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Speed of light in materials

DATA SHEET

Speed of sound in materials

Material Speed in ms™ 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 materials
Earth 9.8 Material Specific heat capacity
Jupiter 23 in Jkg™' °C™
Mars 3.7 Alcohol 2350
Mercury 3.7 Aluminium 902
Moon 1.6 Copper 386
Neptune 11 Glass 500
Saturn 9.0 Ice 2100
sun 270 Iron 480
Uranus 8.7 Lead 128
Venus 8.9 oil 2130
Water 4180

Specific latent heat of fusion of materials

Specific latent heat

Melting and boiling points of materials

Material of fusion in Jkg™'
Alcohol 0.99 x 10°
Aluminium 3.95 x 10°
Carbon Dioxide 1.80 x 10°
Copper 2.05 x 10°
Iron 2.67 x 10°
Lead 0.25 x 10°
Water 3.34 x 10°

Specific latent heat of vaporisation of

materials
Material Speaﬁc la_ten? heat <_)1f
vaporisation in J kg

Alcohol 11.2 x10°
Carbon Dioxide 3.77 x 10°
Glycerol 8.30 x 10°
Turpentine 2.90 x 10°
Water 22.6 x10°

Material Meltfng:, point Bo1l1.ng°pomt
in°C in °C
Alcohol -98 65
Aluminium 660 2470
Copper 1077 2567
Lead 328 1737
Iron 1537 2737
Water - 100
Radiation weighting factors
. 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 of the following contains one scalar quantity and one vector quantity?

velocity; weight

m O N @ >

distance; force

acceleration; displacement

kinetic energy; speed

potential energy; work

SECTION 1 — 25 marks
Attempt ALL questions

The diagram shows a toy car at rest at the top of a slope.

The car is released and travels with a constant acceleration down the slope.

toy car

not to scale

Which row in the table could show the speed of the toy car at P, the speed of the toy car at
Q, and the average speed of the car between P and Q?

Sheedas? PARQ e Pand @
(ms™)
A 0 2 1
B 1 1 1
C 1 3 )
D 2 3 7
E 2 3 4
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The graph of speed v against time ¢ represents the motion of a cyclist over a 20 second
period.

v(ms™)
10

t(s)

The distance travelled by the cyclist in the 20 second period is:

A 56 m
B 144 m
C 160m
D 176 m
E 200 m.
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4. A student is investigating the motion of water rockets.

water rocket

pressurised ~_

air water

to air pump

Air is pumped into the rocket until the pressure of the air inside is large enough for the
water rocket to launch upwards.

The rocket launches because:

A the rocket pushes down on the ground and the ground provides a reaction force
pushing up on the rocket

B  the rocket pushes down on the water and the water provides a reaction force pushing
up on the rocket

C the water pushes down on the ground and the ground provides a reaction force pushing
up on the water

D the force applied by the water on the ground is greater than the weight of the rocket
producing an unbalanced upward force

E the weight of the rocket decreases as water is pushed out of the rocket producing an
unbalanced upward force.

[Turn over
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5. A ball of mass 0.25 kg is released from a height of 6.0 m above the ground.

)
l’ )
A
6.0m
4.0m
Y Y ground

Which row in the table shows the change in gravitational potential energy and the kinetic
energy of the ball when it is at a height of 4.0 m above the ground?

Cr;irtlega?\ t]i:l lg;:\:rt;;‘ar;al Kinetic energy (J)
A 14.7 0.0
: 45 4.9
c 9.8 4.9
5 4.9 9.8
£ 14.7 14.7

6. Astronauts orbiting in the International Space Station experience ‘weightlessness’.

A group of students make the following statements to explain ‘weightlessness’ in the

orbiting space station:

| The gravitational field strength inside the space station is zero.

Il The space station and astronauts are both accelerating at the same rate towards the

Earth.

Il The forces acting on the astronauts are balanced.

Which of these statements is/are correct?

A lonly

B llonly

C lllonly

D landllonly
E Ilandlll only
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7. Which of the following lists the distances from longest to shortest?

m O O @ >

radius of Earth; radius of orbit of Moon; diameter of galaxy

radius of orbit of Moon; radius of Earth; diameter of galaxy

diameter of galaxy; radius of orbit of Moon; radius of Earth

diameter of galaxy; radius of Earth; radius of orbit of Moon

radius of orbit of Moon; diameter of galaxy; radius of Earth

8. Three satellites X, Y, and Z are orbiting the Earth as shown.

not to scale

Satellite Z is a geostationary satellite.

Earth

Which row in the table shows possible periods for the orbits of satellites X, Y, and Z?

Period of orbit of
satellite X

Period of orbit of
satellite Y

Period of orbit of
satellite Z

(hours) (hours) (hours)
A 12 18 24
B 24 18 12
C 24 24 24
D 40 36 24
E 4 6 12
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9. A spacecraft has four rocket engines P, Q, R, and S and is travelling to the right as shown.

10.

T
spacecraft G
Q
e

direction of travel

) r

) s

When switched on, each rocket engine produces the same amount of force.

Which rocket engines are switched on to reduce the speed of the spacecraft?

m O O @ >

Rand$S
QandS
Pand Q
P and R
P,Q,R,andS

The weights of three masses on the surface of a planet are shown in the table.

Mass (kg) Weight (N)
0.50 4.4
2.5 22
4.0 35

The weight of a 6.0 kg mass on the surface of the planet is:

A
B
C
D
E

0.68 N
1.5N
8.8 N
53N
59 N.
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11.

12.

A hair dryer is connected to a 230 V supply. The current in the hair dryer is 2.0 A.

The electrical charge that passes through the hair dryer in 5 minutes is:

A 10C
B 460 C
C 600 C
D 1150C
E 2300C.

The graph shows how the voltages across the components P, Q, and R vary with current.

voltage ) P

0
current

Based on this graph, a group of students make the following statements:

I Component P has a greater resistance than component R.
I Component R has a greater resistance than component Q.

Il Component Q has a resistance that decreases as the current increases.

Which of these statements is/are correct?

A lonly

B llonly

C llonly

D landlll only
E Ilandlll only

page 09
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13. Acircuitis set up as shown.

©

The resistors are identical.

Which row in the table shows the reading on the voltmeter and possible readings on
ammeters A, and A,?

Reading on Reading on Reading on
voltmeter ammeter A, ammeter A,
V) (A) (A)
A 6 0.3 0.3
B 6 0.6 0.3
C 12 0.3 0.3
D 12 0.3 0.6
E 12 0.6 0.3
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14. Which of the following symbols represents a thermistor?

v A
» =5
¢ —@-

page 11
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Two substances X and Y are both solid at 20 °C.

The substances have the same mass and are supplied with the same amount of energy per
second.

The graph shows how the temperature of each substance varies with time.

;

I

5 80 :
v 60 :
2 X i
S 40- /:
aQ |
!

0 100 200 30

time (s)

A student uses information from the graph to make the following statements:

| The specific heat capacity of the solid substance X is greater than that of the solid
substance Y.

Il Substance X changes state at a higher temperature than substance Y.

Il The specific latent heat of fusion of substance X is greater than that of substance Y.

Which of these statements is/are correct?

A lonly

B landllonly
C lllonly

D Ilandlll only
E Lllandlll

Heat from the Sun melts 1.6 kg of ice in 40 minutes.

The minimum heat energy required to change 1.6 kg of ice at 0 °C into water at 0 °C is:

A 6.7x10°)
B 1.3x10%J
C 21x10°)
D 5.3x10°)J
E  3.6x10°J.
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17.

18.

A cyclist is riding a bicycle along a level road.

The combined mass of the cyclist and bicycle is 70.0 kg.

The total contact area between the tyres and the road is 8.0 x 10~* m2.

The average pressure exerted by the tyres on the road is:

A 1.2x10°Pa
B 5.6x102Pa
C 8.8x10*Pa
D 43x10°Pa
E 8.6x10°Pa.

The average kinetic energy of a gas molecule can be determined using the following
relationship.

E, = %kBT

where: E, is the average kinetic energy of a gas molecule in joules, J
kg is Boltzmann’s constant = 1.38 x 1072 JK™*

T is the temperature of a gas molecule in kelvin, K.

The average kinetic energy of a gas molecule at 100 °C is:

A 2.07x10% )
B 3.58x107%")
C 5.15x107%)
D 5.65x1072")
E 7.72x1072",

[Turn over
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19.

20.

21.

Which of the following is a longitudinal wave?

A sound

B radio

C ultraviolet
D infrared

E light

A radio station transmits radio signals with a frequency range from 3.0 MHz to 6.0 MHz.

The maximum wavelength of the radio signal transmitted is:

A 0.01m
B 0.02m
C 50 m
D 100m
E  113m.

A student draws a diagram to show the bands of the electromagnetic spectrum in order of
increasing wavelength.

increasing wavelength

gamma . visible ultra- micro- radio
X-rays infrared ; .
rays light violet waves waves

The diagram is not correct.

Which two bands of the electromagnetic spectrum are in the wrong position?

gamma rays and radio waves
X-rays and microwaves
infrared and ultraviolet

visible light and microwaves

m O O @ >

X-rays and visible light
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22. Aradioactive source emits alpha, beta, and gamma radiations.

Sheets of aluminium and paper are placed in front of the source as shown.

radioactive source

10 mm aluminium

pa[-)er

Which row in the table shows the radiation(s) from the source detected at points P and Q?

Radiation(s) detected at P

Radiation(s) detected at Q

A beta and gamma gamma

B beta alpha

C beta and gamma beta and gamma
D alpha and gamma gamma

E gamma gamma

23. Aradioactive sample emits 3000 alpha particles in 2 minutes.

The activity of the sample is:

A
B
C
D
E

25 Bq
1500 Bq
3000 Bq
6000 Bq

360000 Bq.

page 15
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24. A radioactive substance is to be injected into a patient so that blood flow can be monitored
using a detector.

patient

detector

A number of different substances which emit either beta or gamma radiation are available.
The substances have different half-lives.

Which row in the table identifies the radiation emitted and the half-life of the most suitable

substance?
Radiatlo | Half-tife
A beta 2 days
B beta 2 years
C gamma 2 seconds
D gamma 2 days
E gamma 2 years

25. Rhodium-106 has a half-life of 30 s.
A sample of rhodium-106 has an activity of 3200 Bq.

The activity of this sample after 120 s is:

A 27Bq
B 107 Bq
C 200Bq
D 400 Bq
E 800 Ba.

[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 MARKS | Do Not

WRITE IN
THIS

Attempt ALL questions MARGIN

1. An aeroplane flies from Aberdeen to Glasgow.

N

Aberdeen

The aeroplane flies 140 km due south (180) from Aberdeen, then 130 km due west
(270) to Glasgow.

(a) By scale diagram, or otherwise:

(i) determine the magnitude of the displacement from Aberdeen to Glasgow 2

Space for working and answer

A AREAR AR AR ]

* X857 750106 =*
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[ 1

1. (a) (continued) MARKS | Do NoT

WRITE IN
THIS
MARGIN

(i) determine the direction of the displacement from Aberdeen to Glasgow. 2

Space for working and answer

(b) On the return journey, the aeroplane flies directly from Glasgow to Aberdeen.
The journey takes 0.50 hours.

(i) Calculate the average speed of the aeroplane for this journey. 3

Space for working and answer

(i) Determine the average velocity of the aeroplane from Glasgow to
Aberdeen. 2

Space for working and answer

L A AREAMM AL I ]

* X857750107 *
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. Astudent is investigating factors that affect the horizontal range of a marble, using

the apparatus shown.

release
height

horizontal range

(@) The student releases a marble from different heights on the ramp and
measures the horizontal range.

The student’s results are shown in the table.

Release height (m) Horizontal range (m)
0.10 0.39
0.14 0.44
0.18 0.51
0.26 0.64
0.30 0.70

(i) Using the graph paper on page 09, draw a graph of these results.
(Additional graph paper, if required, can be found on page 46.)

* X857750108 =*
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-

2.

(a)

(i) (continued)

(i) Use your graph to predict the horizontal range of a marble released from
a height of 0.22 m.

* X857750109 *
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. (@) (continued)

—

MARKS | DO NOT

WRITE IN
THIS
MARGIN

(i) In order to measure the horizontal range, the student watched to see
where the marble hit the ground.

Suggest an improvement to the experiment to determine more
accurately where the marble hit the ground. 1

(b) (i) Suggest another variable that could be investigated, which may affect
the horizontal range of a marble. 1

(ii)) Describe experimental work that could be carried out to investigate how
the variable you suggested in (b) (i) affects the horizontal range of a
marble. 2

AR AREEAMEL 0D T ]

* X857750110 %
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. A spaceship on Mars is being prepared for the return journey to Earth. MARKS | bo not

—

WRITE IN
THIS
MARGIN

(@) The mass of the spaceship including fuel and crew is 1.3 x 10° kg.

The rocket engines on the spaceship produce a constant upward thrust of
1.2 x 107 N.

(i) Calculate the weight of the spaceship on Mars. 3

Space for working and answer

(i) On the diagram below, show all the forces acting vertically on the
spaceship just after it leaves the surface.

You must name these forces and show their directions. 2

(An additional diagram, if required, can be found on page 47.)

AN AREEMEL IR e ]

* X857750112 *
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. (@) (continued)

(iii) Determine the acceleration of the spaceship at launch.

Space for working and answer

(b) State what happens to the acceleration of the spaceship as its altitude
increases.

Justify your answer.

[Turn over
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[ 1

MARKS | 20 NOT
THIS
MARGIN
4. Space exploration is often in the news, yet we have only explored about 5% of the
oceans on Earth.
Using your knowledge of physics, comment on the similarities and/or differences
between space exploration and underwater exploration. 3

L AN AREEAMEL 0D ]

* X857 750114 =%
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Read the passage and answer the questions that follow.

Making plans for Rigel

Betelgeuse might be regularly mentioned in the news but there are other
supergiants in the night sky. One of these is Rigel, a blue supergiant star that makes
up the ‘left foot’ of the constellation of Orion. It is approximately 8 million years
old and is one of the brightest stars in our night sky.

|

Betelgeuse

\

Orion

Blue supergiants, such as Rigel, are short-lived and are destined to explode as a
supernova. Even though Rigel is 860 light-years from Earth, the supernova will be
clear to see. Astronomers believe that it will be as bright as a half-moon and will be
visible in the sky during the day. However, the light show will only last a few months
before it fades.

When it explodes, Rigel will throw debris into space at approximately 5% of the
speed of light. Intense waves of radiation, including X-rays and gamma rays, will be
radiated into space. The core of the star will collapse into an extremely dense ball
of nuclear matter called a neutron star.

It is not possible to predict exactly when Rigel will explode and there is the
possibility that it has already happened, it just hasn’t been detected yet! The best
estimate scientists have is that it will take place within the next million years, or
so.

* X857750116 *
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. (continued)

(a) (i) Calculate the distance, in metres, from Rigel to Earth.

Space for working and answer

(i) Determine the approximate speed of the debris that will be ejected from
the star during the supernova explosion.

Space for working and answer

(iii) Calculate the time it would take for this debris to reach Earth.

Space for working and answer

(b) Explain why the supernova explosion may already have happened but has not
yet been detected.

* X857750117 *
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. (continued)

—

MARKS | DO NOT

WRITE IN
THIS
MARGIN

(c) Astronomers can identify elements present in stars by studying the spectrum of
the light they produce.

A spectrum from a star is shown.

(i) State the type of spectrum shown. 1

(i) Explain how the spectrum can be used to identify the elements present
in the star. 1

A AREARMELAn ]

* X857750118 *
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. A ceramic power resistor is a common type of resistor, used in circuits to dissipate MARKS | o Not

WRITE IN
large amounts of energy as heat. They are labelled with a power rating and THIS

. MARGIN
resistance value.

Two examples are shown.

resistor 1 resistor 2

B

(a) State which of the two resistors will allow the greater current to pass.
You must justify your answer.

2
(b) The resistors are connected in the circuit shown.
6.0V
—
4.0 Q 16.0 Q
[ F——1 1+
(V)
NN
Calculate the reading on the voltmeter. 3

Space for working and answer

* X857750120=* —I
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. (continued)

(c) The two resistors are now connected in another circuit as shown.

— o

4.0 Q

16.0 Q

(i) Calculate the total resistance of the circuit.

Space for working and answer

(i) Another ceramic power resistor is now connected in parallel with the two
resistors in the circuit.

State the effect this change has on the reading on the ammeter.

Justify your answer.

* X857750121+%*
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7. A dehumidifier is an appliance that extracts water from the air around it.

One particular dehumidifier operates at 230 V a.c. and has a power rating of
0.35 kW.

(a) State the fuse rating that should be used for this dehumidifier.

(b) Calculate the resistance of the dehumidifier.

Space for working and answer

* X857750122 *
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(continued)

(c) The dehumidifier switches on automatically when the moisture in the air
increases above a certain level. This causes an LED to light and a fan to turn
on.

Part of the circuit diagram for the circuit is shown.

+V© ? 0

- X to fan circuit
moisture

sensor

variable
resistor

ove

(i) Complete the circuit diagram to show the LED connected correctly
between X and Y.

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

(i) The voltage across the moisture sensor decreases as the moisture in the
air increases.

Explain how the circuit operates to turn on the LED when the moisture in
the air increases above a certain level.

(i1i)) Explain the purpose of the variable resistor in this circuit.

* X85775012 3 *
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. An electric iron operates at 230 V a.c.

The power rating of the iron is 1750 W.

----

soleplate

(a) Calculate the current in the iron when it is operating.

Space for working and answer

* X857 750124 =%
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8. (continued)

(b) When the iron is switched on, it takes 72.0 s for the soleplate to reach the
correct temperature.

During this time, 126 000 J of energy is transferred to the soleplate.

(i) The soleplate is made from aluminium.
The mass of the soleplate is 0.650 kg.
The initial temperature of the soleplate is 22 °C.
Determine the maximum temperature reached by the soleplate. 4

Space for working and answer

(i) Explain why the maximum temperature reached by the soleplate will be
less than that calculated in (b) (3). 1

[Turn over
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A group of students are investigating how the pressure of a fixed mass of gas varies
with its temperature. This is known as Gay-Lussac’s Law.

The students set up an experiment as shown.

retort stand

—— pressure sensor

:[ N thermometer
i beaker
round-
bottomed T— water
flask

tripod stand

Bunsen burner

The round-bottomed flask contains a fixed mass of gas.

The Bunsen burner is used to heat the apparatus as shown. Readings of
temperature and pressure are taken every 10 °C.

During the experiment the volume of the gas in the round-bottomed flask remains
constant.

The students’ results are shown.

Temperature Temperature Pressure
(%) (K) (kPa)
50 323 121
60 333 124
70 343 128
80 353 132

* X85775012 6 *
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. (continued)

(@) Use all the appropriate data to establish the relationship between the pressure

and the temperature of the gas.

Space for working and answer

(b) Predict the pressure of the gas at a temperature of 100 °C.

(c) Suggest one way the students could improve the experiment.

* X857750127 *
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9. (continued)

(d) The tyre pressure in racing cars is carefully monitored throughout a race.

As the cars drive around the racing circuit, the temperature of the gas inside
the tyres increases.

Explain, using the kinetic model, how this affects the pressure of the gas inside
the tyres. 3

L A AREARAn ]

* X857750128 *
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10.

A student sets up a ripple tank. A ripple tank is a shallow tank of water used to
demonstrate wave properties.

The wooden rod moves in and out of the water to generate water waves.

The pattern of the water waves is projected onto a white sheet of paper below the
tank.

The wave pattern appears on the paper as a series of bright and dark lines. The
dark lines correspond to the wave crests.

A "~

crests /

(@) The student determines that there are six complete waves in 0.12 m.

(i) Determine the wavelength of the waves.

Space for working and answer

* X857750130=*
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10. (a) (continued) MARKS | Do NoT

WRITE IN
THIS
MARGIN

(i) The six complete waves are produced in a time of 0.40 s.
Show that the frequency of the waves is 15 Hz. 2

Space for working and answer

(iii) Calculate the speed of the waves. 3

Space for working and answer

(b) The student now places a plastic block in the ripple tank.

direction of water waves

plastic block

Complete the diagram to show the pattern of the water waves beyond the
plastic block. 2

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

L A ARELMEL oD S ]

* X857750131+%*
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11.

A laser produces a narrow beam of concentrated light of one particular wavelength.

(@) Aray of red light from a laser is directed into a semi-circular glass block.

(i) When the ray of red light enters the block its speed changes.

State the name given to this effect.

(i) Complete the diagram to show the path of the ray of red light through
and out of the semi-circular glass block.

(An additional diagram, if required, can be found on page 49.)

air

normal

ray of red light

(iii) State how the wavelength of the red light in the glass compares to the
wavelength of the red light in air.

* X857750132*
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11. (continued)

(b) The table gives information about the wavelength and output power of various
lasers.

Type of laser Wavelength (nm) Output power (W)
Argon 514 20
co, 10600 25
Diode 980 10
Nd:YAG 1064 3.0

Light from a CO, laser is used in dental treatment.

laser

tooth

/|

During the dental treatment the CO, laser emits short pulses of light.

The average energy per pulse of light is 42.5 mJ.
Calculate the average time for each pulse. 3

Space for working and answer

L A ARELAMELCID IS ]

* X857750133 =%
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12.

A student uses a Leslie’s cube and thermopile to investigate the amount of infrared
radiation emitted by different surfaces of the cube.

A Leslie’s cube is a hollow metal cube. Four sides of the cube have different
finishes: matt white, matt black, shiny silver, and shiny black.

Darker surfaces emit more infrared radiation than lighter surfaces. Matt surfaces
emit more infrared radiation than shiny surfaces.

A thermopile is a device that produces a voltage proportional to the amount of
infrared radiation detected.

Leslie’s cube

thermopile

voltmeter

The student fills the cube with hot water and measures the amount of infrared
radiation at different distances from the cube, using the thermopile.

(@) The student produces a graph of their results for the matt black side.

8.0

7.0

——

6.0

5.0 3

4.0 2

P

voltage (mV)

3.0

2.0 u

1.0

0.0
0.1 0.2 0.3 0.4 0.5

distance (m)

* X857 750134 %
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12. (a) (continued)
(i) State a conclusion that can be made about how the distance from a
Leslie’s cube affects the amount of infrared radiation detected by the
thermopile. 1
(i) The experiment is repeated using the shiny silver side.
On the graph below, draw a line to show how the voltage produced by
the thermopile varies with distance for the shiny silver side. 2
(An additional graph, if required, can be found on page 49.)
8.0
7.0
\
\
\
6.0
\
S 5.0 s
E
g 4.0 -
3 N\
S 3.0 .
2.0 a
\*\
1.0 R - matt black
0.0
0.1 0.2 0.3 0.4 0.5
distance (m)
[Turn over
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12.

(continued)
(b) A solar shower consists of a heavy-duty plastic bag, with a matt black surface

and a shiny silver surface, connected to a hose and shower head. The bag uses
infrared radiation from the Sun to heat water for a shower, when camping.

=
\
|

silver
} surface

matt
black

shiny
surface

hose

Using your knowledge of physics, comment on how the solar shower works.
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13.

Smoke detectors are designed to automatically detect smoke and give a warning. It
is recommended that smoke detectors are replaced every ten years.

Inside the smoke detector a radioactive source causes ionisation of the air between
two electrically charged plates. When smoke enters the detector, the ionisation of
the air is reduced.

radioactive
source T~ B —

> plates

In most smoke detectors the radioactive source used is americium-241, which emits
alpha particles.

(a) Give two reasons why an alpha radiation source is used rather than a beta or
gamma source.

* X857750138 =*
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13.

(continued)

(b) The graphs show how the activity of three different alpha sources X, Y, and Z
change with time.

100 100 - 100
T 80- T 801 T 80
o o E
< 60 \'E: 60 - < 60
>
S 401 S 40+ S 404
o k8] ks]
g 20 g 201 < 20
0 1 1 1 1 1 0 1 1 1 1 1 0 1 1 1 1 1
0 40 80 120 160 200 0 5 10 15 20 25 0 200 400 600 8001000
time (days) time (days) time (days)
source X source Y source Z

(i) State which of these three sources has the longest half-life.

(i) Explain why these sources would not be suitable for use in a smoke
detector.

[Turn over
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13. (continued)
(c) Manufacturers must meet health and safety standards for their radiation
workers.
During an 8-hour shift, a radiation worker receives an absorbed dose of
4.5 pGy every hour from alpha radiation.
Determine the equivalent dose received by the worker in the 8-hour shift. 4

Space for working and answer
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14. Nuclear fission is used in nuclear reactors to generate electricity. MARKS | poNot
Nuclear fusion happens naturally in stars such as the Sun. MARGIN
(a) State what is meant by the term nuclear fission. 1

(b) Electricity generated from nuclear fission reactions is used to power the
engines of an icebreaker ship.

(i) The power output of the nuclear reactor in the icebreaker ship is
150 MW.

Each nuclear fission reaction releases 2.9 x 107" J of energy.

Determine the minimum number of fission reactions that occur in the
reactor each hour. 4

Space for working and answer
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14. (b) (continued)
(ii) For many years, scientists have been attempting to develop nuclear

fusion reactors. Current fusion reactors can only sustain reactions for a

limited period of time.

Describe one difficulty in sustaining nuclear fusion reactions in a reactor. 1

[END OF QUESTION PAPER]
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Additional Relationships

Circle

circumference = 2zr

2

area=nar
Sphere

— A2
area =4nr

volume = 477

Trigonometry
sind = opposite
hypotenuse
cosd) = adjacent
hypotenuse
tan 6 = op!aos1te
adjacent

sin? @ +cos? 6 =1
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Electron arrangements of elements

Group1  Group 2 Group3 Group4 Group5 Group6 Group7  GroupO
Q) (18)
1 Key 2
H Atomic number He
! Symbol (13) (14) (15) (16) (17) 2
Hydrogen 2 Helium
Electron arrangement
3 4 5 6 7 8 9 10
Li Be Name B C N 0 F Ne
2,1 2,2 2,3 2,4 2,5 2,6 2,7 2,8
Lithium Beryllium Boron Carbon Nitrogen Oxygen Fluorine Neon
11 12 13 14 15 16 17 18
Na Mg Transition elements Al Si P S cl Ar
2,8,1 2,8,2 2,8,3 2,8,4 2,8,5 2,8,6 2,8,7 2,8,8
Sodium | Magnesium 3 (©)] (5) © % ® © (10) an (12) Aluminium Silicon Phosphorus Sulfur Chlorine Argon
19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36
K Ca Sc Ti \" Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
2,8,8,1 2,8,8,2 2,8,9,2 2,8,10,2 | 2,8,11,2 | 2,8,13,1 2,8,13,2 | 2,8,14,2 | 2,8,15,2 | 2,8,16,2 | 2,8,18,1 2,8,18,2 2,8,18,3 | 2,8,18,4 | 2,8,18,5 | 2,8,18,6 | 2,8,18,7 | 2,8,18,8
Potassium Calcium Scandium | Titanium | Vanadium | Chromium | Manganese Iron Cobalt Nickel Copper Zinc Gallium | Germanium | Arsenic Selenium Bromine Krypton
37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54
Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te | Xe
2,8,18, 2,8,18, |2,8,18,13,|2,8,18,13,|2,8,18,15, | 2,8,18,16, | 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18,
28,18,8,11281882) 128189,2) ™45 12,1 1 2 1 1 18,0 18,1 18,2 18,3 18,4 18,5 18,6 18,7 18,8
Rubidium | Strontium Yttrium Zirconium Niobium |[Molybdenum| Technetium | Ruthenium | Rhodium Palladium Silver Cadmium Indium Tin Antimony | Tellurium lodine Xenon
55 56 57 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86
Cs Ba La Hf Ta w Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
2,8,18,18, | 2,8,18,18, 2,8,18,18, | 2,8,18,32, | 2,8,18, |2,8,18,32,|2,8,18,32,|2,8,18,32, |2,8,18,32,|2,8,18,32, | 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18, 2,8,18,
8,1 8,2 9,2 10,2 32,11,2 12,2 13,2 14,2 15,2 17,1 32,18,1 32,18,2 32,18,3 32,18,4 32,18,5 32,18,6 32,18,7 32,18,8
Caesium Barium Lanthanum | Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum Gold Mercury Thallium Lead Bismuth Polonium Astatine Radon
87 88 89 104 105 106 107 108 109 110 111 112
Fr Ra Ac Rf Db Sg Bh Hs Mt Ds Rg Cn
2,8,18,32, | 2,8,18,32, 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32,
18,8,1 18,8,2 18,9,2 32,10,2 32,11,2 32,12,2 32,13,2 32,14,2 32,15,2 32,171 32,18,1 32,18,2
Francium Radium Actinium  [Rutherfordium| Dubnium |Seaborgium| Bohrium Hassium | Meitnerium [Darmstadtium|Roentgenium|Copernicium
57 58 59 60 61 62 63 64 65 66 67 68 69 70 71
Lanthanid La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
anthanides | ;5 13, | 2,818, |2,8,18,21,|2,8,18,22, | 2,8,18,23, | 2,8,18,24, | 2,8,18,25, | 2,8,18,25, | 2,8,18,27, | 2,8,18,28, | 2,8,18,29, | 2,8,18,30, | 2,8,18,31, | 2,8,18,32, | 2,8,18,32,
18,9,2 20,8,2 8,2 8,2 8,2 8,2 8,2 9,2 8,2 8,2 8,2 8,2 8,2 8,2 9,2
Lanthanum Cerium  [Praseodymium| Neodymium |Promethium| Samarium | Europium | Gadolinium | Terbium | Dysprosium | Holmium Erbium Thulium Ytterbium | Lutetium
89 90 91 92 93 94 95 96 97 98 99 100 101 102 103
Actinid Ac Th Pa U Np Pu Am Cm Bk Ccf Es Fm Md No Lr
ctinides 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32, | 2,8,18,32,
18,9,2 18,10,2 20,9,2 21,9,2 22,9,2 24,8,2 25,8,2 25,9,2 27,8,2 28,8,2 29,8,2 30,8,2 31,8,2 32,8,2 32,9,2
Actinium Thorium | Protactinium | Uranium | Neptunium | Plutonium | Americium Curium Berkelium | Californium | Einsteinium | Fermium [Mendelevium| Nobelium |Lawrencium
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