
Chapter 3  Motion in a plane

123 May 22

• Summary > Just like up and 
down but now also side 
motion.

• Vertical and horizontal are 
independent of each other.

• Same equations of motion

• Example of monkey and gun
• Relative velocity..



Velocity in a Plane

• Vectors in terms of Cartesian x- and y- coordinates may now also be 
expressed in terms of magnitude and angle.
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Example
You are operating a radio-controlled model car on a vacant tennis court. The surface of the 
court represents the x-y plane, and you place the origin at your own location. At time t1 = 
2.00 s the car has x and y coordinate. (4.0 m, 2.0 m), and at time t2 = 2.50. s it has 
coordinates (7.0 m, 6.0 m). For the time interval from t1 to t2, find (a) the components of 
the average velocity of the car and (b) the magnitude and direction of the average velocity.
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The Motion of a Model Car



Instantaneous 
Velocity

• Instantaneous 
velocity is always 
tangent  to the path 
of the particle
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6b) Magnitude   v=1.12 km/s



A
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3.2 Average Acceleration in a Plane

8



9



Accelerations in a Plane

• Acceleration must now be considered during change in 
magnitude AND/OR change in direction.
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Example 2

Let's look again at the radio-controlled model car in the previous example. 
Suppose that at time t1 = 2.00 s the car has components of velocity vx = 1.0 
m/s and vy = 3.0 m/s and that at time t2 = 2.50 s the components are vx = 
4.0 m/s and vy = 3.0 m/s.

Find (a) the components and (b) the magnitude and direction of the 
average acceleration during this interval.
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Find acceleration in the x direction
Find acceleration the y direction
Use Pythagoras to find the magnitude of the average acceleration
Use tan to find the angle.
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VTD Ball fired upwards from a moving cart
VTD Ball fired upward from an accelerating cart

VTD Ball fired from cart on incline



3.3 A 2D special case: Projectile motion
• Motion is resolved into a horizontal component and a vertical component.
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https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html

PhET projectile motion

https://phet.colorado.edu/sims/html/projectile-motion/latest/projectile-motion_en.html


Projectiles move in TWO dimensions

Since a projectile moves in 2-
dimensions, it therefore has 2 
components just like a resultant 
vector.

◼Horizontal and Vertical
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• The force of gravity is what causes the 

object to curve downward in a parabolic 

flight path. Its path through space is 

called its trajectory.
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http://www.youtube.com/watch?v=NJ0ptu9koYk


Horizontal and vertical motions are independent of each other.

(you are expected to know the properties of each motion, and explain what happens to the displacement, velocity, and acceleration vectors through the 
projectile’s trajectory) 
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VTD Dropped and thrown balls

VTD Independent horizontal and 
vertical motion



A 2D special case: Projectile motion

Assuming no air 
resistance

Horizontally: 
constant velocity

Vertically: free fall; constant 
acceleration g
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Determination of Key Items

Don't forget: 

Initial velocity is a 2D vector.
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• Where is the origin?
I use the launch point

• List known and unknown quantities.
Highest point vy = 0
ay = -9.8 m/s2

Time to go up = time to come down.   
ΙvΙ is same for same height.

• Read the question carefully to find out what it is asking.

• Use your equations plus other known values

• Keep the same origin throughout the question.

• Estimate and check your answer



23



24



25



A tennis player hits a ball at ground level, giving it an initial 
velocity of 24 m/s at 57° above the horizontal.

(a) What are the horizontal and vertical components of the ball's initial 
velocity?

(b) How high above the ground does the ball go?
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(c) How long does it take the ball to reach its maximum height?

(d) For how long a time is the ball in the air? 

(e) What are the ball's velocity and acceleration at its highest point?

(f) When this ball lands on the court, how far is it from the place 
where it was hit

(g) What is the final velocity just before it hits the ground?
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A tennis player hits a ball at ground level, giving it an initial velocity of 24 m/s at 57° above the horizontal.

a) Components
b) High
c) Time to max
d) How long in the air
e) Highest point values
f) Range
g) Final velocity
h) Extra – velocity at 3 s



Solution

a) x and y- components:

x-component = 24 * cos 57 = 13.07 m/s

y-component = 24 * sin 57 = 20.13 m/s

b) Maximum Height (i.e. final velocity =0)

V2 = V0
2 + 2aΔy (using the y-component)

02 = 20.132 + (2 * -10 * Δy) 

-405.22 = -20 * Δy

Δy = 20.26 metres
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Solution 
cont…

c) Time to maximum height: (Use y-component)

Vy = 0 = 20.13 – 10t

10 t = 20.13, thus t = 2.013 seconds

d) 2 x time to maximum height = 4.026 seconds

e) vx = vox = 13.07 m/s             vy =  0 m/s 
ax=0 m/s2                   ay=-9.8 m/s2
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Solution
cont…
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Solution 
cont…

Range = (Vo
2 * sin 2θ) / g
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Projectile at an angle
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https://www.khanacademy.org/science/physics/two-dimensional-
motion/two-dimensional-projectile-mot/v/projectile-at-an-angle

https://www.khanacademy.org/science/physics/two-dimensional-motion/two-dimensional-projectile-mot/v/projectile-at-an-angle
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a) 0.60 m b) 0.385 m c) 3.60 m/s angle 288 deg
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a) 0.39 s b) 3.58 m/s c) 5.24 m/s  angle 313 deg



A
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VTD Range of gun at two firing angles



Monkey and gun
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A shooter hiding under a bush in a forest sees a monkey on a tree 50m high and immediately 

points his gun at the monkey and shoots him. The monkey notices the shooter and jumps from 

the tree at the same time when the bullet is released from the gun.
Where should he aim the gun?

http://www.youtube.com/watc
h?v=cxvsHNRXLjw&feature=kp

http://www.youtube.com/watch?v=cxvsHNRXLjw&feature=kp


Relative Velocity

• Velocities can carry multiple values depending on the position and 
motion of the object and the observer.
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An Airplane in a Crosswind 

• A solved application of 
relative motion.

• This is just velocity vector 
addition.
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Summary

Motion (CLO3, Chapters 2 & 3)

• y and x can be interchanged.

• For free fall (in the y direction)  a = -g = -9.8m/s2 

• For free fall the y component of velocity at the highest point is zero.

• Deal with x (horizontal) and y (vertical) separately

• Time is the common value for x and y directions.

• I take the launch point as zero time and zero x and y coordinates.



Summary 
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VTS Ex 3.1

VTD Balls take 
high and low 

tracks

PhET Projectile 
motion

Use the 
textbook 
for more 
details
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Velocity in a Plane

• From the graphs, we see both average and instantaneous velocity vectors.
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Average Acceleration in a Plane
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