelogram 

 

Find the equation for the area of a parallelogram with sides a  and b . 

 

 

 

 

 

 

 

 

 

1. Calculate the area of the parallelogram with sides u  = (10, 4, -1) and v  = (-2, 5, 3). 

 

 

 

 

 

 

 

 

 

Area of a Triangle 

 

Find the equation for the area of a triangle 

 

 

 

 

1. Calculate the area of a triangle with vertices A(1, 5, 0), B(2, 2, 2), and C(5, -1, 3). 

 

 

 

 

 

 

 

 

 



Torque 

 

 Torque occurs when a force is applied on an object, resulting in rotational motion. 

 Measured in N m 

 

 

 

 

 

 

 

 

 

1. Find the torque produced by a mechanic exerting a force of 95 N on the end of a 20 cm long wrench at an 

angle of 30o. 


