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Figure 1 shows the Hubble Space Telescope orbiting the Earth.

Figure 1

Hubble Space Telescope K; — Orbit

(a) What name is given to an object that orbits a planet?

Tick (v) one box.

A comet

A satellite

A star

(1)
(b) The Earth exerts a gravitational force on the Hubble Space Telescope.

Draw an arrow on Figure 1 to show the gravitational force.

(1)
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(c) Figure 2 shows how the distance travelled by the Hubble Space Telescope during its orbit
changes with time.

Figure 2
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The gradient of the line in Figure 2 gives the speed of the Hubble Space Telescope.
Determine the speed of the Hubble Space Telescope.

Give your answer in km/s.

Speed = km/s

(3)

Page 2 of 71

The Hubble Space Telescope can detect the visible light spectra from distant galaxies.

The visible light spectra from stars and galaxies include dark lines at specific wavelengths.



Figure 3 shows the visible light spectra from the Sun and three galaxies.
Figure 3

Blue Red

The Sun IJ I

Galaxy A “ ‘
Galaxy B I I l
Galaxy C | |

(d) Which galaxy is moving away from the Earth the fastest?

Tick (v) one box.

Galaxy A

Galaxy B

Galaxy C

(1)

(e) Which galaxy is the furthest away from the Earth?

Tick (v) one box.

Galaxy A

Galaxy B

Galaxy C

(1)
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(fy  MNew scientific observations indicate that many galaxies rotate too quickly for the known

mass of the stars they contain.

Why is it important that new scientific cbservations are peer reviewed?

Tick (v) one box.



To check the observations are correct

To identify control variables

To provide more proof

(1)
(Total 8 marks)

Figure 1 shows the route an aeroplane takes as it travels from an airport terminal to the runway.

Figure 1 has been drawn to scale.

Airport terminal

Start

Figure 1

_— Runway

| — Route taken by
R the aeroplane

Finish

J

Scale: 1 cm represents 70 m
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(a) Determine the magnitude of the aeroplane’s displacement from the start point to the finish

point on Figure 1.

Displacement =




Figure 2 shows the direction of the horizontal forces acting on the aeroplane as it movesin a
straight line towards the runway.

Figure 2
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Thrust from the engines = 14000 N

(b) Determine the magnitude of the resultant horizontal force on the aeroplane.

Resultant horizontal force = M

(c) Describe the motion of the aeroplane as it moves towards the runway.

(d) Air resistance and friction are contact forces.

Give one other example of a contact force.

(e) The aeroplane stops for a short time and then accelerates along the runway.
Figure 3 shows a distance—time sketch-graph for this stage of the journey.

Figure 3

Distance

=)

(1)

(1)

(1)
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Time in seconds

Draw the velocity—time sketch-graph for this stage of the journey on Figure 4.

Figure 4

Velocity

T -

0 10 20 30
Time in seconds

(2)
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(fy  The aeroplane takes off from the runway, so its height above the ground increases.

Figure 5 shows how atmospheric pressure varies with the height of the aeroplane above
the ground.

Figure 5
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Height of the aeroplane above the ground in kilometres

Estimate the atmospheric pressure when the height of the aeroplane above the ground is
10 km.

Atmospheric pressure = kPa

(2)
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(g) What happens to the air surrounding the aeroplane as the height of the aeroplane above
the ground increases?

Tick (v) one box.

The average density of the air above the aeroplane decreases.

The mass of air above the aeroplane increases.

The temperature of the air increases.

The volume of air below the aeroplane decreases.

(1)
(Total 10 marks)



Sound travels as longitudinal waves.
(a) Complete the sentences.

Choose the answers from the box.

amplitude frequency speed wavelength

The distance between the centre of one compression of a sound wave and the centre

of the next compression is called the

The number of waves passing a point each second is called the

(2)
(b) Complete the sentence.
Choose the answer from the box.
opposite perpendicular parallel
In a longitudinal wave, the oscillations are
to the direction of energy transfer.
(1)
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(c) A sound wave has a frequency of 8.0 kHz.
Which of the following is the same as 8.0 kHz?
Tick (v) one box.
0.0080 Hz
B.OHz
8000 Hz
800 000 Hz
(1)

(d) Calculate the period of a sound wave with a frequency of 8.0 kHz.

Use the Physics Equations Sheet.



Period = 5

(2)
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(e) Calculate the wavelength of a sound wave with a frequency of 6600 Hz.
speed of sound = 330 m/s

Use the equation:

speed
wavelength = frequency
Choose the unit from the box.
kg m N
Wavelength = Unit

(3)

The figure below shows the arrangement of two loudspeakers at a concert venue.

Loudspeaker A Loudspeaker B
/H4¢> 5%

T o
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Sound technician

The loudspeakers in above diagram are tested by playing the same song through both
loudspeakers.

A sound technician listens to the song.

Use the Physics Equations Sheet to answer parts (f) and (g).

(f)  Write down the equation which links distance (s), speed (v) and time ({).

(1)
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(g) Distance A on above diagram is 13.2 m.

speed of sound = 330 m/s

Calculate the time taken for the sound to travel from loudspeaker A to the technician.

Time taken = 5

(3)

(h)  The sound from each loudspeaker travels at the same speed.

For the sound technician to hear the song clearly, the sound from loudspeaker B should be
emitted slightly before the sound from loudspeaker A.

Explain why.




(3)
(Total 16 marks)

4 Speed limits on roads increase safety.

(a)

The braking distance of a car increases as the speed of the car increases.

Give two other factors that increase the braking distance of a car.

1.

2.

(2)
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(b)

Explain why the driver's reaction time affects the thinking distance of a car.

(2)
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Scientists have investigated how drinking alcohol affects a person's reaction time.

(c)
Figure 1 shows the results of the investigation.

Figure 1
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Which of the following conclusions can be made using Figure 17

Tick (v) two boxes.

Every person's reaction time increases after drinking alcohol.

Mean reaction time increases after drinking alcohaol.
—



Some people’s reaction time is not affected by drinking alcohaol.

The change in reaction time is not the same for all people after
drinking alcohal.

There is a smaller range of reaction times after drinking alcohol.

(2)
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Figure 2 shows some speed cameras on a road.
The speed cameras determine the average speed of cars on the road.

Figure 2

Mot to scale

n

=

Vi

(d) The speed limit on the road in Figure 2 is 20 m/s.

The cameras in Figure 2 are 1.5 km apart.

Calculate the minimum time it takes to travel 1.5 km without breaking the speed limit.

Use the Physics Equations Sheet.

Minimum time = 5

(4)
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(e) The average speed of a car between the cameras and the average velocity of the car
between the cameras are different.

Explain why.

(3)
(Total 13 marks)

Figure 1 shows the magnetic field pattern around a bar magnet.

Figure 1

\/
2\

—~
o

(a) Draw an arrow at point A and point B to show the direction of the magnetic field at each
point.

(1)

(b) A bar magnet produces its own magnetic field.
Complete the sentence.

Choose the answer from the box.

an electromagnet an induced magnet a permanent magnet

A bar magnet is an example of

%y
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(c) Which graph shows how the strength of the magnetic field varies with distance from the bar
magnet?

Give a reason for your answer.

Tick (v') one box.

s M i
Strength Strength Strength
of of of
magnetic magnetic magnetic
field field field
Distance Distance Distance
Heason

(2)
Figure 2 shows an electromagnet being used to separate aluminium cans from steel cans.

Figure 2

Conveyor belt Electromagnet

Steel and aluminium cans
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(d) Explain how the electromagnet and conveyor belt are used to separate the steel cans from

the aluminium cans.

(2)
(e) Atthe top of the table the strength of the magnetic field is only just enough to pick the cans
up.
Describe two ways to increase the strength of magnetic field at the top of the table.
1
2
(2)
(fy  Write down the equation which links distance travelled (s), speed (v) and time (1).
(1)
(g) The conveyor belt moves a can at a speed of 1.7 m/s.
Calculate the time taken to move the can 3.3 m at this speed.
Give your answer to 2 significant figures.
Time taken (2 significant figures) = 5
(4)

(Total 13 marks)

M . W™ L =a



Fage e L s

A student dropped a piece of modelling clay into oil.

The diagram below shows the modelling clay just before it was dropped into the oil.

Modelling clay -
e
————— B
Oil —_

H‘“"-u-,__‘_

= c
Meaﬁuring C},I’"I"Idﬂl' ~—

D

(a) What was the distance fallen by the modelling clay?

Tick (v) one box.

fromAto C
from Ato D
fromBto C
fromBto D
(1)
(b) What measuring instrument should be used to measure the distance fallen?
(1)

The student dropped four pieces of modelling clay, each with a different shape.

For each piece the student measured the time taken to fall the same distance through the oil.
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(c) The student removed each piece of modelling clay from the oil before dropping the next
piece.

Suggest one reason why.

The student repeated the measurements and calculated mean values.

The table below shows the results.

Time taken in seconds
Shape
Drop 1 Drop 2 Drop 3 Mean
O 47 38 41 42
Sphere
@ 68 49 57 58
Cube
G 34 37 34 X
Cylinder
29 23 26 26
Cone

(d) Calculate value X in the table above.

(e) Each piece of modelling clay had the same mass.

Which shape in the table above had the smallest resistive force acting against it as it fell?

(1)

(2)
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Tick (v) one box.

Give one reason for your answer.

Cone

Cube

Cylinder

Sphere

Reason

(2)
(f)  How would the time taken to fall change if the modelling clay was dropped through air
instead of through oil?
Tick (v) one box.
Time through air would be less.
Time through air would be more.
Time through air would be the same.
(1)
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(g) The mass of a piece of modelling clay was 0.050 kg.
gravitational field strength = 9.8 N/kg
Calculate the weight of the piece of modelling clay.

Use the equation:



weight = mass = gravitational field strength

Weight = M

(2)
(h) Weight causes the modelling clay to fall through the oil.

Weight is a non-contact force.
Which of the following are also non-contact forces?

Tick (v) two boxes.

Air resistance

Electrostatic force

Friction

Magnetic force

Tension

(2)
(Total 12 marks)

(a) An aircraft travels at a constant velocity.

How is the velocity of the aircraft different to the speed of the aircraft?

(1)
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(b) The diagram below shows one of the engines on the aircraft.

Front of engine

Air pushed
backwards

Air is taken into the front of the engine and pushed out of the back of the engine.



Explain the effect this has on the engine.

(c) The graph below shows a distance-time graph for the aircraft.

12000

10000

8000 -

Distancea

(2)
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in metres

6000

40001

2000

0 10 20 30 40 50
Time in seconds

Determine the speed of the aircraft.

Speed = m/s

(3)

(d) Write down the equation that links acceleration (&), change in velocity (Av) and time taken

(0.

(1)
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(e) At a different stage of the flight, the aircraft was travelling at a velocity of 250 m/s.

The aircraft then decelerated at 0.14 m/sZ.

Calculate the time taken for the aircraft to decelerate from 250 m/s to 68 m/s.




Time = 5

(4)
(f)  Write down the equation that links distance (s), force (F) and work done (W).
(1)
(g) When the aircraft landed, it travelled 2000 m before stopping.
The work done to stop the aircraft was 140 000 000 J.
Calculate the mean force used to stop the aircraft.
Mean force = M
(3)

(Total 15 marks)
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(a) Complete the sentences.
The Sun is a stable star. This is because the forces pulling inwards caused
by are in equilibrium with the forces pushing outwards caused by
the energy released by nuclear
(2)
(b) Write down the equation that links distance travelled (s), speed (v) and time ({).
(1)

(c) The mean distance between the Sun and the Earth is 1.5 x 10" m.

Light travels at a speed of 3.0 x 108 m/s.

Calculate the time taken for light from the Sun to reach the Earth.




Time = 5

(3)
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(d) Some stars are much more massive than the Sun.

Describe the life cycle of stars much more massive than the Sun, including the formation of
new elements.




(6)

(e) Stars emit radiation with a range of wavelengths.
Which property of a star does the range of wavelengths depend on?

Tick (v) one box.

Density

Mass

Temperature

Volume

(1)
(Total 13 marks)
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(a) The Sun is a star.
Which galaxy is the Sun in?

Tick one box.

Cartwheel

Milky Way

Starburst

Tadpole

(1)

(b) Light takes 500 seconds to travel from the Sun to the Earth.
Light travels at 300 000 kilometres per second.
Calculate the distance between the Sun and the Earth.

Use the equation:



distance = speed = lime

Distance =

kilometres

The table below gives information about some of the planets in our solar system.

The planets are in order of increasing distance from the Sun.

Planet Time to orbit the Sun in years
Mercury 0.2

Venus 0.6

Earth 1.0

Mars

Jupiter 12.0

(c) There are some planets in our solar system missing from the table above.

How many planets are missing?

(d) Estimate how many years it takes Mars to orbit the Sun.

(e) Calculate how many times Venus will orbit the Sun in 9 years.

years

(2)
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(1)

(1)



times.

(a)

In 9 years, Venus will orbit the Sun

10 A satellite is in a circular orbit around the Earth.
Figure 1 shows the velocity of the satellite at two different positions in the orbit.

Figure 1

Satellite

‘Orbit

Explain why the velocity of the satellite changes as it orbits the Earth.

(2)
(Total 7 marks)
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(b) Figure 2 shows how the length of a satellite orbit depends on the height of the satellite
above the Earth's surface.

Figure 2
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of orbit in 42000
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40000

0 100 200 300 400 500
Height above the Earth's surface in kilometres

A satellite orbits 300 km above the Earth’s surface at a speed of 7.73 km/s.

Calculate how many complete orbits of the Earth the satellite will make in 24 hours.

(3)
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In 1772, an astronomer called J Bode developed an equation to predict the orbital radii of the

planets around the Sun.

The table shows Bode's predicted orbital radii and the actual orbital radii for the planets that were

known in 1772.

(c)

(d)

Mumber of complete orbits =

PrEdlf:tEd.D.rhltﬂl radius Actual orbital radius in
Planet in millions of ‘rre .
\ millions of kilometres
kilometres
Mercury 60 58
Venus 105 108
Earth 150 150
Mars 240 228
Jupiter 780 778
Saturn 1500 1430

The predicted data can be considered to be accurate.

Give the reason why.

J Bode used his equation to predict the existence of a planet with an orbital radius of 2940

million kilometres.

The planet Uranus was discovered in 1781.

Uranus has an orbital radius of 2875 million kilometres.

Explain why the discovery of Uranus was important.

(3)
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(1)



1.

(2)
(Total 11 marks)
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Figure 1 shows the velocity-time graph for a car driven along a straight road.
Figure 1
20+
B
15
Velocity
in m/s
5
0 A
0o 2 4 6 8 10 12 14 186 18 20
Time in seconds
(a) From B to C the car is moving at a constant velocity.
Complete the sentence.
Choose the answer from the box.
equal to greater than less than
From B to C the forward driving force is the
backward resistive force.
(1)

(b)

From C to D the car is slowing down.

What word is used to describe the motion of an object that is slowing down?

(1)
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(c) Between A and B the car is accelerating.
Calculate the acceleration of the car between A and B.

Use the equation:

change in velocity
time taken

acceleration =

Acceleration = m/s?

(2)
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(d) Figure 2 shows how the stopping distance of a car depends on the speed of the car.

Figure 2

60

50 il

404 i Ll oL L
Stopping .
distance |
in metres 3

201

10 15 20 25
Speed in m/s

Describe what happens to the stopping distance of the car when the speed of the car
doubles.

(2)
(Total 6 marks)

The figure below shows the horizontal forces acting on a car.

800N 80O N
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(a) Which one of the statements describes the motion of the car?

Tick one box.

It will be slowing down.

It will be stationary.

It will have a constant speed.

It will be speeding up.

(1)
(b)  During part of the journey the car is driven at a constant speed for five minutes.
Which one of the equations links distance travelled, speed and time?
Tick one box.
distance travelled = speed + time
distance travelled = speed = time
distance travelled = speed - time
distance travelled = speed + time
(1)
(c) During a different part of the journey the car accelerates from 9 m/s to 18 m/sin 6 s.
Use the following equation to calculate the acceleration of the car.
acceleration = char_lge in velocly
time taken
acceleration = m/s®
(2)
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Tick one box.

resultant force = mass + acceleration

resultant force = mass = acceleration

resultant force = mass — acceleration

resultant force = mass + acceleration

(1)
(e) The mass of the car is 1120 kg. The mass of the driver is 80 kg.
Calculate the resultant force acting on the car and driver while accelerating.
Resultant force = M
(2)
(f)  Calculate the distance travelled while the car is accelerating.
Use the correct equation from the Physics Equation Sheet.
Distance = m
(3)
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(g) A cardriver sees a fallen tree lying across the road ahead and makes an emergency stop.

The braking distance of the car depends on the speed of the car.

—



13.

rar ine same obraking rorce, expiain wnal nappens 10 the Draxking aistance 11 ine speed

doubles.

You should refer to kinetic energy in your answer.

A train travels from town A to town B.

Figure 1 shows the route taken by the train.
Figure 1 has been drawn to scale.

Figure 1

Train route

(4)
(Total 14 marks)
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Town B

e

Scale

Town A
1 cm represents 5 km

(a) The distance the train travels between A and B is not the same as the displacement of the
train.

What is the difference between distance and displacement?

(1)
(b) Use Figure 1 to determine the displacement of the train in travelling from A to B.
Show how you obtain your answer.
Displacement = km
Direction =
(2)
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(c) There are places on the journey where the train accelerates without changing speed.

Explain how this can happen.

2y
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(d) Figure 2 shows how the velocity of the train changes with time as the train travels along a
straight section of the journey.

Figure 2
30

25

20
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Velocity
inm/s

10

0 100 200 300 400 500
Time ins

Estimate the distance travelled by the train along the section of the journey shown in
Figure 2.

To gain full marks you must show how you worked out your answer.

Distance = m

(3)
(Total 8 marks)
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Figure 1 shows a set of tuning forks.

Figure 1
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Handle

A tuning fork has a handle and two prongs. It is made from metal.

When the prongs are struck on a hard object, the tuning fork makes a sound wave with a single



requency. | nhe requency aependas on the lengtn or tine prongs.

(a) Use the correct answer from the box to complete each sentence.

direction loudness pitch speed

The frequency of a sound wave determines its

The amplitude of a sound wave determines its

(2)
(b) Each tuning fork has its frequency engraved on it. A student measured the length of the
prongs for each tuning fork.
Some of her data is shown in the table.
Frequency Length of prongs
in hertz incm
320 95
384 8.7
480 7.8
512 7.5
(i) Describe the pattern shown in the table.
(1)
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(i) Figure 2 shows a full-size drawing of a tuning fork.
Figure 2
| Length of prongs |
o |
I C
A |
Measure and record the length of the prongs.
Length of prongs = cm
(1)

Use the data in the table above to estimate the frequency of the tuning fork in
Figure 2.

Explain your answer.




Estimated frequency = Hz

(3)
(c) Ultrasound waves are used in hospitals.
(i) Use the correct answer from the box to complete the sentence.
electronic hydraulic radioactive
Ulirasound waves can be produced by systems.
(1)
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(i)  The frequency of an ultrasound wave used in a hospital is 2 x 108 Hz.
It is not possible to produce ultrasound waves of this frequency using a tuning fork.

Explain why.

(2)

(d) Figure 3 shows a tuning fork and a microphone. The microphone is connected fo an
oscilloscope.

Figure 3

"




When the tuning fork is struck and then placed in front of the microphone, a trace appears
on the oscilloscope screen.

Figure 4 shows part of the trace on the screen.

Figure 4

@ Sciencephotos/Alamy
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Each horizontal division in Figure 4 represents a time of 0.0005 s.

What is the frequency of the tuning fork?
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(a)

(b)

(c)

Frequency = Hz

(3)
(Total 13 marks)

Human ears can detect a range of sound frequencies.

(i) Use the correct answers from the box to complete the sentence.

2 20 200 2000 20 000
The range of human hearing is from about Hz to Hz.
(2)
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(i)  What is ultrasound?
(1)
(iiiy Ultrasound can be used to find the speed of blood flow in an artery.
State one other medical use of ultrasound.
(1)
The speed of an ulirasound wave in soft tissue in the human body is 1.5 x 102 m/ s and
the frequency of the wave is 2.0 x 10°% Hz.
Calculate the wavelength of the ultrasound wave.
Wavelength = m
(2)

When ultrasound is used to find the speed of blood flow in an artery:
. an ultrasound transducer is placed on a person's arm
. ultrasound is emitted by the transducer

. the ultrasound is reflected from blood cells moving away from the transducer
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. ne reflecied utrasouna 1s agtecied at the transducer.

Describe the differences between the ultrasound waves emitted by the transducer and the
reflected waves detected at the transducer.

(2)
(Total 8 marks)
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A car has an oil leak. Every 5 seconds an oil drop falls from the bottom of the car onto the road.

(a) What force causes the oil drop to fall towards the road?

(1)
(b)  The diagram shows the spacing of the oil drops left on the road during part of a journey

A B

Describe the motion of the car as it moves from A to B.

Explain the reason for your answer.

(3)
(c) When the brakes are applied, a braking force slows down and stops the car.

(iy The size of the braking force affects the braking distance of the car.

State one other factor that affects the braking distance of the car.

(1)

(i) A braking force of 3 kN is used to slow down and stop the car in a distance of 25 m.

Calculate the work done by the brakes to stop the car and agive the unit.
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Work done =

(3)
(Total 8 marks)
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(a) The diagram shows a microphone being used to detect the output from a loudspeaker.
The oscilloscope trace shows the wave pattern produced by the loudspeaker.
0.0001s
i ™
Loudspeaker
\
High frequency
signal generator .
gnailg Microphone oo O O O oo
Oscilloscope
(i) How many waves are produced by the loudspeaker in 0.0001 seconds?
(1)
(i) How many waves are produced by the loudspeaker every second?
Assume the input to the loudspeaker does not change.
(1)

(iiiy A person with normal hearing cannot hear the sound produced by the loudspeaker.

Explain why.




(2)
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(b)  The diagram shows how a very high frequency sound wave can be used to check for
internal cracks in a large steel bolt. The oscilloscope trace shows that the bolt does have
an internal crack.
1 cm represents 0.000005s
Transmitted pulse . [
P H““*-HR |
Wave transmitter ‘T
and detector j | BI -
Steel bolt
Bolt head
High frequency oo O O O oo
signal generator Oscilloscope
(iy Explain what happens to produce pulse A and pulse B.
(2)

(i) Use the information in the diagram and the equation in the box to calculate the
distance from the head of the bolt to the internal crack.

distance = speed == time

Speed of sound through steel = 6000 m/s

Show clearly how you work out your answer.
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(3)
(Total 9 marks)
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(a) The diagrams show oscilloscope traces for the same musical note played on two different
instruments. The oscilloscope settings are not changed.
% ) ™ N N M\
\ \ \ [N R \
| | | / / /
/ ARvVARYAR
\ \ n l 1 1
i | \ \ \ \
Diagram X Diagram Y
(i) How can you tell, from the diagrams, that it is the same musical note?
(1)
(i) How can you tell, from the diagrams, that the musical note has been played on
different instruments?
(1)

(b)  This passage is from an electronics magazine.

Electronic systems can be used to produce ulfrasound waves.
These waves have a higher frequency than the upper limit for
hearing in humans.

Ultrasound waves are partially reflected when they meet a
boundary befween two different media.

(i) Approximately what is the highest frequency that humans can hear?

State the number and the unit.

(1)

(i)  What does the word media mean when it is used in this passage?
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(iiiy  What happens to the ultrasound which reaches the boundary between two different
media and is not reflected?

{a) The diagram below shows a moving tractor. The forward force from the engine exactly

balances the resisting forces on the tractor.

(iy Describe the motion of the tractor.

(i) The tractor comes to a drier part of the field where the resisting forces are less. If the
forward force from the engine is unchanged how, if at all, will the motion of the tractor
be affected?

(b)  Two pupils are given the task of finding out how fast a tractor moves across a field. As the

(1)
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(2)

(Total 6 marks)

(3)

tractor starts a straight run across the field the pupils time how long it takes to pass a series
of posts which are forty metres apart. The results obtained are shown in the table below.

Distance travelled (m)

40

80

120

160

200

Time taken (s)

8

16

24

32

40
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(i)  Draw a graph of distance travelled against time taken using the axes on the graph
below. Label your graph line A.

200

160

140

120

Castance
(m) 100

Ll

40

20

1 Lo 20 30 40
Time (5)

(2)

(i) Calculate the speed of the tractor.

(3)
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(c) In another, wetter field there is more resistance to the movement of the tractor. It now
travels at 4 m/s.

(iy Calculate the time needed to travel 200m.

(i)  Onthe graph in part (b) draw a line to represent the motion of the tractor across the
second field. Label this line B.

(4)
(d) On a road the tractor accelerates from rest up to a speed of 6 m/s in 15 seconds.

Calculate the acceleration of the tractor.

Acceleration = m/s2

(3)
(Total 15 marks)
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