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2D Kinematics - Vectors

Ch. 3 in the Textbook

Vector and Scalar Quantities

� Vector Quantity – a quantity that 
requires both magnitude and direction 
for a complete description.  

Example: 75 m/s North

� Scalar Quantity – a quantity that is 
completely described by magnitude 
only.  

Example: 15 minutes

Vectors

� An arrow can be used to represent the 
magnitude and direction of a vector.

� The length of a vector (the arrow) drawn 
to scale indicates the magnitude.

� The direction of the arrow indicates the 
direction of the vector.  

� When drawing vectors, you can decide on a scale 
that is appropriate to the numbers you are working 
with.  In this situation, you might say that 10m/s = 1 
inch.  

20 m/s can be represented as:

How would we draw 10 m/s?

How would we represent –20 m/s? 

If you were looking at a map, how would you draw 
the vector quantity 10m/s South? 
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Examples – Draw the following 
vectors to the same scale:

� What scale will you use?

� (all going east)

� 10 m

� 20 m

� 40 m

� 60 m

� 80 m

Head to Tail Method

� When drawing multiple vectors, always 
draw them “head to tail.”

STOP

Combining Vectors

� Suppose a plane is flying West in a strong wind.  
If the velocity of the plane is 400 m/s West, and 
the velocity of the wind is 200 m/s East; the 
resulting velocity of the plane is a combination of 
these two vectors: 

400 m/s West

200 m/s East

The net velocity for this plane would 
be 200 m/s West
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� If the plane had been turned around 
and flying with the wind, what would be 
the resulting velocity of the plane? 

400 m/s East 200 m/s East

The plane’s velocity is now 600 m/s East

� Suppose that the plane is now flying 
perpendicular to the wind.  

� The plane’s velocity is 400 m/s West, but 
the wind is moving at a velocity of 200 m/s 
North. 

� Now we cannot simply add or subtract the 
velocity vectors.  

W

N

� The hypotenuse is always opposite the 
right angle and is always the longest leg of 
the triangle.  

SOHCAHTOA

Sin = opposite/hypotenuse

Cos = adjacent/hypotenuse

Tan = opposite/adjacent

O

A

H

Θ

� You determine the opposite and 
adjacent with respect to the non-90°
angle that you choose to work with. 

� If θ is the angle we choose, then the 
leg that touches θ is considered to be 
adjacent.  

� The leg opposite Θ is opposite.
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Example #1 
� A plane in the air encounters a wind that blows 
towards the East.  If the plane flies at an angle of 30°
North of East at a speed of 150 m/s, what is the 
velocity of the plane? What is the velocity of the wind? 

30°

H = 150 m/s

A (vE)

O (VN)

So…

Plane’s Velocity = 75 m/s North

Wind’s Velocity = 130 m/s East

Example #2

� A baseball is thrown with a velocity of 5m/s at a 
40° angle to the ground.  

� What is the ball’s upward velocity? 

� What is the ball’s forward velocity? 

5 m
/s

40°

?

?

Example #2

5 m
/s

40°

� To find the upward velocity:

o
p
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o
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e

Example #2

� To find forward velocity:

5 m
/s

40°

hyp
ote
nus
e

adjacent
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Example #3

� What are the components of a 36 m/s 
vector that is at a 67° angle to the 
ground? 

67°

36
 m
/s

?

?

Example #3

� To find the vertical component:

67°

36
 m
/s

O
p
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Example #3

� To find the horizontal component:

67°

36
 m
/s

Adjacent

h
yp
ot
en
u
se

Example #4 

� A man rows a boat across a stream from one side 
to the other; he rows at a speed of 3 m/s.  

� The current moves with a velocity of 10 m/s.  

� What is the velocity of the boat and what direction 
does it end up traveling as it crosses the stream? 

3
 m

/ s

10 m/s

??
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Example #4

� Using the Pythagorean 
theorem:

3
 m

/ s

10 m/s

Hyp
ote
nus
e

Example #4 

� First find the angle (θ), which gives you the 
direction of travel.  

3
 m

/ s

10 m/s

Hyp
ote
nus
e

θ

Example #4 

� Now that you know θ, you can find the 
hypotenuse (the velocity of the boat).

3
 m

/ s

10 m/s

Hyp
ote
nus
e

73°

Example #5

� A batted ball has an initial velocity forward of 50 
m/s and an initial upward velocity of 10 m/s.

� What is the magnitude and direction of the 
resultant velocity vector? 

50 m/s

10 m/s
?

?



7

Example #5

� First find the angle θ to get the direction.  

50 m/s

10 m/s
?

θ

Example #5

� To find the magnitude of the 
resultant velocity vector:

50 m/s

10 m/s
?

11°


