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® Write your answers neatly and in good English.

® Try to answer every question.

® Check your answers if you have time at the end.
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FORMULAE

You may find the following formulae useful.

energy transferred = current x voltage x time E=IxVxt
1 1
frequency = ——— f=—
time period T
work done w
power = ————— p=—
time taken t
energy transferred w
power = 9y P=—
time taken t
. 27 X orbital radius 2XT XTI
orbital speed = - - Ve—m——
time period T

(final speed)? = (initial speed)? + (2 x acceleration x distance moved)
VZ=u?+(2xaxs)

pressure x volume = constant p,xV =p,xV,
pressure P, P,
. =constant - =
temperature L T
change in momentum (mv —mu)
force = - F= ——
time taken t
change of wavelength  velocity of a galaxy A=ly AL v
wavelength speed of light Ao Ay C

change in thermal energy = mass x specific heat capacity x change in temperature
AQ=mxcx AT

Where necessary, assume the acceleration of free fall, g = 10 m/s2
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Answer ALL questions.

1 The photograph shows a security camera.

The camera detects light waves and sound waves.

(a) State two differences between light waves and sound waves.

0000000000000 OO oo oo OO oo OO oo OO o oSO OO
2 et ettt ettt ettt ettt
(b) The camera detects infrared waves, which allow the camera to record videos in the dark.
(i) Which of these electromagnetic waves has a longer wavelength than
infrared waves?

[J A gammarays

[ B microwaves

[J € ultraviolet rays

[] D visible light waves

4
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(ii) Which of these is another use for infrared waves?
(1)
[ A fluorescent lamps
[J] B heating lamps
[J € satellite transmissions
[J D sterilising medical equipment
(iii) Which of these is a harmful effect of infrared waves?
(1)
[J A blindness
[J B cancer
[J € internal heating of body tissue
[J D skinburns
(c) The grid shows the oscilloscope trace for a quiet, low-pitch sound wave.
The security camera has an alarm that produces a loud, high-pitch sound.
On the grid, draw a trace to represent the sound wave produced by the alarm.
(2)
T N 7N
// \\\ /// N\ /// \
/ \ /
\\ // \\ //
(Total for Question 1 = 7 marks)
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2 The nuclear equation shows how a nucleus of uranium-236 may undergo nuclear fission.

(a) Determine how many neutrons are released in this fission process.

(1)

number of NeUtronNS = ...

(b) The table gives some of the constituents of this nuclear fission.

Complete the table by putting one tick (v') in each row to show whether the
constituent is a parent nucleus or a daughter nucleus.
(2)

Constituent Parent nucleus  Daughter nucleus

strontium-94

uranium-236

xenon-140

(c) Describe how the neutrons released in this fission process can cause a chain reaction.
(2)

(Total for Question 2 = 5 marks)
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3 A student uses this apparatus to investigate moments.

-\ elastic bands at
-/ 15cm intervals
newton meter

< = m

force applied

base of
clamp stand

This is the student’s method.

« attach elastic bands at 15cm intervals on a one metre tall clamp stand

« attach a newton meter to the highest elastic band and measure the
horizontal force required to tilt the stand

+ repeat the method at each 15 cm interval

(@) Name an instrument that the student should use to accurately measure the
distances on the clamp stand.

7
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(b) The table shows the student’s results.

Distance Force applied

incm inN

15.0 10.0

30.0 5.6

45.0

60.0 2.6

75.0 2.2

90.0 1.8

(i) The photograph shows the reading on the newton meter when the
distance is 45.0cm.
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Use the photograph to determine the force required to tilt the stand when the
distance is 45.0cm.

(i) Give a reason why this newton meter is unsuitable for measuring the force for
distances less than 15.0cm.

(c) (i) Plot a graph of the student’s results on the grid.

(ii) Draw the curve of best fit.
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(d) The student concludes that the moment required to tilt the clamp stand does not
change when the distance is varied.

Use data from the table or the graph to evaluate the student’s conclusion.

(Total for Question 3 = 11 marks)
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4 The bar chart gives information about how some of the electrical power in the United
States of America (USA) was generated in the year 2018.

40

Percentage of
electrical power
generated (%)

Coal Natural Nuclear Solar Water Wind
gas

Energy resource

(@) Most of the electricity generated in the USA uses non-renewable energy resources.

(i) State what is meant by the term non-renewable.

(1)
(ii) Determine the percentage of electrical power generated using the
non-renewable energy resources shown on the bar chart.
(2)
percentage = ... %

10
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(b) In 2018, the USA generated more than half of its electrical power by burning
fossil fuels.

Explain one way that burning fossil fuels can be harmful to the environment.

(c) The mean total electrical power output of the USA in 2018 was 4.76 x 10" W.

(i) Calculate the mean electrical power output from solar energy resources.
(2)

mean electrical power output = ... W

J
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(ii) The mean total electrical power output of the USA in 2018 was 4.76 x 10""W.

A typical solar farm generates 250 W of electrical power for every 1.0 m? of
land area used.

Calculate the amount of land area needed if the USA were to generate all of
its electrical power using solar energy resources.

(2)
landarea = ...
(iii) The total land area of the USA is 9.83 x 10'*m?.
Discuss whether the USA could generate all of its electrical power using solar
energy resources.
(3)

(Total for Question 4 = 12 marks)
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5 Transformers are useful in the transmission of electricity.

(@) The diagram shows a step-down transformer.

metal core

O

Output
voltage = 230V
current =95A

-0

Input
voltage = 275kV

(i) Give the name of a suitable metal that could be used in the core of the transformer.

(i) State the formula linking input power and output power for a transformer.

(iii) The step-down transformer has an input voltage of 275kV and an
output voltage of 230V.

The transformer has an output current of 95 A.
Calculate the input current to the transformer.

Assume the transformer is 100% efficient.

input current = .. A

14
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(b) Explain how transformers are useful in the large-scale transmission of electricity.

You may draw a diagram to support your answer.
(5)

(Total for Question 5 = 10 marks)
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6 The Hertzsprung-Russell diagram shows the relationship between the absolute magnitude
and colour of stars.

-5 4
0 —]
Absolute
magnitude 2 7] ® Sun
+10 —
blue white yellow red

Colour

The position of the Sun is shown on the Hertzsprung-Russell diagram.
(a) Star W is a white dwarf.

Add a W to the Hertzsprung-Russell diagram to show the position of star W.

(b) Star X'is a red giant.

Add an X to the Hertzsprung-Russell diagram to show the position of star X.

(c) StarY is a main sequence star that is much larger than the Sun.

Add a Y to the Hertzsprung-Russell diagram to show the position of star Y.

(d) Star Z has the same surface temperature as the Sun, but would be dimmer than
the Sun if it were the same distance away from Earth as the Sun.

Add a Z to the Hertzsprung-Russell diagram to show the position of star Z.

16

P 6 8 3.8 8 A 0 1 6 2 4



(e) The Moon is the brightest object in the night sky.

Suggest why the Moon cannot be shown on the Hertzsprung-Russell diagram.

(Total for Question 6 = 5 marks)
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7 The diagram shows a child’s toy for accelerating steel balls.

magnet

LA AL

ball C

L]

This is how the toy works.

« the toy uses three identical steel balls, each with a mass of 4.1g

+ ball A moves towards the magnet

« ball Bis in contact with the magnet

« balls B and C are initially at rest and are in contact with each other

« when ball A collides with the magnet, ball C moves away from the magnet

(a) Ball A moves towards the magnet with an initial velocity of 0.15m/s.

Calculate the initial momentum of ball A.

initial momentum =

(b) Ball A is attracted to the magnet.

Explain how this attraction affects the momentum of ball A as it approaches
the magnet.

18
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(c) When ball A collides with the magnet, a force of 1.3N is exerted on ball C for a
time of 0.0025s.

This causes ball C to move away from the magnet.

Calculate the change in velocity of ball C due to this force.
(3)

change in velocity = ...

(Total for Question 7 = 7 marks)

J

R O O Turn over »
P 6 8 3 8 8 A 0 1 9 2 4 urhove

19



8 The diagram shows a simplified view of part of an inkjet printer.

negatively charged

ink drop
- e -
- +
negatively charged - U positively charged
plate _ + plate
- +
- +
paper

A negatively charged ink drop falls vertically between a pair of charged plates.
(@) The ink drop experiences a horizontal electrostatic force as it falls.

Explain the direction of the electrostatic force exerted on the ink drop by the
charged plates.

(b) On the diagram, draw the path of the ink drop as it falls between the charged plates
until it hits the paper.

20
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(c) (i) Theink drop experiences a horizontal force of 8.5 x 107N when it is between
the charged plates.

The mass of the ink drop is 1.1 x 107'°kg.

Calculate the horizontal acceleration of the ink drop when it is between the
charged plates.

(3)
acceleration = ... m/s?
(i) The ink drop has no initial horizontal velocity before it passes between the
charged plates.
After passing between the charged plates, the horizontal velocity of the ink
drop is 3.9m/s.
Calculate the horizontal distance travelled by the ink drop as it passes
between the charged plates.
Give your answer in mm.
(4)
distance = ... mm
J
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(d) Explain how another ink drop could be deflected in the opposite direction by a
greater distance using the charged plates in the inkjet printer.

(Total for Question 8 = 13 marks)

TOTAL FOR PAPER =70 MARKS
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