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PHYS 11: Chap. 3, Pg 1 PHYS 22: Chap. 26, Pg 2

Chapter 4 – Kinematics in Two Dimensions

 Motion in 2D

 Projectile motion

 Relative motion

 Uniform circular motion
 angular velocity and angular position
 centripetal acceleration

 Non-uniform circular motion
 angular vs. tangential acceleration

2D Kinematics
(including projectile motion)

PHYS 21: Chap. 4, Pg 4

A particle moving in the x-y plane has these 
time-dependent plots for its x and y motions.

4.7

Draw y vs. x 
plot for the 
particle.

PHYS 21: Chap. 4, Pg 5

A particle moving in the x-y plane has these 
time-dependent plots for its x and y motions.

4.7

Draw y vs. x 
plot for the 
particle.1
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PHYS 21: Chap. 4, Pg 64.8

Draw x vs. t 
and y vs. t 

plots for this 
particle.
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PHYS 21: Chap. 4, Pg 74.8

Draw x vs. t 
and y vs. t 

plots for this 
particle.

Projectile Motion

PHYS 21: Chap. 4, Pg 9 PHYS 21: Chap. 4, Pg 10

A projectile is launched over level ground and lands 
some distance away.

a) Is there any point on the trajectory where the 
velocity v and acceleration a are parallel to each 
other?  If so, where?

b) Is there any point on the trajectory where the 
velocity v and acceleration a are perpendicular
to each other?  If so, where?

c) Which of the following quantities are constant
throughout the flight?

x     y     v     vx vy ax ay

3.30

no

yes

PHYS 21: Chap. 4, Pg 114.9

A ball rolls down a quarter-circle ramp and then 
off a cliff. Sketch the trajectory of the ball from 
the instant of its release until it hits the ground.

PHYS 21: Chap. 4, Pg 12

ConcepTest 1(Post) Projectile Motion

0 of 5

A ball rolls horizontally off a 
table, and at the same instant, 
a second ball is simply dropped 
from the table?  Which ball 
hits the ground first?

1. the rolling ball hits first
2. the dropped ball hits first
3. both hit at the same time
4. I really have no idea
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PHYS 21: Chap. 4, Pg 134.9

A ball rolls down a quarter-circle ramp and then 
off a cliff. Sketch the trajectory of the ball from 
the instant of its release until it hits the ground.

PHYS 21: Chap. 4, Pg 143.31

Let’s say that the ball takes 5 s to fall to the ground.  At 
each interval, draw the vectors for vx and vy.  Label them 
with the numerical value of the components at that point.

10 m/s

1 s
2 s

3 s

4 s

5 s

PHYS 21: Chap. 4, Pg 153.31

Let’s say that the ball takes 2 s to fall to the ground.  At 
each interval, draw the vectors for vx and vy.  Label them 
with the numerical value of the components at that point.

1 s

2 s

½ s

1½ s

t = 0

g = 9.8 m/s2

PHYS 21: Chap. 4, Pg 17 PHYS 21: Chap. 4, Pg 18

ConcepTest 2(Post) Rolling Cart

0 of 5

A cart rolling along at constant 
speed fires a ball straight up.    
When the ball comes back 
down, where will it land?

Will the answer change if the cart is 
accelerating in the forward direction? 

1. in front of the tube

2. behind the tube
3. directly in the tube
4. it will not come down

13 14
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PHYS 21: Chap. 4, Pg 19

x and y motions 
are independent

ConcepTest 2a(Post) Rolling Cart on Incline

0 of 5

The same cart is now rolling 
down a ramp and shoots the 
ball out of the tube. Now 
where does the ball land 
when it comes back down?

1. in front of the tube

2. behind the tube
3. directly in the tube
4. depends on the speed of 

the cart

x and y motions are independent

Projectile Motion: ax = 0 and vx = const.

PHYS 21: Chap. 4, Pg 22

Projectile 
Motion

PHYS 21: Chap. 4, Pg 24

Four balls are launched at the same speed from 
height h.  Simultanously, ball 5 is dropped from 
rest at the same height.  

Rank in order, from shortest to longest, the time 
it takes each of the balls to hit the ground. 

3.39

4 < 3 < (2=5) < 1

19 20

21 22

23 24
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PHYS 21: Chap. 4, Pg 25

Rank in order, from shortest to 
longest, the time it takes each 
of these balls to hit the ground. 

3.34

Rank in order, from shortest to longest, 
the horizontal distance that each of these 
balls travels before hitting the ground. 

(1=2=3=4) < 5

1 < (2=4) < 5 < 3

1 2 3 4 5

ConcepTest 3(Post) Projectile Motion

0 of 5

Rank in order, from longest 
to shortest, the time in the 
air for each of these kicks.

1. 1 > 2 > 3
2. 1 = 2 = 3
3. 3 > 2 > 1

Follow-up: how would you rank the 
initial launch speeds of the kicks? 3 > 2 > 1

ConcepTest 4(Post) Projectile Motion

0 of 5

A battleship simultaneously fires 
two shells at enemy ships, and 
the trajectories are shown. 
Which ship gets hit first?

1. ship A
2. ship B
3. both at the 

same time

PHYS 21: Chap. 4, Pg 28

maximum range 
occurs at 45°

complimentary angles 
give the same range

PHYS 21: Chap. 2, Pg 29

The longest recorded pass in an NFL game traveled 83 yds
in the air from the quarterback to the receiver.  If the pass 
was thrown at a launch angle of 45, what was the speed at 
which the ball left the quarterback’s hand?  

3.64

x = 27.3 m/s

PHYS 21: Chap. 2, Pg 30

The longest recorded pass in an NFL game traveled 83 yds
in the air from the quarterback to the receiver.  If the pass 
was thrown at a launch angle of 45, what was the speed at 
which the ball left the quarterback’s hand?  

3.64

x = 27.3 m/s

25 26

27 28

29 30


