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1998

A cart on a roller coaster rolls down a track as shown in Figure 5. The upper section of the track is straight and the lower section forms part of a circle. The effect of friction can be ignored in the following questions.
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Figure 5

1998 Question 13

On the sketch of the roller coaster in Figure 5, draw one arrow which shows the direction of the net force on the cart when it is at the point X.

1 mark
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If the effects of friction are to be ignored, then the only forces acting are the weight force and the normal reaction from the track.







Net force acting

The cart is restricted to move in one direction, ( the acceleration must be in this direction.  We know that the cart is accelerating because it is gaining KE (by losing PE), so its speed is increasing, hence it is accelerating.

( the net force acting is in the direction of the acceleration, parallel to, and down the slope.

Question 13

In order to show the direction of the net force at point X, it was necessary to simply realise that at this point the cart or sled was accelerating in a straight line down the slope. Hence, the net force was in the direction of the acceleration; that is, down the slope.

1998 Question 14

On the sketch of the roller coaster in Figure 5, draw one arrow which shows the direction of the net force on the cart when it is at the point Y.

1 mark
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Question 14















end of ride










Y

At the point Y, the cart is undergoing uniform circular motion.  This means that the net force must be acting radially inwards.

( the net force is vertically upwards.

Question 14

At point Y the motion can be considered as uniform circular motion. The net force is directed towards the centre of the circle; that is, vertically upward.

The mass of the cart is 500 kg, and at point X it is travelling at a speed of 10 m s-1 .

1998 Question 15

Calculate the speed of the cart at the point Y.

2 marks
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Question 15

16 m/s

The total energy must be constant.  ( the sum of PE and KE = constant.

At X TE (total energy) 
= mgh + ½ mv2



 
= 500 × 9.8 × 7.8 + ½ × 500 × 102





= 63 220N

At Y TE 

63 220
= ½ mv2




= ½ × 500 × v2



         v2
= 
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        v
= 15.9 m/s

Question 15

Students were required to use conservation of mechanical energy, involving the transformation of gravitational potential energy to the increase of kinetic energy, to calculate the final speed. 

This involved substitution into the equation:  
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resulting in the answer of 16 m s-1 . 

The most common error was in failing to take into account the initial kinetic energy at the point X. The average mark for the block of Questions 13–15 was 1.7/4, indicating that students experienced some difficulty with this concept.  Fifteen per cent of students scored the full 4 available marks for this block of questions.

1998 Question 16

Calculate the net force acting on the cart at the point Y if the radius of curvature of the track at this point is 8.0 m.

2 marks
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Question 16

1.6 × 104N
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   = 15805 N

Question 16

The motion at the instant of point Y can be treated as uniform circular motion. Hence, the net force can be calculated by substitution into the equation: F = 
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This resulted in the following answers for the net force: 1.6 x 104  N

Approximately 50 per cent of students obtained the correct answer, either directly or consequentially from Question 15.

1997

A traffic engineer needs to put a maximum speed-limit sign on a dangerous bend. If a car travels too fast the sideways frictional force will not be large enough to keep it on the road.

The maximum sideways frictional force that the tyre-road combination can produce without slipping is estimated to be 2800 N for a car of mass 1200 kg.
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Figure 6

1997 Question 10

If the bend is modelled on the arc of a circle of radius 90.0 m as shown in Figure 6, calculate the maximum speed that a car can have and remain on the road without slipping.

2 marks
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Solution Q10

v = 14.5 m/s
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( v2 = 210






( v = 14.5 m/s
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