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« write in sentences,

« use correct spelling, punctuation and grammar,
« use correct scientific terms.
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Answer all the questions.

1 David uses a prism to make a coloured spectrum from a ray of white light.

coloured

equilateral prism spectrum

white
light

screen

The white light separates into different colours on passing through the prism.

(a) What is this effect called?

[Total: 5]
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2 Concorde is the world’s only commercial supersonic (faster than sound) aircratt.

Concorde has a take-off speed of 110 m/s and a take-off mass (including fuel) of 200000 kg.
The aircraft has four engines, each of which produces a thrust (force) of 175kN.

(a) Itall four engines are working at full thrust at take-off, calculate the total thrust produced
in newtons.

thrust produced = ... N [1]

(b) Calculate the acceleration during take-off.

You must show how you work out your answer, including any equations used.

acceleration = ..........coccecererrnnnees m/s? [3)
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(c) The aircraft is standing still at the start of the runway, ready for take off.
Show that the length of runway needed to take off is just over 1700m.

Use the equation below,
v2=u? +2as

You must show how you work out your answer.

2]

[Total: 6]
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{a) Coal is a non-renewable energy source.

What does non-renewable mean?

(b) Coal is used as a fuel in power stations to produce electrical energy.
In a typical power station, 780 J of waste energy is given off for every 1000J of energy
available from the coal.
Calculate the efficiency of a typical coal-fired power station.

Use the equation below.

useful energy output , 4400,

efficiency = total energy input

You must show how you work out your answer.

effficiency = ..o % 2]
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(¢} The chart below shows how the use of renewable energy sources has increased in the
UK from 1980 to 2000. It also shows the government targets for 2003 and 2010.
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74
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renewable resources
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year

Imagine you are a scientist who has been chosen by the government to promote the
use of renewable energy sources.

(i) Choose an example of a renewable energy source and suggest what you would
say to persuade people to support the development of this energy source.

(ii) Many people might disagree with your ideas.

Suggest what arguments they might use.

[Total: 8]
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(a) Helen investigates sound waves.
She holds a vibrating tuning fork near a microphone connected to an oscilloscope.

oscilloscope microphone tuning fork

This is what she sees.

The trace across the screen represents a total time of 10ms.
1ms = 0.001s.

Calculate the frequency of the sound wave.

You must show how you work out your answer.

frequency = ... Hz [3]
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(b) In another experiment, Helen investigates sound waves in columns of air.
She holds the vibrating tuning fork over glasses that contain different depths of water.

drinking
glass

water

The sound wave has the largest amplitude when the tuning fork is held over glass C.

(i) What difference will Helen hear when the tuning fork is held over glass C?

[Total: 7]
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Peter is building a circuit that will automatically switch on a heater when the temperature in
his greenhouse falls too low.

Here is the block diagram for his system.

temperature control

. -1 relay —-] heater
sensor circuit

(a) Peter decides to use a potential divider circuit for his temperature sensor.
It uses a thermistor and resistor in series.

+5V

voltage across
the thermistor

ov |

Finish the sentences by choosing the best words from this list.
decrease
increase
stay the same
Each word may be used once, more than once or not at all.

A rise in temperature causes the resistance of the thermistor to ... .

When this happens, the voltage across the thermistor will ... 12
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(b) Peter needs to use a NOT gate in his control circuit.
The output voltage from the temperature sensor is used as the input voltage to the

NOT gate.
temperature
sensor NOT,
NOT gate

The heater is controlled by a relay.
The relay contacts close when the input voltage to the relay is low.

relay

coil r/

N O

heater

() Complete the table below to show how the system should operate.

output voltage from output voltage from refay contacts heater
temperature sensor NOT gate
{low/high} (tow/high) (open/closed) {on/off)
low
high

(ii) Give two reasons why a relay is used in this system.

131
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(¢) Suzi has a system in which the heater will turn on if the temperature falis below 10°C,
but will turn off again when the temperature rises above 20 °C.

Here is her block diagram.

temperature
———
sensor 1 |
control | ot heater
circuit
temperature
——
sensor 2

Temperature sensor 1 gives a HIGH output above 20 °C and a LOW output below 20°C.
Temperature sensor 2 gives a HIGH output below 10°C and a LOW output above 10°C.

For each sensor, a HIGH output signal is 5V and a LOW output signal is 0V.
The graph shows how the temperature varied in the greenhouse.

Complete the grids below by drawing the output signals from the two temperature

sensors.
30J \ } ‘
h ‘ |
greenhouse 201 ; : i
temperature { L’“
in°C 10 g !
0 | | L 1|
3am 6am 9am 12 noon 3pm . 6pm
time
5 ‘ —
output signal 7
from temperature
sensor 1 in volts
N \ |
3am 6 am 9am 12 noon 3pm . 6pm
time
51 ! ‘ - —
output signal b
from temperature
sensor 2 in volts R
o [ L
3am 6am gam 12 noon 3pm 6 pm

time

3]
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(d) The temperature sensors provide the input signals to the logic circuit betow.

temperature
sensor 1 output signal
to heater
temperature
sensor 2

This is part of the control circuit for the heater.

(i) Write down the name of this type of logic circuit.

(ii)) When the output voltage of this circuit is HIGH the heater will be on.

Complete the following table to show how the circuit operates over the period
shown in the graph opposite.

0 is used for a LOW input or output.
1 is used for a HIGH input or output.

One line has been done for you.

time output from output from output signal heater
temperature temperature to heater
sensor 1 sensor 2
(10r0) (10r0) {(high or low) {on or off)
3am 0 0 low off
6 am
9 am
12 noon
3 pm

(4]

[Total: 15)
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6 Denise and Imran are visiting a fairground.
They are at the coconut shy stall.
If they can knock over a coconut by hitting it with a ball they win a prize.

(a) Denise aims the ball horizontally towards the coconut.
The ball misses the coconut.

{i) Draw on the diagram to show the path the ball will take. 1}

{(ii) Explain the path you have drawn.
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(€) Imran throws the ball and hits a coconut.

The diagram shows the ball and coconut before and after the collision.

before after

Just before the collision the horizontal velocity of the ball is 10 m/s.
Calculate the horizontal velocity of the coconut just after the collision.
Assume the ball is not moving after the collision.
You may find the following equation useful.

momentum = mass x velocity

You must show and explain how you work out your answer.

horizontal velocity of coconut = . reeennenn M8 [3]

[Total: 9]
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