
Chapter 4 Ð Vectors 

So far we have stuck to situations where the motion is in a straight line Ð which is kind 

of boring. WeÕre going to get into some 2-dimensional and 3-dimensional problems and 

we need the tools that are useful in describing 2-d and 3-d motion.  

 

Recall that a vector has a magnitude and a direction. Whenever we combine vectors, in 

other words, when we add vectors, we cannot just add the magnitudes but we have to 

account for the directions as well. This means we need to learn how to add vectors 

when those vectors do not all point along the same line. 

 

Adding vectors graphically: 

1. tip-to-tail method 

 

 

 

 

2. parallelogram method 

 

 

 

 

 

 

 

Subtracting vectors graphically: 

!  Subtracting a vector is like adding a negative vector: 
 

!
A!
!
B =
!
A + !

!
B( )  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



LetÕs add some displacement vectors Ð look at the problem from last night: 

Margaret walks to the store using the following path: 0.500 miles west, 0.200 miles 

north, 0.300 miles east. What is her total displacement? That is, what is the length and 

direction of the vector that points from her house directly to the store? 

 

Each of these measurements is a displacement and they are vectors. We can add them 

to find her total displacement. 

 

Her total displacement is represented by 

the vector: 
 
!

!
r =

!
rf "

!
ri  (where 

 

!
ri = 0). 

The magnitude of her displacement is: 

 
!

!
r = 0.2mi( )2 + 0.2mi( )2 = 0.28mi   

and her direction is 45¡ N of W. 

 

If you know how long it took her to get to the store, you can find her average velocity: 

 

!
vavg =

!
!
r

! t
 and 

 
!
vavg  will point in the same direction as  !

!
r . 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Adding Vectors using Vector Components: 

 

 
!
Ax  = projection of  

!
A  on the x-axis 

 
!
Ax  = x-component of  

!
A  

 

 

 

 

 
!
Ay  = projection of  

!
A  on the x-axis 

 
!
Ay  = x-component of  

!
A  

 

 

 

Move 
 

!
Ay  so that it is drawn Òtip-to-tailÓ with 

 

!
Ax : 

 

 

!
A =

!
Ax +

!
Ay  

 
!
A = Ax

öi + Ay
öj   !    

!
A  written in Òvector notionÓ 

 

 

 

 

cos! =
adjacent

hypotenuse
=
Ax

A
  !  Ax = Acos!  

 

sin! =
opposite

hypotenuse
=

Ay

A
 !  Ay = Asin!  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



A vector is 20 m long and makes an angle of 60.0¡ counterclockwise from the y-axis (on 

the side of the -x-axis). What are the x- and y-components of this vector? 

 

1. x = 10.0 m, y = -17.3 m 

2. x = 17.3 m, y = 10.0 m 

3. x = -6.10 m, y = -19.0 m 

4. x = -17.3 m, y = 10.0 m 

5. x = -6.10 m, y = 19.0 m 

 

 

To find the x-component, calculate the length of the side opposite the 60¡ angle: 

 
!
x = 20m( )sin60¡ = 17.3m !öi( ) = !17.3m öi( )  

 

To find the y-component, calculate the length of the side adjacent to the 60¡ angle: 

 
 
!
y = 20m( )cos60¡ = 10m öj( )  

 

So whatÕs the point? We need to know the components of a vector to add it to another 

vector. LetÕs say this vector is vector 
 

!
A = ! 17.3m öi( ) +10m öj( )  and we want to add it to 

another vector 
 

!
B = 32m öi( ) +14m öj( ) . 

!  
 

!
A +

!
B = Ax + Bx( )öi + Ay + By( ) öj    

!   
!
A +

!
B = ! 17.3m + 32m( ) öi + 10m +14m( ) öj = 14.7m( ) öi + 24m( ) öj  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



An object experiences three forces: F1 = (8 i) N, F2 = (7 j) N and F3 = (-2 i) N. 

 

What is the total or "net" force on the object? Please explain how you arrived at your 

answer. 

 

1. 13 N 

2. 17 N 

3. (6 i) + (7 j) N 

4. (8 i) + (5 j) N 

5. (10 i) + (7 j) N 

 

 
!
F1 = 8öi + 0öj !N  

 
!
F2 = 0öi + 7 j !N  

 
!
F3 = !2öi + 0öj !N  

 
!
Fnet =

!
F1 +

!
F2 +

!
F3 = 8 + 0 ! 2( )öi + 0 + 7 + 0( ) öj !N  

 

!
Fnet = 6öi + 7öj !N  

 

!
Fnet = 6N( )2 + 7N( )2 = 9.2N  

! = tan" 1 7N
6N

#
$%

&
'(
= 49°  



 
 

 

 

 

 

 

 

 

 

These three energetic Huskies are being taken for a walk, but sometimes itÕs more like 
they are taking their walker for a walk. All of a sudden, a car backfires and the bang 
frightens the dogs, causing them to dart in three different directions.  The gray husky 
heads due east, pulling with 34 N of force on the leash.  The black and white husky 
turns 56¡ north of east and pulls with 45 N on the leash.  The white husky turns 40¡ 
south of east and pulls on the leash with 30 N of force.  To keep the dogs from running 
away, how hard does the walker need to pull on the leash and in what direction? 

 

Part 1: 
On axes similar to those drawn below, sketch a diagram of the forces exerted by the 
dogs on the leash.  Label the forces and the angles. 

 

 

 

 

 

 

 

 

 

 

To keep the dogs from running away, the walker must pull on the leash with the same 
amount (magnitude) of force as the dogs, and in the opposite direction.  To determine 
the total dog force, add the three individual dog forces using the method of vector 
components. (LetÕs take east to be the +x-direction and north to be the +y-direction.) 
 

 

EastWest

North

South
 



Part 2: 
!  On a separate set of x-y axes, draw the vector representing the force exerted by 

the black and white husky on the leash.  Label the magnitude of the vector and 
the angle this vector makes with the +x-axis. 

 
!  Resolve this vector into its x- and y-components, making a right triangle such that 

the x- and y-components make the sides of the triangle and the force vector is 
the hypotenuse. 

 
!  Calculate the magnitude of the x-component. Write this value next to the x-

component on your diagram.  Calculate the magnitude of the y-component. Write 
this value next to the y-component on your diagram. 

 
 

!  On a separate set of x-y axes, draw the vector representing the force exerted by 
the gray husky on the leash.  Label the magnitude of the vector and the angle 
this vector makes with the +x-axis. 

 
!  Resolve this vector into its x- and y-components, making a right triangle such that 

the x- and y-components make the sides of the triangle and the force vector is 
the hypotenuse. 

 
!  Calculate the magnitude of the x-component. Write this value next to the x-

component on your diagram.  Calculate the magnitude of the y-component. Write 
this value next to the y-component on your diagram. 

 
 

!  On a separate set of x-y axes, draw the vector representing the force exerted by 
the white husky on the leash.  Label the magnitude of the vector and the angle 
this vector makes with the +x-axis. 

 
!  Resolve this vector into its x- and y-components, making a right triangle such that 

the x- and y-components make the sides of the triangle and the force vector is 
the hypotenuse. 

 
!  Calculate the magnitude of the x-component. Write this value next to the x-

component on your diagram.  Calculate the magnitude of the y-component. Write 
this value next to the y-component on your diagram. 
 

 

 

 

 

 



Part 3: 

To find the total dog force, first calculate the x- and y-components of the total dog force: 
 

!  The x-component of the total dog force is the vector sum of all the x-components 
of all the dog forces. Add the x-components of the forces you calculated in part 2. 

 
!  The y-component of the total dog force is the vector sum of all the y-components 

of all the dog forces. Add the y-components of the forces you calculated in part 2. 
 

!  On a set of x-y axes, draw the x-component of the total dog force and label it. 
Remember that the length of the vector represents the magnitude of the vector 
(ie: a longer vector means a greater force). 

 
!  Starting at the tip of the x-component vector, draw the y-component of the total 

dog force and label it. Remember that the length of the vector represents the 
magnitude of the vector (ie: a longer vector means a greater force). 

 
!  The total dog force is the vector sum of these two vector components. Draw a 

vector to represent the sum of these two components. 
 

!  Using the triangle that you drew above, calculate the magnitude of the total dog 
force. 

 
!  Label the angle between the total dog force vector and the +x axis as ! . Using 

the geometry of this triangle, determine the angle ! . 
 

!  Finally, how hard does the walker need to pull on the leash and in what 
direction? 

 
 

 

 

 

 

 

 

 

 

 

 


