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INTRODUCTION

National 5 Physics

The assessment materials included in this book are designed to provide practice and to support revision for the National 5 Physics course assessment question paper (the examination), which is worth 80% of the final grade for this course.

The materials are provided in two sections:


1  Practice Questions

2  Practice Papers: Practice Paper 1 and Practice Paper 2.



Practice Questions

The Practice Questions are arranged in sets to reflect the different types of question which are used in the National 5 Physics examination, as shown in the grid below.

There are 325 marks’ worth of questions in this section.
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Linking questions to course specification

National 5 Physics is split into six areas of knowledge and understanding: Dynamics, Space, Electricity, Properties of matter, Waves and Radiation. Each of these areas is further split into Key Areas. These are numbered in the margin, so that as you work through the book you can identify which Key Areas you are scoring well in and which Key Areas you need to focus your revision on further (see Practice Questions Key Area index grid).


•  Dynamics:




    •  D1 vectors and scalars

    •  D2 velocity–time graphs

    •  D3 acceleration

    •  D4 Newton’s laws

    •  D5 energy

    •  D6 projectile motion




•  Space:




    •  S1 space exploration

    •  S2 cosmology




•  Electricity:




    •  E1 electrical charge carriers

    •  E2 potential difference (voltage)

    •  E3 Ohm’s law

    •  E4 practical electrical and electronic circuits

    •  E5 electrical power




•  Properties of matter:




    •  PM1 specific heat capacity

    •  PM2 specific latent heat

    •  PM3 gas laws and the kinetic model




•  Waves:




    •  W1 wave parameters and behaviours

    •  W2 electromagnetic spectrum

    •  W3 refraction of light




•  Radiation:




    •  R1 nuclear radiation



Key Area index grid

The Practice Questions Key Area index grid on page vi shows the pattern of coverage of the Key Areas and the skills across the Practice Questions.

After working on questions from Key Areas across an area of study, you might want to use the boxes to assess your progress. We suggest marking like this [–] if you are having difficulty (less than half marks), like this [+] if you have done further work and are more comfortable (more than half marks) and this [*] if you are confident you have learned and understood an entire area of study (nearly full marks). Alternatively, you could use a ‘traffic light’ system using colours – red for ‘not understood’; orange for ‘more work needed’ and green for ‘fully understood’. If you continue to struggle with a set of Key Area questions, you should see your teacher for extra help.

Practice Papers

This book contains two full practice papers worth 135 marks each. These papers are designed to be similar to the actual paper you will sit. They will generally follow the same order, have the same structure and will contain questions of the type that you will encounter in your examination.

Section 1 – This is an objective test, which contains 25 multiple-choice items worth 1 mark each and totalling 25 marks altogether.

Section 2 – This contains restricted and extended-response questions worth around 3 to 12 marks each, totalling 110 marks altogether.

In each paper, the marks are distributed proportionately across all six topics of the course content and about 90–100 marks are for the demonstration and application of knowledge. The remaining 35–45 marks are for the application of skills of scientific inquiry.

70% of the marks in each paper are set at the standard of Grade C and the remaining 30% are more difficult marks set at the standard for Grade A.

Grading

Each paper has a total of 135 marks – if you score 67 marks that’s a C pass. You will need about 80 marks for a B pass and about 95 marks for an A. These figures are a rough guide only.

Timing

If you are attempting a full paper in this book, limit yourself to 2 and a half hours to complete it. Get someone to time you! We recommend no more than 30 minutes for Section 1 and the remainder of the time for Section 2.

Key Area index grid

The Practice Papers Key Area index grid on page vii shows the pattern of coverage of the Key Areas and the skills across the practice papers. This can be used in the same way as the Practice Questions Key Areas index grid (see earlier) to aid your revision.

Using the questions and papers

We recommend working between attempting questions or papers and studying the answers (see below).

Where any difficulty is encountered, it’s worth trying to consolidate your knowledge and skills. Use the information in the Student margin to identify the type of question you find trickiest.

You will need a pen, a sharp pencil, a clear plastic ruler and a calculator for the best results. A couple of different coloured highlighters could also be handy.

Answers

The answers for the Practice Questions are provided on pages 60–72 and those for the Practice Papers on pages 129–148. They give National Standard answers but, occasionally, there may be other acceptable answers.

The answers to the practice papers (Section 2) also have commentaries with hints and tips provided alongside. Don’t feel you need to use them all!

The commentaries in the answers focus on the correct physics, as well as hints, advice on wording of answers and notes of commonly made errors.

Revision

There are 20 Key Areas from all six topics of the course content, so covering two each week would require about a 10-week revision programme. The exams are in May, so starting after your February holiday would give you time. You could use the Revision Calendar at www.hoddergibson.co.uk/ESEP-extras to help you plan and keep a record of your progress.

We wish you the very best of luck!


KEY AREA INDEX GRIDS

Practice Questions
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Practice Paper 1
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Practice Paper 2


[image: ]



[image: ]



RELATIONSHIPS SHEET

You will be provided with the Relationships sheet in your final exam. Please refer to it as required for each Practice Paper.
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Additional relationships

Circle

circumference = 2πr

area = πr 2

Sphere
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Trigonometry
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DATA SHEET

Speed of light in materials



	Material

	Speed in m s−1




	Air
	3·0 × 108




	Carbon dioxide
	3·0 × 108




	Diamond
	1·2 × 108




	Glass
	2·0 × 108




	Glycerol
	2·1 × 108




	Water
	2·3 × 108





Gravitational field strengths



	 
	Gravitational field strength on the surface in N kg−1




	Earth
	0009·8




	Jupiter
	023




	Mars
	0003·7




	Mercury
	0003·7




	Moon
	0001·6




	Neptune
	011




	Saturn
	0009·0




	Sun
	270




	Uranus
	0008·7




	Venus
	0008·9





Specific latent heat of fusion of materials



	Material

	Specific latent heat of fusion in J kg−1




	Alcohol
	0·99 × 105




	Aluminium
	3·95 × 105




	Carbon Dioxide
	1·80 × 105




	Copper
	2·05 × 105




	Iron
	2·67 × 105




	Lead
	0·25 × 105




	Water
	3·34 × 105





Specific latent heat of vaporisation of materials



	Material

	Specific latent heat of vaporisation in J kg−1




	Alcohol
	11·2 0× 105




	Carbon Dioxide
	03·77 × 105




	Glycerol
	08·30 × 105




	Turpentine
	02·90 × 105




	Water
	22·6 0× 105





Speed of sound in materials



	Material

	Speed in m s−1




	Aluminium
	5200




	Air
	0340




	Bone
	4100




	Carbon dioxide
	0270




	Glycerol
	1900




	Muscle
	1600




	Steel
	5200




	Tissue
	1500




	Water
	1500





Specific heat capacity of materials



	Material

	Specific heat capacity in J kg−1 °C−1




	Alcohol
	2350




	Aluminium
	0902




	Copper
	0386




	Glass
	0500




	Ice
	2100




	Iron
	0480




	Lead
	0128




	Oil
	2130




	Water
	4180





Melting and boiling points of materials
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Radiation weighting factors



	Type of radiation

	Radiation weighting factor




	alpha
	20




	beta
	01




	fast neutrons
	10




	gamma
	01




	slow neutrons
	03






PRACTICE QUESTIONS

Question type: Multiple-choice
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HOW TO ANSWER

In the National 5 Physics exam, Section 1 contains 25 multiple-choice questions worth 1 mark each and totalling 25 marks altogether. Each question has five possible choices of answer.

Only one answer is correct.

The multiple-choice questions are distributed proportionally across all six areas of the course content and are designed to test a range of skills, for example:


•  knowledge and understanding of the course

•  using equations

•  selecting correct statements from a list

•  selecting and analysing information from a diagram.



One question on average should take just over a minute (i.e. 67 seconds). In practice, some questions might take a bit longer, for example, if there is a lot to read or if calculations or other information processing are involved, but others can be answered more quickly if it’s just straightforward recall.
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Top Tip!

Be aware of how much time you spend on each question. For example, do not spend 5 minutes on one question worth only 1 mark, especially if you haven’t completed the rest of the questions – you can always return to the question later if there’s time.
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It is important to practise as many multiple-choice questions as possible to get used to the ‘style’ and types of questions.

Where a question is complicated, write down notes and working on the blank pages at the end of the question paper or beside the actual question. Do not use the answer grid for working and remember to cross out any rough working for these multiple-choice questions when you have finished.
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Top Tip!

You should spend no more than 30 minutes on Section 1 in your examination.
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  1  Which of the following contains one vector and one scalar quantity?




      A  time, energy

      B  force, mass

      C  acceleration, displacement

      D  speed, time

      E  velocity, force



STUDENT MARGIN: Dynamics 1


  2  A cyclist follows the route shown in the diagram.
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Which row in the
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  3  A cyclist follows a course from P to R as shown.
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  4  As a car approaches a town, the driver applies the brakes. The speed–time graph of the car’s motion is shown.
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      A  0560 m

      B  0780 m

      C  1000 m

      D  1060 m

      E  1500 m.





  5  A child sledges down a hill.
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      A  −0·5

      B  00·5

      C  02·0

      D  13·5

      E  40·5.





  6  The engine in a speedboat provides a constant forward thrust on the speedboat.







      A
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      B
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      C
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      D


[image: ]


      E
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  7  A constant force of 54 N pulls a wooden block of mass 5 kg on a track. The block is moving in the direction shown.
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      A  0zero

      B  048 N

      C  054 N

      D  060 N

      E  114 N.





  8  An aircraft engine exerts a force on the air.





      A  The force of friction exerts a force between the air and the engine.

      B  The Earth exerts a force on the engine.

      C  The force of friction exerts a force between the engine and the air.

      D  The engine exerts a force on the Earth.

      E  The air exerts a force on the engine.





  9  An equation known as Stokes’ law can be used to determine the upward drag force, Fd, acting on a small drop of oil falling under gravity through air when it has reached its terminal velocity:














      A  4·40 × 10−14 N

      B  8·31 × 10−13 N

      C  9·70 × 10−10 N

      D  4·57 × 10−8 N

      E  2·90 × 10−8 N.





10  A builder pushes a wheelbarrow of total mass 50 kg along a path with a force of 20 N at a constant speed of 4·0 m s−1 for a distance of 120 m.
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      A  0020 J

      B  2400 J

      C  2490 J

      D  2400 J

      E  9600 J.





11  The total mass of a go-cart and driver is 200 kg. While braking, the cart and driver are brought to rest from a speed of 10 m s−1 in a time of 8·0 s.





      A  02 000 J

      B  10 000 J

      C  16 000 J

      D  20 000 J

      E  40 000 J.





12  A ball is dropped vertically from a height of 1·20 m to the ground and rebounds as shown.
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      A  0·10 J

      B  0·15 J

      C  0·98 J

      D  03·7 J

      E  04·7 J.





13  A ball of mass 0·75 kg is released from a height of 2·0 m and falls towards the ground.
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14  A package is released from a helicopter flying horizontally at a constant speed of 30 m s−1.





      A
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      B
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      C
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      D
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      E


[image: ]






15  The altitude above the Earth’s surface of a geostationary satellite is approximately




      A  0000360 km

      B  0003600 km

      C  0036000 km

      D  0360000 km

      E  3600000 km.





16  At launch, an Apollo lunar ascent module accelerated vertically upward from the surface of the Moon at 1.4 m s−2. The mass of the module was 5000 kg.





      A  07000 N

      B  08000 N

      C  15000 N

      D  49000 N

      E  56000 N





17  A star is 960 light years from the Earth.





      A  3·0 × 1010

      B  1·1 × 1014

      C  9·5 × 1015

      D  1·5 × 1017

      E  9·1 × 1018.





18  The current in a 16 Ω resistor is 4 A.





      A  002 C

      B  004 C

      C  008 C

      D  032 C

      E  128 C.





19  Atomic particles electrons, protons and neutrons are directed into an electric field as shown in the diagram.
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20  An electrical circuit has a voltage supply.





      A  current in the circuit

      B  energy given to the charges in the circuit

      C  power developed in the circuit

      D  total resistance of the circuit

      E  number of charges in the circuit.





21  The circuit below controls the brightness of two identical 3·0 V lamps.
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      A  04·0 Ω

      B  6·75 Ω

      C  08·0 Ω

      D  12·0 Ω

      E  16·0 Ω.





22  The circuit shows two resistors connected to a supply voltage.
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      A  0·1 V

      B  3·1 V

      C  9·6 V

      D  121 V

      E  616 V.





23  Resistors are connected in the following circuit as shown.
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      A  05 Ω

      B  10 Ω

      C  20 Ω

      D  30 Ω

      E  35 Ω.





24  Four circuit symbols, P, Q, R and S are shown.
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25  The information shown is for an electric heater.
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      A  00000.5 Ω

      B  0000.46 Ω

      C  0..264·5 Ω

      D  0.46000 Ω

      E  .264500 Ω.





26  A mass of 2·5 kg of water is heated up in a flask. A heater supplies 6·27 × 105 J of heat energy to the water.





      A  060·0 °C

      B  120·0 °C

      C  160·0 °C

      D  320·0 °C

      E  640·0 °C.





27  A solid substance is placed in an insulated container and heated continuously with an immersion heater.
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      A  mixture of solid and liquid

      B  mixture of liquid and gas

      C  solid

      D  liquid

      E  gas.





28  A sample of water is at a temperature of 0 °C.






      A  3·11 × 0·36 kg

      B  3·11 × 0·41 kg

      C  3·11 × 2·43 kg

      D  3·11 × 2·78 kg

      E  3·11 × 1011 kg.





29  The outside pressure on a submarine beneath the sea is 3·0 × 106 Pa. The air pressure inside the submarine is 1·0 × 105 Pa.






      A  1·61 × 106 N

      B  1·72 × 106 N

      C  5·22 × 106 N

      D  5·40 × 106 N

      E  5·58 × 106 N.





30  The mean kinetic energy of the particles in a substance is a measure of its




      A  activity

      B  temperature

      C  pressure

      D  volume

      E  density.





31  A solid is cooled from 75 °C to 49 °C. The temperature change in kelvin is




      A  026 K

      B  124 K

      C  299 K

      D  397 K

      E  572 K.





32  A student investigates the relationship between the pressure and kelvin temperature of a fixed mass of gas at constant volume.





      A
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      B


[image: ]


      C
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      D
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      E
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33  The pressure of a fixed mass of gas is 5·0 × 105 Pa.







      A  2·7 × 100 Pa

      B  2·7 × 105 Pa

      C  3·2 × 105 Pa

      D  5·2 × 105 Pa

      E  2·5 × 109 Pa.





34  The period of vibration of a violin string is 4 ms.





      A  0·25 Hz

      B  0·25 Hz

      C  0250 Hz

      D  0400 Hz

      E  4000 Hz.





35  Water waves are produced in a ripple tank. The waves reach a barrier and are diffracted.





      A
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      B
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      C
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      D
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      E
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36  A student makes the following statements about ultraviolet rays and X-rays.




      I  In air, X-rays travel faster than ultraviolet rays.

      II In air, X-rays have a longer wavelength than ultraviolet rays.

      III X-rays and ultraviolet rays are both members of the electromagnetic spectrum.








      A  I only

      B  III only

      C  I and II only

      D  I and III only

      E  II and III only.





37  The diagram shows the path of a ray of green light as it passes from a glass block into air.
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38  A nuclear fission process produced radiation Z, which passed through an electric field as shown.
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      A  a slow neutron

      B  a fast neutron

      C  a beta particle

      D  an alpha particle

      E  gamma radiation.





39  Which row in the table correctly describes alpha (α) and beta (β) radiations?
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40  A ratemeter was used to measure the background count rate in a laboratory.
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	Absorbing material
	



	No material
	



	Sheet of paper
	



	3 mm of aluminium
	



	10 mm of lead
	








      A  α only

      B  γ only

      C  α and β only

      D  β and γ only

      E  α, β and γ.





41  In 30 minutes, 15·84 × 1018 nuclei of a radioactive isotope decay.





      A  1·47 × 1014 Bq

      B  8·80 × 1015 Bq

      C  5·28 × 1017 Bq

      D  4·75 × 1020 Bq

      E  2·85 × 1022 Bq.





42  A tissue sample has a mass of 0·08 kg. The tissue receives an absorbed dose of 24 μGy from alpha particles in 3 minutes.





      A  1·92 μJ

      B  5·76 μJ

      C  24·0 μJ

      D  .300 μJ

      E 3000 μJ.





43  The following statements refer to nuclear fission and fusion.




      I  During nuclear fusion a large nucleus splits into smaller nuclei.

      II During nuclear fission neutrons are emitted.

      III During nuclear fission and nuclear fusion energy is released.








      A  I only

      B  II only

      C  III only

      D  I and II only

      E  II and III only.





44  A student makes the following statements about nuclear fusion.




      I  During nuclear fusion, two nuclei combine to form a nucleus of smaller total mass.

      II During nuclear fusion, a large amount of energy is released.

      III On Earth, extreme temperatures are required to produce the same nuclear fusion reaction that occurs in the Sun.








      A  I only

      B  II only

      C  III only

      D  I and II only

      E  I, II and III.
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Cars have to speed up regularly; reducing the overall mass of the car would reduce
the unbalanced force required for acceleration (F =ma), reducing fuel needed. The
mass of the car will affect the fuel consumption.

Making the car more streamlined would reduce the frictional forces acting on

the car and so less fuel would be needed to provide the reduced forward

engine force.

Manufacturers produce cars that transform their kinetic energy into electrical
energy when braking, to be stored in rechargeable cells. These cells can provide
an additional energy source to energise a motor, which assists the car's movement.
Modern totally electric cars use only electrical energy from a battery, which is
replaced by recharging the battery using electricity from the National Grid. This
electricity is generated more efficiently than the efficiency of conventional fuel cars
and represents a more efficient method of driving.

On the occasions when cars are in long queues or traffic jams, energy is used up
while the car engine idles. This is common on motorways and in towns. Some
manufacturers have already introduced a detector to switch the engine off and to
re-start when the driver is able to drive ahead.

If air resistance is ignored, then at the planet surface all objects fall with the same
acceleration due to gravity, g, so objects will take the same time to fall equal
distances.

Different planets have different values for this acceleration, g. The time taken to
fall the same distance would be longer on planets where g is smaller.

On Earth, air resistance could reduce the acceleration of a falling object. If objects
were falling far enough through air to reach terminal velocity, then this velocity
would be different for objects with less streamlining, and affect the time taken to
reach the ground.

The acceleration also depends on the height above the planet. Objects released at
higher altitudes would take longer to fall the same distance than objects released
closer to the Earth’s surface because g is less.

As the rocket rises, fuel is used up and the rocket mass reduces. This reduces the
rocket weight and so the unbalanced upward force increases, causing acceleration

to increase, asa =—.
m
As the rocket rises, the gravitational field strength decreases. This causes the
rocket weight to reduce and so the unbalanced upward force increases, causing
N B F
acceleration to increase, asa=—.
m
As the rocket rises, the frictional force reduces because of the atmosphere being
less dense at altitude. This reduces air resistance and so the unbalanced upward
F

force increases, causing acceleration to increase, asa =—.
m

Assume that the average mass of a student is 60kg.
Student has a weight of W =mg =588N.

The total weight of the student will be exerted on the ground where their feet are
in contact.

Assume that the area of one foot in contact with ground is 0-2m x 0-08m = 0-016m?.
Total area in contact = 0-032m?.

force _ 588 _ 1§375pa = 18000 Pa.

area 0032

Pressure
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Gravitational

potential energy (J) Kinetic energy (J)
A 37 37
B 37 11-0
c 1-0 37
D 14-0 37
E 14-0 11-0
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A decreases increases constant
B increases constant decreases
c constant increases increases
D decreases constant decreases
E decreases increases constant
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Pressure is the force per unit area exerted on a surface.

There are several definitions
required in the National 5 Physics
specification. Make sure that you
know these definitions as you may
be asked about them in the exam.

b)

gh (W]
=1025x9-8 %24 )
=2:4x10°Pa (W]

P

Use the relationship given in
the passage carefully and make
sure that you use the correct
numerical information from the
passage. Remember to give the
correct unit in the final answer.

(]

10 [a)

—40°C =

T,=10°C=283K, T,
2
T,° 1,

101 x10°
283 23 i
=83x10*Pa (O}

3K, py =101 X 10°

(W]

Temperature must be converted
from °C into Kelvin by adding
273.

b_p
Use T to calculate p,.

b) | ()

Ap=101x10°-83x10*

=18 x10*Pa

Use the answer to part a) in this
calculation.

(i)

F

P - ()
1-8x 104:m (U]

F=8100N (]

The air pressure difference
between inside and outside the
container, calculated in part b) (i),
is used in this relationship.

(i)

Downwards on lid

The air pressure outside the
container is greater than the
pressure inside, so the resulting
pressure is downwards on the id.

(8)

1 [a)

The direction of current from an alternating supply
changes at the frequency of the supply.

The current from a direct supply always moves in the
same direction.

It is essential to clearly describe
each type of current to identify
the difference between them.

b) | ()

Amplitude =3 X 2:5 =75V

There are 3 centimetres from
the centre to the top of the
waveform, and the volts per
centimetre setting is 2'5 volts.

(i)

Time Tfor 1 wave:

One complete wave occupies

8 boxes on the horizontal axis.
The timescale setting is 0-4
milliseconds per centimetre,

5o total time for the wave

(the period, T) is number of
centimetres x timescale setting.

(i)

(W]
(W]
(1)

Use the value for T calculated in

part b) (ii).
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Distance from the

Mass (multiple of

Planet Sun (x10°m) Period (days) Earth masses)
Earth 150 365 1
Jupiter 780 4300 318
Mars 228 011
Mercury 58 88 006
Saturn 1430 10760 95
Venus 110 225 0-82
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9 a) Refraction occurs when light travels from one medium into another with a 1
change in the wave speed and wavelength.
b) |() |Forshowing refraction towards normal in glass M3
and | For showing refraction away from normal when emerging from glass
(i) into air M
\\'i
For correct identification of one angle of incidence [©)
10 a) | |Xinfrared M2
Y: ultraviolet [U)
(i) 3
(W]
)
(W]
©)
1 a) 1 3
T== 1
5 (Y]
4ox10°= 1 (W]
!
f=25%10"Hz m
b) fA m|3
3x10°=2:5%10° x4 W]
A=0-12m (W]
()
12 a) (i) Half-life is the time for the activity of a radioactive substance to reduce 1
1o half of its original value.
OR
The time taken for one half of the nuclei of a radioactive substance to
disintegrate.
(i) |12 hours 1
(iii) |80 —40—20— 10 mj2
10kBq (1)
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b) Mass of water vaporised = 1710 — 1460 = 4 First, calculate the mass of water
250g=025kg vaporised, then calculate the energy
used to vaporise water = used during vaporisation.
1:62) X 105 =59 x 1057 ™) Then use the relationship for specific
o) latent heat to calculate the value for
5010520251 a the specific latent heat 9% vaporisation
PR of water. Remember to include the
=236 %107k’ M correct units in the answer (Jkg™).
Hint: the units for the specific latent
heat of vaporisation of water can be
found in the Data sheet.
<) Insulating the metal container should improve the |1 Insulating the metal container would
accuracy. mean that less heat energy would
be lost to the surroundings. This
means that less heat energy would
be supplied to cause the same mass
to be vaporised, which would lead
to a smaller calculated value for the
specific latent heat.
()
10 |a) 3 The temperature before compression
must be converted into Kelvin before
W use in the relationship.

It is not necessary to convert the final

10 x10°x 50 x 107 o temperature back into °C unless the

T T question specifically asks for this.

_5:0x10°x2:0 x 107

L

T,=586K [©)

b) | () | Pressure difference 3 First, calculate the pressure difference
70X 10610 X 1 between inside and outside the
—69x10Pa oy cylinder.

F Then write P
4 (W] P .
. F o Then substitute values into the
70X 106 = ———— i
A x10" relationship.
F=448x10°N Always write down the final answer in
these ‘show’ type of questions.

(ii) | The volume of the air increases. There are fewer 1 Itis important to mention: volume
collisions between the air particles and the piston increasing, fewer collisions so reduced
walls because the air particles must travel further force on cylinder walls, resulting in
between collisions. Fewer collisions means the reduced pressure.
force on the piston walls is reduced, so pressure
reduces.

@
11 |a) | () 1 3 Remember that when the frequency is
7 M in Hz, the answer for T'is in seconds.
(W]
1)
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[T Melting point | Boiling poirt

in“C in°C
Alcohol 98 65
Aluminium 660 2470
Copper 1077 2567
Glyceral 18 290
Lead 328 1737
Iron 1537 2737
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Volume of air in cylinder (m?) 5010 2010
Pressure of air in ylinder (Pa) 1:0x 108 5.0 % 10°
Temperature of air in cylinder (°C) 20.0
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@

W only

d.c. circui
In circuit A, the LED conducts
current from the negative terminal
to the positive terminal in W only.
The orientation of LEDs Y and Z
are the wrong way for conduction
and so prevent current in the
remaining branches.

(i)

W andZ

a.c. circuit:

In an alternating current circuit,
W and Z will conduct for each
separate direction of the
alternating current, but X and
Y connected together in series
will prevent any conduction of
current in them.

(@)

12

Sample answar

>

There is more diffraction of sound than of light;
sound waves have longer wavelength than light
waves, so the sounds of the dog are likely to diffract
towards the student around fences or trees.

Light waves are less likely to diffract enough to
illuminate the side of the field, and the light from the
torch is directed into a narrow beam.

The sounds of the dog may reflect off fences or trees
to reach the student. Sound waves are more likely
to travel in all directions from the dog, allowing the
student to hear the sounds directly without requiring
diffraction.

This is an open-ended question:
a variety of physics arguments
can be used to answer this
question.

Marks are awarded on the basis
of whether the answer overall
demonstrates 'no’ (0 marks),
“limited’ (1 mark), reasonable’

(2 marks) or ‘good’ (3 marks)
understanding.

3 marks would be awarded to

an answer which demonstrates

a good understanding of

the physics involved. The

answer would show a good
comprehension of the physics

of the situation, provided in a
logically correct sequence.

(This type of answer might
include a statement of the
principles involved, a relationship
or an equation, and the
application of these to respond
to the problem.)

Also, note that the open-ended
type of question is worth 3 marks.
It is important not to spend

too much time answering this
question (3-4 minutes is the
average time in the paper for 3
marks). A guide would be to take
perhaps 3-5 minutes to complete
this type of question. Only use
more time than this if you have
completed and checked all of the
remaining questions in the paper.

(3)






OEBPS/images/xi-3.gif
. opposite
sin6 = PP

hypotenuse
cos6 = adjacent
hypotenuse
opposite
tang = PO
adjacent

<in2 @ +co2B=1





OEBPS/images/123-2.gif
e squares

Horizontal axis

(milliseconds per centimetre)





OEBPS/images/xi-2.gif
area = 4mr-
4

volume = 3 7





OEBPS/images/108-3.gif
o TR

Plunger syringe Stopper





OEBPS/images/xi-1.gif
a=vt E,=cmAT
d=vt E,=ml

s=vt 2
P74

pVi=pY,

h_b
T, T,

AR

n I

_ \4
W=mg P? = constant






OEBPS/images/108-2.gif
1SV

10

50

30

10

TO





OEBPS/images/81-2.gif
Speed (ms~') 100

50

10

20

30

40

50

60
Time (s)





OEBPS/images/100-1.gif
Velocity (ms™) g

t
5 Time(s





OEBPS/images/89-2.gif





OEBPS/images/20-1.gif





OEBPS/images/43-1.gif
Activity (kBq) 90

EY

70

60

50

a0

30

20

10

o 10 20 20 40
Time (hours)





OEBPS/images/66-1.gif
a) () | Vg=V,-Vipp=30V |4
Viow _ R (W]
Ve R
2_Rpy (W]
32250
Ry pp=1500Q [
(ii) | 140 units 1
b) () |AsRpgincreases, Vi pgincreases. m|3
When V) reaches switching voltage, the MOSFET turns on. m
Current is now in the relay which completes the lamp circuit. (V)
(ii) | Lamps will switch on at a lower outside light level. m|3
Resistance of LDR must be greater than 1500Q. m
to maintain the MOSFET switching voltage. (1)
(n
a) E, =cmAT m|3
1800 % 28 x 150 M
E=756000] [§)
b) o) 3
'
1500 = 7551000 m
1=504s m
9 (i) Heat energy loss from the appliance to the surroundings means it will take 1
longer to supply the energy required to heat the oil to 170°C.
(i) | Use a cover/lid. 1
()
a 0°C = 203K 3
8°C = 301K
2,
Tj (W]
=N ™M
301
p, = 103kPa m
b) As temperature increases, the average E, of the gas particles increases (1) |3
so the particles collide with the walls of the container more frequently
with greater force m
s0 pressure increases. [
9 Place temperature sensor inside the flask to measure gas 1

temperature directly.

(7)
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(i)

7
=025x4
=lms?!

m|3
(W]
()

Remember to include the units for
speed in the final answer.

1)

‘Wave diraction

Wave machine

The diffracted waves after the barrier
should:

» have the same wavelength as
waves before the barrier (1)
» be circular and reach into the space
beyond the barrier. ™)

b)

Camera

Marks for the drawing are awarded as
follows:

» 1 mark for showing the light ray
changing direction at the air/water
boundary.

» 1 mark for the angle of refraction in
water being less than the angle of
refraction in air.

» 1 mark for the normal being
correctly drawn at the point where
the light ray meets the air/water
boundary.

Itis good practice to use a ruler when

drawing light rays.

(n

@

infrared

The order of the bands of the
electromagnetic spectrum should be
memorised, including the direction of
increasing wavelength and frequency of

the bands.

(i)

photographic film or digital alternative (CCD)

Other detectors of X-rays include:

Geiger-Miller tube, scintillation
counter.

Gamma radiation has the highest frequency.

Gamma rays have the highest
frequency and the shortest wavelength
of the bands of the electromagnetic
spectrum.

b)

d=vt
2:4x102=3x108x1
t=80x108s

total time in seconds

af Hght o=
oo gt years = o seconds n

one light year

mumberof ____80x10%
light years ™ 36525 x 24 x 60 x 60

=25 x 106 light years

m|3
(W]

(W]

First, use d = vt to calculate the time
taken, in seconds, for light to travel 24
% 102 m, using v=3 x 108 ms!
Then calculate the number of light
years equivalent to this time:
total time in seconds
no.of light years = -2 ME T SCCONT
‘number of seconds in
onelight year

(the number of seconds in one
year = 365-25 X 24 X 60 x 60)
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Average velocity (ms™)

A 2:5 25 North
B 2:5 10 South
c 10 25 North
D 10 2:5South
E 10 10 South
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13 | a) Alpha radiation consists of helium nuclei emitted from | 1 Alpha particles consist of two.
unstable atormns when they decay. protons and two neutrons
combined, which is a helium
nucleus and is positively charged.

b) lonisation is when an atom loses an electron to become | 1 The process of ionisation is
a positive ion. when neutral atoms lose (or

gain) electrons to become ions.
This can occur when the atom is
exposed to the different types of
radiation.

) Alpha radiation causes greatest ionisation of air, which |2 | Knowledge of the relative
is required between the electrodes. m ionising effect and penetration of
Alpha radiation would be absorbed by the plastic alpha, beta and gamma radiation
housing which makes the detector safer for use. Beta is required.
radiation and gamma radiation may penetrate the
casing to reach the exterior of the casing. 1)

d) TmSv 1 Knowledge of equivalent dose
rate and exposure safety limits
for the public and for workers in
the radiation industries in terms
of annual effective equivalent
dose is required.

o) Americium-241 432 years |2 Since the detector relies on
Ashort half-life source would cause the detected a change of detected current
current to change over a short period of time, causing a when smoke is present, the short
false alarm. " half-life source would cause the

current to change without smoke
present, setting off afalse alarm.

f) 3 Remember to convert minutes (or

(O} : N
. hours) into seconds when using
1.68 x 107 time.
=Txe0- m
=4-0x10*Bq (1)
(10
14 | a) Neutron 1 A qualitative description of
nuclear fission (and fusion) is
required in National 5.
b) [() | 1000 = 500 (From graph: 0 — 200 years) so half-lifeis | 1 It is convenient with this graph to
200 years start with 1000kBa, which is at the
start of the time axis, then find
the time on the graph for half
(500kBq), which is at 200 years.
This allows the half-life to be
easily assessed from the graph.
(if) | 1000 — 500 — 250 — 125 — 62:5 is four half-lives (1) |2 Use the half-life calculated in b).
So total time = 4 x 200 = 800 years o) From the starting activity

(1000kBa) halve this value until
62-5kBq is reached.

Always state the final answer
(including the unit, years).






OEBPS/images/61-1.gif
a)

a== (W]
a= (W]
4%24x60 % 60
a=75x10"ms™ ™)
b) |F=ma ™
=750%7-5x 107 ™)
=0056N ™
13 From graph, at 1250km altitude, the gravitational field strength is 6-8 Nkg-1 m
W=mg ™
306=mx68 ™
m=45kg ™
14 Fp=ma ™
82 106=2:05x 106 x a (W]
a=40ms? M
15 d=vt )
3% 108 % 17 X 106 X 365-25 X 24 X 60 X 60 ™)
d=16x10%m
(Note that 365-25 days (the average number of days in one year.) ™)
16 o=1I m
17640 =1 35 X 60 % 60 ™
I=14A ™
17 A Electrons are negatively charged and experience a force upwards m
B Neutrons have no charge and experience no force (O}
C Protons are positively charged and experience a force downwards m
18 Rypp (covered) = 44kQ ™
v,= [RR%]VJ ™
)+ R
44x10°
[33x10’+44x10’])<5 m
297 (W]
19 a) | Transistor
b) | As R pg increases, Vo increases. ™
When V| reaches switching voltage, the transistor turns on. m
Current is now in the relay which completes the water tap valve circuit. (V)
20 Resistance between R and S:
(W]
(W]
So R, =15+4=55Q ™
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a) @) [7=0075A ™
v=IR ™
42=0075 xR ™
R=56Q ™

(ii) | Resistance stays the same 1)
because the graph is a straight line through the origin. 1)

b) 1_1 1
LI
R R OR

1 1
375 M
=0048 ™
R,=2076=20Q ™

a) Px 77=2000, 1995, 2002, 2001 ™
P V= constant )

b) Gas molecules collide with walls of container more often [Q)
so average force increases )
causing an increase in pressure. )

9 To reduce the inaccuracy of the syringe volume, since the volume of air
contained in the tubing is not measured.

a) Transverse Longitudinal
light wave sound wave
radio wave

b) | () |Transverse because particles vibrate at right angles to the direction of energy
transfer of the wave.

@ Hz )
(W]
(W]
(W]

a) The source could be emitting gamma radiation, which would not be
absorbed by the aluminium sheet.

b) The technician could compare the reduced count rate due to the aluminium
sheet with the background count rate.

If the reduced count rate is greater than background count rate then the
source is emitting gamma radiation.

Q) Handle the sources with tongs.

Never point the sources at the eyes.
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c) [(i) |Longwave signals diffract more around the Earth’s | 1 Wave diffraction is greater for longer
curvature than short waves. wavelengths than short wavelengths,
so longer wavelength radio waves
from a land-based transmitter would
diffract more around the curve of the
Earth to reach ships that are far out on
the sea.
(ii) 3 Remember for this calculation that the
; m speed of radio waves in air is
N 3x108ms!.
3x10°= m
0-0046
d=138%10m 1)
(10)
13 Sample answer 3 |Thisis an open-ended question: a

» Nuclear radiation is used in treatment of
cancer patients. For example, gamma rays are
directed into the tumour site from different
angles to destroy cancer cells, but to minimise
the damage to healthy cells.

» Aradioactive 'tracer is a liquid that contains
a radioactive isotope which emits gamma
radiation. The tracer is injected into the body
and can be used to check the function of
various organs of the body. For example, for
abone scan the tracer travels through the
blood and collects in the bones. The radiation
emitted by the tracer is detected by a gamma
camera. The images obtained are analysed by
computer, then displayed on screens to allow
doctors to identify any problems.

» X-rays are used to get images of the
body. X-rays travel through the body and
photographic film or image intensifiers
produce images of bones, tissue, etc.

» Infrared rays are used in the treatment of
muscle injuries.

» Radio waves are used in the treatment of
certain cancerous tumours. A probe which
produces high-energy radio waves is directed
into the tumour. The radio waves produce a
current in the cells which heats them until they
are destroyed.

variety of physics statemnents and
descriptions can be used to answer
this question.

Marks are awarded on the basis

of whether the answer overall
demonstrates 'no’ (0 marks), ‘limited’
(1 mark), reasonable’ (2 marks) or
"good’ (3 marks) understanding.

3 marks would be awarded to an
answer which demonstrates a good
understanding of the physics involved.
The answer would show a good
comprehension of the physics of

the situation, provided in a logically
correct sequence.

(This type of answer might include a
statement of the principles involved,
a relationship or an equation, and the
application of these to respond to the
problem.)

Also, note that the open-ended type
of question is worth 3 marks. It is
important not to spend too much time
answering this question (3-4 minutes
is the average time in the paper for

3 marks). A guide would be to take
perhaps 3-5 minutes to complete this
type of question. Only use more time
than this if you have completed and
checked all of the remaining questions
in the paper.

(3)
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1 a) Neutron stars are thought to be formed when large stars collapse. 1
b) During the collapsing process, electrons and protons combine to form neutrons. 1
<) o) 3
- L 0]
716
7=14x107 Hz M
2 |a) It is thought that the asteroid belt was formed about 4-5 billion years ago. 1
b) The gravitational effects from the larger planets — Jupiter, Saturn, Neptune or 1
Uranus — can cause some asteroids to alter their orbit.
] d=vt ™3
d=3x10° x4:2 10 x 365-25 %24 x 60 x 60 )
=3.98x10"m=40x10"m )
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The final temperature will be between both starting temperatures.

The heat energy E, lost by the copper will be gained by the water.
E,

From AT = =2 the rise in temperature of the water and fall in temperature of the
cm

copper will depend on the respective masses of water and copper.

Specific heat capacity for water is much greater than for copper, so if masses were
equal, final temperature would be closer to water’s starting temperature.

Astronomical objects in space, like stars and galaxies, emit electromagnetic
radiation across all bands of the electromagnetic spectrum. Different detectors are
required to receive signals from these different bands. Radiation from some bands
of the electromagnetic spectrum is absorbed by the Earth’s atmosphere, so some
telescopes need to be located in satellites above the atmosphere to detect this
radiation.

Telescopes contain different detectors to receive the signals of each particular

band in the electromagnetic spectrum. For example:

+ Radio telescopes detect radio waves, which can be used to help produce maps
of the positions of astronomical objects is space.

+ Infrared telescopes can be used to detect infrared radiation from stars and
galaxies which are obscured behind dense regions of dust or gas and which do
not allow visible light to pass through. This has led to the discovery of a star-
forming region at the centre of our galaxy, the Milky Way.

+ Visible light from stars and galaxies can be analysed to obtain line spectra
which can identify the elements present.

+ Gamma rays detected in space have resulted in data from stars exploding or
colliding stars and black holes to be discovered.
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E
The relationship D = does

not require the nature of the

ionising radiation to be taken
into account. Only the energy
absorbed and the mass of the
absorbing tissue are required.

(i)

H=Dn

2x107 %20

1
=2:4x 10748V

(W]
(W]
(W]

Use the value for the absorbed
dose, D, from ¢) (i).

The relationship H =Dw, to
determine the equivalent dose
requires the radiation weighting
factor for the ionising radiation,
w, to be obtained from the table
of radiation weighting factors in
the Data sheet (in this case, w, =
20 for alpha radiation). If the type
of ionising radiation is not in this
table, then the value for w, will
appear in the question.

(i)

Worker should wear protective clothing

This precaution is one safety
measure when dealing with
radiation.

d)

Nuclear fusion

The question is mainly about
nuclear fission.

Nuclear fusion is the other
nuclear process involved in the
generation of electricity.

(12)

[110]
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13

The line spectra of hydrogen and nitrogen line up exactly with lines
appearing in the distant star's spectrum.

Hint: use a ruler to find which element has all of its lines exactly matching the
position of the lines in the star spectrum.

14

First, calculate the current in the device with P=1V, using ¥ =2307 and
P=9200W (from rating plate), then use Q =1It, converting 5 minutes into
seconds.

15

Use 7'=1IR where =6V and I=0'5A to calculate total resistance in the
circuit, then subtract 5Q from the total resistance to obtain resistance of R.

16

To measure R, the current in the circuit, and the voltage directly across the
resistor, must be measured.

17

Light-emitting diode:

&
49’7

The symbols for cell, battery, lamp, switch, resistor, voltmeter, ammeter, LED,
motor, microphone, loudspeaker, photovoltaic cell, fuse, diode, capacitor,
thermistor, LDR, relay and transistor should be memorised.

18

1 1 1 1
Use =5t E R

to determine the resistance of resistors in parallel, and

then add this answer to the 4Q resistor in series to get total resistance.

19

The resistors are connected in series. The power developed in each resistor
is calculated using P=PR.

So the greatest value of resistor develops the greatest power.

20

s

Temperature change, AT =70 — (—15) = 85°C, is the same in K as it is in °C.

21

The temperature of the air inside the syringe remains constant. This means
that the average speed of the molecules does not change, and also that the
air molecules do not strike the walls inside the syringe with greater force.
However, because of the reduced volume, the air molecules collide with the
walls inside the syringe more often.

22

he smallest wavelength will produce the highest frequency.

f=7 =504 = 8500Hz =8-5kHz

23

When moving from air into another medium, the speed and wavelength of
light always change.

24

When light travels from glass into air or air to glass, the angle between the
normal and the light ray is always greater in air than in glass.

25

Use =2, change 0081iSv into 8.0 x 10, keep time in hours.
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Question Answer Max. mark

1 a) - d o 3

'
_ 50x107 )
0-085
=059 ms™ ™M
b) Any value greater than zero but less than answer to part a). A value must 1
be given and unit is required.
2 Heating tank B has the best insulation. "2
Tank B takes longer than tank A for the temperature to fall to 40°C. (O]

3 a) [0} Resultant force causing acceleration Fy =ma [ORE]
=04x45 ™
=18N ™

(i) | Acceleration increases. |2
As fuel is used, the mass of the rocket reduces.
The acceleration increases because the engine force is constant. (1)
b) Any value (in minutes) greater than 99 minutes but less than 847 minutes. 1
A value must be given and unit is required.
4 2 12V variable 2
d.c. supply
A
For correct symbols 1)
For correct placement of meters (1)
b) The power developed in the resistor P=17 [ORE]
P=060x12=72W ™

This is greater than the 5W labelled power rating so the
resistor overheats.

(1)
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14 | a) The lead box absorbs any background radiation. |1 Since background radiation is
absorbed, the detected radiation is
received only from the radioactive
source.

b) | (i) | Half-life is the time for the activity of a radioactive |1 The definition of half-life is a standard
substance to reduce to half of its original value. question and should be memorised.
(ii) | Activity is 90kBq at time 0; activity is 45kBq at time | 1 It is convenient to start with 90kBq
9 hours. which is at time zero, then find the
The half-lfe is 9 hours. time on the graph for half (45kBa); this
allows the time to be read directly (9
hours).
€) | (i) | The radioisotope emits radiation. "2 A safety precaution is to keep a
Large container prevents carriers distance between the radicisotope
from close contact with and the person carrying the box.
radioisotope. ™)
(i) |7 am.5Julyto 11 am. 6July= 2 First, calculate the time interval
28 hours between delivery and the proposed
800 — 400 — 200 — 100 — 3 half-lives = 24 hours use of the radioisotope.
s0 below 100kBq in After three half-lives (24 hours) the
28 hours o) activity is 100kBq, so after 28 hours the
so radioisotope should not be activity would be below 100kBq, so
used. ™ the radioisotope should not be used.
@

[110]
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14 When the variable resistor’s resistance is decreased, the share of the battery
voltage across the variable resistor (voltmeter V) decreases and the share of the
battery voltage across the fixed resistor (voltmeter V,) increases.

Also, the total resistance in the circuit decreases. This means that the current (and
ammeter reading) increases.

15 The horizontal section of the graph between 100 and 350 seconds indicates where
the substance is changing state from solid to liquid. The energy supplied to the
substance during this time is calculated using P = 2., 200= —~—, £ = 500001.

t (350-100)
To calculate specific latent heat of fusion of the substance use E = ml,
50000 =025 x I, ;=20 X 10 Tkg™".

16 The volume of a fixed mass of gas at constant temperature is inversely
proportional to ts pressure, so a graph of pressure p against — will produce a
straight-line graph through the origin.

17 85
oy o mvelled & 85

time t 25

Frequency f N

[
Amplitude @ 15m

18 When light travels from air into glass:

» its speed decreases
» its frequency stays constant
» its wavelength decreases.

19 You need to know the nature of alpha (a), beta (B) and gamma (y) radiation in terms
of which particles alpha and beta consist of, and that gamma is electromagnetic
radiation.

20 Both alpha and beta radiation are absorbed by 5mm of aluminium, so only gamma
radiation is detected.

21

30000
m:lﬂﬂ Bq (remember t must be converted into seconds).
x
X107
22 207 _ 0256y,
0-08

23 Use the Data sheet to obtain a value for the radiation weighting factor, w,, for slow
neutrons, which is 3, then use:
H=Dw,=50x1073x3=015Sv

24 You need to know the equivalent dose rate and exposure safety limits for
the public and for workers in radiation industries in terms of annual effective
equivalent dose required.

Currently, the annual exposure safety limits are:
» TmSv for the public
» 20mSv for workers in radiation industries.
25 Only gamma radiation can penetrate through the skin to the detector, so the

tracer must emit gamma radiation. The radioactive tracer should also have a short
half-life to limit the presence of the radiation inside the body.
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Ray of light
entering block
For showing refraction towards normal in glass ™)
For showing refraction away from normal when emerging from glass into air (1)
b) For correct identification of an angle of refraction ™)
31 Source Z is most suitable ™)
Only gamma radiation would penetrate the steel. A long half-life would mean
that the source could be used repeatedly for years without replacement. (V)
32
()
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Max.

Question Answer mark | Commentary with hints and tips
1 |a) Negative 1 Particle must have negative
charge because, due to the
electric field, it experiences
an upward force towards the
positive metal plate.
b) W=mg 13 Remember to state the correct
—54%108x98 o) units for weight, newtons, N.
=53 x 107N 1)
<) Particle moves at constant velocity. M2 After 3 seconds, the horizontal
Forces are now balanced. ) line on the graph means constant
velocity, so the forces on the
particle are balanced.
(6)
2 Sample answer 3 | This is an open-ended question:

» On the motorway, driving tends to be for long
journeys at higher constant speeds than in town.
This means that the engine uses energy only to
overcome frictional forces.

» In town driving, there are many occasions where the
car must slow down and then accelerate. In addition
to the energy required to maintain constant speed,
additional energy to produce the unbalanced force
required for acceleration is needed.

» On the occasions when cars are in long queues or
traffic jams, energy is used up while the car engine
idles. This is possible on motorways and in towns.

» The car design also affects how much energy the car
uses; if the car is streamlined, then less fuel will be
required to overcome air friction.

a variety of physics arguments
can be used to answer this
question.

Marks are awarded on the basis
of whether the answer overall
demonstrates 'no’ (0 marks),
“limited’ (1 mark), reasonable’

(2 marks) or ‘good’ (3 marks)
understanding.

3 marks would be awarded to

an answer which demonstrates

a good understanding of

the physics involved. The

answer would show a good
comprehension of the physics

of the situation, provided in a
logically correct sequence.

(This type of answer might
include a statement of the
principles involved, a relationship
or an equation, and the
application of these to respond
to the problem.)

Also, note that the open-ended
type of question is worth 3 marks.
It is important not to spend

too much time answering this
question (3-4 minutes is the
average time in the paper for 3
marks). A guide would be to take
perhaps 3-5 minutes to complete
this type of question. Only use
more time than this if you have
completed and checked all of the
remaining questions in the paper.

(3)
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Question | Answer | Max. mark | Commentary with hints and tips

1 D 1 The net horizontal force is 10kN East and the net vertical force is 10kN South,
so the resultant force must be in the direction between East and South.

2 E 1 Displacement = area under velocity-time graph
=hiasx e +ix2sxa
=-10+10=0m
sovtansiion "

3 B 1 First, calculate u and v

4 D 1 Sloping part of a graph represents the deceleration, =65, u=55ms™"
v=15
Then use a=
Take care to use u and v in the correct order the (negative sign represents
deceleration).

5 B 1 Fp=4-2=2Ntothe left,
a=£=2=05ms2 i a deceleration after 2 seconds,
final velocity v=1u+ar =4+ (-0-5x2) =3ms™"

6 C 1 At350km, g =8-5ms™2, =g =90 x 8:5=T765N.

7 A 1 The loss of potential energy s calculated using £, = mgh where 1 = 0:5m and
£=9-8Nkg~!. Note that the length of the track and the frictional force are not
required in this calculation.

8 D 1 Each ball takes the same time to reach the floor, because they are released
from the same height. Different horizontal distances travelled mean that the
horizontal velocities are different. Both balls fall for the same time from rest,
s0 have the same final vertical velocities.

9 D 1 In a "gravity assist’ fly-by of a spacecraft with a planet which is in orbit around
the Sun, some of the planet's kinetic energy is transferred to the spacecraft,
increasing its speed in this case.

10 A 1 Weight of module on Moon
W'=mg = 5000 X 1-6 = 8000N
F,, = 15000 — weight = 15000 — 8000 = 7000N

_F_7000
9= m = 5000
=14ms?

1" A 1 Rocket engines exert a downward force on exhaust gases so the reaction
force is exhaust gases exerting an upward force on the rocket engines.

12 C 1 Use the Moon's gravitational field strength (1-6Nkg~" from the Data sheet) to

calculate the mass of the rover vehicle:
w_1360 .
7 =mg,mo =g =850ke
Then use Earth's gravitational field strength to calculate the Rover vehicle's
weight on Earth:

W =mg =850 x9-8=8330 N
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Question mark | Commentary with hints and tips
1 |a) |() ) 3 Care is required to select the correct
" values for u (Oms=) and v (80ms-)
from the graph, and to use them
“T60 correctlyina= "%,
/
=13ms~ (1)

(ii) | unbalanced force F,, = ma M4 First, calculate the unbalanced force
=360000 X 1-3 required to produce the aircraft's
 468000N o) acceleration using the value for

acceleration calculated in part a) (i).
average frictional force = forward
° The forward force overcomes the
force of engines — F, o .
e w average frictional force and provides
500000 — 468000 m the unbalanced accelerating force:
wocangs Fiotinal S = $2000 ™ s i = g iefinoal
force + Fy,

(iii) | Total distance = area under graph 3| The aircraft takes off after 0 seconds,
1 so the total distance required during
Sbh ™) take-off is the area under the graph.
1

=3 %60x80 M
=2400m ()

b) At constant height, upward force = weight of 3 When the aircraft’s height is constant,
aircraft the upward force on the aircraft and its
=mg (1) weight are balanced.
=360000% 98 M
=353 X 105N (1)

<) Exposure time in 1 year = time for one flight x 3 First, calculate the total number of
number of flights hours of exposure.

7% 106 When writing the relationship,
742 hours "
e H H ==, itis important to correctly
1 '
t m represent equivalent dose rate, H,
8x10% = 2 o with a clearly marked dot above. Use
742 . . . I
= Somsy o1y time, t, in the same units as given in
the question (hours).
(16)
2 3
i o When using £, = L to calculate the
kinetic energy, remember to multiply
Lisooss: ™ by the velocity squared.
7-6 % 10T 1)
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22 a) | E,=cmaT ™
376200 = 4180 X m X (80 - 8) m
m=125kg )

b) | Some of the heat energy supplied to the water may be used to heat the container
and some may be lost to the surroundings.

23 E,=ml (W)
420000 =m X 22:6 X 105 )
m=019kg ™

24 Smallest pressure with largest area in contact with surface.

F
== 1
= m
490
=3 ()
p=817Pa=82Pa ™

25 7,=145°C =145+273 = 418K, T, = 68 °C = 68 + 273 = 341K

D Py m
L
_ 180341 o
T
=146-8kPa = 147kPa (W]
26 a) |3m
b)
)|, o Jengthofwaves 15 _
number of waves 25
27 v=/ ™
3x10°
==2x0 )
2100x10°
=014m U]
28 View from above
Direction of travel of waves >
Wave crests
Same wavelength after gap m
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a) |

50N

Care is required when identifying
the correct point for the force on
the graph corresponding to 0-35m.

(i)

[GIE
()
()

Use the answer determined in
part a) (i) as the distance, dto be
used in the E, = Fd equation.

b) | ()

[IE
()
()

The horizontal velocity, ¥, is
constant because air resistance is
ignored.

o,
Ep=5ym?

:%xo-osxw
E =481

(W]

(W]
(]

. 1o,
Take care when using E; =5mv?
to square the value of the speed
when calculating the answer.

(i)

[ 40ms™!

7.35ms!

1 =402 47352
y=407ms!

resultant velocity magnitude is 40-7 ms™!
B) tanx=l2>
) ox—
x=10-4°
Resultant velocity is 407 ms™" at
10-4° below horizontal.

Horizontal direction

(W]
(W]

(W]

(]

The answer can be obtained by
drawing a scale diagram; marks
are awarded as follows:

» 1 mark for drawing a diagram
to a reasonable scale, and
for lines drawn with correct
length and angle

» 1 mark for adding the
horizontal velocity and final
vertical velocity vectors and
correctly showing resultant
direction (arrow needed)

» 1 markfor resultant v=40-7ms™

» 1 mark for direction of 10.7°
below horizontal.

(14)

a)

Sagittarius A

It is important to read the
passage carefully, as the
questions asked require
information from the passage.

b)

Approximately 14 billion years ago

Although this time is not
mentioned, the passage

states that ‘scientists think the
supermassive black holes formed
when the universe began'.

<

d=vt
d=3 %108 % 27600 X 36525 X 24 X 60 X 60
d=261x10"m

m3
(W]
(W]

Use d =1t to calculate the
distance in metres, from the
centre of the Milky Way to the
Earth. The speed of light

(3% 108ms™") is multiplied by
the time for light to travel the
27600 light years (i.e. 27 600 x
365:25 x 24 % 60 x 60 seconds).
(the number of seconds in one
year = 36525 x 24 x 60 x 60)
Note that 36525 days is the average
number of days in one year.

d)

Geiger-Miller tube

Other gamma ray detectors
include: scintillation counter.

(6)
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76x10°
[

55m

When asked to show how a value

is reached, take care to include
important steps.

First mark awarded for a statement
that energy is conserved, i.e. that
the kinetic energy of the water

is transformed into gravitational
potential energy.

Second mark awarded for stating the
relationship used to calculate E,.
Third mark awarded for showing how
various quantities are used within the
relationship £, = mgh, which lead to
the final answer.

Frictional forces between the jet and air cause
some kinetic energy to be lost and not converted
into gravitational potential energy.

As the water rises through the air, air
friction causes some kinetic energy to
be changed into heat and some sound
energy, reducing the energy available
to be converted into potential energy.

@

Sample answar

>

Stationary objects have balanced forces acting,
e.g. when a person is sitting, their weight is
balanced by an upward reaction force from the
chair.

When an unbalanced force acts on an object,
it causes acceleration which is proportional to
the size of the unbalanced force, e.g. when a
vehicle accelerates from rest, an unbalanced
force acts on it causing an acceleration which
is proportional to the size of the unbalanced
force acting on the vehicle and inversely
proportional to the mass of the vehicle.

There is an equal and opposite reaction force
to every action force, e.g. when a person
walks, their foot exerts a backward force on
the ground, while the ground exerts a forward
force on the foot, causing the person to move
forward.

This is an open-ended question: a
variety of physics staterents and
descriptions can be used to answer
this question.

Marks are awarded on the basis

of whether the answer overall
demonstrates 'no’ (0 marks), ‘limited’
(1 mark), reasonable’ (2 marks) or
"good’ (3 marks) understanding.

3 marks would be awarded to an
answer which demonstrates a good
understanding of the physics involved.
The answer would show a good
comprehension of the physics of

the situation, provided in a logically
correct sequence.

(This type of answer might include a
statement of the principles involved,

a relationship or an equation, and the
application of these to respond to the
problem.)

Also, note that the open-ended type
of question is worth 3 marks. It is
important not to spend too much time
answering this question (3-4 minutes
is the average time in the paper for

3 marks). A guide would be to take
perhaps 3-5 minutes to complete this
type of question. Only use more time
than this if you have completed and
checked all of the remaining questions
in the paper.

(3)
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5 |a) |() |1. Chandra 2 The order of the bands of the
2. RIS electromagnetic spectrum should
3. WISE bevmemovnsed, and the order
o of increasing wavelength o
(2 marks for all correctly identified; 1 mark for one frequency of these bands.
correctly identified.)
(i) [1. WISE 2 Remember, the relationship
2. IRIS between the altitude of a satellite
3. Chandra and its period is: the greater the
o altitude, the greater the period of
(2 marks for all correctly identified; 1 mark for one the satollite.
correctly identified.)

b) n () |3 | Remember, all waves in the
3x108=£x2:5x 1077 o) electromagnetic spectrum,

15 including ultraviolet waves, travel

f=12x10"Hz (W] at the speed of light, 3 x 108ms-!
in a vacuum (or air).
This value is found in the Data
sheet.
Q d=vt |3 Use the altitude given in the
50003 U7 =% % 1R x5 " table for the distance travelled by
the radio signal.

1=035s (W] o si
Remember, radio signals travel at
the speed of light, 3 x 108ms-1 in
a vacuum (or air).

d) Radiation from some bands of the electromagnetic 1 It is not necessary, in this answer,
spectrum is absorbed by the Earth’s atmosphere, so to name the bands of radiation
some telescopes need to be above the atmosphere to which are absorbed by the Earth's
detect this radiation. atmosphere.

an
6 |a) Adijust variable resistor. 1 This alters total resistance in the
circuit, altering the current in the
circuit.

B [0 | g pien 3| Take care to choose suitable
scales which will produce a graph
of reasonable size on the grid
provided (remember that a spare

/ gridis always provided at the end
/ of the question paper if you need
to redraw your graph).

o The labels for each axis should
be clearly identified with the
correct unit supplied.

The points must be plotted
/ accurately.
The final curve should be 'best
e fit', i.e. smoothly drawn through
04 as many points as possible (but
0 05 10 never simply join the plotted
Current (A) points to produce a 'zig-zag"
effect).
Suitable scales, labels and units [Q)
Al points plotted accurately to + half a di )
Best-fit curve 1)
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E1 Electrical charge
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1
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a) m|3
v-0
9-8= 1
055 M
v=539ms™ m
b) 4
(W]
(W]
(W]
(W]
d=149m
Q) Time for ball to fall to ground is the same as in part a). 1
()
a) |  Mercury and Mars 1
(ii) | Saturn and Jupiter 1
(iii) | Neptune 1
B) |() |lon drive engines expel a beam of gas ions which produces a small 2
unbalanced force on the spacecraft. (1)
Wiiam spplise! covsr s lamg parine il ime, the spacscref ool resch
a very high velocity to travel the vast distances. (1)
(ii) | Gravity assist allows a spacecraft to increase its speed by ‘flying by’ a 2
larger object (e.g. a planet) in space which is orbiting the Sun. When
the spacecraft approaches the planet, it will start to orbit the planet. [0}
When the spacecraft leaves the orbit, some of the kinetic energy of
the planet is transferred to the spacecraft and its velocity increases. (1)
o Solar cells are used to transform solar energy into electrical energy and 1
usually recharge batteries for use when the cells are shaded from the Sun.
Using current technology, solar cells are practical for spacecraft orbiting
up to the orbit of Mars.
One suggestion is to increase the size of the solar cell array as the spacecraft
travels further away from the Sun.
(8)
a) e 1
3
=05A m
b) P=1 m|3
=05x45 M
=225W m
Q The ammeter reading will increase. M2
Adding lamp in parallel reduces total resistance so current increases. (1)

(6)
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a) Sunspots are caused by intense magnetic fields 1 Careful reading of the passage is
appearing beneath the Sun’s surface. required to match the relevant part of
the text to the question being asked.
b) Ultraviolet radiation and X-rays 2 Look for keywords in the text which
match the words in the question. Here,
the mention of satellites should direct
you to the section about satellite
damage.
Q d=vt K] Sometimes, as in this question, you
228 % 101 =y X 2:3 X 24 X 60 X 60 are required to make a calculation
o) using information from the text. Take
106l care to use the correct values from the
1-15 % 10°ms 4] ! f
text, converting days into seconds, for
example.
()
a) |(i) |Distance travelled = 125 — 11 = 114km 3 Calculate the distance that the
E,=Fd ™) average frictional force acts across.
=37x105% 114 X 103 o) Remember to convert km into m.
=42 x10107 1)

(i) | Friction between spacecraft and atmosphere 1 The contents (controls, apparatus, etc.)
produces heat energy which may cause damage of the spacecraft require protection
to the contents of the spacecraft. from extreme temperatures.

(i) | Moon has no atmosphere so there would be 1 Upward frictional forces acting on the
no frictional forces acting on the parachute or parachute decelerated the spacecraft
spacecraft to slow it down. in the Martian atmosphere.

b) [() |W=mg "2 Use the Data sheet to obtain the value
2210 =mx 37 o) for g, the gravitational field strength on
5 -
e 3300kg Mars (37 Nkg).

(ii) | Upward unbalanced force = 4 First, calculate the unbalanced upward

18810 — 12210 = 6600N ™) decelerating force.

F,=ma ™) Since the question asks for the

6600 = 3300 X a o) magnitude of the deceleration, it is

o not necessary to include a negative

a=2ms? m N

sign.
an
a) (i) |2V 1 Care is required when extracting data

from graphs; a ruler is useful when
obtaining these values.

(ii) | Voltage across the capacitor is changing, so the 1 Current is the rate of movement
voltage across the resistor is changing and so the of charge in a conductor. As the
current in the resistor changes. capacitor charges, this rate reduces so

the current reduces in its circuit.

(iii) -2=1V "4 Use the voltage across the capacitor

from part a) (i) to calculate the voltage
m across the resistor after 3 minutes.
1 Use Ohm'’s law to determine the
=200 1) resistance of R.
1)
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Max.

Question | Answer | mark | Commentary with hints and tips

1 C 1 Hint: it is sometimes helpful to mark each quantity in the answers with v for a
vector and 's’ for a scalar to make the correct selection of the answer easier.

2 D 1 For average speed, use d =1, (50 +30) =vx8,v=10ms™".

For average velocity, use s =¥, (50 —30) = ¥x 8, ¥=2-5ms™! South.

3 A 1 4-0
Use acceleration a = T —=08ms™.

4 E 1 Use W=mg=1x98=98N to calculate the weight of the ball. The weight of the
ballis the downward force of gravity acting on the ball at all times.

5 C 1 Each ball takes the same time to reach sea level because they are released from
the same height and have the same vertical acceleration.

Air resistance is ignored in this question, so there is no horizontal force acting on
the balls; there is no horizontal acceleration.

Different horizontal distances travelled mean that the horizontal velocities are
different because the balls are in the air for the same time.

6 D 1 You need to be able to identify the terms planet, dwarf planet, moon, Sun,
asteroid, solar system, star, exoplanet, galaxy and universe correctly and in
context.

7 C 1 The period of a satellite increases as its orbital height increases.
20000km is greater than 1340km and less than 35900km, so the period of a
satellite in orbit at 20000km must be between the periods of satellites at these
altitudes. The only one in the list is 720 minutes.

8 E 1 You must know the approximate estimated age of the universe, which is 14 billion
years to the nearest billion.

9 D 1 The definition of electrical current is the electric charge transferred per unit time,
which is one coulomb per second.

10 D 1 First calculate the current using Ohm's law:

V. 60
- ooa
total resistance 30
The charge passing through the series circuit has the same value at all positions.
The relationship used to calculate charge is O = It (convert 2 minutes into seconds).

1" D 1 You need to know the path of a charged particle between two oppositely charged
parallel plates or near a single point charge or between two oppositely charged
points or between two like charged points. Protons follow electric field lines from
positive to negative, electrons from negative to positive.

12 B 1 Use Ohm'’s law, 7= IR, to calculate each resistor using values for Vand Ifrom the
graph.

V=1IRp, 20 = 2 X Rp, Ry=10Q
V=IRq 10=4XRo, Ry=25Q
13 B 1 ~

LDR:

The circuit symbol, function and application of standard electrical and electronic
components should be studied and memorised.
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(i) [12+01V 1 Use a ruler along the graph to
obtain an accurate reading. For
the reading from the graph you
would be allowed an answer of
any value between 1-1and 1-3V.

(iii) | Resistance increases as current increases |3 An explanation is required, so

When 7= 0444 716V s0 R= Y 360 W choose values for voltage and
- current at different parts of the
When =104, 7=9-6V. so graph to calculate and show the
o) lamp's resistance at these points.
)
a) [() | Lamps must operate at 230V. 1 For each lamp to receive 230V,
In parallel, each lamp receives the supply voltage they must be connected in
. parallel with the supply.
@ p-2 |3 | select the relationship P= -
2302 to find resistance because the
50 () d ti It f
R power and operating voltage of
R=1058Q=1100Q ™) the lamp are given.
b) Total power =3 X 50 = 150 W 13 To calculate total current, use the
P total power of all three lamps.
150 =1x230 ™
I=0-65A (]
@
a) E,=cmAT 13 Temperature change, AT =100
4180 %06 %75 o) Eéf 5°C, must be calculated
£, = 1881007 =190000] m Then use E; = cmAT to calculate
the energy required.
b) | () "3 Remember, time must be
converted into seconds for this
) relationship.
5 ()
(i) | E,=ml, 1) |3 Use the energy calculated in
w="mly ay
576000 =m x 22:6 X 105 @ b) (ii) in this relationship.
m=025k 1 The value for the specific latent
€ ™ heat of vaporisation, L, is found
in the Data sheet.
(iii) | Some of the heat energy supplied will be lost to the 1 There is always energy lost to

surroundings and so less will be available to convert
water into steam.

the surroundings whenever
a substance is heated by an
appliance. This heat energy
loss from the steamer to the
surroundings means that there
will be less energy available to
convert water into steam.

(10)
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Question Answer Max. mark
1 a) w=mg m|3
=97x107 %98 m
=9:5x 105N U]
b) | () 2
N
R
18x10°N %
46x10°N
RY=(1-8 X 10%)2 + (46 x 10%)? [0}
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