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Section A

Answer all questions.

Write your answers in the spaces provided on the question paper.

1 In a car crash test, a car of mass 1500 kg containing a dummy doll is driven into a rigid barrier at a speed of 15 m/s. The recorded results showed that the interval between the first contact with the barrier and the car coming to rest was 0.12 s.

(a) Calculate the average deceleration of the car over the 0.12 s.

[ 2 ]

(b) Find the retarding force, assumed to be constant, acting on the car.
[ 2 ]

(c) One of the man-shaped dummies used in the above test was strapped in place with a safety belt. The dummy was found to have moved forward by 0.25 m against the force exerted by the belt. Given that the kinetic energy of the dummy just before the impact was 7870 J, calculate the average force which acted on the dummy as it was stopping.



[ 2 ]

(d) Is it an advantage for anyone riding in the car to be brought to rest steadily over this distance of 0.25 m rather than immediately? Explain why.

[ 2 ]

__________________________________________________________________________________________________________________________________________________________________________________________
2 [image: image1.png]


The diagram shows a hydrogen-filled balloon used to support a metre rule of mass 320 g and resting on a smooth pivot. The tension in the string T is 0.80 N with the rule horizontal. The pivot is underneath the mid-point of the rule.
[image: image4.bmp]
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(a) It is known that the rule is uniform.
(i) State the value of the mass that should be hung from the rule to keep the rule horizontal. (Assume g = 10 m/s2.)



[ 2 ]
(ii) State also the exact position where this mass should be hung.
[ 1 ]

________________________________________________________________________________________________________________

(b) The rule is replaced with a non-uniform rule, with no change to the setup.

(i) State what is meant by the rule being non-uniform.


[ 1 ]

________________________________________________________________________________________________________________

(ii) Draw an arrow on the above diagram to indicate an estimated position of where the self-weight of the rule acts. Label it W.


[ 1 ]
(iii) Determine the exact position of the centre of gravity of the non-uniform rule from the pivot.





[ 3 ]

3 The figure shows an electric circuit.

(a) If the three resistors are identical

and their combined resistance is 2 Ω, 

(i) what is the potential difference across XY?



[ 1 ]

(ii) what is the resistance of each resistor?



[ 2 ]


(iii) what is the current flowing through the resistors B and C?

[ 2 ]

(b) The three resistors are replaced with three identical lamps labelled 6 V 18 W. Which of the lamp (s) is dimmer than usual? Explain.


[ 2 ]

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________

4 The figure shows a domestic ring-main with

three sockets labelled A, B and C. 

The sockets are connected as follows:

· A is connected to a 2.5 kW electric heater.

· B is connected to a 3.0 kW washing machine.

· C is connected to a 2.5 kW electric kettle.

(a) Why are the sockets connected in a ring circuit?



[ 1 ]

__________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________

(b) What is the maximum power that can be delivered by the circuit with the 30 A fuse connected?







[ 2 ]

(c) While the heater and washing machine are both running, the kettle is switched on. Show why this causes the fuse to blow.


[ 3 ]

__________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________

(d) Explain the purpose of the earth wire.




[ 2 ]

______________________________________________________________

__________________________________________________________________________________________________________________________________________________________________________________________

______________________________________________________________

5 A copper ring is suspended by a light string. 

It is first released at P.
it then swings to Q and then to R.

Meanwhile, a stationary bar magnet at Q
passes through the ring as the ring swings.
(a) A current is flowing in the ring as it swings. Explain why.


[ 2 ]

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________


______________________________________________________________

______________________________________________________________

(b) What is the direction of induced current in the ring, as viewed from the left, when it is swinging

(i) from P to Q;







[ 1 ]

________________________________________________________

(ii) from Q to R.







[ 1 ]

________________________________________________________

(c) State whether a force of repulsion or attraction acts on the magnet when the ring is swinging

(i) from P to Q;







[ 1 ]

________________________________________________________

(ii) from Q to R.







[ 1 ]

________________________________________________________

(d) What will happen if the ring were made of wood?



[ 1 ]

____________________________________________________________________________________________________________________________

6 In an air-conditioning unit,
air is cooled by being blown
past coils in which a liquid is
continuously evaporated, 
as illustrated in the diagram.

(a) Why does air flowing past the coils experience a drop in temperature?
[ 2 ]



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________

(b) What effect will increasing the surface area of the coils have on the cooling achieved? Give a reason for your answer.




[ 2 ]



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________

(c) The rate at which the liquid is evaporating is increased. State and explain the effect of this change on the temperature of the air.



[ 1 ]



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________

(d) Should the air-conditioning unit be placed high up in the room or on the ground? Give a reason for your answer.




[ 2 ]



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________



______________________________________________________________

Section B

Answer any two questions.

Write your answers on the separate answer paper provided.

1 A pendulum is made by tying a 500 g bob to a piece of string. It is set swinging by pulling the mass to one side so that it is 20 cm above its lowest position.

(Assume g = 10 m/s2)


(a) At which points P, Q or R would the bob have

(i) maximum kinetic energy,





[ 1 ]

(ii) maximum potential energy?





[ 1 ]

(b) How much potential energy does the bob have when it is pulled to one side in order to set it swinging?






[ 2 ]

(c) What is the speed of the bob when it passes through the lowest point Q?
[ 2 ]

(d) The length of the pendulum is decreased but the mass of the bob remains the same. It is then set swinging exactly as before by pulling the mass to one side through the same angle.

(i) How will the potential energy at P change? Explain.


[ 2 ]

(ii) How does this affect the speed of the bob at Q? Explain.

[ 2 ]

2 (a)
The nuclide 
[image: image2.wmf]Pt
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 emits an α-particle and decays to another nuclide Osmium, 
symbol  Os. A radioactive sample of 
[image: image3.wmf]Pt
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78

 produced the following results 
when its α-emission was measured at a fixed distance from it. 
The count rate from the background radiation was also taken and found to be 
20 counts per 
minute or 20 cpm.

	Count rate / min (cpm)
	510
	330
	210
	138
	102

	Time / min
	0
	15
	30
	45
	60


(i) Write a nuclear equation representing the α-emission.

[ 1 ]

(ii) Suggest the origin of the background radiation.


[ 1 ]

(iii) Taking the background radiation into consideration, construct a table of the count rate due to α-emission only and time.


[ 1 ]

(iv) Hence plot a graph of count rate due to α-emission only (y-axis) against time.







[ 3 ]

(v) Determine the half-life of the sample from the graph. Indicate on the graph how you obtained this value.




[ 1 ]
(b)
The table below gives details about some radioactive isotopes.

	Isotope
	Uranium-238
	Strontium-90
	Cobalt-60
	Technetium-99

	Radiation
	α-particle
	β-particle
	γ-rays
	γ-rays

	Half-life
	4.5 x 109 years
	28 years
	5 years
	6 hours


Radioactive sources are used to detect leaks from pipes underground. A 
liquid containing the source is placed in the pipe. Some liquid leaks from the 
pipe and the radiation it emits can be detected above ground.


(i)
State the most suitable radioactive isotope above for this purpose.
[ 1 ]

(ii)
Explain why the radioactive isotope you have chosen is suitable for this purpose, in terms of its half-life and the radiation it emits.
[ 2 ]
3 (a)
Sound waves are longitudinal waves. They produce compressions and 
rarefactions in the air which they travel.

(i)
Explain what is meant by the statement “Sound waves are longitudinal 
waves”.







[ 1 ]

(ii)
Explain the meaning of the terms compressions and rarefactions.
[ 2 ]


(b)
Cracks in metal structures can be found by using ultrasonic pulses of 


frequency 40 kHz. Fig. 2.1 shows a pulse-echo detector placed on one wall of 

a block of steel. The ultrasonic pulses travel through the steel with a speed of 

6.0 x 103 ms-1. The crack inside the steel reflects the ultrasound and produces 

an echo which can be detected. The detector is connected to an oscilloscope 

and the trace is obtained as shown in Fig. 2.2. The horizontal scale of the 


screen is set to 2.0 μs per division. (Note: 1 μs = 1 x 10-6 s.)


	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	


(i)
Calculate the time taken (in μs) for the ultrasonic pulse to reach the end wall of the steel block.





[ 1 ]


(ii)
Calculate the thickness of the steel block.



[ 2 ]


(iii)
Calculate the distance of the crack from the detector.

[ 2 ]


(iv)
Calculate the wavelength of the ultrasonic pulses in the steel.
[ 2 ]

*** End of Paper ***
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