
Question 1 

A 20 kg cart starts from rest and is pulled up a 30° ramp by a constant force of 200 N.  The coefficient of 

kinetic friction is 0.2. 

a. Draw a free-body diagram showing the direction of the forces on the cart 

b. Evaluate the strength of these forces 

c. Using momentum and impulse considerations, calculate the speed of the cart after 2 s? 

d. Use energy considerations to determine how far the cart has travelled when it reaches a speed of 
6 m/s 

Question 2  

A pair of balls (both of mass m) are sliding along a long, horizontal, frictionless groove towards a 
stationary third ball (also of mass m), as shown in the following diagram. The coefficient of restitution of 
the balls is 0.4.  

a. Explain why the sum of the velocities of the three balls must always be 8 m/s.  

b. By calculating the velocities of the balls after every collision, demonstrate that B hits C, then A 
hits B and finally B hits C again, after which there will be no more collisions. 
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Question 3 

High-speed trains will tilt their carriages as they travel around corners. This is to ensure that the sideways 
forces experienced by passengers are minimized (and so coffee doesn’t slosh out of the sides of cups). 

a. A train travelling at 300 km/h is travelling around a bend with radius of curvature 4 km. Evaluate 
the centrifugal acceleration experienced by the passengers.

b. At what angle should the train tilt so that the passengers experience a net force due to gravity 
and centrifugal force, relative to the carriage, that is exactly downwards.

c. What ‘g-force’ (i.e. how many times g) do the passengers experience?.

Question 4 

Two thin yachts, each of length 15 m, are racing upwind as shown. Each is travelling at 45q to the wind 
direction. Yacht A is ahead, but is on port-tack, which means that if it can’t cross in front of Yacht B it has 
to give way. In order to cross, Yacht A’s stern (back) must be ahead of Yacht B’s bow (front). A crew 
member sits on the stern of Yacht A and watches the relative position and velocity of the bow of Yacht B. 

a. Calculate the current position of the bow of Yacht B relative to the stern of Yacht A. Give you answer in 
terms of a distance and an angle.

b. Calculate the velocity of Yacht B relative to Yacht A. Give your answer in terms of a speed and angle.

c. Thus work out if Yacht A can safely cross in front of Yacht B.
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