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Speed of light in materials

DATA SHEET

Speed of sound in materials

Material Speed inms™’ Material Speed in ms™
Air 3.0 x 108 Aluminium 5200
Carbon dioxide 3.0 x 108 Air 340
Diamond 1.2 x 108 Bone 4100
Glass 2.0 x 108 Carbon dioxide 270
Glycerol 2.1 x 108 Glycerol 1900
Water 2.3 x 108 Muscle 1600
Steel 5200
Gravitational field strengths Tissue 1500
Water 1500
Gravitational field strength
on the surface in Nkg™ Specific heat capacity of materiats
Earth 9.8 . Specific heat capacity
Jupiter 23 hiinterist in Jkg™ °C!
Mars 37 Alcohol 2350
Mercury 3.7 Atuminium 902
rGon 1:6 Copper 386
Neptune 1 Glass 500
Saturn 9.0 lce 2100
Sun 270 fron 480
Uranus 8.7 Lead 128
Yenus 8.9 oil 2130
Water 4180

Specific latent heat of fusion of materials

. Specific latent heat
Material of fusion i kg
Alcohol 0.99 x 10°
Aluminium 3.95 x 10°
Carbon dioxide 1.80 x 10°
Copper 2.05 x 10°
fron 2.67 x 10°
Lead 0.25 x 10°
Water 3.34 x 10°

Specific latent heat of vaporisation of materials

. Specific latent heat of

PRESTISL ngorisation in Jkg"
Alcohol 11.2 x10°
Carbon dioxide 3.77 x 10°
Glycerol 8.30 x 10°
Turpentine 2.90 x 10°
Water 22.6 x10°

Melting and boiling points of materials

. Melting point | Boiling point
Material in °C in °C
Alcohol -98 65
Aluminium 660 2470
Copper 1077 2567
Lead 328 1737
Iron 1537 2737
Water - 100
Radiation weighting factors
s Radiation
Type of radiation weighting factor
alpha 20
beta 1
fast neutrons 10
gamma 1
slow neutrons 3
X-rays 1
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Which row in the table shows both quantities classified correctly?

SECTION 1 — 25 marks
Attempt ALL questions

Scalar Vector
A weight force
B distance velocity
C mass distance
D force mass
E velocity time

The graph shows how the velocity v of an object varies with time #.

The displacement of the object at 2.0 seconds is

A
B
C
D
E

v{ms™)

4.0m
5.0m
6.0m
8.0m
10.0 m.

6.0

—2.0-
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3. Acaris travelling along a straight leve! road.
The car slows down at a constant rate of 2.0 ms™ for a time of 8.0 s.
The final speed of the caris 5.0 ms™'.
The initial speed of the car is

A 70ms™
B 1ims”’
C 16ms™’
D 21ms™
E 80ms.

4, Acup rests on a table that rests on the Earth. The cup exerts a downward force on the

table.

=

Which of the following is the reaction to this force?

The force of the table on the cup
The force of the cup on the Earth
The force of the Earth on the cup
The force of the cup on the table
The force of the table on the Earth

m o M @ >

5. A crate of mass 180 kg is lifted through a height of 3.0 min 2.5 s.
The minimum work done in lifting the crate through this height is

A 60)
B 540 )
C 1800J
D 2200)
E 5300J.
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6. An asteroid of mass 25 kg is travelling at a speed of 9200 ms™.
On entering the Earth’s atmosphere, the asteroid burns up completely.
The maximum amount of heat energy released is

A 1.2x10°)
B 23x10°)
C 29x10°}
D 1.1x10°)J
E  2.1x10%..

7. The speed v of a satellite in orbit around the Earth is given by the relationship
v=rg

where: ris the total distance from the centre of the Earth to the satellite in m

g s the gravitational field strength at the location of the satellite in Nkg™.

The radius of the Earth is 6.4 x 10° m,

The height of a satellite above the surface of the Earth is 3.6 x 107 m.
The gravitational field strength at this height is 0.22 Nkg™".

The speed of the satellite is

A 1200 ms™
B 2800 ms™
C 3100 ms™
D 7900 ms™
E 20000 ms™.

[Turn over
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8. The weight of an astronaut on Earth is 710 N.
The weight of the astronaut on Mars is

A 72N
B 190 N
C 270N
D 710N
E 2600 N.

9. Sirius is the brightest star in the night sky.
The distance from Earth to Sirius is 8.6 tight-years.
This distance is equivalent to

A 27x10°m
B 23x10%m
C 1.4x10®m
D 95x10®m
E  8.1x10%m.
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10. The line spectrum from a star is shown, along with the line spectra of the elements
hydrogen, hetium, carbon, and nitrogen.

The elements present in this star are

m Q O © >

hydrogen and helium
hydrogen and carbon
helium and carbon

helium and nitrogen
carbon and nitrogen.

page 07
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11. A technician uses an oscilloscope to test three different power supplies.
The diagrams represent the traces seen on the screen of the oscilloscope.

trace X trace Y trace Z

Which row in the table identifies trace X, trace Y, and trace 7?

trace X trace Y trace Z
A d.c. d.c. d.c.
8 a.c. d.c. d.c.
C a.c. a.c. d.c.
D a.c. a.c. a.c.
E d.c. d.c. a.c.
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12. An electric field exists around two point charges Q and R.

The diagram shows the path taken by a charged particle as it travels through the field.

The motion of the particle is as shown.

path taken
by particle

Qe

R®

Which row in the table identifies the charge on the particle, the charge on Q, and the

charge on R?

Charge on particle Chargeon Q Charge on R
A positive negative negative
B negative negative positive
C negative positive negative
D positive negative positive
E positive positive positive

page 09
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13. Acircuit is set up as shown.

12V
——
240 R
_ ——1{  —
/V\
LA
The reading on the voltmeter is 3.0 V.
The resistance of resistor R is
A 200
B 80 Q2
C 3200
D 7200
E 960 Q.
14. Three resistors are connected as shown.
12 Q
X
120 12Q
YO &

The total resistance between X and Y is

A 4Q
B 6 Q
C 38Q
D 18Q
E 36Q.

page 10




15. A circuit is set up as shown.

The reading on the ammeter is 0.50 A.
The resistance of the lamp is 8.0 Q.
The power dissipated in the lamp is

A 20W
B 40W
C e60W
D 9.0W
E 18W.

[Turn over
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16. A kettle, a television, and a microwave are connected to the mains supply.

The kettle has a power rating of 2.6 kW.
The television has a power rating of 170 W.

The microwave has a power rating of 900 W.

Which row in the table shows the appropriate fuse rating for the kettle, the television, and

the microwave?

Appropriate Appropriate Appropriate

fuse rating for | fuse rating for | fuse rating for

kettte (A) television (A) | microwave (A)
A 3 13 3
B 13 3 13
C 13 13 3
D 3 3 13
E 13 3 3
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17. A group of students sets up the experiment shown to determine a value for the specific heat

capacity of water.
thermometer

power

joulemeter supply
. " |
beaker
™~ ()
o9 R )
v
\___~
water immersion heater

The students make the following statements about how the experimental procedure could
be improved.

| Insulate the beaker to reduce heat lost to the surroundings.
il Move the immersion heater further into the water.
Il Use a stopwatch to measure the time for which the water is heated.

Which of these statements is/are correct?

A lonly

B Ilonly

C landllonly
D landlllonly
E i landlll

[Turn over
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18. A hot substance is cooled.
The graph shows how the temperature of the substance changes with time.

180

160

140

120

100 N

80 ™
60 \

temperature (°C)

40 AN

20

0

0 20 40 60 80
time (minutes)

A student makes the following statements about the substance.

I The boiling point of the substance is 120 °C.
Il At a time of 40 minutes, the substance is a gas.
H  The melting point of the substance is 20 °C.

Which of these statements is/are correct?

A lonly

B llonly

C landlll only
D {landlll only
E | llandil

page 14
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19. A ballet dancer wears shoes that have a flat section on the front called a platform.

20.

When the ballet dancer stands on the tips of their toes, the platform on each shoe is fiat on

the floor.

platform

The area of the platform on each shoe is 1.6 x 107 m?.
The weight of the ballet dancer is 520 N.
The pressure exerted on the floor by the ballet dancer is

A 3.1x10°Pa
B 6.2x107Pa
C 83x107"Pa
D 1.6x10°Pa
E  3.3x10°Pa.

A tennis ball contains a fixed mass of air at a temperature of 20.0 °C.

The pressure of the air inside the ball is 1.90 x 10° Pa.

During a tennis match the temperature of the air inside the ball rises to 35.0 °C.

The volume of the air remains constant.
The pressure of the air inside the ball is now

A 1.09x 10°Pa
B 1.81x 10°Pa
C 1.87 x10°Pa
D 2.00x10°Pa
E  3.33 x10° Pa.

page 15
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21. The diagram represents a wave.

0.2m

120 mm

Which row in the table shows the wavelength and amplitude of the wave?

Wavelength (mm) Amplitude (m)
A 20 0.1
B 40 0.1
C 40 0.2
D 120 0.1
E 120 0.2

22, Ateacher gives a group of students two clues to identify a particular band of the

electromagnetic spectrum,

Clue 1: Diffracts around obstacles more than visible light.

Clue 2: Has a greater frequency than microwave radiation.

The band of the electromagnetic spectrum these clues refer to is

A gamma rays
B infrared

C ultraviolet
D radio

E  X-rays.
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23,

24,

25.

A radioactive source has an average activity of 5.2 MBq over a time of 1.2 hours.
The number of nuclear disintegrations that occur in the source in this time is

A 1.2x10°
B 43x10°
C 6.2x10°
D 3.7x10°
E  2.2x10%.

A sample of tissue is exposed to a source of alpha particles.
The equivalent dose received from this source during a time of 5 minutes is 480 pSv.

The equivalent dose rate is

A 1.6 pSvs™
B 96 pSvs™
C 2400 pSvs™
D 9600 uSvs™
E 144000 pSvs™.

Energy is released when two small nuclei combine during a nuclear reaction to form a larger
nucleus.

This is a description of

A nuclear fission

B nuclear fusion

C alpha decay

D betadecay

E gamma emission.

[END OF SECTION 1. NOW ATTEMPT THE QUESTIONS IN SECTION 2 OF
YOUR QUESTION AND ANSWER BOOKLET]
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SECTION 2 — 110 marks
Attempt ALL questions

1. A gardener is mowing grass with a lawnmower.

The gardener walks from point X to point Y as shown, white pushing the
lawnmower.

North

‘? Y not to scale
4ml 5 j
4

32m

X

(a) (i) By scale diagram or otherwise, determine the magnitude of the resultant
displacement of the gardener from point X to point Y. 2

Space for working and answer

* X857750106 *

0 0 0 ] vr
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(@) (continued)

(i) By scale diagram or otherwise, determine the direction of the resultant
displacement of the gardener from point X to point Y.

Space for working and answer

{b) The gardener takes 55 s to walk from point X to point Y.
Determine the average velocity of the gardener from point X to point Y.
Space for working and answer

() The gardener pushes the lawnmower with an average force of 68 N while
walking between point X and point Y.

Calculate the work done in moving the lawnmower between point X and
point Y.

Space for working and answer

[Turn over
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. The Falcon Heavy rocket is used to carry a satellite from Earth into space.
Falcon Heavy rocket
- 'l N HB!!)L;[A!‘;;M S.mckIShutterst;sk.
(@ (i) The total mass of the rocket and satellite at launch is 1.43 x 10° kg.
Calculate the weight of the rocket and satetlite at launch. 3
Space for working and answer
(ii) At launch, the initial upward thrust acting on the rocket is 2.28 x 107 N.
Determine the initial acceleration of the rocket and satellite. 4
Space for working and answer

10O ]

*X85775
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2. (continued)
s (b) The rocket is designed so that many parts are reusable. Two reusable parts are
the payload fairing sections, which protect the satellite during launch.

Once the rocket reaches space, the payload fairing sections are detached and
re-enter the Earth’s atmosphere.

(i) On the diagram below, show all the forces acting on one of the payload
fairing sections as it falls vertically through the Earth’s atmosphere.

You must name these forces and show their directions. 2
(An additional diagram, if required, can be found on page 46.)

[Turn over
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2. (b) (continued)
(ii) At one point, as it falls through the atmosphere, a parachute attached to
the payload fairing section is opened. This causes the speed of the
payload fairing section to decrease rapidly.
Explain, in terms of forces, how the parachute reduces the speed of the
payload fairing section. 2
(i) The graph shows how the vertical velocity v, of one of the payload fairing
sections varies with time ¢ from the moment the parachute is opened.
VvA
\_P
0 i
The weight of the payload fairing section is 9300 N.
State the magnitude of the total upward force acting on the payload
fairing section at point P.
You must justify your answer. 2

| 1000 ]

* X857 75
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3.

Ski jumping is a winter sport in which competitors aim to achieve the longest jump
after sliding down a specially designed curved ramp.

Al

Danny lacod/ Shuuerstodccom..‘.

The length of the jump is measured from the end of the ramp to where the ski
jumper lands.

Using your knowledge of physics, comment on factors that affect the length of a
jump made by a ski jumper.

A AN L EZ MDA A0

*# X857750112%*
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4,

in 2023, a spacecraft was launched from Earth to investigate the asteroid Psyche.
Psyche is located in the asteroid belt, between Mars and Jupiter.

The spacecraft will reach Psyche in 2029,

(a) On its journey to Psyche the spacecraft will pass close by the planet Mars.
Explain how passing close to Mars will reduce the journey time to Psyche.

(b) On its journey, the spacecraft uses an ion drive engine to provide thrust.
The ion drive engine produces a small unbalanced force on the spacecraft.

(i) Explain how this small unbalanced force can still result in a large increase
in speed, even though the spacecraft has a large mass.

10 S

* X 85775
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4. (b) (continued)

(i) The ion drive engine is powered by solar cells. Near the Earth the solar
cells provide 20 kW of electrical power. As the spacecraft approaches
Psyche, the solar cells will only produce 2.3 kW of electrical power.

Explain why the solar cells produce less power as the spacecraft
approaches Psyche. 1

(¢) When the spacecraft reaches its destination, it will go into orbit around
Psyche.

= (i) Initially, the spacecraft will complete 41 orbits of Psyche in 56 days.
Determine the orbital period of the spacecraft, 1
Space for working and answer

| (i) After 56 days the spacecraft will move to an orbit closer to Psyche.

> State the effect this change will have on the orbital period of the
i spacecraft. 1

[Turn over
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. A Van de Graaff generator is a device that is used to generate an electric charge on
a hollow metal dome.

(a) During a classroom demonstration a teacher places some small aluminium foil
dishes on top of the dome.

When the Van de Graaff generator is switched on, the metal dome becomes
positively charged.
The foil dishes are observed to ‘fly away’ from the metal dome as shown.

hollow metal dome

aluminium foil dishes

Explain why the foil dishes are repelled from the metal dome.

10

* X85775
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5. (continued)

{b) The teacher then discharges the dome by placing a small metal sphere near
the dome, as shown.

OO/ small metal sphere
4

During the discharge, 2.50 x 107 C of charge is transferred to the dome in
0.80 ms.

(i) Calculate the average current during the discharge.
Space for working and answer

3] (i) The magnitude of the charge on an electron is 1.60 x 107 C.

Determine the number of electrons transferred during the discharge
process.

Space for working and answer

[Turn over
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6. A student carries out an investigation to determine the resistance of a resistor R.

The student is provided with the following components:

resistor R, 6.0 V battery, variable resistor,
ammeter, voltmeter, connecting leads

(@) Complete the circuit diagram to show how these components are connected to
allow the student to measure the current in and voltage across resistor R, for a
range of different voltages across resistor R.

(An additional diagram, if required, can be found on page 46.)

variable
resistor

-—lﬁl—a»—tﬁ—«

0 0 O

*X8577501
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Space for working and answer
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> 6. (continued)
:fj'" (b) The student obtains a range of readings for the current in and the voltage
o] across resistor R.
2 The student uses these readings to draw the following graph.
; i 5.0
;
! 2 ‘ 4.0
=4 =
%] <
4 a2 3.0
g
e :
i’ ¥ 20 e
S ¢
‘ 1.0
i
[ 3 0.00 0.01 002 003 004 005 006 007 0.08
i' 3 current in R (A)
1‘:;:" Using the gradient of the graph, determine the resistance of resistor R. 2

|
f [Turn over
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6. {(continued)

(¢} The student now replaces resistor R with a filament lamp and repeats the
investigation. A sketch graph of the student’s results is shown.

A

voltage across
tamp (V)

o

current in lamp (A)

State a conclusion that can be made about the resistance of the filament lamp. 1

| 1000 O T ]

* X857 75¢0
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7. At night a path is illuminated by a set of four LED spotlights. =l \
MARGIN | |
LED spotlight
|
|
|
Each spotlight consists of an LED and a resistor connected in series.
The circuit diagram shows how the four spotlights are connected.
+12V O ﬁ D E| H
(a) Describe one advantage of connecting the spotlights as shown in the circuit
diagram. 1
(b} Each spotlight has a power rating of 4.8 W.
Determine the total current drawn from the power supply when all four
spotlights are operating correctly. 3 :
Space for working and answer i
|
‘i

B 10 S |

*X85775012
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. (continued)

{¢) The spotlight circuit is connected to the circuit shown below, so that the
spotlights switch on automatically when it gets dark.

+V, O o
relay
variable ; ] \ E to spotlight circuit— ——————
resistor ; x !
| e e

'._

M X

—e

NN

ovo ¢

(i) State the name of component X.

(i) Explain how the circuit operates to activate the relay when it gets dark.

[Turn over
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. A student is describing how the following circuit works.
e
The student states:
‘When I connect the battery to the lamp, electrons are fired out from the battery and
whizz round the circuit. The electrons are changed into tight by the tamp. If | add
another lamp to the circuit the lamps will be dimmer.’
Using your knowledge of physics, comment on the statement made by the student. 3

T N

* X85775
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9. Anice making machine is an appliance used for making ice cubes.

The ice making machine operates by first cooling water to 0 °C. The water is then
frozen to form ice cubes. Once formed, the ice cubes are released into a collecting
tray.

(a) The ice making machine is initially filled with 0.38 kg of water at a
temperature of 22 °C.

(i) Calculate the amount of energy removed from the water to reduce the
temperature of the water to 0 °C,

Space for working and answer

(ii)) The ice making machine has a power rating of 120 W.

Calculate the minimum amount of time it takes to reduce the
temperature of the water to 0 °C.

Space for working and answer

R AT A LA

*X85775012¢6 =*
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9. (@) (continued)
(iii) In practice, the time taken to reduce the temperature of the water to
0 °Cis much greater than calculated in (a) (i), due to heat gained from
the surroundings.
Suggest one way the manufacturer coutd improve the ice making
machine to overcome this problem. 1
(b) Once the water is at 0 °C, a further 15.3 kJ of energy is removed from the
water to form ice cubes.
Calculate the maximum mass of ice cubes produced in this process. 3
Space for working and answer
[Turn over

L [N R IDRTAR T ]

*X857750127 %

page 27




10. A student sets up the apparatus shown to investigate how the volume of a fixed
mass of air is related to its pressure, when temperature is kept constant.

e

I

syringe

pressure
meter

The student varies the volume of the air in the syringe and measures the pressure
of the air in the syringe with the pressure meter.

(a) Describe how the kinetic model accounts for the pressure of the air in the
syringe,

(b) For each volume of air in the syringe the student calculates the value of
1

volume’
The results of the experiment are shown in the table.

vol:lme Pressure
(@l (kPa)
0.05 32
0.10 67
0.13 81
0.17 112
0.25 160

| A 0 S G

* X857750128 %
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10. (b) (continued)

, ] (i) Using the graph paper, draw a graph of these results. 3
':' (Additional graph paper, if required can be found on page 47.)

r;':";

£

3

711( -

[Turn over
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10.

(b) (continued)

(i) Using information from your graph, state a conclusion that can be made
about the relationship between the volume of a fixed mass of air at
constant temperature and its pressure.

(iii) Using your graph, determine the volume of trapped air in the syringe at a
pressure of 148 kPa.

Space for working and answer

(c) Suggest one way in which the experimental procedure could be improved to
give more reliable results.

*#X857750130 %
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11.

Scotland’s first wave park for watersports opened in Edinburgh in 2024.

A wave generator produces water waves that travel along the length of a pool.

The wave generator produces 500 waves in 30 minutes and the length of the pool is
160 m.

(a) Water waves are transverse waves.

State what is meant by the term transverse wave.

(b) (i) Show that the frequency of the waves is 0.28 Hz.
Space for working and answer

A0 0 0

* X857750132*
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11.

(b} (continued)

(il) Each wave takes 32 s to travel the length of the pool.

Calculate the average speed of the waves.
Space for working and answer

(iii) Calculate the average wavelength of the waves.
Space for working and answer

0 00 A

X857750133 %
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Many golfers now use either a GPS device or an infrared laser rangefinder to
measure the distance required for their next shot.

o
RA.

GPS device infrared laser rangefinder

(a) The GPS device receives microwave signals from satellites orbiting the Earth.
The satellites orbit at an altitude of 20 200 km and with a period of 12 hours.

(i) At one point in time a satellite is directly overhead.

Show that the time taken for a microwave signal to travel from the
satellite to the GPS device is 0.067 s. 2

Space for working and answer

(ii) State whether the GPS satellites are geostationary satellites.
You must justify your answer. 2

0000 ]

* X85775013 4 %
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12.

{continued)

(b) The laser rangefinder emits a beam of infrared radiation with a wavelength of
904 nm. The beam of infrared radiation is directed towards a distant object.
The beam reflects from the object and is detected in the rangefinder.

(i) State a suitable detector for infrared radiation in the rangefinder.

(i} Calculate the frequency of the infrared radiation emitted by the
rangefinder.

Space for working and answer

(iii) A golfer aims the beam of infrared radiation towards a target.

The time taken between the infrared radiation being emitted and
received by the rangefinder is 1.2 x 107 s,

Determine the distance of the target from the golfer.
Space for working and answer

[Turn over
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13.

A student carries out an experiment to investigate the path of red light through a
circular glass block.

norm\al
\

ray of /;( .3
red light o S

air

(a) State the names given to angles X and Y.
X
Y:

(b) Explain why the ray of red light changes direction as it enters the circular glass
block.

A0 0 T

* X857750136%*
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13.

{continued)

(c) Complete the diagram below to show the path of the ray of red light after it
exits the block.

(An additional diagram, if required, can be found on page 48.)

A Y
N

ray of
red light

air

[Turn over
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14.

MARKS

Leaks in underground wastewater pipes can be investigated using a radioactive
material known as a tracer.

A small quantity of the tracer is added to the water entering the pipe being
investigated and the radiation emitted is monitored over a period of a few hours.
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(a) Explain why a tracer that emits gamma radiation is used for this investigation,
rather than one that only emits alpha or beta radiation. 1

(b) When selecting a tracer for this investigation, its half-life must also be
considered.

(i) State what is meant by the term half-tife. 1
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14, (b) (continued)
(i) The following sources are available:
Radioactive source Half-life Radiation emitted
sodium-24 15 hours beta and gamma
bismuth-204 11.2 hours beta
barium-133 10.5 years gamma
barium-137m 2.6 minutes gamma
State which of these radioactive sources should be used for this
investigation.
You must justify your answer. 2

[Turn over

L ANAAN A SR E ]

* X857750139 %

page 39



[ 1

MARKS | PO HOT

WRITE IN
THIS
MARGIN

14. (continued)

(c) The graph shows how the activity of a different source varies with time.
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(i) Using information from the graph, determine the half-life of this
radioactive source. 1

Space for working and answer
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14, (¢} (continued)
(i) Predict the activity of the source at 700 s. 1

[Turn over
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15.

A full-body scanner at an airport uses X-rays to check passengers for concealed
items.

(a) During a scan a passenger of mass 64 kg is exposed to X-rays.

The equivalent dose received by the passenger is 0.25 pSv.
(i) Calculate the absorbed dose received by the passenger.

Space for working and answer

(i) Calculate the energy ahsorbed by the passenger.
Space for working and answer
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15, (continued)
{(b) X-rays cause ionisation.
State what is meant by the term ionisation. 1

(¢) The scanner is operated by a member of airport staff,

Suggest one safety precaution the member of staff operating the scanner could
take to minimise their exposure to the X-rays. 1

[END OF QUESTION PAPER]
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