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1  The diagram shows a hydroelectric power station.

Water in
a reservoir

National grid

(@) What is the useful energy store of the water in the reservoir?

Tick (v) one box.

Chemical

Electrical

Gravitational Potential

Thermal

[1]
(b) Many of the main energy resources use a turbine attached to a generator.
Complete the table to state what drives the turbine for each energy resource.

Tick (v') one box in each row.

What drives the turbine
Water Wind Steam

Energy resource

Gas power

Nuclear power

Tidal power

[3]
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(c) A Sankey diagram of the energy transferred in the hydroelectric power station during one
hour is shown.

Input
4000 MJ
Output
3600 MJ
Avd
Other
Turbine Generator S0MJ
friction heating
200My 190MJ
(i) Calculate the total energy wasted every hour.
Wasted energy = ...ccoovieiiriiiiiiiee e MJ [1]

(i) Suggest how to reduce the unwanted energy transfer due to friction as the turbine
rotates.

..................................................................................................................................... [1]
(d) Calculate the power output of the hydroelectric power station.

Use:

_ energy transferred
*  the equation: power = "
time
* the data in the Sankey diagram
*  the information: 1 hour = 3600 seconds.
Power output = ..., MW [2]

© OCR 2023 Turn over
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2  This question is about electromagnetic radiation.

(@) Complete the sentence about the human eye.

Put a around the correct option.

The human eye can detecta wide / varied /| narrow range of frequencies of

electromagnetic radiation.

[1]
(b) Complete the description of light. Use words from the list.
charge detector energy source
When lightis emitted by a ........................ ,ittransfers ....................... and the eye absorbs it.
[1]

(c) Every object emits electromagnetic radiation with different frequencies. Some examples are
given in the table.

Typical frequency of

Object radiation emitted (THz)

Red hot barbecue

461

29

600

(i) Putthe frequencies in order of energy, from lowest to highest.

Lowestenergy ...

[—

Highest energy ..o
[1]

© OCR 2023
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(ii) What happens to the wavelength emitted from an object as its temperature increases?

Tick (v') one box.

The wavelength decreases.

The wavelength increases.

The wavelength stays the same.

[1]
(d) Earth emits infrared radiation with a typical wavelength of 10 um (10 micrometers).

(i) State the number of micrometres in 1 metre.

(i) How many times larger is 1mm than 10um?

Tick (v') one box.

10

100

1000

1000000

[1]

© OCR 2023 Turn over
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3 Astudent wants to construct a circuit that turns a lamp on when it gets dark.

A circuit can be a series or a parallel circuit.

(a)

(b)

Which statement is correct?

Tick (v) one box.

Current splits at branches in a parallel circuit.

Potential difference across each component in a branch is the same.

Potential difference is shared between all the branches of a parallel circuit.

[1]
The student builds the circuit in Fig. 3.1 using a cell, a lamp, a fixed resistor and an LDR.

Fig. 3.1

(i) Which circuit symbol in Fig. 3.1 represents the fixed resistor?

Put a around the correct option in Fig. 3.1. [1]

(ii) The resistance of the LDR increases in the dark.

© OCR 2023

What happens to the current in this circuit in the dark?

Tick (v) one box.

The current decreases

The current increases

The current stays the same

[1]
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(c) The student builds a second circuit as shown in Fig. 3.2.

Fig. 3.2

N\
X 29 |y

2Q

Which two statements together explain why the overall resistance between points X and Y is
less than 2Q7?

Tick (v) two boxes.

More charge can pass than for either component alone.

The lamp only allows current to flow in one direction.

The potential difference across the lamp decreases.

There are two paths for the current to flow.

[2]

© OCR 2023 Turn over
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(d) Finally, the student builds the circuit shown in Fig. 3.3.

The lamp lights up in darkness and does not shine in daylight.

Fig. 3.3
Daylight Darkness
6V 6V
| |
2V N4V
\2‘ 4V X 2V

Complete the sentences to explain why the lamp lights in darkness.

Use words from the list.

current potential difference power resistance

In darkness, the resistance of the LDR increases, and this means that the
............................... across the LDR also increases.

The lamp has the same ............ccooviviiiiii e, as the LDR, so the lamp is able to light.

[2]
(e) The energy transferred by the lamp is 3.2J when the potential difference is 4.0V.

Calculate the charge flowing through the lamp.

energy transferred
potential difference

Use the equation: charge =

State the unit.

Charge = .....cccoeveieieennn. Unit=........... [3]

© OCR 2023
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4 Light interacts with different materials.

(a)

The images show clear plastic and black plastic shirt buttons.

(b)

© OCR 2023

...................................................................................................................................... [1]
Fig. 4.1 shows the path of some rays of light passing through two different types of glass
lens.
Fig. 4.1
N N N N
7 7 7 7
State one similarity and one difference between these two glass lenses.
SIMUIAIILY oo
DIffEerENCe .o
[2]
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(c) White light is shone at a glass prism, as shown in Fig. 4.2.

Fig. 4.2
Air

Glass

Describe what happens to the light as it travels from the air, through the glass prism and
back into the air.

............................................................................................................................................. [2]
(d) A student investigates the relationship between the angle of incidence and angle of

refraction for a ray of light passing through a glass block.

This is the student’s method:

*  Put a glass block on some paper.

*  Shine the light from a raybox into the glass block.

. Mark the path of the rays on the paper with a pen.

. Remove the glass block and the raybox.

»  Sketch a line to show the path of the ray inside the glass block.

+  Estimate the angle of incidence and angle of refraction.

. Repeat the experiment for one other angle of incidence.

Suggest how the student can improve their method to increase the quality of the data

collected.

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

© OCR 2023 Turn over
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Sound travels through metal and air.

Passengers at a train station notice that they can hear a rumble in the metal rails for nearly a
minute before they hear the sound of the train coming.

(@) The speed of the sound wave in the metal rails is 3300m/s.

Write down the distance the sound wave travels through the metal rails in 1 second.

Distance = ... m [1]
(b) The frequency of the sound wave in the metal rails is 110Hz.
Calculate the wavelength of the sound wave in the metal rails.

Use the equation: wave speed = frequency x wavelength

Wavelength = ... m [3]

© OCR 2023
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(c) The sound wave in the metal rails causes a sound wave in the air.

The speed of the sound wave in air is 10 times less than the speed of the sound wave in the
metal rails. The frequency of the sound wave stays the same.

(i) Calculate the speed of the sound wave in the air.

(i) Complete the sentence about the wavelength of the sound wave in the air.

Put a around the correct option.

The sound wave in the air has a longer / a shorter / the same wavelength compared
to the sound wave in the metal rails.

[1]

© OCR 2023 Turn over
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6 Arugby ball is kicked with an upwards velocity of 20m/s. The ball has a mass of 0.6 kg.

o |

(@) (i) Calculate the kinetic energy of the ball just after it has been kicked.

Use the Equation Sheet.

Kinetic energy = ..o, J[3]
(ii) Convert 20m/s into km/h.
1km = 1000m
1 hour = 3600 seconds
20M/S = e km/h [2]

© OCR 2023
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(b) (i) As the ball moves upwards through the air, some work is done to increase the thermal
store of the surroundings.

State the name of the force doing this work.

...................................................................................................................................... [1]
(ii) State one other energy transfer as the ball moves upwards through the air.

...................................................................................................................................... [1]
(iii) Calculate the work done by a force of 3.5N when the ball moves a distance of 5.2m

through the air in the direction of the force.

Give your answer to 2 significant figures.

Use the equation: work done = force x distance

WOork done = ..o J[3]

(c) The ball’s velocity decreases as it goes upwards. It reaches a maximum height and then its
velocity increases as it falls downwards.

State the velocity of the ball at the moment it reaches its maximum height.

VelOCItY = ..o m/s [1]

© OCR 2023 Turn over
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7 (a) A mountaineer has an empty plastic bottle at the top of a mountain. The lid is off.
The arrows on Fig. 7.1 show the air pressure acting on the inside of the bottle.

Draw three arrows on Fig. 7.1 to show the air pressure acting on the outside of the bottle.

Fig. 7.1

[2]

© OCR 2023
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(b) The mountaineer puts the lid on the bottle and climbs down the mountain.
At the bottom of the mountain, the bottle has a crushed shape, as shown in Fig. 7.2.
Fig. 7.2

]

(

(i) Suggest why the bottle has a crushed shape at the bottom of the mountain.

© OCR 2023 Turn over
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(c¢) A helium balloon is released and rises to the ceiling.

|

The balloon has a final speed of 2m/s just before it reaches the ceiling.
Initial speed = 0m/s
Acceleration = 0.5m/s?

(i) Select one equation from the Equation Sheet which can be used to find the distance the

balloon travels, using the variables given.

...................................................................................................................................... [1]
(ii) How can you calculate the distance the balloon travels?
Put a around the correct calculation.
distance = 22— 02— (2 x 0.5) distance = %
distance = % distance = %
[1]

© OCR 2023
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8 (a) Complete the sentences about radioactive substances.

Put a around each correct option.

Atoms in radioactive substances have balanced / stable / unstable nuclei. This means

that they will absorb / emit / reflect particles or electromagnetic radiation. [2]
(b) The nuclear equation shows the radioactive decay of a sulfur nucleus to a chlorine nucleus.
35 35 0 —
—_ +
Identify the radioactive decay in the nuclear equation.

Tick (v') one box.

Alpha decay

Beta decay

Gamma decay

[1]

(c) Which statement explains why sulfur and chlorine are different elements?

Tick (v') one box.

They have different numbers of electrons.

They have different numbers of neutrons.

They have different numbers of protons.

[1]

© OCR 2023 Turn over
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(@) A group of students were asked to suggest questions that science cannot answer.

Jack
‘ Was there ever liquid
water on the moon?

Mei

Should we mine asteroids
for metals and minerals?

Nina
Is there life on other
planets?

Dev

Is there a god outside
of time and space?

(i) Which student is asking an ethical question? L [1]
(b) Evidence for the Big Bang is a topic that sparks religious and philosophical debate as well as

scientific discussion.

One source of evidence for the Big Bang comes from the red shift of light from galaxies.

What causes red shift?

Tick (/) one box.

The temperature of the stars in the galaxy

The direction and speed a galaxy is moving as it emits light

How massive the stars in a galaxy are

[1]

© OCR 2023
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(c) The table and the graph show some of the data that first supported the ‘Big Bang’ theory.

Distance to the galaxy Velocity of the galaxy
(million light years) (x 1000 km/s)
78 1.2
1000 15
1400 22
2500 39
3950 61
80
70
60
Velocity 50
of the
galaxy 40
(x1000km
Is) 30
20 X
X
10
NE
0 500 1000 1500 2000 2500 3000 3500 4000

Distance to galaxy (million light years)

(i) Plot the results from the table on the graph. 3 points have already been plotted.

Include on your graph a line of best fit. [2]

© OCR 2023
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(ii) What is the relationship between distance and velocity shown by the graph?

(iif)

© OCR 2023

Tick (v') one box.

Directly proportional

Inversely proportional

No correlation

Non-linear
[1]
Identify two features of the graph that show this relationship.
Lo e e ettt oot eeeeee e e e et eeeeeeeeeeea e aeE ettt eeeeeeaa R aaeeeeeeeeeaaannnteeaeaeeee e nnnrenees
2 et eeeeeeeeeeeeeaaeeeeeeeeeeeeaaa——teeeeeeeeaaanateeeeeeeeeeaaannnateeeeeeeaaannnneeaaaaeann
[2]
Describe the ‘Big Bang’ model.
...................................................................................................................................... [2]

Turn over



24

10 The picture shows a child on a slide. The child’s hair is standing on end due to static electricity.

(b) Complete the sentence to explain static electricity.

Puta around the correct option.

Static electricity is the sharing / storing / transfer of electrons between insulators.  [1]

© OCR 2023
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(c) The diagram shows a positively charged balloon, hanging freely from a string.

There is an electric field around the balloon, as shown by the arrows.

Positively
charged
balloon

(i) Explain what the direction and spacing of the arrows mean about the electric field.

DIHFECHION OF AITOWS ..o e et

[2]
(ii) A second balloon is brought close to this balloon and the two balloons repel one
another.
State the type of charge on the second balloon.
..................................................................................................................................... [1]

© OCR 2023 Turn over
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11 Asstudent sets up a ripple tank, as shown in the diagram. The dipper dips up and down and
sends circular water waves outwards.

Lamp

Dipper connected to
vibration generator

dipper

Wave
pattern

(@) Which row gives the correct definitions of wavelength and frequency?

Tick (v) one box.

Wavelength Frequency

The distance a wave travels in 1 second. The number of waves in 1 second.
The distance a wave travels in 1 second. The time it takes for 1 wave to pass.
The distance from peak to peak. The number of waves in 1 second.
The distance from peak to peak. The time it takes for 1 wave to pass.

© OCR 2023
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(b) (i) The student takes a photograph of the wave pattern.

State one piece of equipment which needs to be included in the photograph to find the
wavelength of the water waves.

(ii) The student then uses a smart phone to record a video of the movement of the water
waves for a few seconds.

Describe how the student could use a video to find the frequency of the water waves.

© OCR 2023 Turn over
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12 Fig. 12.1 shows a trolley at the top of a ramp.

Fig. 12.1

Trolley

Light gate

(@) The trolley is released and accelerates down the ramp. When the trolley passes through the
light gate, the instantaneous speed of the trolley is displayed.

Describe how the acceleration of the trolley down the ramp can be calculated using one light
gate and a stopclock.

change in speed
time taken

Acceleration =

© OCR 2023
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A block of wood is placed on the ramp. It exerts a force of 3.2N on the ramp, perpendicular
to the surface of the ramp. This is shown as a vector on Fig. 12.2.

Draw one vector on Fig. 12.2 to show the force the ramp exerts on the block of wood, to
complete the interaction pair.

Use a ruler.

Fig. 12.2

Biockof
: wood

[1]

Turn over
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13 This question is about an inflatable boat.

(a) Boats float because they are less dense than water.

Define density.

.............................................................................................................................................. [1]
(b) The boat is inflated in the morning and then left out in the sun. The temperature of the air
inside the boat rises to 50 °C.
*  The volume and mass of the air inside the inflated boat are constant.
*  The table contains data about the average speed of air molecules at different
temperatures and pressures.
Temperature Average speed of air molecules Pressure
(°C) (m/s) (Pa)
20 508 115000
40 525 122000
60 542 129000
Explain why the boat feels firmer after being left out in the Sun.
Use the data in the table. You do not need to do any calculations.
.............................................................................................................................................. [3]

END OF QUESTION PAPER
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