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M03-1: Practice Run
Andrew is racing a car at the speedway. He drives the car in a clockwise direction, as shown in the diagram below. The length of the track is 790 m.
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(a) During a practice run, Andrew takes 25 s to complete one lap. 
Show clearly how you calculate the average speed 

         of the car. (FORMULA)
(b) The car is moving along a straight section of the track at a speed of 26 ms–1. 
The combined mass of Andrew and his car is 1200 kg. (FORMULA)
Show clearly how you calculate the kinetic energy of Andrew and his car.

Travelling at 26ms-1 Andrew now accelerates the car at 1.2 ms–2 for 7.2 s. (MODEL)
(c) Show clearly how you calculate the speed of the car at the end of this 7.2 s period.

(d) Show clearly how you calculate the distance that the car travels during this 7.2 s period.


M03-1: Towards the end of the practice run, the car is moving along a straight section at a constant speed of 12 ms–1 for 8.0s. The driving force required to keep the car moving at this constant speed is 400 N. (MODEL)
(e) Show clearly how you calculate the power produced by the engine to keep the car moving at this constant speed. Give a unit with your answer.

(f) Even though energy is being supplied to the car, the kinetic energy of the car is not increasing. Explain what happens to the energy.


M03-2: Getting Around Corners
The curved ends of the track are semicircles of radius 56 m. The car is now travelling along the semicircular part of the track at a constant speed as shown below. It takes 6.77s to complete one of the semicircular parts of the track.

 (The length of a semicircle is π r.) (MODEL)
(g) Show clearly how you calculate the speed of the car to be 26 ms–1
(h) The combined mass of Andrew and the car is 1200 kg.

Show clearly how you calculate the size of the force 

acting on the car at the position shown in the diagram.

(i) Draw an arrow on your model to show the direction of the force 

acting on the car. Label this arrow ‘Fc’
(j) Explain why circular motion at a constant speed needs a force.

Andrew is now at the other end of the track, where he drives over a large slippery oily patch. 

(k) Describe what you would expect to happen to the speed and the direction of the car.

(l) Explain why this happens to the speed and the direction of the car.


M03-3: Andrew’s Mistake  (MODEL)
When Andrew drives around a corner towards the end of the race, the car skids and collides into the safety barrier. Before the collision, the car was travelling left at 18 ms–1. After the collision, it was travelling at 12 ms–1 at right angles to its original motion, as shown. 
(m) On your model draw vectors to show: 

(i)
the velocity of the car before the collision

(ii)
the velocity of the car after the collision.

(n) On your model draw a vector diagram to show the change in velocity of the car.

Use your vector diagram to calculate the size and the direction (measured with respect to the final velocity vector) of the change in velocity of the car.

A few moments after the collision, the car is towed away by a tractor, as shown in the diagram below.
(o) Draw arrows on a simplified copy of the diagram to show the 


horizontal forces acting on the car as it is being towed away. 

           Label the forces.

M03-3:
(p) When the tractor begins to pull the car, the tow rope stretches. The spring constant of the tow rope is 29500 Nm–1. The tow rope stretches 0.085 m when the car begins to move. (MODEL)
Show clearly how you calculate the force needed to start moving the car. Give your answer to the correct number of significant figures.

M03-3:

(q) On one occasion, the tractor pulls the car with a force of 1650 N and the car accelerates at a constant rate of 1.1 ms–2 for a distance of 36 m. (The combined mass of Andrew and the car is 1200 kg.) Show clearly how you calculate the work done against the friction. (2 MODELS)
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