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1 Fig. 1.1 shows the path of one drop of water in the jet from a powerful hose.

Fig. 1.1

Fig. 1.2 is a graph of speed against time for the water drop shown in Fig. 1.1.

Fig. 1.2

(a) Describe the movement of the water drop in the first 4 s after leaving the hose.

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]
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(b) Use Fig. 1.2 to find

(i) the speed of the water leaving the hose,

speed = …………………...

(ii) the time when the speed of the water is least.

time = ………….………..
[2]

(c) Use values from Fig. 1.2 to calculate the acceleration of the drop as it falls back towards
the ground. Show your working.

acceleration = ……………………...[3]

(d) Calculate the greatest distance above the ground reached by the drop.

distance = ……………………...[3]
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2 Fig. 2.1 shows a reservoir that stores water.

Fig. 2.1

(a) The valve in the exit pipe is closed. The density of water is 1000 kg/m3 and the
acceleration of free fall is 10 m/s2.
Calculate the pressure of the water acting on the closed valve in the exit pipe.

pressure = ……………………...[2]

(b) The cross-sectional area of the pipe is 0.5 m2.
Calculate the force exerted by the water on the closed valve.

force = ……………………...[2]

(c) The valve is then opened and water, originally at the surface of the reservoir, finally
flows out of the exit pipe. State the energy transformation of this water between the
surface of the reservoir and the open end of the pipe.

..........................................................................................................................................

......................................................................................................................................[2]
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3 A scientist needs to find the density of a sample of rock whilst down a mine. He has only a
spring balance, a measuring cylinder, some water and some thread.

(a) In the space below, draw two labelled diagrams, one to show the spring balance being
used and the other to show the measuring cylinder being used with a suitable rock
sample. [2]

(b) The spring balance is calibrated in newtons. State how the mass of the rock sample
may be found from the reading of the spring balance.

......................................................................................................................................[1]

(c) State the readings that would be taken from the measuring cylinder.

..........................................................................................................................................

......................................................................................................................................[1]

(d) State how the volume of the rock would be found from the readings.

......................................................................................................................................[1]

(e) State in words the formula that would be used to find the density of the sample.

density =
[1]
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4 (a) Fig. 4.1 shows a simple type of thermocouple that has been calibrated to measure
temperature.

Fig. 4.1

(i) Describe how the thermocouple could be used to measure the temperature of a
beaker of hot water.

...................................................................................................................................

...................................................................................................................................

...................................................................................................................................

(ii) State two situations where a thermocouple would be a good choice of thermometer
to measure temperature.

1.  ..............................................................................................................................

...................................................................................................................................

2.  ..............................................................................................................................

...................................................................................................................................
[4]
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(b) A mercury-in-glass thermometer is placed in an insulated beaker of water at 60 °C. The
water is heated at a constant rate. The temperature of the water is measured and
recorded on the graph shown in Fig. 4.2.

Fig. 4.2

State the effect of the heat supplied

(i) during the period 0 to 5 minutes,

...................................................................................................................................

......................................................................................................................................

(ii) during the period 10 to 15 minutes.

...................................................................................................................................

...................................................................................................................................
[2]
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5 (a) Fig. 5.1 shows a sealed box.

Fig. 5.1

(i) The box contains a large number of air molecules. On Fig. 5.1, draw a possible
path of one of the air molecules, as it moves inside the box.      

(ii) Explain

1 how air molecules in the box create a pressure on the inside walls,

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................

2 why this pressure rises as the temperature of the air in the box increases.

...........................................................................................................................

...........................................................................................................................

...........................................................................................................................
[5]

(b) Air in a cylinder is compressed slowly, so that the temperature does not rise. The
pressure changes from 2.0 x 105 Pa to 5.0 x 105 Pa. The original volume was 0.35 m3.
Calculate the new volume.

volume = …………………...[3]
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6 Fig. 6.1 shows an optical fibre. XY is a ray of light passing along the fibre.

Fig. 6.1

(a) On Fig. 6.1, continue the ray XY until it passes Z. [1]

(b) Explain why the ray does not leave the fibre at Y.

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]

(c) The light in the optical fibre has a wavelength of 3.2 x 10–7 m and is travelling at a speed
of 1.9 x 108 m/s.

(i) Calculate the frequency of the light.

frequency = …………………...

(ii) The speed of light in air is 3.0 x 108 m/s. 
Calculate the refractive index of the material from which the fibre is made.

refractive index = …………………...
[4]
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7 Fig. 7.1 shows a 12 V battery connected to a number of resistors.

Fig. 7.1

(a) Calculate the current in the 8 Ω resistor.

current = ………………..[2]

(b) Calculate, for the resistors connected in the circuit, the combined resistance of

(i) the two 5 Ω resistors,

resistance = ………………..

(ii) the two 4 Ω resistors.

resistance = ………………..
[2]

(c) The total current in the two 4 Ω resistors is 6 A.
Calculate the total power dissipated in the two resistors.

power = ………………..[2]
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(d) What will be the reading on a voltmeter connected across

(i) the two 4 Ω resistors,

reading = ………………..

(ii) one 5 Ω resistor?

reading = ………………..
[2]

(e) The 8 Ω resistor is made from a length of resistance wire of uniform cross-sectional area.
State the effect on the resistance of the wire of using

(i) the same length of the same material with a greater cross-sectional area,

...................................................................................................................................

(ii) a smaller length of the same material with the same cross-sectional area.

...................................................................................................................................
[2]
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8 Fig. 8.1 shows plane waves passing through a gap in a barrier that is approximately equal to
the wavelength of the waves.

Fig. 8.1

(a) What is the name given to the wave property shown in Fig. 8.1?

......................................................................................................................................[1]

(b) In the space below, carefully draw the pattern that would be obtained if the gap were
increased to six times the wavelength of the waves. [4]  

(c) The effect in Fig. 8.1 is often shown using water waves on the surface of a tank of water. 
These are transverse waves. Explain what is meant by a transverse wave.

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]
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9 (a) An engine on a model railway needs a 6 V a.c. supply. A mains supply of 240 V a.c. is
available. 

(i) In the space below, draw a labelled diagram of a transformer suitable for producing
the required supply voltage.

(ii) Suggest suitable numbers of turns for the coils.

...................................................................................................................................

...................................................................................................................................
[4]

(b) The power needed for this model engine is 12 W. Calculate the current taken from the
mains when just this engine is in use, assuming that the transformer is 100% efficient.

current = ………………..[2]

(c) Explain why transformers will only work when connected to an a.c. supply.

..........................................................................................................................................

..........................................................................................................................................

......................................................................................................................................[2]
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10 (a) (i) What is the function of a transistor when placed in an electrical circuit?

...................................................................................................................................

(ii) Describe the action of a transistor.

...................................................................................................................................

..................................................................................................................................

..................................................................................................................................
[3]

(b) (i) In the space below, draw the symbol for an OR gate. Label the inputs and the output.
[1]

(ii) Describe the action of an OR gate that has two inputs.

...................................................................................................................................

...................................................................................................................................

...............................................................................................................................[2]
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11 (a) The decay of a nucleus of radium 226
88Ra leads to the emission of an α-particle and

leaves behind a nucleus of radon (Rn).
In the space below, write an equation to show this decay. [2]

(b) In an experiment to find the range of α-particles in air, the apparatus in Fig. 11.1 was
used.

Fig. 11.1

The results of this experiment are shown below.

(i) State what causes the count rate 9 cm from the source.

...................................................................................................................................

(ii) Estimate the count rate that is due to the source at a distance of 2 cm.

...................................................................................................................................

(iii) Suggest a value for the maximum distance that α-particles can travel from the
source.

...................................................................................................................................

(iv) Justify your answer to (iii).

...................................................................................................................................

...................................................................................................................................
[4]
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count rate / (counts/minute) 681 562 441 382 317 20 19 21 19

distance from source to detector/cm 1 2 3 4 5 6 7 8 9
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