
Extra Circular Motion Questions  
 
Elissa is at an amusement park and is driving a go-cart around a challenging track.  Not 
being the best driver in the world, Elissa spends the first 10 minutes of her go-cart 
experience driving round in circles and trying to work out how to steer the cart. 
The circle has a radius of 2m, as shown in Figure 1, and Elissa drives at a constant 
speed of 5m/s.  Elissa’s mass is 85kg, and the go-cart has a mass of 150kg. 
Ignore air resistance. 

 
Figure 1 

 
Question 1 
What is the net force (size and direction) on the cart as it travels around the circular 
path? 
 
Question 2 
Explain the statement.  Although Elissa’s speed remains constant, her velocity is 
changing. 
 
Question 3 
A car is travelling around a circular track at a constant speed of 30 ms-1 in an anti-
clockwise direction as shown in the diagram below. 

 
The vectors which best represent the velocity and acceleration of the car at the position 
shown are: 

 



Albert Park is the venue for Grand Prix motor racing. Safety precautions are necessary 
because of the very high speeds at which the cars travel. 
Racing cars can accelerate rapidly from rest.  Figure1 below shows the net force acting 
on a racing car at the beginning of the race. 

 

 
Question 4 
What is the change in momentum of the car after 0 .80s? 
 
Question 5 
The racing car has a mass of 700kg.  What is its speed after 0.80s? 
 

Question 6 
What is the acceleration of the racing car after 0.80s? 
 
 
On one bend of the circuit which has a radius of 50.0 m and the track is flat, a 700 kg car 
rounds the bend at a speed of 14ms-1 
Question 7 
What is the magnitude of the centripetal force acting on the car? 
 
A plan of the bend on the track is shown Figure 2 below. 

 
 
Question 8 
Use a letter to indicate the direction of the frictional force acting on the car when 
travelling through the bend. 
 



Question 9 
Use a letter to indicate the direction of the centripetal force acting on the car when 
travelling through the bend. 
 
Crash barriers are positioned at strategic points around the track and are designed to 
absorb most of the energy of a car that hits them. 
Question 10 
Use Newton's second law to explain the necessary properties that crash barriers must 
have. 
 
A truck has a large ball of mass 5.0 kg attached to a light string hanging inside the truck. 
When the truck travels at a constant speed of 10.0 ms-1 around a circular piece of road 
of radius 100.0 m, the ball hangs at an angle as shown in the diagram below. 
(The diagrams are not drawn to scale) 

 
 
Question 11 
On a diagram, label the forces which are acting on the ball as the truck travels in a 
circular path at constant speed. 
 
Question 12 
What is the magnitude of the acceleration of the ball towards the centre of the circle? 
 
Question 13 
What is the angle that the string makes with the vertical? 
 
Question 14 
What is the tension in the string? 
 
Question 15 
Explain what would happen to the ball if the speed of the truck in its circular path was 
increased to 15.0 ms-1. 
 
Question 16 
What is the kinetic energy of the ball when the truck is travelling at 15.0 ms-1? 
 
While the truck is travelling at 15.0 ms-1, a person standing in the back of the truck 
removes the ball from the string and drops it out of the back of the truck from a height of 



3.0 m above the ground as shown in the diagram below.  The ball rebounds to a height 
of 1.0 m. (Neglect air resistance and other frictional forces in your calculations.) 
 

 
 
Question 17 
How far has the truck travelled when the ball strikes the ground? 
 
Question 18 
What is the magnitude of the momentum of the ball just before it strikes the ground? 
 
Question 19 
(1) Draw a diagram to show the direction of change in momentum of the ball when it 
strikes the ground. 
(2) Is this an elastic or inelastic collision? 
(3) Describe the forces involved in this collision. 
(4) Is momentum conserved in this collision?  Give reasons with your answer. 
 
 
A skier of total mass 50 kg makes a wide sweeping turn in a perfect circle of radius 20 m 
on a horizontal section of snow as shown below. 
During the turn, the skier is moving at a constant speed of 5.0 ms-1. 
 

 
Question 20 
During the turn, what is the net force of the snow on the skier? 
 



Solutions 
Question 1 
Circular motion: 
F = mv2/R = (150)(5)2/2 = 1.9 x 103 N 
Circular motion, so direction is towards the centre of the circle. 
 
Question 2 
Although Elissa’s speed remains the same at a constant 5m/s, velocity is a vector and 
hence involves a direction as well as a magnitude.  The direction of Elissa’s motion is 
constantly changing as she moves around the circle, since she is acted on by the force 
as calculated above.  Thus, while the magnitude of her velocity remains constant (her 
speed) its direction is changing. 
 
Question 3 
D 
The velocity is tangential, and the acceleration is always radially inwards. 
 
Question 4  
The graph given is a force-time graph. The numerical value of the area under the graph 
is equivalent to the change in momentum (for a given time interval). 
Area = ½(8000)(0.8) = 3.2 x 103 Ns 
 
Question 5 
List the information given; 
M = 70kg t = 0.80 s u = 0 (the car starts from rest) v = ? 
Use the formula; 

F∆t = mv – mu  Hence v = 
m

tF
 = 

700

3200
 = 4.6ms-1 

Question 6 
List the information given; 
t = 0.80 s u = 0  v = 4.6 ms-1 
Use: v = u + at 
Then; v = at 

And a = 
t

v
 = 

80.0

6.4
 = 5.8ms-2 

 
Question 7 
List the information given; 
To find Fc;  m=700kg v = 14 ms-1 R=50.0m 

 

Use: Fc = 
r

mv2

 = 
50

14700 2
 = 2.7 × 103N 

 
Question 8 
It is the frictional force that supplies the force enabling the car to turn the bend. The 
frictional force acts in the direction shown by D. 
 



Question 9 
The centripetal force is always directed toward the centre of the turning circle and so the 
force acts in the direction shown by D 
 
Question 10 
Crash barriers must; be able to absorb the force of collision and must be able to crumble 
over an extended time to absorb the loss in kinetic energy of the vehicle. 
 
Question 11 
There are only two forces acting on the ball. These are the tension force in the string and 
the gravitational force as shown below. 

 
Question 12 

Centripetal acceleration = 
r

v 2

 = 
100

102

 = 1.0ms-2 

 
Question 13 
Let the angle that the string makes with the vertical = q. 

Let the tension in the string = T. Hence, T sin q = m
r

v 2

 = m and T cos q = mg.  

Hence, 




cos

sin

T

T
 = 

mg

m
 = 

g

1
.  Hence tanθ = 

g

1
 = 

8.9

1
. 

 Hence θ = 5.80 

 
Question 14 

T x cos 5.80 = 5.0 x 9.8 = 49.  Hence, T = 
08.5cos

49
 = 49.3 = 49N 

 
Question 15  
If the speed of the truck was increased to 15.0 ms-1, the acceleration towards the centre 

of the circle would increase to 
100

152

 = 2.25ms-2, the angle would increase to 12.90 and 

the tension in the string would increase to 50.3 N. 

 
Question 16 

Kinetic energy = 
2

1
mv2 = 

2

1
 × 5.0 × 15.02 = 562.5 = 563J 

 



Question 17 
Initial velocity of ball = 0 (since it is dropped). Displacement = 3.0 m. 
Acceleration due to gravity = 9.8 ms-2. 
Now, x = ut + ½ at2 

Hence, 3.0 = 0 + ½ × 9.8 ×t2 

Therefore, t2 = 
8.9

6
 and t = 0.78 sec. 

The truck travels a distance of 0.78 x 15.0 = 11.7 m 
 
Question 18 
v2 = u2 + 2ax = 0 + 2 x 9.8 x 3.0 = 58.8.  Hence, v = 7.67 ms-1. 
The momentum of the ball just before it strikes the ground = 5.0 x 7.67 = 38.3 Ns. 

 
Question 19 
The change in the momentum of the ball = ∆p = final momentum - initial momentum.  
The ball travels in a parabolic arc relative to the ground and then bounces off in another 
arc as shown in the diagram below. 

 
The change in momentum is vertically upwards.  Neglecting friction forces, there is no 
change in momentum in the horizontal direction.  This is an inelastic collision since 
energy is lost when the collision occurs.  The kinetic energy is transformed into heat and 
sound.  The ball pushes on the Earth and the Earth pushes on the ball. These forces are 
equal in magnitude and opposite in direction. 
Momentum is conserved in this collision. The change in the momentum of the ball is 
exactly balanced by the change in the momentum of the Earth. 
 
Question 20 

Net force = 
r

mv2

 = 
20

550 2
 = 62.5N 

 


