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Charge through your exams with CGP!

There's a lot to learn in Edexcel Grade 9-1 International GCSE Physics —
you'll need to be on top of your game when the exams come around.

Luckily, this fantastic CGP book is bursting with realistic exam-style
questions for the whole course*, plus two complete practice exam papets.
Everything you need to make sure you're 100% ready for the real thing!

We've even included step-by-step answers at the back of the book,
so it's easy to find out how well you're getting on.

* |ts great for the Physics parts of the Edexcel International GCSE Science Double Award too.

CGP — still the best! ©

Our sole aim here at CGP is to produce the highest quality books —
carefully written, immaculately presented and dangerously close to being funny.

Then we work our socks off to get them out to you
— at the cheapest possible prices.
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How To Use This Book

+ Hold the book upright, approximately 50 cm from your face, ensuring that the text looks like this, not %,
Alternatively, place the book on a horizontal surface (e.g. a table or desk) and sit adjacent to the book,
at a distance which doesn't make the text too small to .

* In case of emergency, press the two halves of the book together firmly in order to close.

*  Before attempting to use this book, familiarise yourself with the following safety information:
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Some questions
are multiple
choice and you'll
need to answer
by putting a
cross in a box,
ke this. X |

Specific Heat Capacity

r 3

The questions are arranged into topics,
so you can get exam practice on exactly
the bit of your course that you want.

]

m% |:| A the energy transferred when an object is burnt

There are answer
lines for you to
write your answers
on. For calculation

the specific heat capacity of different liquids.

Mass balance .
Power supply .

» Insulated flask .
e Thermometer .

1 Which of the following is the correct definition of specific heat capacity?

2 A student uses the equipment listed below to investigate

D B the maximum amount of energy an object can store before it melts
|:| C the energy needed to change the temperature of an object by 10 °C per kg of mass
D D the energy needed to change the temperature of an object by 1 °C per kg of mass

® (=)<

Joulemeter
Immersion heater
a) Describe how the student could use the apparatus listed above to calculate the specific heat

[Total 1 mark]

These are stamps

to show you which
questions are about
the practicals you
could be tested on

in the exams. If the
stamp is by the page
title, the whole page is
about that practical.

. U [~
questions, there's o\ capacities of different liquids.
also space for you
to do your working.
)
S
£

There are boxes to
show you which
questions test
Paper 2 material.

b) 15 kJ of energy was supplied to each sample. The student then recorded her results,
shown in the table below. Complete the table to show the specific heat capacity of liquid C.

Liquid | Mass (kg) | Temperature change (°C) | Specific heat capacity (J/kg °C)
A 0.30 12 4200
B 0.30 23 2200
C 0.30 25

3]
[Total 8 marks]

Exam Practice Tip

Exam Practice Tips
give you hints to
help with answering
exam questions,

Remember, you can also do the above experiment using a voltmeter and an ammeter instead of a joulemeter.
Just time how long the heater is on for, and calculate the energy it has supplied to the liquid using £= /Vt

Score

Section 5 — Solids, Liquids and Gases

] el o

You're told how
many marks each
question part is
worth, and then
the total for the
whole question.

Use the answers at
the back of the book
to mark each page.
Then you can find
your score out of the
total for the topic.

Tick the box that matches how confident you feel with the questions in each topic.
This should help show you where you need to focus your revision.

If you're not doing
the Paper 2
questions, the total
score for some topics
will be lower.

There are also lots of handy tips to help you with specific questions — they're in boxes like these:

QiEbivvirirevin iz
S 'm & handy tip. =
RN AR SN NN

How To Use This Book



Exam Tips

Before you get cracking on some exam practice, here's some handy information and some tips to help you in the exams.

D

2)

You Need to Understand the Command Words

Edexcel International GCSE Exam Stuff

For the Edexcel International GCSE in Physics, you'l
sit two exam papers at the end of your course. sl ligpes Lime L BIERE

Some material in the specification will only be ] 2 hours. e
tested in Paper 2. The questions that cover Paper 2 2 1 hr15 mins /0
material in this book are marked with a Paper 2 box.

Command words are the words in a question that tell you what to do.
If you don't know what they mean, you might not be able to answer the questions properly.

.. P --_ i i . . . . .
- Describe | This means you need to recall facts or write about what something is like.

 Calculate

ﬂp]&iﬂ ' You have to give reasons for something or say why or how something happens.

. State This means the same thing as 'Name.." or 'Give....
You usually just have to give a short definition or an example of something,

Su _est | You need to use your knowledge to work out the answer. Itll often be something you

SIESS haven't been taught, but you should be able to use what you know to figure it out.
This means you'll have to use numbers from the question to work something out.
You'll probably have to get your calculator out.

Seven Golden Rules for your Exam

1)

2)

Always, always, always make sure you read the question properly.

For example, if the question asks you to give your answer in mm, don't give it in cm.

Look at the number of marks a question is worth.

The number of marks gives you a pretty good clue of how much to write. So if a question is worth four marks,
make sure you write four decent points. And there's no point writing an essay for a question that's only worth
one mark — it's just a waste of your time.

Use specialist vocabulary.
You know the words | mean — the sciencey ones, like conduction and convection. Examiners love them,

Write your answers as clearly as you can.
If the examiner can't read your answer you won't get any marks, even if it's right.

Show each step in your calculations.

You're less likely to make a mistake if you write things out in steps. And even if your final answer's wrong,
you'll probably pick up some marks if the examiner can see that your method is right. You also need to
make sure you're working in the right units — check befare you put any numbers in your calculator.

\\I:II!JllJJ.','JIIJ.'IIEIHI\\IIJI|IH\I/
= Obeying these Golden Rules will help you get
as many rnarks as you can in the exams —
but they're no use if you haven't leamnt the stuff
= in the first place. So make sure you revise well
= and do as many practice questions as you can.
Be Bieared. aiid try ik to Bahic. AR RN R A NN RRRRUN N AVURRAR

Exam day can give anyone a case of the jitters. So make sure you've got everything you need for the exam
(pen, spare pen, pencil, ruler, calculator) ready the night before. Eat a good breakfast. And try to relax..

/.

Pay attention to the time.
Don't spend ages staring at the question paper. If you're totally,
hopelessly stuck on a question, just leave it and move on to the next one.

You can always go back to it at the end if you've got enough time.

[RARREN
RN ERURREREA

Exam Tips




Section 1 — Forces and Motion

Velocity and Acceleration

b)

b)

A cyclist travels 1500 m from his house to his local shops in 300 seconds. @

State the equation linking average speed, distance moved and time taken.
1]
Calculate the cyclist’s average speed during his journey.
Average speed = .....cooveererienneenens m/s
[2]

On the return home, the cyclist accelerates from 2.0 m/s with a steady acceleration of 2.4 m/s”.
Calculate the time it takes the cyclist to reach a speed of 10 m/s.

TIME = evverrrenenssrsssrisasss S
[3]
[Total 6 marks]
A coin is rolled in a straight line along a balcony edge at a steady speed of 0.46 m/s. @
Calculate how far the coin rolls in 2.4 s.
DiStance = .......cccoovveererennnns m
3]
Another coin is dropped from the balcony. It accelerates from rest and hits the ground after
8.0 seconds at a speed of 78.4 m/s. Calculate the acceleration of the coin during its fall.
Acceleration = ...........ccoeeseuvenn.. M/S?
[2]
[Total 5 marks]

Section 1 — Forces and Motion
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3 A model car company produces battery-powered model cars. At its maximum (E*@
acceleration, their latest model accelerates from rest to its top speed in 3.5 s. N

a) While the car is travelling at its top speed, it covers 180 m in 9.0 s.
Calculate the car’s maximum acceleration.

Acceleration = ....ccevveeeeveeninnnn m/s?

b) Calculate how fast the car would be moving if it accelerated from rest for 1.5 seconds
with its maximum acceleration.

Velocity 2 susvigiivomiaes m/s
[3]
[Total 6 marks]
4 A tractor ploughing a field accelerates at 2 m/s? {’Gﬁxh
for 10 metres, after which its velocity is 7 m/s. @’_‘z/
a) Calculate the tractor’s velocity before it started accelerating.
Velocity = ....ccoveeveieienen, m/s
[3]

b) As the tractor approaches the end of the field, it turns at a constant speed until it’s facing the
opposite direction. State whether the tractor accelerates during this time and explain your answer.

............................................................................................................................................................

[1]

[Total 4 marks]

Exam Practice Tip Score

Acceleration and velocity questions are exam favourites so make sure you're happy with them. If you're given T

one of these questions and you're not sure which equation to use, try listing the quantities that you've been =
given and the one you need to work out. Write the equations next to it and see which one fits them best. 21

af'?}

I

@®)

(2)

Section 1 — Forces and Motion (.
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Distance-Time and Velocity-Time Graphs

1

A student walks to football training but finds she has left her boots at home.
She turns around and walks back home, where she spends 50 seconds
looking for the boots. Below is a distance-time graph for her journey.

a) Use the graph to find the time it took
for the student to walk to training.

b) State whether the student walked to training at a
steady speed. Explain how you know.

.............................................................................

¢) Use the graph to calculate the student’s
speed as she walked to football training.

Distance from home / m

r-Y

500~ T

400

300__ =

200~/
|

100_ L L

(ma

&-7)

— 1 1 1 1 I 1 "
100 200 300 400 500 600 700

Average speed = ...........

Time /s

[2]

d) The student returns home in a car after training. At the start of the journey, the car accelerates at
a constant rate for 10 s. It then travels at a constant speed for a further 30 s.

On the axes below, sketch a velocity-time graph to show the motion of the car during this time.

Velocity / m/s A

B

r

Time /s

Section 1 — Forces and Motion

[3]
[Total 8 marks]
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2 The diagram shows a velocity-time graph for a car during a section of a journey. @

Velocity / m/s
304

20—

I

10—

O T T T T T T T T T | T T 1 17 T 1T 1 1 7 T Time/s
20 40 60 80 100 120 140 160 180 200

a) Describe the motion of the car during the following parts of the journey.
1) Between 40 and 60 seconds.

[1]
i1) Between 60 and 100 seconds.

[1]

b) Use the graph to calculate the distance travelled by the car between 40 and 60 seconds.
Distance travelled = ......................... m
_ 3]

¢) Use the graph to calculate the acceleration of the car between 0 and 40 seconds.

3 Acceleration = ..............c........ m/s?
[3]

d) After 100 seconds, the car accelerates steadily for 40 seconds until it reaches a steady velocity
of 30 m/s, which it maintains for 60 seconds. Complete the graph to show this motion.

2]
[Total 10 marks]
Score: ‘
18
Section 1 — Forces and Motion {’é\) @ (;)




Mass, Weight and Gravity

an object with a mass of 2.0 kg and suspends it from a newton meter held in his hand.

1 A student is measuring gravitational field strength, g, in a classroom experiment. He takes @
-6
He takes multiple readings of the object’s weight and calculates an average value of 19.6 N.

[(NETEIEIY
S

_
i

newton meter

\ 20F

2.0 kg mass

ii) Calculate the gravitational field strength in the student’s classroom and give the unit.

Gravitational field strength = ......................... UNIE oo

b) The Moon's gravity is weaker than the Earth’s. State how the student’s measurement of the object’s
weight would differ if he performed the same experiment on the Moon. Explain your answer.

2]

[Total 6 marks]

Exam Practice Tip Score

At first it's a little tricky to get your head around the fact that mass and weight are two different things — i ]

particularly because what we've been told all our lives is our ‘weight' is actually our mass. To clear things up, —
just try and remember that weight is a force, measured in newtons. It's pretty simple after that. 6

" o) e ! .
@) =) =) Section 1 — Forces and Motion




Forces and Friction

1

2

Section 1 — Forces and Motion

The diagram below shows a truck moving forwards at a steady speed. ._
The thrust (driving force) acting on the truck is shown. 4-8

a) i) As the truck moves, it experiences resistance from drag and friction. Draw an arrow on the

diagram to show the direction in which the resistance acts, and label the arrow.

1]
ii) Describe how the speed of the truck affects the resistance force it experiences.
[1]
b) Draw and label an arrow on the diagram to show one more force that acts on the truck.
[2]
[Total 4 marks]
Syl . Grain)
A plane is flying at a constant speed and altitude. (5_ 7)
N
a) Give the name of the force that pulls the plane straight downwards towards the Earth.
1]
b) The plane deploys a parachute to slow down when it lands, as shown below.
Explain why the parachute slows the plane down.
2]
[Total 3 marks]
Score: ||
7

=
{.'
~
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Investigating Motion %

1 A student wants to carry out an experiment to investigate the motion of a trolley down (”m\
aramp. Her textbook suggests setting up her apparatus as shown in the diagram. 4___}

trolley —-

A‘\ light gates

B Q C runway

/

............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................

............................................................................................................................................................

............................................................................................................................................................
............................................................................................................................................................

b) The student decides to investigate how the distance the car travels down the ramp and the angle of
the ramp (X) affect the car’s speed at the bottom of the ramp. She changes both the angle of the
ramp and the distance of the car along the ramp each time she repeats the experiment, and uses
light gates to measure the car’s speed at the bottom.

She concludes that as the angle of the ramp decreases, the speed of the car increases.
Explain why she cannot conclude this from her data and suggest how this experiment
can be improved.

............................................................................................................................................................
............................................................................................................................................................

............................................................................................................................................................

[Total 9 marks]
BN

9

Score:

= ( é‘) {\*‘3/ ) Section 1 — Forces and Motion
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The Three Laws of Motion

G:aﬁe

rl State Newton’s third law. (3.4 )

I—— Paper 2

 [Total 1 mark]

Erat:
2 The table below shows the masses and maximum accelerations of four different vintage cars. @

& Mass (kg) accellvetf:tli?lrr(nmlsz)
Disraeli 9000 | 5
Palmerston 61 1560 0.7

Heath TT 950 3
Asquith 380 790 2

a) Show that the Heath TT has a greater maximum driving force than the Asquith 380.
You may assume that all frictional forces are negligible.

2]

b) The Disraeli 9000 has a maximum driving force of 4000 N. Use this information to complete the
table above. You may assume that all frictional forces are negligible.

2]
[Total 4 marks]

3 A camper van has a mass of 2500 kg. It is driven along a straight, /s
level road at a constant speed of 90 kilometres per hour. 2

90 km/h

A

Section 1 — Forces and Motion
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\ LLEL It 1 i
1 Hy
Wi I
rb\ hL’adWIHd I5 a Wlnd that E
z .
Hows |y tI'- e OPPOS te d rect on

;t? an object’s motion
(N )
PEVEVC gy

a) A headwind begins blowing with a force of 200 N, causing the
van to slow down. Calculate the van’s deceleration.

WLy,
AR

Hny

Deceleration = ...........ccoevveeeeen..

2]

b) The van begins travelling at a steady speed before colliding with a stationary traffic cone that has
a mass of 10 kg. The traffic cone accelerates at 29 m/s? in the direction of the van’s motion.

i) Calculate the force applied to the traffic cone by the van.

Force = ..oveevviviiiernnen N
2]
r ii) State the size of the force applied by the cone to the van during the collision.
\\l\\lllIII\\llIIllI!HI/
; = Remember Newton's third /:
= 2 law of motion when you're = Force = vuwensvinassss.. N
= = answering this question. = [1]
”~ \\
L_ Zibyvibprptevninr i
iii) Calculate the deceleration of the van during the collision.
Assume all of the force applied by the cone to the van causes the deceleration.
Deceleration = ..........cc.ceevevenen.. M/S?
2]
[Total 7 marks]
4 Two students have fitted their scooters with the same engine. StudentA andhis
scooter have a combined mass of 127.5 kg and a maximum acceleration of @@

2.40 m/s2. Student B has a maximum acceleration of 1.70 m/s? on her scooter.

Show that the combined mass of student B and her scooter is 180 kg.
You may assume that the frictional forces acting on each scooter are negligible.

[Total 4 marks]

Exam Practice Tip Score
Newton's laws are a very important bit of physics, so take the time to get to know them. Don't forget, an ‘ |

object doesn't need a resultant force on it to move — a moving object will continue travelling at a constant
speed so long as the forces acting on it are balanced. A resultant force will cause the object to accelerate. 16

(22) (iu'.\) (&) Section 1 — Forces and Motion
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Combining Forces

Grade'y

1 Most quantities can be divided into two groups: scalars and vectors. (:?' 4)

a) Describe the difference between a scalar and a vector quantity.

............................................................................................................................................................

[2]
b) Which of the following is a vector?
[ ]A speed [ |B time | | C mass [ ]D force
1]
c) Which of the following is a scalar?
[ ]A 14Kkg [ |B 300kNdown [ |C24m/swest [ |D 1m/s?up P
[Total 4 marks]
2 "The'figure ‘below shows two hot air balloons, labelled with the forces acting on them. (&E?:;
Balloon A 300 N Balloon B ﬁy
1700 N x
2000 N @ L :> <;:‘ ) 2000N
< ::I & 300N 500 N Nqy' >
g — h—
@800 N @400 N
a) Calculate the resultant force acting on balloon A.
Force = ....ccoovvvivrvncnnns N  direction s
2]
b) The resultant force acting on balloon B is zero.
1) Calculate the size of force y.
Y = e N
[1]
i) Calculate the size of force x.
X Sdicierrrenessnereraneee N
1]
[Total 4 marks]
Score: |
8
Section 1 — Forces and Motion @) j L) x@
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Terminal Velocity

1 A flying squirrel has a membrane of skin, called a patagium, T\
joining its wrists to its ankles on each side of its body. ( sf'/
It opens the patagium when it jumps or falls from a tree. -

a) Explain why a falling object reaches a terminal velocity.

4]
b) A flying squirrel falls from a tall tree, reaching a terminal velocity of 8.5 m/s.
Explain how the patagium affects the squirrel’s terminal velocity.
[1]
¢) Use the axes below to sketch a graph showing the squirrel’s vertical velocity against time.
Velocity / m/s 4
8.5
> Time
2]

[Total 7 marks]

"firatg

2 A student is studying the forces acting on objects falling at terminal velocity. |7.g)

The student takes two balls of the same size but with different weights and drops them off a
high balcony. Which of the two balls will have a lower terminal velocity? Explain your answer.

............................................................................................................................................................

" [Total 3 marks]

Score: |

10

@) @ @ Section 1 — Forces and Motion
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Hooke’s Law

1 A student investigates how a spring oranh PRz
L 5 % ' e ) CT
extends when a force is applied to it. Icar,

His results are shown in the table below.

Force (N) 1.00 | 2.00 | 3.00 | 4.00 | 5.00 | 6.00 | 7.00 | 8.00 | 8.25
Extension (mm) | 3 6 8 11 14 16 | 20 | 27 38

a) Plot these results on the axes below and draw a line of best fit.

Y

Z 10

9 -

Force

8-

LA I TR D N L T N L B L e e e e
0 10 20 30 40
Extension / mm
3]

b) Describe the relationship between force and extension up to a force of 5 N.

¢) An identical spring is pulled with a force of 7.5 N. The elastic limit of the spring is 7.2 N.
State and explain whether or not the spring will return to its original shape.

............................................................................................................................................................

[Total 5 marks]

|
Score: |

o

Section 1 — Forces and Motion @ [EJ [E;')




15

Stopping Distances ‘

The stopping distance of a car is the distance covered in the time between /sy
the driver first spotting a hazard and the car coming to a complete stop. '

i) What name is given to the distance travelled by a car between the driver first spotting a hazard
and the driver applying the brakes?

N
ii) Give two factors that can affect this distance.
Le ciiososinasiosnasuisinsas sissestend sssassssassnssss tssssnssseontsesseessessepsesasse s tTaLE SO L E IR AR AR PR e P e s e be 44RO NSO PESSHES
D s i e A S R KRS A ST S SRS AP e
[2]
i) What is meant by the braking distance of a car?
[1]
ii) Give two factors that can affect this distance.
O OO e LT TR P e e
D, cussessaresenepsrEsSo s RSSO SRR SRS A AR SRS SRR SRS S S e SRR AU AR AT RRAN ARSI NReH e e
2]
[Total 6 marks]
A person is driving a car in heavy rain. @
State and explain one way in which heavy rain can increase a car’s stopping distance.
2]
Suggest one way a driver can decrease their stopping distance if driving in heavy rain.
1]

The driver sees a deer and stops the car. The car covers a distance of 37 m between the driver
spotting the deer and the car coming to a stop. The braking distance of the car is 28 m.
Calculate the thinking distance covered by the car.

Thinking distance = .........cceevennne m
2]
[Total 5 marks]
Score: | ‘
11
/::" e
(&) ({\_;'3 Section 1 — Forces and Motion
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Momentum and Collisions

Paper 2

1

A 65 kg stuntperson jumps from a balcony onto an inflated airbag. G\
Her speed is 14 m/s just before she hits the airbag. She is stopped @:é
in a period of 1.3 seconds (after which her momentum is zero).

a) 1) State the equation linking momentum, mass and velocity.

ii) Calculate the momentum of the stuntperson just before she hits the airbag and give the unit.

Momentum = .......ocovvvveveeann, UNIE vevivviereereeeesesanns
[3]

b) i) State the equation linking force, change in momentum and time taken.

0

ii) Calculate the size of the average force acting on the stuntperson as she is stopped by the airbag.

A skater with a mass of 60 kg is moving at 5.0 m/s.
He skates past a bag and picks it up from the floor,
causing him to slow down to 4.8 m/s.

Calculate the mass of the bag. Assume there are
no frictional forces.

g
[Total 5 marks]

Section 1 — Forces and Motion
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3 In a demolition derby, cars drive around an arena and crash into each other.

a) One car has a mass of 650 kg and a velocity of 15 m/s.
Calculate the momentum of the car.

Paper 2
~
X

b) The car collides head-on with another car with a mass of 750 kg moving in the opposite direction.

The two cars stick together. Calculate the combined velocity of the two cars immediately after
the crash if the other car was travelling at 10 m/s before the collision.

VeloCity = ....ocveeeereeeernnne. IS
[4]

c¢) The cars have crumple zones at the front of the car that crumple on impact.
Explain how a crumple zone reduces the forces acting on a driver during a collision.

[Total 8 marks]

Section 1 — Forces and Motion
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4 Two fairground dodgems collide head-on. The mass of dodgem A and its )
rider is 410 kg and the mass of dodgem B and its rider is 440 kg. Before (7-9
they collide, the dodgems are moving with the velocities shown below.

410 kg 440 kg
A | 20m/s 1.1m/s | B

a) 1) Calculate the momentum of dodgem A before the collision.

Momentum of dodgem A before collision =

ii) The momentum of dodgem B before the collision is —484 kg m/s.
Calculate the total momentum of the two dodgems before the collision.

Paper 2

Total momentum of dodgems before collision =

and dodgem B has a velocity v, as shown below.

mAj(BT’

1) State the total momentum of the two dodgems after the collision.

Total momentum of dodgems after collision =

i1) Find the velocity v of dodgem B after the collision.

b) The dodgems bounce off each other. After the collision, dodgem A has a velocity of —1.2 m/s

3]

[Total 7 marks]

Exam Practice Tip

Whenever you see a question about collisions there are two things of which you can be pretty sure — it's
going to involve momentum and it's going to involve a lot of rearrangement. Similarly, if there's a question
about car safety features, you can bet your bottom dollar itll be about changes in momentum over time.

Score

Section 1 — Forces and Motion (~) ()
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Turnmg Effects and Centre of Gravity

Gr )
1 State what is meant by an object’s centre of gravity. : -\

" [Total 1 mark]
2 A door has a horizontal door handle. To open "c:ade\
the door, its handle needs to be rotated clockwise. \_(/
a) State what is meant by the moment of a force.
1]

b) Pictures A, B, C and D show equal forces being exerted on the handle.

State which picture shows the largest moment on the handle. Explain your answer.

Paper 2

............................................................................................................................................................

2]
¢) A force of 45 N is exerted vertically downwards on the door handle at a distance of 0.1 m
from the pivot. Calculate the moment about the pivot and give the unit.
Moment =, osimemssasais WTE sasismmmssis
3]
[Total 6 marks]
Exam Practice Tip Score
The important thing to remember with moments is that it's the perpendicular distance to the pivot that ‘
counts, so the direction in which the force acts really matters. If two forces are the same size and act at the
same distance from the pivot, they won't produce the same moment if they're at different angles to each other. 7

P

=) =) Section 1 — Forces and Motion
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Principle of Moments

Paper 2

2

1 The diagram shows three weights on a wooden plank, resting on a pivot.

Weight A is 2 N and sits 20 cm to the left of the pivot. Weight B exerts
an anticlockwise moment of 0.8 Nm. Assume the plank has no weight.

(AL (BEY) EEEY)
' L] | J
L - l6cm ? J
A 20 cm
pivot

a) Calculate the anticlockwise moment exerted by weight A.

Weight A anticlockwise moment = ..................... Nm

b) The system is currently balanced. Weight C has a weight of 8 N.
Calculate the distance of weight C from the pivot.

Distance = ........coceereerennene. m
[4]
[Total 7 marks]

A light plank is suspended horizontally by two ropes, one at either end, /Zamn

and a heavy box is placed on the plank in two different positions. 7-9

situation A situation B
rope 1 box rope 2 rope 1 E box E rope 2
I 1 [ I
plank plank

State in which situation rope 1 is applying more force to the plank. Explain your answer.

 [Total 2 marks]
Score: _‘
9
Section 1 — Forces and Motion (~) ) (&)
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Circuits — The Basics

.It‘;"-e
1 This question is about electricity supplies. G:jé}

a) Which describes the UK mains electricity supply?
] A230vac. [ ] B320vVac [ | cC230vde [ ] D320vde

[1]
b) Cells and batteries provide a d.c. supply. State what d.c. stands for and explain what it means.
2]
[Total 3 marks]
2 A student wants to produce a graph of current against voltage for component X. Gradg
An incomplete diagram of the circuit he is going to use is shown below. 3-8
|
'
L component X
a) Complete the circuit by adding an ammeter and a voltmeter.
2]

b) The student increases the resistance of the variable resistor while keeping the voltage of the power
supply the same. State what will happen to the current in the circuit.

............................................................................................................................................................
............................................................................................................................................................

[4]
[Total 7 marks]
Score: ‘ .
10
(&) ) &) Section 2 — Electricity




LI

22

Resistanceand V=IX R

1 Adirect current of 3.0 A flows through a circuit consisting of a battery .
and a 6.0 Q resistor. What is the potential difference across the resistor? \~&

[l Ao0sv
[ ] B2V
[ ] cov
[ ] p1sv

[Total 1 mark]

2 The diagram shows current-voltage (/-V) graphs (‘f}a Current (amps) 4 A B C
for four resistors at a constant temperature. :? a f
13-
a) State which resistor has the highest resistance. 5. D
................................................................................................. T H
[1] — >

I

4324 12 3 4
b) i) State the equation linking voltage, current and resistance. - Potential
difference

Traléa)

........................................................................................ [ ]] } / / Z;- volts)

ii) Calculate the resistance of resistor B.

Resistance = ......ccoeovvvveevevveennn, Q

iif) The resistance of resistor B is tested at different temperatures. At 30 °C, it has a resistance of
0.75 Q when the voltage across it is 15 V. Calculate the current through the resistor at 30 °C.

Current = ......oooeveeverevrrnneranns A

[Total 8 marks]

Section 2 — Electricity
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3 A student tries to identify two components using a standard test circuit. ?ade
The table below shows his readings of current and voltage for the two components. 9

Voltage (V) —4.0]-3.0|-2.0|-1.0{ 0.0 | 1.0 [ 2.0 [ 3.0 | 4.0

Component A current (A) | 0.0 [ 0.0 | 0.0 | 0.0 [ 0.0 [ 0.2 | 1.0 [ 2.0 | 4.5

Component B current (A) | 4.0 [-3.5|-3.0{—-2.0( 0.0 | 2.0 | 3.0 | 3.5 | 4.0

a) State what type of component the data suggests component A is, and justify your choice.

[2]
b) Plot a current-voltage (I-¥) graph for component B on the graph paper. Draw a curve of best fit.

=i TTTT [Trr] Y I T 1
i 1 O T

- MmN : i _ [4]

¢) i) What type of component is component B?
[1j
ii) Explain the changes in the slope of the I-V graph for component B between 0 V and 4 V.

B3]

[Total 10 marks]

Exam Practice Tip Sﬂ)rg
There are four types of |-V graphs that you need to know — resistors, wires, metal filament lamps and diodes. ‘ |
Make sure you've got their shapes etched on your memory and can describe how current varies with voltage. —1?

C"") = @ Section 2 — Electricity
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LDRs, Ther_lfnistors and LEDs_

1 The diagram below shows a circuit that contains ~ /Era ‘
an LED, a light-dependent resistor and a cell. @/ ‘ I

a) Describe how you could tell that a current is flowing in the circuit.

[1] a7
b) The circuit is placed in a well lit room. At the end of the day, |

the lights in the room are turned off. State and explain how the
resistance of the circuit changes when the room lights are switched off,

............................................................................................................................................................

[Total 3 marks]

P

2 This question is about circuit components. { 3‘_'7/
~

a) 1) Which circuit symbol below represents a fuse?
(Ja—LZF [+ [Jc—F= [JoLZF
i1) Which circuit symbol below does not represent a type of power source?

[ ]A—0 o— [ |B—Oo~O— Dc—“———'l— [Jp—0 o—

[1]

[1]

b) i) Draw a circuit diagram to represent a circuit in which the brightness of a lamp depends on
temperature. The circuit should contain three components.

3]

i) Describe and explain how the current in the circuit changes as the room temperature increases.

[Total 7 marks]

Score: L
10
) (=) )
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Series and Parallel Circuits

1

Two light bulbs are wired in series with a 12 'V battery. ( 6.7
.

ol
"(E‘f-ﬁde'

a) Give one advantage of wiring the lights in parallel instead.

b) The current through one of the bulbs is 0.5 A. Calculate the total resistance in the series circuit.

ResSistance = ...eeeeeeeeeeeceeeeeeas Q

¢) Describe how the current in the circuit would change if there were three bulbs in series
connected to the same battery.

a) The battery supplies a voltage of 4.2 V. Give the voltages V, and V.

g
2 The diagram below shows a parallel circuit.  { M\
g p \6-7) ~——1 l—
[ |
[ 2x2 |

R R
W=t . 2 A%
, ®;
Vg = s osssamsssmssmssmmasasen v 1
[ @' R, |
b) Each resistor has a resistance of 2.0 €2. Calculate the current through R.. 74
2
Current = gugimas - oeeeersaseecssnes A
[4]
[Total 5 marks]
Score: ‘_
10

(:.E’) Section 2 — Electricity
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Charge, Voltage and Energy Change

1 A 3V battery can supply a current of 5 A for 20 minutes before it needs recharging. @

a) 1) State what is meant by current.

[1]
ii) State what carries charge in an electric current through a metal conductor.
[1]
b) i) State the equation that links charge, current and time.
1]

ii) Calculate how much charge will pass through the circuit before the battery needs recharging.

Charge = s C

¢) State how much energy is transferred by the battery per coulomb of charge passed
through the circuit. Explain your answer.

2]
d) A different battery is used to supply electricity to a circuit. It transfers a charge of 12 C over
3.0 seconds. Calculate the resistance of the circuit if 36 J of energy is transferred in 3.0 s.
Resistance = ........ccccceeenvenenence. Q2
[4]
[Total 12 marks]
Exam Practice Tip Score
It's worth practising how to rearrange equations until you're totally comfortable doing it. If you find it too |

tricky, just make sure you can write out and use the formula triangles. Don't get me wrong — it won't be —

fun, but it's a useful skill and itll come up time and time again. You'll be glad you put the effort in later. 12

)
)

Section 2 — Electricity (*) (&) (\é;:)
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Electrical Safety

1 The figure below shows an old-fashioned household fuse box. @

Y - fuse

- thin wire

| connection to the rest of the house

. connection to the mains

a) Explain why houses have fuse boxes.

1]
b) In old-fashioned fuse boxes like this, home-owners sometimes replaced old fuses with pennies.
Explain why replacing fuses with pennies like this was dangerous.

[1]
[Total 2 marks]
2 A kitchen appliance manufacturer is checking that their products
are safe for use in the home. The manufacturer sells a toaster with &’f@
a metal case. It is wired with an earth wire and a fuse for safety. -
a) Explain how the earth wire and fuse work when a fault develops in the toaster
leading to the live wire touching the metal casing.
4]
b) They also make a kettle with a plastic case.
The kettle is not wired with an earth wire. Explain why the kettle is still safe to use.
2]
[Total 6 marks]

Section 2 — Electricity
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. . Grad
3 A microwave oven has a metal casing. @'@

a) 1) An electrical fault develops in which the live wire comes into contact with the metal casing.

Explain why this can be dangerous.

1]
ii) The microwave oven is connected to a circuit breaker. Describe what happens to make the
microwave oven safe again when the fault in part i) occurs.
[3]
b) i) Some circuits are protected by fuses.
Describe the main difference between how a fuse and a circuit breaker work.
2]
ii) Give two advantages of using circuit breakers instead of fuses to protect a circuit.
L eSSttt s a ettt eeee e e e naer e
2
2]
[Total 8 marks]
Exam Practice Tip Score
Fuses and circuit breakers don't just safeguard you in the home — knowing all about them could save your ‘
bacon in the exam too. There aren't any equations, but you do need to know how insulation, fuses, earthing —
and circuit breakers work, and how they keep us and our gadgets safe if things go wrong. 16

Section 2 — Electricity (& &)
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Energy and Power in Circuits

1 The heating element in a kettle usually contains a coil of wire made of Nichrome. (“tf';_nf?;)
When the kettle is turned on, current flows through the coil of wire. \fj_

a) Explain why the coil of wire in the heating element is designed to have a high resistance.

............................................................................................................................................................

2]
b) The table below shows the power and voltage ratings for two kettles.
Power (kW) | Voltage (V)
Kettle A 2.8 230
Kettle B 3.0 230
i) State the equation linking electrical power, voltage and current.
1]
ii) Calculate the current drawn from the mains supply by kettle A.
Current = s A
3]
iii) What current rating should the fuse in kettle A have?
[]A1A [ | B3A [ ] csa [ | p13Aa
[1]
iv) A student is deciding whether to buy kettle A or kettle B. She wants to buy the kettle that
boils water faster. Both kettles are 90% efficient. Suggest which kettle she should choose.
Give a reason for your answer.
2]
[Total 9 marks]
Exam Practice Tip Score
It's important that you can comfortably use equations for energy and power to work out what fuse an appliance [ ‘
should be fitted with. The most common fuse ratings in the UK are 3 A, 5 A and 13 A and you should pick
one just above the normal operating current to avoid it blowing when there's no danger, or not blowing at all. 9
) () (L) . .
T \—/ &/ Section 2 — Electricity
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Static Electricity

b) Complete the table below.

a) State what is meant by an electrical insulator.

1 This question is about the electrical properties of different materials.

Material Electrical conductor? Electrical insulator?
Glass No Yes
Water Yes No
Plastic
Copper .........................

Paper 2

Section 2 — Electricity

2 A man walks up some carpeted stairs. The handrail is made of metal and is electrically -
connected to earth. When he puts his hand near the rail, there is a spark.

a) The carpet and the man’s shoes rub together, making the man electrically charged.
Explain why there is a spark between the man’s hand and the rail.

b) Given that the spark leapt from the man to the handrail, was the man
positively charged or negatively charged? Explain your answer.

2]

[Total 3 marks]

Grade’

@

............................................................................................................................................................

............................................................................................................................................................

Score: |

8

[Total 5 marks]

(©
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Static Electricity and Friction

1 A student rubs a polythene rod with a dusting T\

cloth. The rod becomes negatively charged and @«y
the dusting cloth becomes positively charged. =
a) Describe what happens to the electrons as the polythene rod is rubbed.

............................................................................................................................................................

2]
b) The polythene rod is now suspended from a string tied around its centre. The student has another
charged object, with an unknown charge on it. Explain how the student can use the negatively
charged polythene rod to determine the type of charge (positive or negative) on the object.

............................................................................................................................................................

............................................................................................................................................................

Paper 2

3]
[Total 5 marks]
2 The diagram on the right shows /G PRA disc
6
a gold-leaf electroscope. @
a) What type of material arc the disc and rod usually made from? plug made
of insulator
rod
117 glass flask
b) Describe how the gold-leaf electroscope can be
used to see whether a material is charged. gold leaves
[2]
c) State whether or not the electroscope is able to distinguish between positively-charged
and negatively-charged objects. Explain your answer.
[3]
[Total 6 marks]

Section 2 — Electricity
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+

3 A Van de Graaff generator is a machine which is used to generate
static electricity. A student uses one type of Van de Graaff generator @
in class and writes the following description of how it works. -

The bottom comb is positively charged

+ : and attracts electrons away from the
I e rubber belt.
+
+ " The rubber belt loses electrons and
+ X becomes positively charged.
+ Y
" EA moving As the positive charge on the belt passes
pc(;lsa:;‘;e — [+ P rubber the top comb, electrons are attracted
& E belt from the metal dome onto the helt.
] i motor- The metal dome loses electrons and
bottom H driven builds up a positive static charge
Comb ) Hﬂ“" roller )
source of —5-
high voltage
~ 3) Explain why the belt is made from rubber.
d: ............................................................................................................................................................
[2]
b) Explain why the top comb needs to be made from a conductor.
[1]
¢) Explain why electrons are attracted from the metal dome to the belt.
[1]
d) A student standing on an insulating block places a hand onto the dome of a Van de Graaff
generator. Her hair begins to spread apart and stand on end. Explain why this happens.
| 3]
[Total 7 marks]
Score: !
18
Section 2 — Electricity [-,&.J ), &
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Static Electricity — Examples

Paper 2

A tall building is fitted with a lightning rod, made from a fom
conductor, that safely directs charge to earth when the building ,{;ﬁ
is struck by lightning. Explain how lightning is caused.

Lightning rod

L § 0 0 B
O
I .

" [Total 2 marks]

When refuelling a vehicle, fuel flows out of a fuel nozzle and into the vehicle’s fuel tank. @?@

nozzle

fuel metal fuel tank

4

L

a) Explain why it is dangerous if static charge is allowed to build up during this process.

Nz

b) Give two safety measures that can be taken to reduce the build-up of static charge when fuelling.

[Total 4 marks]

Section 2 — Electricity
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3 A student prints a document from a computer using an inkjet printer.

a) An inkjet printer works by firing charged droplets of ink towards a piece of paper.
Explain how the printer can control and alter the direction of the droplets of ink.

3]
b) The student then photocopies the document. The diagram below shows the main steps that a
photocopier uses to make a paper copy of a document.

Original .
document Positively-charged Negatively-charged
> image plate black powder Paper
A A g nes- A =k : F
- Light source )
i
3
E‘ Light is reflected Some of the Black powder Powder transferred
off the original image plate transferred to to paper.
document onto the loses its charge. image plate.
image plate.
i) Before the process starts, the image plate is positively charged.
Describe what causes some parts of the image plate to lose their charge.
[1]
ii) Describe how the original image is transferred to the paper after the light source has been
. SV
reflected off it. = Think ;b'ofultf;}r] ; tl'sl iy,
= 4 attracted ¢y what =
...................................................................................................................... = throy i u =
e s
- [3]
[Total 9 marks]
Score:‘
15
Section 2 — Electricity (&) & @?
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Waves — The Basics

a)

b)

b)

£

. LR “Gradey

Waves can be either transverse or longitudinal. (3_4 )
S

A student uses a spring to produce the two types of waves shown — type A and type B.

"""""'l&u,”m,,.ul'"”“"

type B

State, with reasons, which wave is transverse and which wave is longitudinal.

............................................................................................................................................................

2]
Give one example of a type A wave other than a wave on a spring.
[
[Total 3 marks]
A wave in a pond, travelling at 0.5 m/s, makes a ;F:_s;\
floating ball move up and down twice every second. ié‘, _/
o

<+— wave speed 0.5 m/s

What is the frequency of the wave?

Frequency = aswsssssssssiva HZ

i) State the equation linking wave speed, frequency and wavelength.

ii) The ball is on a crest of the wave. Calculate how far away the next crest is from the ball.

Distance = ....cccevvieevnnnnn m

iii) Calculate the time period of the wave.

Time period = .....c.ccccereens S

[Total 6 marks]

Section 3 — Waves
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3  The diagram shows the graphs of waves A, B and C. Each graph has the same scale. (/\g:/

fad?h

VAL

Vi

A

VWUV

a) What is meant by the amplitude of a wave?

............................................................................................................................................................

............................................................................................................................................................

b) Which of the following is correct?

D A A and B have the same wavelength.

l:] B B and C have the same wavelength.

D C A and C have the same wavelength.

D D None of the waves have the same wavelength.

[

¢) A student uses a ripple tank to produce a water wave. He measures an amplitude of 1 cm and a

wavelength of 2 cm and draws a graph of the wave, as shown in the diagram.

height of the wave from

the rest position in cm

[y

VEL

\/

distance along
the wave in cm

.......................................................................................................................................................

i) On the same set of axes, sketch a wave with a wavelength of 6 cm and an amplitude of 0.75 cm.

Section 3 — Waves

1]

[2]

[Total 5 marks]

Score: |
14
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Wave Behaviour and EVMI Waves

. . . Gradp
1 Some satellite signals are microwaves. @ N
. = . Hirrpgy
- Think about the orderl clné -
the electrom
ey gy

NYARRT
1ty

a) Which of the following is high-frequency microwave radiation
closest in frequency to?

D A high-frequency ultraviolet [:] C low-frequency visible light

D B high-frequency radio waves D D low-frequency infrared 117

agnetic spectrym
Pobternig =

b) State, with a reason, whether microwave signals travel faster in free space than radio signals.

1]
[Total 2 marks]
2 The Doppler effect can be used to learn information about distant stars. §.,7/
a) State what is meant by the Doppler effect.
2]
b) Explain why the Doppler effect occurs.
3]

c) An astronomer finds that the frequencies of the electromagnetic waves emitted by a distant star
appear to be slightly lowcr than those of 4 similar star that is known not to be moving either

towards or away from the Earth.
Suggest whether this indicates that the distant star is moving towards or away from the Earth,

and explain your reasoning.

............................................................................................................................................................

[Total 7 marks]

Score: |

9
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Uses of Electromagnetic Waves

= ——————— = -

[] lad::\

1 The diagram shows electromagnetic radiation being used to sterilise a surgical instrument. (§ :/'y

\

a) State what type of electromagnetic radiation is being used.

source of radiation

1] i B
b) A similar process can be used to treat fruit before it is exported S///
to other countries. Suggest why this process is used.
thick lead
2]
[Total 3 marks]
2 Microwaves can be used to cook food. @
Describe how food is heated when cooked in a microwave oven.
.................................................................................................................................. [Total e

3 Optical fibres have many practical uses. @E@

a) Which type of electromagnetic wave is typically transmitted in optical fibres?

I:l A radio waves D B visible light D C microwaves I:‘ D X-rays

[1]
b) Explain how data is transmitted through optical fibres.
2]
c) Give one application of optical fibres.
1]
[Total 4 marks]

Section 3 — Waves
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frad
4 A naturalist uses a night vision camera to capture an image of a fox, as shown below. ( é fdh
\L &
Explain how the night vision camera allowed this image to be taken.
[Total 2 marks]
5 The radio transmitter shown transmits long-wave and short-wave radio s”é&i

signals. The house receiving the signal is a long way from the transmitter.

radio transmitter

a) Describe how the long-wave and short-wave radio signals from the transmitter are each able to
reach the house.

Long-waves .n. femm oo sunn ses oie 5 B B B e et nin e e e R e s

b) The owner of the house decides to get satellite TV installed.

1) State what type of electromagnetic radiation is used to send signals to satellites.

11) Describe how satellite TV signals are transmitted from a transmitter on the ground to the house.

[Total 5 marks]

Section 3 — Waves
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ra\
..

6  X-rays are used by truck scanners at country border control points. (}f E-:;j
\al

a) X-rays are passed through a truck. Explain how an image of the objects in the truck is formed.

............................................................................................................................................................

= 4]
b) During a scan, the driver and any passengers are asked to step outside the vehicle for their safety.
Suggest why this happens.
2]
[Total 6 marks]
7 Ultraviolet radiation can damage skin cells and cause cancer in humans. @
”
a) Fluorescent lamps make use of ultraviolet radiation.
State whether or not fluorescent lamps are harmful to humans. Explain your answer.
2]
b) Photographers sometimes use ultraviolet filters to prevent ultraviolet radiation from reaching the
" camera’s sensor or film. Describe how a camera creates a photograph using visible light, and how
the camera and the photographer can control the amount of visible light entering it.

B3]
[Total 5 marks]
Exam Practice Tip Score
This stuff isnt too bad — no calculations or tricky equations here. Try writing down the types of ‘
electromagnetic wave on some revision cards and scribbling descriptions of their applications on the back.
See if you can describe the applications for each type of wave before checking the backs of the cards. 28
: (' " } ( ") (.- ,]
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Dangers of Electromagnetic Waves

1 Living cells in the human body can absorb gamma rays. @

a) Give two damaging effects that gamma rays can have when they are absorbed by living cells.

1 suss s ummessemsesssssms e sET AT AR RO S AR AT R RSSO SRS AR s St s 9o SO SA NS AR TSRS RO TR S
e R R N A P N A o et s e
2]
b) Gamma radiation can be used to treat cancer. Give one precaution that
should be taken when giving a cancer patient a dose of gamma radiation.
1]
[Total 3 marks]
2 Sunlight contains ultraviolet radiation. @@
a) Explain why excessive sunbathing can be dangerous.
| [2]
b) Describe one method of protecting yourself from the sun.
1]
[Total 3 marks]
Frade
3 Mobile phones use microwaves to transmit signals. {&dy
-
a) Suggest why people might be worried that excessive mobile phone use could be harmful.
1]
b) Explain why it would be more dangerous to use infrared radiation instead of microwaves for
mobile phone signals.
2]
[Total 3 marks]
Score: | !
9
o o) TR
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Reﬂ_ection imd Refraction of Waves

-
-EGrade

1 A student shines a beam of light into a mirror. ( E_y

a) i) State the law of reflection.

[1]
i) State what is meant by diffuse reflection.
[1]
b) A ray of light with an angle of incidence of 35° is reflected from a mirror.
Sketch a ray diagram to show this below. The mirror and the normal have been drawn for you.
'V
%
e
%
L
e
/
Nomal - - - = = = = — — — = »«//; -——-
%
L7
%
4
%
e
2]
c¢) The student swaps the mirror for a glass block, and shines the beam of light into
it at an angle to the normal. Explain why the beam of light changes direction
when it travels from the air into the block and state the name of this effect.
3]
[Total 7 marks]
Exam Practice Tip
Ray diagrams are used a lot when talking about reflection, so you should get comfortable drawing them. S_core

No matter how complicated any diagram seems, it all comes down to a few simple rules. First, make sure —‘
your lines are straight (unless the ray is changing direction at a boundary). Draw arrowheads on the rays

and make sure they point in the direction the ray is travelling in. Most importantly, always use a protractor 7
to show that reflected rays obey the law of reflection.

; (i°8) . (9=)
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1 The diagram shows a ray of red light entering a glass prism. @

incident ray glass prism

air

a) Complete the diagram to show the ray passing through the prism and emerging from the
other side. Label the angles of incidence, i, and refraction, # for both boundaries.

[3]
b) Describe an experiment that you could do to measure i and  at both boundaries.

............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................
............................................................................................................................................................

c) When a ray of white light enters the prism, several rays of light, each of a separate colour, emerge
from the prism. Each ray of light travels in a slightly different direction.

i) Explain why this happens.

.......................................................................................................................................................

2]
ii) When white light shines through a rectangular block of glass instead of through a triangular
prism, all the light that emerges travels in the same direction. Explain why.
2]

[Total 11 marks]

Score: | |
11
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Refractive Index and Snell’s Law

1 A student is investigating the refractive index of a block of transparent material.

Grade

She shines a ray of yellow light at the block at various angles of incidence (i) and (§.7
measures the angles of refraction (7). The table shows her results.

i r sin { sin r

10.0° 8.3° 0.174 0.144

20.0° 16.4° 0.342 0.282

30.0° 24.8° 0.500 0.419

40.0° 32.3° 0.643 0.534

50.0° 39.8° 0.766 0.640

60.0° 46.2° 0.866 0.722

a)  Use the values in the table to draw a graph of sinr against sini.
Plot sinr on the vertical axis, and sin7 on the horizontal axis.
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b) The gradient of the graph is equal to l, where 7 is the refractive index of the block.
n
1) Calculate the gradient of the graph.

gradient = .........ccouevvveeiieinieenanne
2]
ii) Calculate the refractive index of the block.
Refractive index = ...ummsimimmnmnmmes
2]
[Total 8 marks]
2 The diagram shows white light refracting at an _ white light
air-glass boundary and separating into colours. .
a) The refractive index of glass for red light is 1.514. air
Calculate the angle of refraction for red light. glass
violet light —

Angle of refraction = ..................... °

b) Explain why the ray of white light would not separate into colours if it crossed the boundary
along the normal.

2]
c) The refractive index of glass for violet light is 1.528.
Calculate the angle 0 shown in the diagram.
[4]
[Total 9 marks]
Score: “
17

TR (o R
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Refractive Index and Critical Angles |

1 Endoscopes use optical fibres to look inside a patient’s body. When light meets the boundary (‘c'r'a"&e\
between the optical fibre core and the outer cladding, there is total internal reflection. \6;?/

a) An optical fibre core has a refractive index of 1.54. Calculate the critical angle of the core material.

Critical angle = .........ccoeu.... &
3]
b) Explain why bending the endoscope too sharply may result in reduced image quality.
SRR REAR RV
=" Tk i how thaangle =
= of incidence will change. = 7T
7l\l\H|\I\|I|l\lll\\\\\l\
2]
[Total 5 marks]
2 A semicircular acrylic block is placed in water. Light G\
passes through the block into the water. The critical angle (C) (ﬁ'y P RECfl!'I(Li{;[,
of the acrylic-water boundary for the light is 63.2°. e
a) State what is meant by the critical angle for a boundary.
1]
b) A ray of light meets the acrylic-water boundary at an angle of incidence of 75°.
Describe what will happen to the ray of light at the boundary.
1]
¢) The diagram shows a ray of light hitting the boundary [
between the same acrylic block and the air. [
Calculate the refractive index of the acrylic.
- 41.8°
acrylic | ~
air | 7
Refractive IndeX = ......cocovervreerernreennes
3]
[Total 5 marks]
Exam Practice Tip Score
Don't forget, total internal reflection only happens when light is going from a material with a higher refractive -
index to a material with a lower refractive index. The cladding of an optical fibre must have a lower refractive —
index than the core, otherwise light will always escape, no matter how large the angle of incidence. 10

&) ) (2
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Sound Waves

Paper 2

b)

The diagram shows how an oscilloscope can be used to
. . . . F’{‘;"
display sound waves by connecting mlcrophor'les to it. ( & “53\ PRz CTrCAL
Trace 1 shows the sound waves detected by microphone 1 and \___:/
trace 2 shows the sound waves detected by microphone 2.

signal generator SRETET microphone 1  microphone 2

Dees @Dun_ ))

1) A student uses the equipment to find the speed of sound. The steps below show a method he can
use. Put them into the correct order by numbering the boxes. The first has been done for you.

g ———  oscilloscope

Statements Order
Measure the distance between the microphones. This is the wavelength.
Stop moving microphone 2 when the traces line up.

Use the measured distance and the frequency of

the signal generator to find the wave speed.

Begin with both microphones at an equal distance from the speaker. 1
Keeping microphone 1 fixed, slowly move microphone 2 away from the
speaker (keeping it in line with microphone 1), causing trace 2 to move.

[3]

ii) With the signal generator set to 50 Hz, the distance between the microphones
was measured to be 6.8 m. Calculate the speed of sound in air.

Speed = ....cccooriiiiiiriirenn. /S

One microphone is removed and the signal generator is adjusted.
The diagram shows the trace produced on the oscilloscope.

1) Which quantity is represented by quantity X on the trace?

D A wavelength D C frequency

| | B amplitude |:| D time period

11) Calculate the frequency of the wave. 3"1' ',_’,‘ VI gy,
=z ZIs one vibration —
= per second, =
/unun/uu,.,,,“\:
Frequency = s Hz
2]
1i1) On the diagram, draw a waveform for a sound that has the same frequency but is louder.
[1]
[Total 9 marks]

Section 3 — Waves



I

48

A student sings in her school choir. She practises in both an

empty drama hall and on the school playing field. She notices G@
that her voice echoes only when she sings in the drama hall.

a) Explain why her voice echoes in the drama hall but not on the playing field.

------------------------------------------------------------------------------------------------------------------------------------------------------------

[1]
b) Some of the sound produced by the student passes through the walls of the hall.
As it does this, its speed increases and its wavelength increases.
Suggest one other way the sound may change as it passes through the hall walls.
1]
¢) Another student joins in the practice. His voice has a much lower pitch.
1) State the range of frequencics a student with good hearing should be able to hear.
[1]
i1) How does the frequency of sound produced by the male student compare to
the frequency of sound produced by the female student? Explain your answer.
2]
N d) The two students are recorded with two different microphones. The microphones
5 are connected to an oscilloscope, which gives the display shown below. Does trace A
=3 . . . ;
g display the male student’s voice or the female student’s voice? Justify your answer.
1]
N [Total 6 marks]
Exam Practice Tip Score

Describing an experiment to measure the speed of sound could bag you loads of marks. To get top marks, ‘ ‘
you'll need to be really familiar with all the detalils, including what you'll measure, what you'll use to measure it,
and the formulas you'll need to use. It's tricky stuff, for sure, but you need to get your head round it. 15
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Conservation of Energy

. o 5 “Era -E
1 This question is about energy transfers. {3: ?}
~

Use options from the box to complete the table below. For each scenario, state the
energy store that energy is transferred away from. Each option may be used once.

elastic potential chemical
gravitational potential nuclear
Scenario Energy Transferred From...
A skydiver falling from an aeroplane. energy store
A substance undergoing a nuclear reaction. energy store

A stretched spring returning to its original shape. energy store

A piece of burning coal. energy store

..................................................

[Total 3 marks]
2 A kettle of cold water is plugged into the mains and brought to the boil. ;*‘::r:\
Energy is transferred from the mains to the water. \‘.ﬁ;‘ff
a) Name the energy store of the water that the energy is transferred to.
[1]
b) How is energy transferred from the mains to the kettle?
[:' A mechanically
I:I B by heating
E’ C by radiation
D D electrically
[1]
c) State the principle of conservation of energy.
2]
[Total 4 marks]
Exam Practice Tip Score

Ah, energy transfers. All you need to know is that energy can never be created or destroyed. What goes into
a device must come out. Even better if you can work out which energy stores the energy is being transferred
to and from. But if you're not sure, it's usually common sense so try not to panic and you'll figure it out. 7

— — -
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Efficiency

1 Which of the following washing machines is the most efficient?

Washing machine Input energy (J) Useful output energy (J)
[]a 4 % 10* 2.52 x 10*
| Hp: 4 x 10* 2.80 x 10°
— [ ]c 4 % 10 2.95 % 10*
= [ ]p 4 x 10* 2.98 x 10*

[Total 1 mark]

2 An electric fan transfers 7250 J of energy. 2 kJ of this is wasted energy. @:@

a) Suggest one way in which energy is wasted by the fan.

1]
b) Calculate the efficiency of the fan. Give your answer to 2 significant figures.
Efficiency = .................. %
[4]
[Total 5 marks]

from the mains to the kettle every second. When the kettle is full, it needs to

3 An electric kettle has an efficiency of 76%. 2500 J of energy is transferred @
/-9
transfer 418 000 J of energy to the thermal energy store of the water to boil it.

How long does a full kettle need to be switched on for in order to boil the water?

D A 2.8 minutes

I:] B 22 seconds
= D C 167 seconds

D D 220 seconds

[Total 1 mark]

Exam Practice Tip Score

No device is 100% efficient as some energy will always be wasted. For example, energy is carried away by sound |
waves — you can probably hear an electrical appliance in your home if it's turned on, even if it's just a quiet hum. | ——
The device may also heat up — youlll probably have noticed this with things like TVs and laptops. 7

—_— — —
— r
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Energy Transfers

1 An electric heater is connected to the mains.
Which statement correctly describes the energy trnsfer between the mains and the heater?
I:[ A Energy is transferred electrically to the kinetic energy store of the heater.
D B Energy is transferred by heating to the kinetic energy store of the heater.
D C Energy is transferred electrically to the thermal energy store of the heater.

I:I D Energy is transferred by radiation to the thermal energy store of the heater.
[Total 1 mark]

2 A weight lifter is holding a set of weights still above his head.

a) Describe the energy transfers involved when the weight lifter
raises the weights.

b) The weight lifter drops the weights. Describe the energy transfer that will take place as they fall
towards the floor.

............................................................................................................................................................

[2]
[Total 5 marks]
3 Describe the energy transfers for a golf club hitting a Gra?
ball, starting with the energy stored in the golf club. Q_
.................................................................................................................................... [Total e arksj
Score: !__ - ‘
10
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A

Sankey Diagrams

1 The manufacturer of a clock creates a Sankey diagram to show the /g
energy transfers involved when the clock is in operation. ~7

a) Calculate the value represented by each small square on the diagram.

Isquare = ....ccccoevevreenennns J
[1]
b) Calculate how much energy is transferred usefully by the clock for every 200 J
of energy supplied.
Useful energy transferred = ..........ccoeevivinne J
[1]

¢) Four fifths of the wasted energy is transferred to thermal energy stores and one fifth is carried
away by sound. Use the grid below to draw a Sankey diagram for the clock to show this.

! T i 17T .
I
T IJJ_ I A
AN T ]
[ \ | i II 1l i ! _! i_i.- il T
! O B O
A e
| N A
L] I A
e R R R RN RaRERUREEEE
EEEEE AR EE W NS
e N _ i_ FH _‘ ] =
B e e et et e el
""" n NN FErE i
- o [3]
[Total 5 marks]
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2 A crane uses a cable and a hook to lift a weight by winding the cable around a drum.  f%aa\
Below is a Sankey diagram for the crane lifting a weight. ‘E _f/
gravitational
) potential
energy store
100 kJ of the weight
input
energy

u 20 kJ gravitational potential
energy store of the cable and hook

50 kJ wasted
energy

a) Suggest one energy store that energy is transferred to when energy 1s wasted by the crane.

1]
b) Calculate the energy transferred to the gravitational potential energy store of the weight
by the crane.
Energy = ...cccovvvevvivenennnr kJ
[1]

c) The weight is released and falls to the ground. 1.5 kJ of energy is wastefully transferred to thermal
energy stores and carried away by sound, due to air resistance acting on the weight during the fall.
Sketch and label a Sankey diagram to show the energy transfers that take place during the
weight’s fall.

3]

[Total 5 marks]

Score: :
10
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Energy Transfer by Heating

1 Three flasks, A, B and C, each containing 100 ml of water, are placed S\
in closed boxes filled with a clear gel which is at an initial temperature

of 50 °C. The water in each flask is at a different initial temperature.

| cork bung /H‘//thermometers

|
|

N B
. closed
gel-filled —
box
O] ®
flask — water
65 °C
a) Name two ways in which the flasks will transfer energy by heating to the gel surrounding them.
1 cosssoeomsssnsmasconanss sk s s A 5 A A A R RIS a5 AR SR NS
2 A A OV R A ST N SR SR SN 8 SR S S
2]
b) State which flask will transfer energy to the gel the fastest. Explain your answer.
2]
[Total 4 marks]
2 Assolid block is heated at one end until the temperature of the whole block has increased. { &“‘"‘-3
L
Name the main method of energy transfer by heating in solids. Describe, in terms of particles,
how energy is transferred through the solid block by this method.

[Total 3 marks]

Score: | ~

7
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Convection

Erad
1 Energy can be transferred by convection. ( g,f:—;) PRECTICAL
.\-l'..’

a) Give the state of matter in which convection cannot take place. Give a reason for your answer.

2]
b) A student is carrying out an experiment in class to demonstrate convection.
She fills a rectangular glass tube with water and heats one of the bottom corners, as shown.
s ™\
«——— glass tube
filled with
cold water
heaterm\m_;r._ s
i) Draw two arrows on the diagram above to show the movement of the water within the tube.
1]
i) Explain why the water in the pipe moves in the way that you have shown in part 1).
3]
¢) Which of the following is not an example of convection?
[:| A the heating of a large room by a radiator
D B the heating of water in a kettle
D C the transfer of energy by heating through a copper pan
I:[ D hot air rising up a chimney [1]
[Total 7 marks]
Exam Practice Tip Score
An exam favourite is to show you a situation and get you to explain how convection is involved. ‘
Just remember that whatever kind of substance is involved, the process is pretty much always the same —
the hot stuff rises, the cold stuff sinks and gets heated, and the whole thing repeats. 7
,l!,j) :-_1/ ) @) l ! Section 4 — Energy Resources and Energy Transfer
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More Energy Transfers by Heating

AL
PRACTIC Leslie cube
1 A student uses a Leslie cube, shown in
the diagram to the right, to investigate how P
different surfaces radiate energy. A Leslie (. 9
_ cube is a hollow cube with faces that have ™=
_ differently textured and coloured surfaces.
1 The student fills the cube with hot water and places his hand near to each surface.
] He records how warm his hand feels in front of each surface.
The four sides of the cube are matt black, shiny black, matt white and shiny white.
a) Predict which side the student’s hand would feel warmest in front of.
[1]
b) Predict which side the student’s hand would feel coolest in front of.
[1]
c) Suggest one way to improve the student’s experiment.
1]
[Total 3 marks]
2 A takeaway coffee cup is designed to reduce the energy transferred away from Grade
the hot drink. It is made of paper, and wrapped in corrugated cardboard. /-3,
air
[® / :
_
As shown in the diagram, small pockets of air are trapped by the corrugated cardboard.
Air, paper and cardboard all have low thermal conductivities.
Explain how the design of the cup helps reduce the rate that energy is transferred from the
thermal energy store of the hot drink.
.................................................................................................................................... [Total . arks]
Score: |
6
Section 4 — Energy Resources and Energy Transfer () (2) &)




57

Work and Power

1 Which of these is the definition of power? @

D A Power is the total work done by an object.
D B Power is the rate of energy transfer.
D C Power is the total energy transferred to an object.

D D Power is the minimum work done to an object to cause it to move.
[Total I mark]

2 A student is investigating the work done by different washing machines during a standard ¢ c’:};_f\
washing cycle. The table below shows the manufacturer’s data about three machines. ‘E_/

Machine Power Time needed
A 600 W 125 minutes
B 400 W 160 minutes
c 0 125 minutes

a) Calculate the work done by machine A during its standard washing cycle.
Give your answer in kJ.

Work done = ......coeveevevnnennnn, kJ

b) Machine C’s standard cycle lasts for 125 minutes. It does 3 930 000 J of work in that time.
Complete the table above by calculating the power of machine C.

2]
[Total 5 marks]
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3 A woman pushes a 20 kg wheelbarrow 15 m fs’,@
along a flat path using a horizontal force of 50 N. Qi?

a) 1) State the equation that links work done, force applied and distance moved in the direction of
the force.

-

i1) Calculate the work done by the woman.

Work done=....ccoeoevvvnecnnn J

2]
b) Work has to be done against the frictional forces acting on the wheel of the wheelbarrow.
Explain the effect this has on the temperature of the wheel.
2]
[Total 5 marks]
4 A mechanic replaces a worn out engine of a moped with a new, more -
powerful one. The new engine is 45% more powerful than the old @
one. The old engine transferred 1.87 x 10° kJ of energy in 1 hour.
a) Calculate the power of the new engine.
Power = .....occovieiciriennens w
[4]

b) Explain the effect replacing the engine will have on the time taken for the moped to accelerate
from rest to 13 m/s. Assume all the energy transferred by the engines is transferred usefully.

............................................................................................................................................................

[3]
[Total 7 marks]
Score: |_ ‘
18
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Kinetic and Potential Energy Stores

b)

P
[ Grade

A bird is flying through the sky. (3.4,
S
Which of the bird’s energy stores contain energy?

D A gravitational potential energy store only
D B gravitational potential and kinetic energy stores
D C Kkinetic energy store only

D D neither gravitational potential nor kinetic energy stores
[Total 1 mark]

-
"

A student climbs up some stairs from the ground floor of a { "”-’g’\
building to a height of 10 m. The student has a mass of 65 kg. —

State the equation that links the energy stored in the gravitational potential energy store, mass,
gravitational field strength (g) and height.

............................................................................................................................................................

[1]
Calculate the amount of energy in the student’s gravitational potential energy store when she
reaches the top of the stairs.
NER R AR~
- g=10N/kg =
ALy
Energy = .cccoovvivinninnnens J
2]
[Total 3 marks]
A student throws a ball directly upwards. At its highest point, the (-”'fi:'».?;\
ball has 4.0 J of energy in its gravitational potential energy store. \_f’
State how much energy will be in the ball’s kinetic energy store just before it hits the ground,
assuming no air resistance acts on the ball.
Energy = ..ooovvviiinriennnnennn J
1]
State the equation that links the energy in the kinetic energy store, mass and speed.
1]
The ball hits the ground with a speed of 8.9 m/s. Calculate the mass of the ball.
MaSS = ..veeeernrrnrieeennnees kg
3]
[Total 5 marks]

Section 4 — Energy Resources and Energy Transfer



60

4 A roller coaster cart with a mass of 105 kg is travelling along a horizontal track at 2.39 m/s. @
2.39 m/s
e

—

I

Il

a) Calculate the energy in the kinetic energy store of the cart.

L

Energy = sssawmnsmvmmis J
2]
b) The cart reaches a downhill slope in the track with a vertical height of 20.2 m.
It rolls down the slope with no driving force other than gravity.

1) Calculate the energy lost from the gravitational potential energy store of the cart as it rolls

down the slope. N gy,
Remﬁ‘mber, )
9 =10 Ny,
’IHIHHJ;I“T

[N

RYARY

ii) Assuming no frictional forces act against the cart, explain what happens to the energy that is
lost from the gravitational potential energy store.

1]
_ ¢) Calculate the speed of the cart at the bottom of the slope, assuming no friction acts
P P g
against the cart.
\H"'IHU/,
\Il\\"'"lﬂl\‘l lhad some =
,r the cart na =
= Tprm ;J I;; ite Kinetic enerdf =
= l.stg*::fﬂ before the drop-l Py Speed AT L m/s
_T';‘1'||l‘.|'||1‘\'|“|”|” /4]
[Total 9 marks]
|
Score: | |
N ¥ IR
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Non-Renewable Energy and Power Stations

“Brad
1 Which of the following energy sources is a renewable energy source? {"3;,;‘; ]
\_,_x’

[Total 1 mark]

2 Which of the following is a possible disadvantage of using  /za
non-renewable energy resources to generate electricity? ~§

[’ A They cannot generate electricity at night.
I:l B They don’t release very much energy.
D C They can only generate electricity in certain weather conditions.

D D They can produce sulfur dioxide and cause acid rain.
[Total I mark]

3 Natural gas can be used to generate electricity. 519

Paper 2

a) Natural gas is a non-renewable energy source. Natural gas is burned in power stations.
Describe the energy transfers that occur in a natural gas power station to generate electricity.

............................................................................................................................................................

[4]
b) Describe two advantages of generating electricity using natural gas.
2 ..
- 12]
[Total 6 marks]
Score: !
8
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Nuclear, Wind and Geothermal Power

1 Electricity can be generated using wind and geothermal power.

a) 1) The diagram below shows the transfers of energy during the generation of electricity using
geothermal power. Complete the diagram by adding the types of energy store involved in the
energy transfers.

energy store of hot rocks energy store of water energy stores of turbine
and generator
s 3]

ii) Give one advantage and one disadvantage of generating electricity using geothermal resources.
Advantage = .o RS

Disadvantase = me o n g n SR o A s e n B

2]
b) Give one advantage and one disadvantage of generating electricity using wind.
AQVANTAZE = ... o s BN e Shm o AR A A R SR RO R SRS
DISAAVANTAZE = .......vovereeeieneieiereeeieesisseea it ese e ss st esese s eestesssssssssses st st e e seeasaetese st seesesset e naesasesensaenens
2]
[Total 7 marks]
o
2 - : i\
g2 In a nuclear power station, water is heated to produce steam. ( 6 :-7/
\ W
a) Describe the energy transfer(s) that occur in a nuclear power station to produce the steam.
1]

b) i) One argument for building more nuclear power stations is that generating electricity from
nuclear fuel does not contribute to global warming. Explain why this is the case.

[1]
ii) Give two ways in which generating nuclear power can harm the environment.

| i aiokevs s s bt A9 Aibnsissnssememt g pe R AT A SR S8 A S SR PRSI S S SR SRR S RS

2 onmnesn o B e S o R G
B L]
[Total 4 marks]
Score: !_ !

11
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Solar and Wave Power

. - = i T Gradp
1 In some coastal regions, electrlc1ty 1S generated from waves using wave converters. _,é

&

a) Which of the following statements about wave converters is true?
l:l A They generate electricity all the time.
D B The initial costs of wave converters are low.
D C They produce pollution when generating electricity.
I:' D They can be hazardous to boats.
[1]

b) Describe the energy transfer that occurs in a wave converter when it is used to generate electricity.

[1]
[Total 2 marks]
2 Energy from the Sun is used in different ways. ( @.7
a) Name one device that uses energy from the Sun to directly generate electricity,
(o}
N [1]
b) Electricity generated from the Sun’s energy can be used to heat water in a home.
Name and describe one other way the Sun’s energy can be used to heat water in a home.
2]
c) Give two reasons why electricity generated from the Sun is rarely supplied to the national grid.
b s e B e S e N A S G300
2 ..
| [2]
[Total 5 marks]
Exam Practice Tip Score
There are some very common types of questions that examiners like to ask on energy resources. Make sure '
you can describe the energy transfers involved in using each different type of energy resource to generate
electricity, and that you know the advantages and disadvantages of using each resource. 7

G
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Generating Electricity Using Water

1 Water can be used in many ways to generate electricity. In some countries,

rada
electricity is generated using hydroelectric dams. Water is held back behind the ‘ 5
dam before being allowed to flow out through turbines to produce electricity. ~

a) Describe the energy transfers involved when water flowing through the turbines is used to
produce electricity.

2]
b) Hydroelectric power stations don’t produce any carbon dioxide when generating electricity.
Give two ways that using hydroelectric power stations to generate electricity damages the
environment.
£
2.a
2]
¢) In some hydroelectric power stations, energy is used to pump water back into the reservoir during
times of low electricity demand. Give the name of this type of system.
1]
d) Sea tides can also be used to generate electricity using tidal barrages. Give two advantages of
generating electricity using tidal barrages.
).
N 12]
[Total 7 marks]
Score:
7
TS S A
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Density and Pressure

1 A child has a collection of metal toy soldiers of different sizes made from the same metal. ;’E'r?;;\
Which of the following statements is true? >4/

l:] A The masses and densities of each of the toy soldiers are the same.
l:] B The masses of each of the toy soldiers are the same, but their densities may vary.
D C The densities of each of the toy soldiers are the same, but their masses may vary.

I:I D The densities and masses of each toy soldier may vary.

2 A student wants to measure the density of a pendant. (Eg}) PRACTIC AL
He can use the equipment shown. 8

eureka can

[Total 1 mark]

measuring cylinder

mass balance

— gE I3

a) State the two quantities the student should measure.

1 s s e s D S N S o AN RS 55
2 e eennromnremTa AR RO T TR TSRS SR T S RS R A AR A R ST AR B R R e s
2]
b) Describe the steps the student could take to find the density of the pendant
with the equipment shown.
3]

[Total 7 marks]
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Brade
3 Pressure is a measure of the force applied to the surface of a substance. @

a) State how the pressure of liquids at rest changes with depth.

..............................................................................................................................

1]
b) 1) State the equation linking pressure, force and area.
- [1]
° ii) Calculate the pressure created by a force of 18 N acting over an area of 4500 cm?.
= P y
Pressure = ......ccccvcerveinccnieeniannns Pa
3]
[Total 5 marks]
4 A company that manufactures a water-resistant digital watch tests the watch under o~
high pressure in salt water. They only recommend it is used underwater if the (éj";;
pressure difference from the surface is 245 kPa or less. N
a) State the equation linking pressure difference, height, density and the
gravitational field strength (g).
g
1]
b) 1) The mass of a 0.500 m? volume of salt water is 514 kg. Calculate the density of salt water.
g
Density = ...cccccvvveviverereeeeennn kg/m?
2]
ii) Calculate the maximum depth from the surface of the salt water that the watch can be used at.
P
R R
-}‘“”“‘lé“:hatthﬁ -
Z eeiin kP Yol =
: Pr:ued to convert (& 10 do =
= this calculation: n \‘:
St
Maximum depth = ........ccccceveviviiecrecrenreee. M
[3]
[Total 6 marks]
Exam Practice Tip Score
Its important to remember with questions like the last one that it's the difference in depth that matters. If ‘ ‘
you descend to a depth of 4000 m and want to know the pressure difference from when you started, the first —
thing to ask is "what was my initial depth?" Don't just plug 4000 into the equation if you didn't start at O. 19
Section 5 — Solids, Liquids and Gases
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Changes of State

Paper 2

— an_ o Ferade
1 Substances can exist in different states of matter. sf:}*)
\--—'

a) i) Describe the arrangement and movement of the particles in a solid.

[2]
ii) Give the name of the state of matter that possesses the highest average energy per particle.
1]
b) If a substance is heated to a certain temperature it can change from a solid to a liquid.
1) Give the name of this process.
[1]
ii) Explain why the temperature of the substance does not increase during this process.
2]
c) Ifaliquid is heated to a certain temperature it starts to boil and become a gas.
i) Name the other process that causes a liquid to start to become a gas. Explain how it is
different to boiling.
[3]

ii) Explain why the remaining liquid cools down when a liquid starts to turn into a gas by the
process named in part i).

.......................................................................................................................................................

[3]
[Total 12 marks]
Score: | |
12
t;; @)
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Temperature and Particle Theory

N - Brads
1 The Kelvin scale and the Celsius scale can be used to measure temperature. :

4-6)

a) 1) A gasis cooled. Describe what effect this has on the average speed of its particles.

[1]
— if) Explain why there is a minimum possible temperature that any substance can reach,
— known as the absolute zero of temperature.
[2]
iit) Give the numerical value of the absolute zero of temperature in degrees Celsius.
Temperature = ................. osscommess °C
[1]
b) Temperature can be converted between the Kelvin and Celsius scales. Complete the table below.
Temperature (K) Temperature (°C)
10
............................... 631
[2]
[Total 6 marks]
: 601}
2 The graph on the right shows T~
the temperature of a substance 4-8 _ 99
against time as it is heated. 8 401
a) Describe what is happening during the period § S0
3-8 minutes from the beginning of heating. g20
Lo T T i 10-
: 0
1 105 10 20 30
Time (minules)
b) Give the melting and boiling points of the substance.
Melting point = ............c............. °C Boiling point=...........ccceovnenn °C
- [2]
[Total 3 marks]
—
Score: |
9
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Particle Theory and Pressure in Gases

1 A sealed container with a fixed volume is fitted B
with internal temperature and pressure gauges. ("'c'r?ei?\ i gae‘slsuk?a
The gauges show that the temperature is 288 K _:J
and the pressure is 107 kPa inside the container. g—g%n;pk
The container is heated so that the temperature '
of the gas inside it becomes 405 K. Calculate the
pressure that will be shown on the pressure gauge.
PIESSUIE = ...cocovevrerererseseneresrseenere: KPQ
[Total 3 marks]
2 A cylinder sealed with a piston contains @ piston E: 1
0.014 m? of gas at a pressure of 98 kPa. '\ ~9
H
a) i) The piston is squeezed in and the volume containing the gas cylinder gas
decreases. State the effect on the gas pressure inside the cylinder.
Explain your answer in terms of particle theory. s
3]

ii) The gas is compressed to a volume of 0.013 m®. The temperature of the gas remains constant.
Calculate the pressure inside the cylinder after the compression.

Pressure = .....ccciviiieecenieiinienneiannns kPa

b) The cylinder is heated while the piston remains in place to keep its volume constant.

LR

)

State and explain what happens to the pressure inside the cylinder.

............................................................................................................................................................

[Total 9 marks]
Score: :._
12
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Specific Heat Capacity

1 Which of the following is the correct definition of specific heat capacity? @;?i }!

D A the energy transferred when an object is burnt
D B the maximum amount of energy an object can store before it melts
D C the energy needed to change the temperature of an object by 10 °C per kg of mass

D D the energy needed to change the temperature of an object by 1 °C per kg of mass
[Total 1 mark]

2 A smder}t uses the equl'pment .hsted be!ow_ to investigate @ > RACTICM"
the specific heat capacity of different liquids. e

* Insulated flask * Mass balance * Joulemeter
*  Thermometer e Power supply * Immersion heater

a) Describe how the student could use the apparatus listed above to calculate the specific heat
capacities of different liquids.

............................................................................................................................................................

g ------------------------------------------------------------------------------------------------------------------------------------------------------------
é ------------------------------------------------------------------------------------------------------------------------------------------------------------
3]
b) 15 kJ of energy was supplied to each sample. The student then recorded her results,
shown in the table below. Complete the table to show the specific heat capacity of liquid C.
Liquid | Mass (kg) | Temperature change (°C) | Specific heat capacity (J/kg °C)
A 0.30 12 4200
B 0.30 23 2200
C 0.30 25
B B3]
[Total 8 marks]
Exam Practice Tip Score
Remember, you can also do the above experiment using a voltmeter and an ammeter instead of a joulemeter. ‘
Just time how long the heater is on for (in s), and find the energy it has supplied to the liquid using £ = IV& —9—
Section 5 — Solids, Liquids and Gases (r'vzl {g} [;}
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Magnets and Magnetic Fields

b)

b)

d)

A student arranges two magnets as shown below. @

............................................................................................................................................................

Statc whether there will be a force of attraction, repulsion, or no force between the two magnets.
Explain your answer.

............................................................................................................................................................

A student draws the magnetic field lines between  (Traid
CT
four bar magnets, as shown in the diagram. (\6;::"/ TCAL

Describe an experiment that the student could have done
to show this magnetic field pattern.

[Total 3 marks]

magnetic
field lines

.....................................................................................................

Add four arrows to the magnetic field lines on the diagram, one between
each set of neighbouring magnets, to show the direction of the magnetic field.
[2]

The student then decides to investigate magnetic materials.

Describe what is meant by a magnetic material.

[1]
The head of an iron nail is placed close to the north pole of a bar magnet.
The head of the nail is attracted towards the bar magnet until they touch
and it sticks to the magnet. Explain why this happens.

2]

[Total 7 marks]
Score:
10

= & Section 6 — Magnetism and Electromagnetism
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Electromagnetism
1 A student is investigating magnetic fields. She passes a copper rod through a CK{?
piece of flat card and connects it in an electrical circuit, as shown in the diagram. 4:?

copper rod
battery

1 u

° switch
N\
piece p

of card

a) Which of the following correctly describes what happens when the switch is closed?
|:| A A magnetic field is created around the copper rod.
D B A magnetic field is created by the piece of card.
D C The piece of card becomes magnetic.
‘:] D No magnetic field is created.

[1]

b) Some iron filings are sprinkled onto the card. When the switch is closed,
a pattern develops in the iron filings. On the diagram above, sketch the pattern.

[1j

c¢) The student removes the rod and card and attaches a loop of wire passed through a piece of card

to the electrical circuit. The switch is then closed. On the piece of card in the diagram below,
sketch the magnetic field produced.

current ]
TSR TN

7 N piece of card

Paper 2

' loop of wire

[Total 4 marks]

Section 6 — Magnetism and Electromagnetism
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2 An electromagnet is used by a crane to lift, move and drop iron and steel. {E,j’-’-,—f/
e
a) The electromagnet contains a solenoid. State what is meant by a solenoid.
[1]
b) Describe the shape of the magnetic field that a solenoid produces.
You may use a sketch to help with your answer.
(o}
)
Bu eemnesness ks N O A S R R S AR R TR
2]
¢) When a current is passed through the electromagnet, an iron bar on the ground nearby is attracted
to it. When the current is stopped, the bar drops back to the ground. Explain why this happens.
4]
d) The crane’s electromagnet contains a magnetically soft iron core.
i) Describe what is meant by a magnetically soft material.
[1]
r ii) Explain why putting a magnetically hard core in the electromagnet would cause the crane
to not work properly.
o
D ———— e eSS S
B
L 2]
[Total 10 marks]
Exam Practice Tip Score
A current-carrying wire will always produce a magnetic field around it. No matter what position the wire is i :
in, or what shape it's been bent into, the magnetic field around it will always depend on the direction of the -
current. Make sure you're familiar with the magnetic field line patterns of these fields. 14
ﬁ/d._;\\l f'./'_:\'l fl_:\}
7/ = \&
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The Motor Effect

1 The diagram shows a wire placed between two magnets. @

N S N

JURLIND

a) When a current is passed through the wire, the wire moves.

1) Explain why this happens.

i1) State the direction in which the wire will move.

:HIIIIIHHIIHIIIIIIIHH/

= Use Fleming's left-hand rule. =
T g S

N

b) i) State what effect increasing the current will have on the force on the wire.

N

i1) Give two ways in which the direction that the force acts could be reversed in this experiment.

....................................................................................................................................................

[Total 5 marks]

2 The diagram below shows a free-rolling conducting bar on a set of fixed conducting bars @
in a magnetic field. All of the conducting bars have a current flowing through them. :7

Explain, in terms of electron movement, why
the free-rolling conducting bar doesn’t move.

) conducting bar
Q .
E ......................................................................... that IS free to roll magnet
magnet ‘/ A
: S current
B~
conducting bars POSYEN
T (T TTTT TPy fixed in place source
[Total 2 marks]
Score:l
7
. : : (X () (&)
Section 6 — Magnetism and Electromagnetism & =/ &/
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Electnc Motors and Loudspeakers

b)

d)

(2)
(&

A student is building a simple direction of rotatlon axis of rotation
d.c. motor. He starts by putting N /

a loop of current-carrying wire (Fg”".?\ ’ / S

in a magnetic field, as shown in S

the diagram. The loop is free

to rotate about an axis.

Draw an arrow on the diagram to show =’ U;elpérlel Sy
. 0 . . = min -
the direction of the current in the wire. = lef-hang rmges =

I'“'“lla’i;”‘; []]

The starting position of the loop is shown in the diagram. Explain why the motor will stop
rotating in the same direction after a rotation of 90° from its starting position.

1]
Explain how the student could get the motor to keep rotating in the same direction
[2]
Give one way the motor could be made to rotate faster.
[1]
[Total 5 marks]

coil of wire

The diagram shows the parts inside an earphone. Sound
waves are caused by mechanical vibrations. Explain how
the earphone uses an a.c. supply to produce sound waves.

......................................................................................... / base of
......................................................................................... [ econe

to a.c. Supply

............................................................................................................................................................

[Total 4 marks]
Score: |
9
(-£ \‘:z’j Section 6 — Magnetism and Electromagnetism
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Electromagnetic Induction

(Er-;ﬂe

1 Which of these is not an example of electromagnetic induction? 3-4
s

D A A coil turned in a magnetic field generates a current in the coil.

|:] B A magnet moved in and out of a solenoid creates a voltage in the solenoid.

D C A current-carrying wire placed between two magnets experiences a force.

l:l D A rotating bicycle wheel generates electricity by turning a magnet in a coil.

e
radn

2 A student vses the rotation of a hamster wheel to power a lamp. (Fg

e

coil of wire

a) Explain why rotating the wheel creates a voltage across the lamp.

b) Give two ways the voltage created across the lamp could be increased.

................................................................................................................................

c) A hamster is put in the wheel to light the lamp. State whether it matters
which direction the hamster runs in. Explain your answer.

...................................................................................................................................

Section 6 — Magnetism and Electromagnetism
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Direction of

<) \:otation

3 The diagram shows a
wind-up generator that uses
electromagnetic induction to

generate an alternating current. o !
The generator is connected to _ Slip rings . > Axle
an oscilloscope. The slip rings \f A N

make sure that each end of the
coil remains connected to the

. . L e
Axis of rotation ™ = \
same oscilloscope wire.

. Coil of wire
To oscilloscope

When the handle is rotated in the direction shown in the diagram at a constant speed, the
oscilloscope shows the trace below.

(‘/_ voltage

& = =)

a) Describe how rotating the handle of the generator causes an alternating current to be produced in
the circuit connected to the oscilloscope.

............................................................................................................................................................

2]
b) Sketch on the diagram a trace that you would see if the handle was rotated faster.
2]
Direction of
The position of the coil is then fixed. rotation
The magnets are rotated around the axis =
of rotation as shown in the diagram on ! ;
the tight. The magnets are rotated at the ”‘Tﬁ@ ks
same speed as the coil originally was. Axis of rotation--’@)\f\
c) Compare the trace that you would expect to see for this scenario with
the trace produced when the coil was rotating at this speed.
1]
[Total 5 marks]
Exam Practice Tip Score
Electromagnetic induction is basically the opposite of the motor effect — movement causes a voltage and [
(sometimes) a current. A.c. generators are used to produce loads of the electricity we use, so you might see —
them applied to all sorts of contexts. Just look out for a changing magnetic field or a moving magnet or wire. 11

=, —
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Transformers
1 A transformer is used to increase the voltage of an electricity supply .
from 15 V to 300 V. Which of the following is true for this transformer? 9

D A There are more turns on the primary coil than on the secondary coil.
D B There are fewer turns on the primary coil than on the secondary coil.
|:| C There are the same number of turns on the primary and secondary coils.
D D There is no secondary coil.
[Total 1 mark]

2 A student is investigating a transformer. He uses it to power ("Er;'é?\
a spotlight, and measures the quantities shown in the table below. \{i 7/

e

Voltage across Current in Voltage across
primary coil (V) | primary coil (A) | secondary coil (V)

240 0.25 12
E%:- a) State, with a reason, whether the transformer is a step-up or step-down transformer.
[1]
b) i) State the equation linking power, current and voltage.

[1]

ii) Calculate the current in the secondary coil when using the spotlight.

Assume the transformer is 100% efficient.

Current = e eeneeereaienens A
[4]
[Total 6 marks]

Section 6 — Magnetism and Electromagnetism
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19

iron core

The diagram shows a step-up

transformer used to transmit ; se(-:ondary
Ny . | coil

electricity. The secondary coil @ 8

has 16 times more turns on it

than the primary coil.

a) Explain how transformers are used to transmit electricity from power stations efficiently and
supply the electricity to the consumer safely.

............................................................................................................................................................
............................................................................................................................................................

............................................................................................................................................................

31
b) i) State the equation linking the number of turns on the primary and secondary coils of a
transformer and the voltages across the primary and secondary coils.
[1]

i) The voltage across the primary coil is 25 000 V.
Calculate the voltage across the secondary coil.

Voltage =, ., unesasiian. V
3]

c¢) Explain why a transformer wouldn’t work if a direct current was supplied to the primary coil.
3]
[Total 10 marks]

Score: |

17

@ @ Section 6 — Magnetism and Electromagnetism




W =

I

=

80 Section 7 — Radioactivity and Particles

Radioactivity

1 Tlodine-131 (‘}i) is an unstable isotope of iodine.

a) 1) Complete the table for an atom of iodine-131.

Grade

4-8

Number present in an
Particl harge ST
A Charg atom of iodine-131
Proton positive
Neutron Zero
Electron 53
3]
it) Name the particle(s) [vund in the nucleus of an atom.
(1]
b) What is meant by the term isotopes?
l:[ A atoms with the same atomic number but a different mass number
D B atoms with the same mass number but a different atomic number
D C atoms with the same proton number but a different atomic number
D D atoms with the same number of neutrons but a different number of electrons 117
¢) Iodine-131 is a waste product of some nuclear power plants and it contributes to the
low level of radiation that is present all around us all the time.
1) Give the name of this low level of radiation.
[1]
i) Give two natural sources of this low level of radiation.
| e e o oW B S S S R sy e PR R A A A A T B S PR AR
0 gt s RS e R RS SO S R A AR
2]
d) Name four types of radiation that can be given out when unstable nuclei decay.
[4]
[Total 12 marks]
Exam Practice Tip Score
Make sure you can remember what the mass number and atomic number mean, and how to read the |
standard atomic notation. You should also remember that neutral atoms have equal numbers of protons ——
and electrons. Get this stuff sorted now, or you'll get stuck later on down the line. 12

Section 7 — Radioactivity and Particles
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Ionising Radiation

1 Alpha, beta and gamma radiation can all cause ionisation. <£T:$)

a) i) Describe what happens to an atom when it is ionised by radiation.

1]
ii) State which of alpha, beta and gamma radiation is the most strongly ionising.
Explain your answer.
2]
b) i) Name the type of nuclear radiation that is a type of electromagnetic radiation.
[1]
ii) Name the type of nuclear radiation whose particles are electrons.
[1]
[Total 5 marks]
2 The unstable isotope lead-212 (*12Pb) decays by emitting nuclear radiation. m
After the three stages of decay described below, it becomes a different isotope of lead. Q:fj,

1. Lead-212 decays by beta decay to become an isotope of bismuth.
2. The bismuth isotope decays by alpha and gamma decay to become a isotope of thallium.
3. The thallium isotope decays by beta decay into a different isotope of lead.

a) Describe what happens to the atomic number and the mass number of a nucleus
when it undergoes gamma decay.

............................................................................................................................................................

............................................................................................................................................................

............................................................................................................................................................

............................................................................................................................................................

[Total 5 marks]

Score: Q
10
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Investigating Radiation and Nuclear Equations |

1 A student is doing an investigation to identify the radiation produced l:"m;c"TT‘CH‘I}Z.
by three unknown radioactive sources. The sources were used to pass radiation -
through thin sheets of paper and aluminium. A detector was used to measure (é’:%
if radiation had passed through the sheets. The results are shown below. N

radioactive sources paper  aluminium

L -
no

______________ | detected

............................................................ »| not

detected

a) Suggest the type of radiation that source C produces. Explain your answer.

[2]
b) The student uses a Geiger-Miiller counter to detect the radiation.
Name one other detector that can be used to detect radiation.
[1]
¢) Explain why the student subtracts the background radiation count from all the
readings shown on the detector before she analyses her results.
2]
[Total 5 marks]
2 Nuclear equations show what is produced when unstable nuclei decay. @
o
a) Complete the symbol for neutron radiation: e
n [1]
b) Complete this nuclear equation, which shows a polonium isotope decaying by alpha
and gamma emission.
QM Iy, 195 e
= Analpha particle =
_:_ can be written :s = PO = Pb (x + y
= He or o, T 82 ......................
/lllI||||,,|,H\\
[4]
[Total 5 marks]
Score: |
10
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b)

b)

e

Half-Life
[ Brad

Different radioactive samples decay at different rates, known as their activity. \;\;,.4 )
—

What are the units of activity?

[1]
State what is meant by the half-life of a radioactive sample.
[1]
[Total 2 marks]
Tr
A sample of a radioactive isotope has a half-life of 40 seconds. if‘i_ﬂf\)
e
i) The initial activity of the sample is 8000 Bq. Calculate the activity after 2 minutes.
ACHIVILY =gt Bq
2]
ii) Calculate the number of whole minutes it would take for the activity to fall below 200 Bq
from its initial activity.
B 1 s (T —— mins
3]
Which of the following statements about half life are true?
1. Two samples of the same size but of different isotopes would have the same half-life.
2. Two samples of the same size but of different isotopes would have different half-lives.
3. Two samples of the same isotope of different sizes would have the same half-life.
4. Two samples of the same isotope of different sizes would have different half-lives.
D A 2and 3 only
D B 4 only
D C 2 and 4 only
D D None of the statements [1]
[Total 6 marks]

Section 7 — Radioactivity and Particles
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3 A student measured how the activity of a radioactive sample changed with
time and used her data to calculate its half-life. Before getting the sample Grade
out of storage she measured the activity in the laboratory. When processing O
the data she subtracted this value from all her activity readings.

a) Suggest why the student recorded the activity in the laboratory before starting the experiment.

.............................................................................................................................................................

. 2]
= b) The table below shows the student’s processed 2 e .
data. Use the grid to plot a graph of the data. i | ' St I
Draw a curved line of best fit. Riis | el
Time Adjusted activity o MET R
0 740 [ e R
10 610 4 | | |
20 490 iiiijsiEaigE F 3 il
30 400 + =+
40 330 541 i
: [E=s] |
60 210 (e i a4 v
= S shar s |
80 140 = pencil to draﬁv 5 - LU @ s l
= aneat graph 5 : |
//llllll||[||\\\ T T T T T T T T L
[4]

¢) Use your graph to find the half-life of the sample.

- Half-life = ... minutes

1]
d) All of the radioactive samples that the laboratory uses are identical when new.
The student decides to repeat the experiment with a sample that is much older than the first.
Explain what effect this might have on the data collected.
2]
[Total 9 marks]
Exam Practice Tip Score
There's quite a lot of maths involved in half-life questions. Try not to panic though. Just take your time and
go through the different stages slowly. Make sure you show your workings too — you might still be able
to pick up marks even if you get the final answer wrong. Bonus. 17

SN
=
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Uses of Nuclear Radiation

— {Grady

1 Nuclear radiation has many uses. '4_é
"

-

Which of the following sentences is correct?

D A Alpha radiation can be used to sterilise equipment inside thin metal packaging.
D B Alpha radiation can be used to gauge the thickness of paper.
D C Beta radiation can be used to sterilise equipment inside thin metal packaging.

D D Beta radiation can be used to gauge the thickness ot paper.
[Total 1 mark]

g 2 —=ig 2 ! g . FGrade
2 The unstable isotope iodine-123 is a gamma emitter that is often used as a medical tracer. {{s-;a

S

a) A healthy thyroid gland absorbs stable iodine and iodine-123 in the same way.
Describe how iodine-123 could be used to detect whether the thyroid gland is
absorbing iodine as expected.

2
b) Explain why alpha emitters cannot be used as tracers in medicine.,
4]
¢) The table shows the properties of three other radioactive sources.
Source Half-life Type of emission
technetium-99m 6 hours gamma
phosphorus-32 14 days beta
cobalt-60 5 years beta/gamma
State which of these would be best to use as a medical tracer. Explain your answer.
2]
[Total 8 marks]

Section 7T — Radioactivity and Particles
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3  An engineering company knows that one of its pipes is leaking somewhere between ’
two points underground at their site. They are going to use a radioactive source with 5’:??”)
a short half-life as a tracer to identify the area where the pipe is leaking.

a) 1) Should the radioactive source they use emit alpha, beta or gamma radiation?

1j
ii) Explain your answer to part 1).
2]
b) Describe how the company could use the radioactive source to identify the area where the
leak is occurring.
3]
[Total 6 marks]

4  All living things have a fixed ratio of radioactive carbon-14 to stable carbon of 1 : 1 x 10'2.
When they die, the ratio starts to change as the carbon-14 decays and is not replaced.

An ancient wooden artefact was found to have 1 part carbon-14 to 8 x 10'2 parts carbon.
Carbon-14 has a half-life of 5730 years.

Calculate the amount of time that has passed since the wood was living material.

TIME = oevevrvvivreren i years
[Total 3 marks]
Score: ‘

18
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Risks from Nuclear Radiation

b)

b)

P
. g 0 g 0 o A, o Grade’
Radioactive waste emits ionising radiation and has to be carefully disposed of. @

Explain why exposure to ionising radiation can be dangerous.

Geological disposal is one method of storing radioactive waste from nuclear power stations.
It involves burying the waste hundreds of metres underground, in sealed layers of glass and metal.
State and explain one reason why this method is used to deal with some forms of radioactive waste.

2]
[Total 4 marks]
= A . . e (Eradd\
A scientist is concerned about contamination and irradiation in her lab. ﬁ_y
&l
State what is meant by contamination.
1]
The scientist is using a low activity radioactive sample. Give one example of how she can protect
herself from irradiation and one example of how she can protect herself from contamination.
IFTAdIation: .............. v A e TN SR e M AT b o e R T S R S SR R AR
CONTAMINATION: ...veviiiverieieieserseeesensesesereesessessesassessassesassesessasesssessesassesarsesasssssssesssesessnsessrsssessnsensenes
2]
[Total 3 marks]
Radium-226 is an alpha source that was used in clocks until the 1960s to make the e~
f . ada
hands and numbers glow. Explain whether a clockmaker should be more concerned {7.g
about irradiation or contamination when repairing old clocks that contain radium.
[Total 4 marks]
Score: |
11
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Nuclear Fission

1 Nuclear fission takes place in nuclear reactors. The diagram  /%ra
shows the basic structure of a gas-cooled nuclear reactor. ~/

-

Shielding Graphite
moderator Eleai

exchanger

a) Give one fuel that can be used in a nuclear reactor.

1

b) i) Describe what happens during a single nuclear fission event, including the products formed.

[4]
i1) Explain how nuclear fission can be used to produce energy continuously in a nuclear reactor,
and how part of the nuclear reactor is designed to help this happen.

[3]
c) Explain the purpose of the control rods in a nuclear reactor.
[1]
[Total 9 marks]
Score: |
9
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Nuclear Fusion

-
Grada

1 Nuclear fusion is a type of nuclear reaction. 4:?"/
Which of the following is an example of a fusion reaction?

A jHe —°H +2H

B H+’H— ‘He

1 235 144 90 1 1
C nt 92U—> 54Xe + 38Sr+ qtn

OO

137 137 0
D Ba— Baty

[Total 1 mark]

ABrads
2 Energy can be released from nuclear fusion. ( )

&)

a) State what is meant by nuclear fusion.

b) Which of the following statements about nuclear fusion is correct?

A total mass of nuclei before nuclear fusion = total mass of nuclei after nuclear fusion
B total mass of nuclei before nuclear fusion > total mass of nuclei after nuclear fusion
C total mass of nuclei before nuclear fusion < total mass of nuclei after nuclear fusion

D total mass of nuclei after nuclear fusion = 2 x total mass of nuclei before nuclear fusion
[1]
[Total 2 marks]

LT

Grade

3 Two protons are fired at each other and combine to form a hydrogen-2 nucleus. {7.g

Describe the conditions required for this reaction to occur and explain why they are needed.

............................................................................................................................................................

" [Total 3 marks]

Exam Practice Tip Score

When two things fuse, they join together. So fusion involves things joining together, and fission involves |
something splitting apart. You might get a few marks by remembering that. Make sure you can explain why | ——
nuclear fusion is so difficult to achieve — scientists haven't worked out how to use it for energy production yet. 6

— S
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Section 8 — Astrophysics

The Universe

“Grad)

1 Which of the following correctly describes a galaxy? (3.4 )

D A a star surrounded by orbiting planets
D B a collection of billions of stars

D C a collection of billions of universes

D D acollection of 5 to 10 stars

2 Earth is part of our Sun’s solar system.

[Total 1 mark]

b) Approximately what shape are the orbits of the planets in our solar system?

¢) The diagram below shows the Moon in orbit around the Earth. The direction of the Moon’s
instantaneous velocity is shown. Draw an arrow to show the direction of the force which keeps
the Moon in orbit. Label the arrow you draw with the name of the force.

instantaneous

Velocg

Moon

O

Earth
2]
[Total 4 marks]
Exam Practice Tip Score
This is just one of those areas of physics where you need to learn a lot of words and facts I'm afraid. —‘
So make sure you can remember what makes up a universe and a galaxy. You also need to be able to —
explain how and why objects move in orbits around each other in space. 5

Section 8 — Astrophysics
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Gravity and Orbits

P
1 Which of the following correctly describes the typical shape of a moon’s orbit? {5:3\}

[ ] A helical
|:| B perfectly circular
[ ]| C slightly elliptical

| ] D highly elliptical
[Total 1 mark]

h‘\
i_ o
i &

)
_—

2 The diagrams below represent the orbits of four different objects in space. {

(oo
=]

A e ‘,--‘
e @: S J i@
: 0 D’.o-.__

a) Which of the objects, A, B, C or D, is most likely to be a comet? Explain your answer.

............................................................................................................................................................

b) Objects A and D have the same time period and orbital radius. Object D has an orbital speed of
1.2 km/s. What is the orbital speed of object A? Give a reason for your answer.

............................................................................................................................................................

1]
¢) Object B has an orbital radius of 42 000 km and a time period of 24 hours.
Calculate the orbital speed of object B.
Orbital speed = ........ceoeveenvenenne m/s
3]
[Total 6 marks]

Section 8 — Astrophysics
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3 A comet orbits a star with a varying orbital radius and speed.

Gr-a- L)
It completes one orbit in precisely 72 years and its orbital speed (g.&l{
is 48.1 km/s at the fastest point in its orbit. e

a) Calculate the time period of the comet’s orbit in seconds. Assume there are 365 days in a year.

Time period = .......ccoeveeeevrierericrenrennne

veeens 8
1]
b) At which point in the comet’s orbit will its speed be greatest? Explain your answer.
2]
¢) A planet travels in a circular orbit around the same star.
It has the same orbital period as the comet and a constant orbital speed of 7.4 km/s.
Calculate the orbital radius of this planet in metres.
Orbital radius = .........cocuveneeee. m
3]
[Total 6 marks]
Score: ‘__ ‘
13
( o o0 0=
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Stellar Evolution

Gm:l'e“
1

The diagram below shows the life cycle of a star.  {4.§

S N
ay—O—( )— )|—O
//I N y, } =
— \ /
~, /
‘.“\\_._‘_,/
Nebula Protostar Main sequence star X White dwarf

a) What is the name of the life cycle stage marked X?
|:| A red supergiant D B red giant D C red dwarf l:I D neutron star
1]
b) State what is meant by a nebula.
[1]
¢) Name the force responsible for ‘pulling together’ a nebula as it begins to form a star.
1]
[Total 3 marks]

-
2 o . . ¢ Grade
2 Betelgeuse is a star which is much more massive than our Sun. ( @9

Describe the life cycle of a massive star like Betelgeuse, beginning from a cloud of dust and gas.

............................................................................................................................................................

............................................................................................................................................................

" [Total 6 marks]

Score:
9
Fon (o ")
>~ (2 (y) Section 8 — Astrophysics
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Classifying Stars

1 The table below shows some properties of a number of stars. Q ,

a) Which of the following shows the stars

i ? Star Gl Colour
in the correct order of hottest to coolest? Magnitude
D A Megrez, Alkaid, Pollux Megrez +13 White
D B Alkaid, Pollux, Megrez Pollux oy O
D C Pollux, Megrez, Alkaid )
Alkaid -0.6 Blue
D D Alkaid, Megrez, Pollux
[1]
r b) State and explain which of the stars in the table is the brightest.
s
L 12]
[Total 3 marks]
| | B\
2 The diagram below shows the axes for a Hertzsprung-Russell diagram. @_,7/
~10 -
_5
O -
5 -
2 10
é
15 —r—
Decreasing temperature
a) State the variable displayed on the vertical-axis of the Hertzsprung-Russell diagram.
[1]
b) Sketch the three main sections of a Hertzsprung-Russell diagram on the axes above.
Label each section with the type of star they correspond to.
- [4]
[Total 5 marks]
Exam Practice Tip Score
Classifying stars is important so that we can compare them and understand our universe better.
Make sure you know what the stars in the different classes have in common and how different properties of
stars are linked. For example, the colour of a star can tell you about its surface temperature. o

Section 8 — Astrophysics
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‘Red:shift

1 When astronomers look at distant galaxies, they observe Gradd)
that the light coming from them has undergone red-shift. 4-8

Describe what is meant by the term red-shift.

............................................................................................................................................................

............................................................................................................................................................

[Total 2 marks]

2 An astronomer is analysing the light received from Erasd
a distant galaxy, known as Hoag’s Object. . *%,

To do this, she compares the absorption lines of helium observed in the light from Hoag’s Object

with the known absorption spectrum of helium on Earth. Part of the known absorption spectrum
of helium is shown below. x

686.7
587.5 667.8 706.5 781.3

v h b 4 h A v

C

i
= =¥
'] -

Paper 2

i 1 1 | — .-'-l- —-il “"——j
650 700 750 800
wavelength ( x 10~ m)

1

|
550 600

The astronomer notices that the absorption line for light with a reference wavelength, A, of

587.5 x 10~ m in the known spectrum appears to correspond to a wavelength of 612.5 x 10 m
in the light received from Hoag’s Object. L
Speed of light in free space, =
c=30 x 10" m/s =
ZA e nyW

a) Calculate the velocity of Hoag’s Object.

titrig

\

Velocity = ............cismrspsisiseiiiie m/s
B3]

b) Calculate the wavelength at which the absorption line marked X in the spectrum above will appear
in the light received from Hoag’s Object.

Wavelength = ..o m

[Total 6 marks]

Score: |

8
D 7 )
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The Big Bang

’(’ra L
1 The table shows a list of galaxies and their distance from Earth in light years. @B

Galaxy Distance From Earth (light years) | /1111100000

= 1light year = =

Cigar Galaxy 12 million = '9{5I o 1’?:5' s
Black Eye Galaxy 24 million
Sunflower Galaxy 37 million
Tadpole Galaxy 420 million

The light from the galaxies in the table shows red-shift.

a) Light from which of the galaxies in the table would you expect to show the greatest red-shift?
Explain your answer.

............................................................................................................................................................

Paper 2
~
X

b) i) Explain how the red-shift of light from distant
galaxies provides evidence for the Big Bang model.

.......................................................................................................................................................
.......................................................................................................................................................

.......................................................................................................................................................

[4]
ii) Name one other piece of evidence that supports the Big Bang model.

[1]
[Total 8 marks]
Exam Practice Tip Score
The Big Bang theory is the leading theory of the creation of the universe — but it wasn't always. It's only ‘ ‘
accepted because there's evidence to support it. Make sure you know the different observations which back up | ———

the Big Bang theory, and how the Big Bang theory explains them. 8
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Answer all questions
1 At the start of a roller coaster ride a carriage is raised by a chain lift through a vertical height

of 40 m to point W, as shown in the diagram. It is stopped at point W and then released to
follow the track through points X, Y and Z.

(W] Y
w-r\ A~
/| d r \Q\A Z]

e v e '\

(a) (i) Atwhich two points does the carriage have the same amount of energy
in its gravitational potential energy store?

D A XandZ
[ ] B wandY
| ] ¢ Yandz
[ ] D wandz

[1
(i) Atwhich point does the car have the most energy in its kinetic energy store?
[l A w
[ ]B X
[Jc v
[]p z
]

Practice Paper 1P
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(b) The mass of the carriage and the people in it is 1500 kg.
The Earth’s gravitational field strength is 10 N/kg.

(i) State the equation linking gravitational potential energy, mass, height and
gravitational field strength.

[1
(i) Calculate the energy transferred to the gravitational potential energy store (in kJ)
of a full carriage as it is raised by the chain lift to point W.
ENEIGY = o kJ
2]
(c) (i) A different type of roller coaster uses a spring system to launch a carriage forward.
State the energy store that energy is transferred from when a compressed spring is
used to launch a roller coaster carriage.
[11
(i) State the equation linking efficiency, useful energy output and total energy output.
[1
(iiiy The spring system transfers 18.0 kJ of energy to the kinetic energy store of a carriage.
However, the system also wastes 41.5 kJ of energy, transferred to useless thermal energy
stores and carried away by sound. Calculate the efficiency of the spring system.
Give your answer to an appropriate number of significant figures.
Efficiency = ..o, %
3/

[Total 10 marks]

Turn over p
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2 A swimmer swims one length of a 20 m swimming pool in a straight line.
The diagram below shows the distance-time graph of her motion.

20!."_T_ S o
RS RN NN
6] NimmmEE T
514__._
£ 12l |
104

Distance

Timeins

(a)

Determine the time it takes for the swimmer to complete the length.

(b) () For part of her swim, the swimmer is travelling at a constant speed.
Calculate the time she spends travelling at a constant speed.

(ii) State the resultant force on the swimmer when she is travelling
at a constant speed.

()

Between which of the following distances was the swimmer travelling fastest?
D A Dbetween 13 mand 14 m
D B between9mand 10 m
D C betweenOmand 1 m
[ ] D

between 17 mand 18 m

Practice Paper 1P

[1
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A camera travels along the length of the pool to film the swimmer. It starts at the same time
as the swimmer, travels at a constant speed, and reaches the end of the pool in 25 s.

(d) (i) State the equation which links speed, distance moved and time taken.

1
(i) Calculate the speed of the camera.
Speed = | s m/s
2]
(iii)y On the diagram, draw a distance-time graph to represent the motion of the camera.
2]
(e) The camera cannot film the swimmer if it is behind her.
Explain whether the camera will be able to film the swimmer for the whole length.
You should refer to the distance-time graphs in your answer.
2]

[Total 11 marks]

Turn over p
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(@)

(b)

()

(d)

(i)

A student wanted to model how the thickness of an insulating layer affects how quickly
the content of a hot water tank cools. To model this system in the lab, she carried out an

investigation to test how the thickness of a cotton wool jacket affected the rate of cooling of
a beaker of hot water.

The apparatus she used is shown in the diagram below.

<—— thermometer

beaker

] cotton wool jacket
hot water

cork mat !
\T_ v J I ; ey Stopwatch

State the independent variable in this investigation.

[1]
State one control variable in this investigation.

[1]
The cotton wool jacket traps tiny pockets of air between the beaker and its surroundings.
Explain how this reduces the rate of energy transfer away from the beaker by convection.

2]
The student decides to record the water’s temperature after 3 minutes.
For each thickness of cotton wool jacket, she repeats this process three times.
Describe how the student could process her repeated results to get one value
for the final water temperature for each thickness of insulating layer.

11

Practice Paper 1P
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(i) The student’s results are shown in the sketch below.

N

final temperature
of water after 3 minutes
\\x

A 4

thickness of cotton
wool jacket

Use the graph to write a suitable conclusion for this investigation.

[Total 6 marks]

Turn over p
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4 A driving instructor has been looking at the Highway Code. He has found the following data
about thinking and braking distances for a car travelling on dry roads at various speeds.

Speed (m/s) di;rtg]r?cl:(én?m) dis?e:?llc(:g%m)
9 6 6
13 9 14
18 12 24
22 15 38
27 18 55
31 21 75

(a) Calculate the stopping distance for a speed of 13 m/s.

Stopping distance = ..........cccceeeevvveerinnennn. m

(b) The data in the table was obtained by observing a large number of vehicles and drivers.
Explain why it was sensible to collect the data this way.

(c) Describe three different factors, other than speed, that can increase the stopping distance
of a car. State whether each one affects the thinking distance or the braking distance.

[Total 8 marks]

Practice Paper 1P



105

An artificial satellite orbits the Earth in an almost circular path, as shown in the diagram.
It takes 1 day to orbit the Earth.

(a) Name the force that keeps the satellite in orbit around the Earth.

(b) The satellite has an orbital speed of 3080 m/s. Calculate the radius of the satellite’s orbit.

Radius =usunasenmsaasaanvass m

The Earth orbits the Sun. Another planet that orbits the Sun is Venus.
The gravitational field strength on Venus is approximately 9 N/kg.

(c) Compare the weight of the same object on Venus and on Earth. Explain your answer.

..................................................................................................................................................

The Sun is a main sequence star. Main sequence stars are fuelled by the nuclear fusion
of hydragen nuclei into helium nuclei. When thc amount of hydrogen in the core of lhe Sun
begins to run out, it will change into a different kind of star.

(d) Name the kind of star the Sun will become when it begins to run out of hydrogen in its core.

[1]
[Total 7 marks]

Turn over p
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(a)

A student investigates a material that emits ionising radiation. He uses a detector to
measure the activity of a sample of the radioactive material every minute.
His results are shown in the table.

Time (minutes) 0 1 2 3 4 5 6

Activity (becquerels) | 80 | 60 | 45 [ 34 | 25 | 19 | 14

Give two dangers of exposure to ionising radiation.
i e B N e TR T e S R B T e T T
2. - aasppan s SR R S R S R P O S S R P s
2]
Suggest one piece of equipment that could have been used to measure the activity
of the sample.
[1]
(c) (i) Plot the student’s data on the grid below.
e . - 3]
[ H TR | THH
imnal AN B !
A i o
| | L ._:_..E_l_i_
I = T T __......-_i_. 1
! ! T | 0 0
B O 0 0 T T . O
(ii) Draw a curve of best fit on the graph.
2]
(iii) Use the graph to find the half-life of this radioactive material.
Half-life = ......oovvriiiiieieciecciee e min
2]

Practice Paper 1P
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(d) After the experiment is finished, the radioactive sample is stored in another part of
the building. The detector still picks up background radiation in the laboratory.

Give one source that may contribute to this background radiation.

1]
(e) (i) Another radioactive isotope, radium-226, decays by alpha emission.
Fill in the blanks in the reaction below to show the alpha emission.
226 2229+ L e
zRa — TRn + "0
[1
(i) How many protons does the radium-226 (Ra) nucleus shown in part (i) have?

| ] A 226

[ ]B 138

[ ]c 88

[ ] b 222
1

[Total 13 marks]

Turn over p
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7 A student wanted to know how the current flowing through a filament lamp changes with
the voltage across it. He set up this circuit.

12v= }__{ I

(A) Variable resistor

He used a variable resistor to change the voltage across the lamp.

Here is the graph he plotted of his results, along with his curve of best fit.

e

arrent i

i
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M.Jy Y/ I 5 ) O 1 T I !
ENENNENNFS 28 [ | g I
) I 0 S O I I [ i =
' I ! | ! I I [ 1
Y | 1 I | ] i I i |
il I | | Il ! |
Iy | o i | i
AL 0 Y Y I | 1 I

0

SHeE s 4 s s e e i

(a) State the dependent variable in this experiment.

.............................................................................................................................................
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(b) (i) Describe what the student has done wrong when drawing the curve of best fit.

1]
(i) State the equation linking voitage, current and resistance.
1]
(iii) The student corrects his curve of best fit and uses it to work out that when the voltage
across the lamp is 5.0 V, the current through it is 1.4 A.
Calculate the resistance of the lamp when the voltage across it is 5.0 V.
Resistance = ........cccccoeevevevnnenn. UNIE e
3]

(c) The student repeats the experiment with a fixed resistor in place of the filament lamp.
He again plots a graph of his results.

(i) Compare the shape of the graph the student would obtain for a fixed resistor with the graph
for a filament lamp.

[1
(i) Explain why the shapes of these graphs are different.
You should refer to resistance in your answer.
2]
[Total 9 marks]
Turn over p
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(a)

(b)

()

An engineering student has made a simple electric motor as shown in the diagram.

axis of
" rotation
magnet Ccil / m/agnet

split-ring
commutator

direction of
the current

The split-ring commutator changes the direction of the current every half turn so that the
motor will continue to rotate in the same direction.

The direction of the current is shown. State which direction the coil will rotate in.

[1]
Explain what makes the coil of wire in a simple electric motor rotate.
[2]
The engineering student decides to make some changes to his motor.
Suggest two ways that he could speed up the rotation of the motor.
Ml cnmmoenn moienteosmmm oA A 3 A B SAAR  ERAAEEERAY
e B A A A A R 5 A
[2]
[Total 5 marks]
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111
A hydraulic system is shown in the diagram below.

Piston A
Area: 0.01 m*

Piston B
p Area: 0.15 m’

Hydraulic fluid

Piston A exerts a downwards force of 25 N.

Calculate the pressure in the liquid due to this force.

Pressure = s s Pa

Show that the force on piston B is 375 N.

2]

[Total 7 marks]

Turn over p
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10 Optical fibres, such as the one shown below, are used in medicine.

light ray

inner core

plastic sheath outer layer

(a) Explain why almost none of the light ‘escapes’ from an optical fibre as a light ray travels
along it.

[2]
(b) (i) Describe an experiment to find the refractive index of a rectangular block of the material
used to make the inner core of an optical fibre.
[
(ii) A student carries out the above experiment, using a laser as a light source.
State one potential hazard involved with using a laser as a light source, and
suggest one safety precaution that could be taken to minimise this hazard.
2]

Practice Paper 1P
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(c) The refractive index of a material used to make optical fibres is 1.5. Light is shone into a
semi-circular block of the material at different angles. As shown in the diagram, an angle, 6,
is reached at which the light refracts along the flat boundary between the block and the air.

light source
rays of light
/ . N
/ |
semi-circular block of material
Calculate the angle 6.
= e :

[Total 12 marks]

Turn over p-
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1 This question is about velocity-time graphs.

(a) The velocity-time graph below shows the motion of a vehicle as it travels along a flat,
straight road before braking and stopping at a set of traffic lights.

201
181
161

_
OII\)-P

Velocity (m/s)

OI\)-P-O)CP

(i) Calculate the total distance travelled by the car in the first 26 seconds.

Total distance travelled = ........cooeveeeeivveennenann m

(i) The vehicle has a mass of 1000 kg.
Calculate the size of the force applied by the brakes to bring the vehicle to a stop.

Practice Paper 1P
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(b) The velocity-time graph below shows the motion of a skydiver jumping from an aeroplane.

Velocity 4
(m/s) 1
Point B

50+

40+

30

20

10

Point A

L U
Time (s)

0

(iy Describe the motion of the skydiver from point A to point B on the graph.
Your answer should refer to ideas about the forces acting on him.

(i) At point B, the skydiver opens his parachute.
Explain why this causes a change in his velocity.

[Total 12 marks]

Turn over p
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12 A microwave oven can be used for heating food quickly.

&

= i
]
o

- -

i
I

(a) Describe how the microwave oven heats food.

3]
(b) (i) State the equation linking frequency, wavelength and speed.
[1
(i) A microwave oven uses microwaves with a frequency of 2.5 x 10° Hz
that travel at 3.0 x 108 m/s. Calculate the wavelength of these microwaves.
Wavelength = .......cccoooiiiiiiieee. m
2]
(c) (i) Mobile phones work by transmitting and receiving microwave signals.
Explain why some people are concerned about using microwaves in this way.
2]
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(i) Radio waves can also be used in communications technology.
Explain why radio waves have fewer potentially harmful effects than microwaves.

[Total 10 marks]
[Total for paper 110 marks]

Turn over p
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Answer all questions

The body panels of a piane are painted with a spray gun that gives the paint droplets a
negative static charge. The body panels are given a positive static charge.

negatively-charged paint spray

( — positively-charged

spray gun | body panel

(a) (i) The body panel is an electrical conductor.
Which of the following statements about electrical conductors is incorrect?

| | A Electrical conductors conduct charge easily.
|:| B Metals are electrical conductors.
[ ] € Current can flow through electrical conductors.

[:[ D Plastic is an electrical conductor.

11
(i) Explain why the spray gun produces a fine, even coverage of paint on the body panels,
including areas that are not directly facing the spray gun.
[3]
Turn over p
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(b) When a plane is being refuelled, fuel is pumped into a tank in the wing of the plane.
The tank and wing are made from metal and connected to earth.

metal fuel

tank \

fuel
plane wing (cross-section)

fuel pump

(i) Describe, in terms of particle transfer, how a static charge could build up on the fuel tank
during refuelling if the tank were made from an electrical insulator.

[Total 7 marks]
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Two skaters are taking part in a figure skating contest.
The diagram below shows their masses, and their velocities at one point in their routine.

9.0 m/s 6.6 m/s

Skater A

70 kg 50 kg

[1]
Complete the table below to show the momentum of each skater.
Mass Velocity Momentum
(kg) (m/s to the right) (kg m/s to the right)
Skater A 70 9.0
Skater B 50 6.6
2]
The skaters continue at the same velocity until skater A catches up with skater B
and holds on to her. They continue to move in the same direction.
Calculate their velocity immediately after skater A begins to hold skater B.
Velocity = ...ooeeeeieeiienns m/s
2]

Turn over p
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(d)

During the routine, the skaters come to a stop. Skater A then pushes skater B away from
him with a force of 100 N.

(i) Describe the reaction force that skater B exerts on skater A.

[1]
(if) State the equation linking unbalanced force, mass and acceleration.
[1]
(ii) Calculate skater B’s acceleration due to this force and state the correct unit.
Assume there are no frictional forces acting on her.
Acceleration = ..........cccveveiienne U] 1| SR —————
[3]

[Total 10 marks]
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3 The chart below shows the amount of electricity generated by different renewable energy
resources in the UK each season between 2012 and 2015.
A kilowatt hour (kWh) is a unit of energy equal to 3.6 x 108 J.

M
12 ! z
1 0: % X . wind
8- x
— x 4 _x/_,_,.x——---x---------x
6 X x — A bio-fuel
—| X
4 XX
— \\‘w- =
2 x ,
— - . = % X = % :
0 T T__—T\“% P T T ! [ | [ | lhydroleiectrlc
W Sp Su A W Sp Su A W Sp Su A W Sp Su
Season
| 2012 | 2013 ] 2014 | 2015 |
Key:
W — Winter Sp — Spring Su — Summer A — Autumn

(@) (i) Using the chart, determine the amount of electricity generated by bio-fuels
and by hydroelectric power in summer 2014.

BIO-fUBIS = oo kWh
Hydroelectric = ...............qainsmiinsssaiassmdmntimese kWh
2]

(i) Using the chart, suggest which renewable energy resource usually provides the largest
amount of electricity to the UK.

(iif) The chart shows that the amount of electricity generated from solar power during summer
is always larger than the amount generated during winter of the same year.
Suggest a reason for this.

Turn over p
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()

The majority of electricity in the UK is generated from non-renewable energy resources.
Give one advantage and one disadvantage of using non-renewable energy resources to
generate electricity.

2

This pie chart shows the proportions of another country’s electricity

generated by different resources.

: 59.2%
fossil fuels
23.9%
Calculate the proportion of the country’s electricity that comes from nuclear power.
Proportion from nuclear power = ..............c.......... %

11

Give two advantages and two disadvantages of using nuclear power to generate electricity
compared to burning fossil fuels.

Advantage = .ccasnsissimsiissiiniiaiisiimimsae s aia e e aaas sdares e

..................................................................................................................................................

[Total 11 marks]
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A student performs an experiment to observe how the temperature of a solid

changes when heated.

She places an electric heater in a hole in the solid and places a thermometer in a
second hole. She turns the heater on and records the temperature every 100 seconds.

Her results are shown in the table below.

Time (s) Temperature (°C)

0 20.0
100 27.5
200 36.0
300 45.0
400 53.5
500 57.0
600 57.0

(i) Name one control variable in the student’s experiment.

Turn over b
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(b) () Use the grid to plot a graph of the results in the table.
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(if)y Draw a curve of best fit on the graph.
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(c) The student looked up the heating curve for the material in a textbook.

She found the following graph.

i
4
o
>3
*é X
Q Y
5 Vv
W
Time ’

(i) Identify the state of matter of the substance at point Z.

(i) Which point represents the boiling point?

[ ] AV
[ 1B W
[ ]c X
| | D Z

(iii) Explain the shape of the line between points V and W.

127

[1]

Turn over p
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(d) The student does another experiment where she steadily heats a gas in a container
with a changeable volume. She produces the following graph from her results.
You can assume the pressure is constant.

N

|
|
6.1 ‘
|
|

6.0_. i _____.—.I_.._ | e 12 L

Volume / cm’®
|

|
|
_ L [
| | I |
275 280 285 290 295 300
Temperature / K

() Using the graph, describe the relationship between the temperature and volume of the gas
at a constant pressure.

[1]

(if) Use the graph to estimate the volume of the gas at 25 °C.
Volume ofgas = .......ccceeeeeunnne cm?®
[2]

[Total 14 marks]
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The generator in a power station produces an alternating voltage of 25 kV.
This is changed to 400 kV by the transformer shown.

Primary coil \
(5000 turns) S

output

25kVAC 400 kV AC

Secondary coil

(a) State whether the transformer shown in the diagram is a step-up transformer
or a step-down transformer. Justify your answer.

..................................................................................................................................................

(b) (i) State the equation linking the number of turns on the primary coil, the number of turns on
the secondary coil, the input voltage and the output voltage for a transformer.

..................................................................................................................................................

1
(ii) The primary coil has 5000 turns.
Calculate the number of turns on the secondary coil.
Number of turns = .......ovvvivvviiiiiiiiiiennnnn,
[3
Turn over p-
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(c) (i) State the equation linking the input power and the output power in terms of the current and
voltage across each coil of a 100% efficient transformer.

[1]
(ii) The output current of this transformer is 250 A.
Calculate the input current, assuming the transformer is 100% efficient.
Input current = ........ccoeennene. A
2
(d) Explain why the electricity produced by power stations is passed through a transformer
before being transmitted through the national grid.
2]

[Total 10 marks]
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A construction worker is using a crane with an electromagnet to pick up a metal load.

(a) State what is meant by an electromagnet.

..................................................................................................................................................

1]
(b) The electromagnet is shown in the diagram.
(i) Sketch magnetic field lines to show the shape of the magnetic field around the
electromagnet.
[
I\
N\
ST
(i) Explain why it is important for the core to be made from a magnetically soft material.
1]
Turn over p-
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(c) The diagram shows all the forces acting on the crane as it carries a metal anvil.
The crane is balanced.

10m 5m

A
4

| -
LS |

'/AV/A'IA‘I
T T -

28 000 N

AT

VOV iV V. v,

7/ /7 I/ Iz

weight
of anvil

A A A 7

N7
17 7 7

/aV/i

(i) State the equation linking the moment of a force, the force and the perpendicular distance
from the line of action of the force to the pivot.

1
(ii) Calculate the weight of the anvil using the information on the diagram.
Weight = ........cccoovvineennn. N
3]
[Total 7 marks]
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A student carried out an investigation into the specific heat capacity of liquids using the
apparatus shown in the figure below. He used identical electric heating coils to heat a

beaker of water and a beaker of oil. He used exactly 1 kg of each liquid.

insulating
id | f l

| (| | —thermometer
*_,..-"‘

heating— | | :

coll 4+-—+—1 kg of liquid

QQAQ
insulation—"T_

The student recorded the temperature of both the liquids before heating, and then again
after ten minutes of heating. His results are shown in the table below.

Water Oil
Initial temperature in °C 18 18
Final temperature in °C 48 93

(a) State what is meant by specific heat capacity.

(b) The student used an insulating lid in the experiment.
State and explain the effect this has an the accuracy of the results.

Turn over p
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(c)

(d)

(e)

Explain why the student uses the same mass of each liquid.

2]
During the experiment, the heating coil transferred 126 kJ of energy to each liquid.
Calculate the specific heat capacity of the oil using the data from the experiment.
Specific heat capacity of 0il = ..........ccevvvveeeririrrnnnn, J/kg°C
4]
Both oil and water can be used in heating systems.
Explain why most heating systems use water rather than oil.
You should refer to the specific heat capacities of oil and water in your answer.
2]

[Total 11 marks]

[Total for paper 70 marks]
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Answers

Section 1 — Forces and Motion

Pages 3-4 — Velocity and Acceleration

1 a)

b)

©)

2 a)

b)

3 a)

b)

You'll get full marks if an incorrect answer from part a) is used and the
calculations are done correctly.

4 a)

b)

gﬁw/F%pmark]

average speed = ¥ime taken

_ s _ 1500 _ |
v=""300 =5m/s

[2 marks if answer correct, otherwise 1 mark for correct ‘
substitution of values into the equation.]

az(v—u) |

t
_ _2 |
- t=(v—ai)=(1(.),44“) =3.333..=335(to 2 5.f) |
[3 marks if answer correct, otherwise 1 mark for correct l
rearrangement of the equation and 1 mark for correct |

substitution of values into the equation.|

v=§ = s=vxt=046x24=1104=11m (to2s.f.) .

[3 mavrks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct |
substitution of values into the equation.]

_v—w _ 784 _ 2
a=—F—"=730 ~ 9.8 m/s
[2 marks if answer correct, otherwise 1 mark for correct

substitution of values into the equation.|

Top speed of car =y = % =5 =20 m/s

e @ — 2% 5714 =57 mis? (to 2 5.5)
[3 marks if answer correct, otherwise 1 mark for calculating
top speed of car and 1 mark for correct substitution of |
values into the equation.]

v-u

a=-—7—"= yv=(@xf)+u={5714...x15)+0

=8.571...= 8.6 m/s (to 2 s.f.)
[3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct
substitution of values into the equation.]

Ww=124+2as = u?=v*—2as

= u=yV-2as =T —(2%2x10) =3 m/s

[3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct
substitution of values into the equation.]

The tractor does accelerate. The tractor has changed
direction, so there has been a change in velocity (and so there
must have been an acceleration) /1 mark].

Pages 5-6 — Distance-Time and Velocity-Time Graphs |

1 a)
b)

c)

300 s {1 mark]

The student walks at a steady speed. The gradient of the

graph shows the student’s speed [I mark] and the gradient ‘
for this part of the journey is constant (it’s a straight line)
[1 mark].

changein ) _ 450—0
changeinx ~ 3000
[2 marks if answer correct, otherwise 1 mark for correct
substitution.|

=1.5m/s

speed = gradient =

d) Eg.

c)

d

b)

Velocity inm/s 4

i)

1
1
1
i
1
|
i
1
1
1
|
1
|
1
|
1
|
1
|
I
|
I
]
1

]
!
|
|
I
|
I
I
|
|
I
I
I
I
]
I
I
I
I
I
]
I
1

10 40"
Time/s

[3 marks available — 1 mark for a straight, sloped line
showing the initial acceleration, 1 mark for a straight
horizontal line showing the constant speed, and 1 mark for
showing the times on the horizontal axis.]
Travelling at a steady velocity (20 m/s) /1 mark].
E.g. slowing down / (increasing) deceleration [I mark].
Distance travelled = area under graph

=(60—40) x (20 -0)

=400 m
[3 marks for the correct answer, otherwise 1 mark for
attempting to find the area under the graph between 40 and
60 seconds, 1 mark for correctly showing (60 —40) % 20 or

20 % 20.]
A L .o 20-0 _ 2

cceleration = gradient = 0-0 0.5 m/s
[3 marks for the correct answer, otherwise 1 mark for
attempting to find the gradient, 1 mark for dividing a
correct change in velocity by a correct change in time in the
time range 0 — 40 s.]

Velocity / m/s
34
204
104
BT T T e T e
20 40 60 80 100 120 140 160 180 2€0

Time /s
[1 mark for a straight line with a positive gradient between

100 and 140 seconds as shown, 1 mark for a straight
horizontal line between 140 and 200 seconds.]

Page 7 — Mass, Weigh! and Gravity
| 1 a) i) Weight=mass x gravitational field strength/ W=m x g

[1 mark]
W=m><g=g=%=—192'6

= 9.8 N/kg (newtons per kilogram)
[3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and correct substitution of
values into the equation, and 1 mark for correct unit.]
The weight would be smaller /I mark] as the gravitational
field strength, g, is lower on thc Moon (I mark].

Answers
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Page 8 — Forces and Friction
1 a) i)

|l|

Resistance |5

[1 mark for labelled arrow pointing to the left.]
ii) As the speed increases, the drag/resistance force increases

[1 mark].
b) Any one of: e.g.

N

Reaction force
(from the road)

[1 mark for force label and 1 mark for direction.]
You could write ‘gravitational force” instead of “weight” here.
2 a) gravitational/weight /I mark]
b) Increasing the drag acting on the plane lowers its speed
[1 mark]. The parachute experiences a much higher drag
than the plane, so releasing the parachute will increase the
drag significantly, slowing the plane down [I mark].

Page 9 — Investigating Motion
1 a) Release the trolley so it can roll freely down the ramp and use
the light gates to record the time at which the trolley passes
through them [1 mark].

The acceleration on the ramp can be found using

acceleration = change in velocity + time taken [I mark].

The time taken for the trolley to accelerate on the ramp

will be the time taken to pass between light gates A and B

[1 mark].

Since the trolley started at rest just before light gate A, its

initial speed is 0 m/s and the change in velocity between light

gates A and B is equal to its speed between light gates B

and C (ignoring any slowing down due to friction on the flat

runway) [1 mark].

To find the trolley’s speed on the runway, use the time taken

for the trolley to pass from light gate B to light gate C, and

the distance between them [I mark], to calculate the final
speed of the trolley using

average speed = distance moved + time taken /I markj.

b) The student has changed two variables (distance and ramp
angle) at the same time fI mark], so she cannot conclude
which one caused the speed of the car to increase [T mark].
She should measure the speed of the car when only the
distance is changed, and scparately measure the speed of the
car when only the ramp angle is changed /I mark].

Pages 10-11 — The Three Laws of Motion
1 If object A exerts a force on object B then object B
exerts an equal and opposite force on object A [1 mark].
a) F=mxa
For the Heath TT:
F=mx»xa=950%x3=2850N
For the Asquith 380:
F=mxa=790%x2=1580N
So the Heath TT has a greater maximum driving force.
[1 mark for calculating the maximum driving force of the
Heath TT and 1 mark for calculating the maximum driving
Jforce of the Asquith 380.]

384

Answers

b) F=ma = m=--= =800 kg
[2 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and correct substitution of
values into the equation.]

F _ 200

= =4 - - 2
F=mxa=a - 2500 0.08 m/s

[2 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and correct substitution of
values into the equation.]

Since the van is decelerating, you can include a minus sign in your answer.

byi) F=mxa=10%x29=290N
[2 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation.]
it) 290N /I mark]

v
i) Femxgoa= L = 220

= 2500 ~ 0-116 m/s?
[2 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and correct substitution of
values into the equation.]
Since the van is decelerating, you can include a minus sign in your answer.
4 F=mxa
The maximum force of the engine in each scooter (= m % a)
=1275%x24
=306N

F 4000
5

3 a)

So, the mass of student B and her scooter = %

_ 306
1.70

=180 kg

[4 marks for correct calculation of the mass of student

B and her scooter, otherwise 1 mark for stating that the

maximum force is the same for each scooter, 1 mark for

correct calculation of the maximum force and 1 mark for

rearranging and substituting for the mass of student B and

the scooter.]

Page 12 — Combining Forces
1 a) A scalar quantity just has size (magnitude) / is just a number
[1 mark]. A vector quantity also has a direction /1 mark].
b) D [1 mark]
c) A [1 mark]
2 a) Resultant force in the horizontal direction:
1700 + 300 - 2000 =0 N
Resultant force in the vertical direction:
800 — 300 =500 N /1 mark] down [I mark]
b) i) v—400=0 = v =400 N /I mark]
ii) 2000 - 500 —x =0 = x =2000 — 500 = 1500 N /I mark]

Page 13 — Terminal Velocity

1 a) When an object falls, its weight causes it to accelerate

towards the ground /I mark]. Resistive forces (e.g. air

resistance) act on it in the opposite direction to its motion

[1 mark]. As the object’s speed increases, the resistive forces

increase until eventually these balance the downward force

of the object’s weight /I mark]. So there is no resultant force

and it travels at a constant (terminal) velocity /I mark].

b) The patagium lowers the squirrel’s terminal velocity as it
increases the drag acting on it for a given speed {1 mark].

<) Velocity / m/s

R R T

—> Time
[1 mark for line drawn with gradient decreasing, 1 mark
Sor line levelling off at 8.5 m/s.]



2 The ball with the lower weight, as it needs a smaller
resistance/drag force to balance its weight /1 mark]. Air
resistance increases with velocity {1 mark], and the air
resistance at any given velocity will be the same on each ball
(because they’re the same size), so air resistance will balance
the weight at a lower velocity (giving a lower terminal
velocity) {1 markj.

If you answered the ball with the larger weight, you receive no marks for

this question regardless of the reasoning

Page 14 — Hooke’s Law

1 a) 3

4
10
9

Force (N)

R Y

£ v v w1 o

X

£

0 10 20 30 40

Extension (mm)

0% ]

[3 marks available — 1 mark for all the points plotted
correctly to within half a square, 1 mark for a suitable line
of best fit passing through (0, 0) and 1 mark for line of best
fit starting straight and curving after 18 mm. Deduct up to
2 marks, 1 mark for each incorrectly plotted point.]

E.g.: They have a straight-line relationship / they are directly
proportional to each other / Hooke’s law is obeyed I mark].
No, it will not return to its original shape, because the
spring’s elastic limit has been passed [I mark].

b)

©)

Page 15 — Stopping Distances
1 a) i) Thinking distance [I mark].

il) Any two from: e.g.
tiredness / speed of the car / drug intake / alcohol intake /
inexperience / old age.
|2 marks available — 1 mark for each correct answer.]
The distance the car travels during its deceleration whilst the
brakes are being applied [I mark].
Any two from: e.g.
speed of the car / mass of the car / condition of the car’s
brakes / condition of the road surface / condition of the car’s
tyres / weather conditions.
[2 marks available — 1 mark for each correct answer.]
E.g. rain reduces the grip of the tyres on the road /I mark],
increasing the braking distance and stopping distance
[1 mark].
E.g. decrease their speed [I mark]
stopping distance = thinking distance + braking distance
= thinking distance = stopping distance — braking distance

=37-28=9m

[2 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation.]

b) )

2 a)

b)
c)

Pages 16-18 — Momentum and Collisions
1 a) i) momentum =mass x velocity / p =m % v {1 mark]
i) p=mxv=65x14
=910 kg m/s (kilogram metres per second)
[3 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation and 1 mark for
correct unit.|

137

. _ change in momentum _ (my —mu)

b) i) force= e faken /| F= r [1 mark]
. _ change in momentum _ 910 _
)" e time taken SSpgr=r QN

[2 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation.|
You'll get full marks if an incorrect answer from part a) is used and the
calculations are done correctly.
2 initial momentum of skater = 60 x 5 = 300 kg m/s
initial momentum of bag = 0
momentum of skater and bag = (60 + massy,,) x 4.8
momentum before = momentum after
= 300 = (60 + mass,,) x 4.8
= massy,, = % -60=25kg
[5 marks if answer correct, otherwise 1 mark for equating
momentum before and after, 1 mark for correct substitution
of values to calculate the initial momentum of the skater,
1 mark for correct rearrangement of the equation, and
1 mark for correct substitution of values into the equation
to find the momentum of the skater and bag.]

3 a) p=mxvy=650x15
=9750 kg m/s
[2 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation.]
b) momentum before = momentum after

[my X v+ [my X vy = [(m + my) X vy ]

[650 x 15] + [750 x —10] = [(650 + 750) X vq..]

9750 — 7500 = 1400 x v
_ 2250

Vafter ~ 1400

Vo =1.607...=1.6 m/s (to 2 s.f.)

after

after

[4 marks if answer correct, otherwise 1 mark for equating

momentum before and after, 1 mark for correct substitution

of values into the equations for momentum of each vehicle

and 1 mark for correct rearrangement of the equation(s).]
You'll get full marks if an incorrect answer from part a) is used and the
calculations are done correctly.

c) The crumple zone increases the time taken by the car to
stop/change its velocity [I mark]. The time over which
momentum changes is inversely proportional to the force
acting, so this reduces the force /I mark].

4 a) i) p=mxv=410x2.0=_820 kg m/s

[2 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation.|

Total momentum before collision

= 820 — 484 =336 kg m/s [I mark]

336 kg m/s [1 mark]

Total momentum after collision = total momentum before
collision, so 410 x (-1.2) +440v =336,

or —492 + 440v = 336.

S0 440y = 336 + 492 = 828, which means

v =828 +440=1.881...= 1.9 m/s (to 2 s.f.)

[3 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation and 1 mark for
correct rearrangement of the equation.]

if)

b) i)
ii)

Page 19 — Turning Effects and Centre of Gravity
1 The point through which the object’s weight acts [I mark].

2 a) The turning effect of a force [I mark].
b) B /I mark] — the force is acting at the furthest perpendicular
distance from the pivot [1 mark].
c) moment = force x perpendicular distance from the pivot

=45 % 0.1 =4.5 Nm (newton metres)
[3 marks if answer correct, otherwise 1 mark for correct
substitution of values into the equation and 1 mark for
correct unit.|

Answers
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Page 20 — Principle of Moments

1 a) 20cm=02m
moment = force x perpendicular distance from the pivot
=2x0.2=04Nm

[3 marks if answer correct, otherwise 1 mark for using the
correct equation and 1 mark for correct substitution of
values into the equation.]

b) clockwise moments about pivot = anticlockwise moments
about pivot
force. x perpendicular distance, = 0.4 + 0.8

perpendicular distance = Mé_ﬂ_ﬁ =0.15m

[4 marks if answer correct, otherwise 1 mark for reference
to balanced moments in each direction, 1 mark for correct
substitution of values into the equation and 1 mark for
correct rearrangement of the equation.]

You'll get full marks if an incorrect answer from part a) is used and the

calculations are done correctly.

2 Situation B. Rope 1 balances the moment applied by the box
around rope 2 [I mark] and so the further the box is from
rope 2, the larger the foree applied hy rope 1 [ mark].

Award no marks for this question if you answered situation A.

Section 2 — Electricity

Page 21 — Circuits — The Basics
1 a) A [1 mark]
b) Direct current /I mark]. This means that the current keeps
flowing in the same direction /I mark].
2 a)
|
| ||

compouent N @
| |

I~7)
v
[1 mark for adding the ammeter in line with component X,
1 mark for adding the voltmeter across component X]
b) It will decrease [I mark].
c) E.g. start with the resistance of the variable resistor fixed at a
high level. Then take a reading of current from the ammeter
[1 mark] and voltage from the voltmeter /I mark]. Decrease
the resistance of the variable resistor in equal steps and take
another pair of readings each time /I mark]. Be sure to take
several pairs of readings /1 mark].
With these sorts of questions, you just need to make sure you get all the
key points down. You could pick up some of the marks for saying things
like the student should take repeats of all the readings and take averages,
or for describing how they can make it a fair test.

—

Pages 22-23 — Resistance andV=Ix R
1 D [1 mark]
2 a) (resistor) D [1 mark]
The graph with the shallowest slope corresponds to the component with the
highest resistance.
b) i) Voltage = current X resistance / ¥'=1Ix R
[1 mark — accept any rearranged version of the same
equation.|
ii) Choose a point on the line and use values of 7 and ¥ to find R
using ¥=IxR. Eg. I=4A, V=2V
R=¥ -2 _9s0
[3 marks for correct answer, otherwise 1 mark for correct
rearrangement and 1 mark for correct substitution.]
Using the values of | and V for any point on the line for component B
should give you the same correct answer.

Answers

G = =l .
i) V—IXRSOI—R 0.75 20A

[3 marks for correct answer, otherwise 1 mark for correct
rearrangement and 1 mark for correct substitution.]

A diode/LED [1I mark] because the current only flows in one
direction [I mark].

3 a

b)

+ bt L - !

[4 marks available — 1 mark for a suitable scale chosen
(more than half of the graph paper is used), 1 mark for a
suitable line of best fit passing through (0, 0), 1 mark for
the axes correctly labelled with quantities and units, 1 mark
Jor all the points plotted correctly to within half a square.
Deduct up to 2 marks, 1 mark for each incorrectly plotted
point.]

c) 1) (metal filament) lamp / bulb /I mark]

ii) As the current through the filament of the lamp increases, the
temperature increases /I mark]. The temperature increase
causes the resistance to increase /1 mark]. So less current
can flow per unit of voltage, causing the graph to curve
[1 mark].

Page 24 — LDRs, Thermistors and LEDs

1 a) If the LED is lit up, current is flowing in the circuit
[1 mark].
b) The resistance increases /1 mark] because the resistance of
a light dependent resistor increases with decreasing light
intensity [1 mark].
2 a) i) C/I mark]
ii) A [1 mark]
b) i) E.g.

||
||

&)

[3 marks available for a circuit diagram showing a circuit
that will work containing a thermistor, a power source and
a lamp, otherwise 1 mark for an incorrect but complete
circuit containing 3 components including a lamp, 1 mark
Jor drawing a thermistor in a complete circuit.]

ii) The current increases /1 mark]. As the temperature in the
room increases, the resistance of the thermistor (and so the
circuit) will decrease [1 mark].



Page 25 — Series and Parallel Circuits

1 a)
b)

c)
2 a)

E.g. if one bulb breaks, the other still lights up /I mark].

v=IxR = R=% =15 -0

[3 marks for correct answer, otherwise 1 mark for correct
rearrangement and 1 mark for correct substitution.|

It would decrease [I mark].

V, =42V

V,=4.2V [1 mark]

In parallel circuits, the potential difference is the same across all branches

b)

The current through a component depends on the total
potential difference and the total resistance across all the
components in series with it.

Total resistance across branch =R; + R, =2.0+2.0=4.0Q

V _42 _405A

V=IxXxR = I= R 30

[4 marks for correct answer, otherwise 1 mark for
calculating resistance, 1 mark for correct rearrangement
and 1 mark for correct substitution.]

Page 26 — Charge, Voltage and Energy Change

1 a) i)
i)
b) 1)

ii)

©)

d)

Rate of flow of (electrical) charge [1 mark].

(negatively charged) electrons [I mark].

Charge = current x time / Q=1 x t

[1 mark — accept any rearranged version of the same
equation.]

Convert time to seconds, # =20 x 60 = 1200 s
Q=1Ixt=5x%1200=6000C

[3 marks for correct answer, otherwise 1 mark for
calculating the time in seconds and 1 mark for correct
substitution.]

3 ] /1 mark]. Energy transferred per unit charge is equal
to voltage, and the battery has a voltage of 3V or 3 J/C
[1 mark].

1=£-3%_404
=0R = R=L =3 _-0750
E~QIR = R=4F =3y~

[4 marks for the correct answer, otherwise 1 mark for
calculating the current, 1 mark for correct rearrangement
and 1 mark for correct substitution.]

Pages 27-28 — Electrical Safety

1 a)
b)

2 a)

b)

3 a) i)

ii)

b) i)
ii)

To protect the wiring of the house / prevent fires in the event
of a fault [I markj.

Because pennies won’t melt like a fuse wire in the event of a
current surge, so the circuit won'’t be broken /1 mark].

If the live wire comes loose and touches the metal, the
current will flow away through the earth wire /1 mark].

The earth wire has a low resistance, so a large current flows
through it, the live wire and the fuse /I mark]. This current
melts the thin wire in the fuse {1 mark], cutting off the
electricity supply to the toaster [I mark].

"The kettle 1s double insulated. / Plastic is an (electrical)
insulator /1 mark]. This means the casing doesn’t conduct
electricity, so it can never become live [1 mark].

E.g. the metal casing can become live and give someone an
electric shock if they touch it /1 mark].

A large current surges to earth through the earth wire

[T mark]. This causes a large current to surge through the
live wire and trip the circuit breaker [I mark]. The circuit
breaker breaks the circuit and isolates the microwave oven
[1 mark].

A fuse melts to break a circuit [T mark] whereas a circuit
breaker opens a switch to break a circuit /I mark].

Any two of: e.g. circuit breakers don’t need to be replaced
every time they break the circuit/can be easily reset. / Some
circuit breakers operate much faster than a fuse, making them
safer. / Some circuit breakers can detect and respond to much
smaller (but still dangerous) current changes than a fuse.

[2 marks — 1 mark for each correct advantage.]
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| Page 29 — Energy and Power in Circuits

1 a)

b)

1 a)

b)

2 a)

b)

1 a)

b)

b)

©)

3 a)

b)

i)

ii)

When current flows through the wire, the charges do work
against the resistance and energy is transferred to thermal
energy stores [1 mark] and the higher the resistance, the
more energy is transferred [1 mark].

Power = current X voltage / P=1IxV

[1 mark — accept any rearranged version of the same
equation.]

Convert power to W, P = 2.8 x 1000 =2800 W

=L =280 _ 1517 A=12A(to2s.f)

14 230
[3 marks for correct answer, otherwise 1 mark for correctly
converting power to W and 1 mark for correctly substituting
into a correctly rearranged equation.]

iii) D /1 mark]

Remember that fuses should be rated as near as possible but just higher
than the normal operating current, which (s 12 A here

iv) She should choose kettle B because it has the higher power

rating /1 mark]. This means that it transfers more energy per
unit time, so it will boil the water faster [I mark].

Page 30 — Static Electricity

A material that doesn’t conduct charge/electricity very well
[1 mark].

Material | Lolectrieal conduetor? | Electrieal insulator?
Glass No Yes
Water Yes No
Plastic No Yes
Copper Yes No

[2 marks, 1 mark for each correct row.]

The man is charged, so there is a potential difference/voltage
between him and the rail /1 mark]. When the potential
difference/voltage is high enough, electrons jump across the
gap to the rail, producing a spark /I mark].

Negatively charged [I mark]. Only negative charges/
electrons can move fI mark] and they will move from an area
of negative charge to an earthed area [I mark].

Pages 31-32 — Static Electricity and Friction

Electrons are removed from the dusting cloth /I mark] and
transferred to the polythene rod /I mark/.

Bring the object with unknown charge near to the suspended
polythene rod {1 mark]. If the rod moves away from / is
repelled by the object, the object is negatively charged

[1 markj. 1f the rod moves towards / is attracted by the rod,
the object is positively charged [I mark].

metal [T mark — accept any sensible named motal]

Bring the material near to the disc of the electroscope

[1 mark]. If the gold leaves rise, the material is charged.

If they do not rise, the material is not charged [I mark].

No, the electroscope cannot distinguish between positive

and negative charge. The charged object induces a charge

in the metal disc, which induces a charge in the gold leaves
[1 mark]. The charges on the gold leaves will always be alike
[1 mark], so the gold leaves will repel each other whether
this charge is positive or negative [I mark].

Rubber is an insulator /1 mark] so the dome cannot discharge
through the belt /1 mark].

It needs to conduct charge so that electrons can flow from the
dome to the belt, which leaves a positive charge on the dome
/1 mark].

The belt is positively charged and electrons are negatively
charged and opposite charges attract [1 mark].

Answers



Il

L)
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d

Negative charges move from the student’s body to the dome,
leaving unbalanced positive charges behind (including in the
student’s hairs) [I mark]. Like charges repel /1 mark], so the
student’s charged hairs stand on end (to get as far away from
other charged hairs as possible) /I mark].

Pages 33-34 — Static Electricity — Examples

1

2 a)
b)

3 a)

b) 1)
ii)

Rain drops and ice bumping together in clouds causes
electrons to be transferred, causing the top and bottom layers
of the cloud to become (oppositely) charged /1 mark]. This
causes a big voltage between different parts of the cloud

/ between the (bottom of the) cloud and earth which may
discharge through a spark (lightning) /1 mark].

It can cause a spark /I mark], which can cause a fire or an
explosion if it ignites fuel or fuel fumes [1 mark].

Make the nozzle out of metal /1 mark]. Connect the fuel
nozzle to the fuel tank with an earthing strap /7 mark].
Inside the printer are two metal platcs that can have a
voltage applied to them /I mark]. The voltage gives the
plates opposite charges, which causes the droplets passing
between them ta be deflected, as they are attracted by one and
repelled by the other /I mark]. The amount and direction

of deflection can be controlled by changing the size and
direction of the voltage [1 mark].

Light reflected off some parts (the white parts) of the original
document onto the image plate [I mark].

The black parts of the document don’t reflect light onto

the plate, so the image plate keeps its positive charge in
those places /I mark]. A negatively-charged black powder
[1 marik] is brought close to the plate and attracted to the
positively-charged parts of it /T mark]. Then a positively-
charged piece of paper [ mark] is brought close to the plate
and the negatively-charged black powder is attracted to the
paper [1 mark].

Section 3 —Waves

Pages 35-36 — Waves — The Basics

1 a)

b)
2 a)
b) i)

ii)

Type A is a longitudinal wave, because the vibrations are

in the same direction as/parallel to the direction of energy
transfer [1 mark]. Type B is a transverse wave, because

the vibrations are at 90° to the direction of energy transfer
[1 mavk].

E.g. sound waves / ultrasound waves / shock waves [1 mark]
2 Hz [1 mark]

wave speed = frequency x wavelength / v=fx 4

[1 mark — accept any rearranged version.]

v=fxisod== 95 —025m
[2 mavrks for the correct answer — otherwise 1 mark for

correctly rearranging the equation and substituting the
correct values into the equation.]

Remember, the wavelength of a wave is the distance from crest to crest.

1_1

iii) f= 4,0 7= 2= L =055

f 2

[2 marvks for the correct answer — otherwise 1 mark for
correctly rearranging the equation and substituting the
correct values into the equation.]

You still get full marks if an incorrect value from part a) is used correctly to
calculate the period.

3 a)

b)

E.g. the amplitude is the distance from the rest position of the
wave to a crest [I mark].
C [1 mark]

Answers

1 a)
b)

2 a)

b)

<)

1 a)
b)

°)

4

5 a)
|

c) i) The wavelength — e.g. he has drawn a wavelength of 4 cm,

not 2 cm {1 mark].

ii) Eg.

height of the wave from
the rest position in cm

M
1
0.5
0 ' >
2 4 8 distance along
the wave in cm
0.5 {
-1
W

[2 marks available for drawing a correct wave — otherwise
1 mark for drawing a wave with the correct amplitude or the
correct wavelength]

Page 37 — Wave Behaviour and EM Waves

D [I mark]

They don’t travel faster than radio signals because all
electromagnetic waves travel at the same speed in free space
[1 mark].

The Doppler effect is the change in the observed frequency/
wavelength of a wave [T mark] due to the wave source
moving towards or away from the observer /I mark].

Wave speed is constant, so a moving source can ‘catch up’ to
the wavefronts of the waves produced in front of it /I mark].
This causes the wavefronts in front of the source to bunch up,
so the waves produced appear to have a shorter wavelength/
higher frequency /I mark]. The wavefronts behind the
source spread out, so the waves produced appear to have a
longer wavelength/lower frequency /1 mark].

The distant star is moving away from the Earth [1 mark].
The Doppler effect causes frequencies emitted by a source
moving away from a detector to seem lower than expected
[1 mark].

Pages 38-40 — Uses of Electromagnetic Waves

gamma radiation /1 mark].

Treating the fruit with radiation kills the microbes in it

[1 mark], which means that it will stay fresh for longer

[1 mark].

Microwaves are targeted at the food and absorbed by the
water/fat molecules in the food /I mark]. They penetrate

a few centimetres into the food before being absorbed

[1 mark]. The energy is then conducted or convected to
other parts of the food [I mark].

B [1 mark]

Data is carried as pulses of light /I mark]. A pulse of light
enters the narrow core of a fibre at a certain angle at one
end and is reflected from the sides again and again until it
emerges at the other end /1 mark].

E.g. telephone and broadband internet cables / to see inside
the body [1 mark].

The fox is hotter than its surroundings, so it gives off more
infrared radiation /I mark]. The night vision camera detects
how much infrared radiation objects give off and uses this to
form an image [1 mark].

Long-wave: radio signals bend round the surface of the
Earth to reach the house [I mark].

Short-wave: radio signals reflect off the ionosphere to reach
the house /1 mark].



b) i)

microwave radiation [I mark]

il) They are transmitted through the atmosphere into space,

6 a)

b)

7 a)

b)

where they are picked up by a satellite receiver orbiting Earth
[1 mark]. The satellite transmits the signal back to Earth in
a different direction, where it is received by a satellite dish
connected to the house [I mark].

A detector is placed behind the truck [I mark]. The X-rays
are absorbed by some objects /I mark], but are transmitted

by others /1 mark]. A negative image is formed with brighter '

areas where fewer X-rays get through, indicating the objects
that absorbed the X-rays /I mark].

Exposure to X-rays can be harmful [I mark], so the driver
and passengers should step outside the truck while it is
exposed to X-rays to minimise their exposure [I mark].

They are not harmful. Almost all of the ultraviolet radiation
is absorbed /I mark] by a (phosphor) coating on the inside of
the glass, which then emits visible light instead [I mark].

A camera focuses light onto a light-sensitive film or
electronic sensor [I mark]. The camera can control how
much light enters it by controlling how big the aperture is

[1 mark]. The photographer can control how long the film or
sensor is exposed to the light by changing the shutter speed
[1 mark].

Page 41 — Dangers of Electromagnetic Waves

1 a)

b)

2 a)

b)

3 a)

b)

Any two from: e.g. cell destruction /1 mark] / cancerous
changes (mutations) to cells /1 mark] / tissue damage

[1 mark].

E.g. keep exposure time to a minimum /I mark] / place
screening materials over doctors/other body parts in the
vicinity of the gamma radiation [1 mark].

Ultraviolet radiation can be ionising and cause (skin) cancer/
cell damage [I mark]. Excessive sunbathing is dangerous
because the more you are exposed to UV radiation, the more
likely you are to be damaged by it /1 mark].

E.g. use sunscreen with ultraviolet filters / limit your
exposure to the sun [I mark].

E.g. microwaves can cause internal heating of human body
tissue /I mark].

E.g. infrared also has a heating effect /I mark], but it has a
higher frequency than microwaves and carries more energy
(so it will have a greater heating effect) /I mark].

Page 42 — Reflection and Refraction of Waves

1 a)i)
ii)

b)

)

The angle of incidence is equal to the angle of reflection
[1 mark].

It is the reflection of light at all different angles when it
reflects off an uneven surface [1 mark].

E.g. it

[1 mark for correctly drawn incident ray with an angle of
incidence of 35°, 1 mark for correctly drawn reflected ray
with an angle of reflection of 35°.]

Waves travel at different speeds in materials with different
densities /1 mark]. When a wave crosses a boundary into
another medium al an angle, it changes direction /1 mark].
This is refraction [1 mark].
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Page 43 — More About Refraction of Waves

1 a)

b)

0) i)

ii)

E.g.

incident ray

[1 mark for refracting the ray towards the normal upon
entering the prism, 1 mark for refracting the ray away from
the normal as it leaves the prism, and 1 mark for correctly
labelling all the angles of incidence and refraction.]

E.g. place the prism on a piece of paper and shine a ray of
light at the prism. Trace the incident and emergent rays and
the boundaries of the prism on the piece of paper [I mark].
Remove the prism and draw in the refracted ray through the
prism by joining the ends of the other two rays with a straight
line [I mark]. Draw in the normals /I mark] and use a
protractor to measure i and r /I mark].

White light is made up of different colours of light /I mark],
which have different wavelengths and so refract by different
amounts at each boundary of the prism [I mark].

The sides of a rectangular block are parallel /1 mark], and so
the rays of different colours of light bend by the same amount
but in opposite directions when they enter and leave the block
so they emerge parallel /I mark].

Pages 44-45 — Refractive Index and Snell’s Law

1 a)

b) 1)

E.g.

0

0 01 02 03 04 05 06 07 0.8 0.9 sinj

[1 mark for a suitable scale chosen (more than half of the
graph paper is used), 1 mark for a suitable line of best fit
passing through (0, 0), 1 mark for the axes labelled with
quantities and scales, 1 mark for correctly plotted points.
Deduct up to 2 marks for incorrectly plotted points, 1 mark
per incorrect point.]

change in y

change in x

05-0 _ _
03 —( =0-833.=0.833 (to 3 5.£)

[2 marks for correct answer, otherwise 1 mark for correct
substitution.]

gradient =

e.g. gradient =

You could calculate your gradient using any correct pair of points on your

| graph. You'd get the marks here as long as your answer is correct for your
| graph and line of best fit from part a).

Answers



0 Y O
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1 - | -
gradient ~ 0.833...

So refractive index = 1.2
[2 marks for correct answer, otherwise 1 mark for correct
substitution and rearrangement to find n. Deduct 1 mark
Jfor giving units.]
Again, youd get the marks here as long as your answer is correct for the
answer you gave in part i)

i1) gradient = % ,S0n= 1.2

2 a) i=45°
_ sind . _ sini _ sin45.0° _
n=Gny oSy =S == =0.467...

So r=sin"1(0.467...) =27.8426... = 27.8° (to 3 s.f.)
[3 marks for correct answer, otherwise 1 mark for correct
substitution and 1 mark for correct rearrangement. |

b) The separation happens when different colours refract by
different amounts /I mark], but light doesn’t refract when it
crosses a boundary along the normal /I mark].

c) Angle of incidence for violet light =i = 45.0°

. _ sini _ sind5.0° _
sinr == 1 528 0.4627...

= r—sin 1(0.4627...) — 27.5657..°

Then subtract this angle from the angle of refraction of red
light to get:
0=27.8426... —27.5657... = 0.2769... = 0.277° (to 3 s.f.)
[4 marks for correct answer, otherwise 1 mark for correct
rearrangement of the equation to find v, 1 mark for correct
angle of refraction of violet light and 1 mark for correctly
subtracting one angle from the other.]
You get the marks here if the answer given to part a) is used correctly (even
if it's wrong).

Page 46 — Refractive Index and Critical Angles

1 a) snC=L & C=sin" <L> =sin™ (L) =40.492...
n n 1.54
=40.5° (to 3 s.f.)

[3 marks for correct answer, otherwise 1 mark for correct

substitution and 1 mark for correct rearrangement.]

b) Bending an optical fibre sharply may result in some light
meeting the boundary at an angle that is smaller than or equal
to the critical angle /1 mark]. This means light will escape
the optical fibre, so less light will be used to make the image |
[1 mark]. [

E.g. the angle of incidence such that the angle of refraction ‘

[
[
I

2 a)
is 90° (for light travelling from a denser material to a less
dense material) /I mark].

b) It will be reflected back into the acrylic (total internal
reflection) /1 mark].
1 1
9 n=Ghe " sind].8°
[3 marks for correct answer, otherwise 1 mark for using the
correct equation and 1 mark for substituting correct values
into the equation. Deduct 1 mark for giving units.]

=1.5003...=1.50 (to 3 s.f.)

Pages 47-48 — Sound Waves
1 a) i)

Statements Order |
Measure the distance between the 4
microphones. This is the wavelength.

Stop moving microphone 2 when the 3
traces line up.

Use the measured distance and the frequency 5

of the signal generator to find the wave speed.

Begin with both microphones at an equal
distance from the speaker.

Keeping microphone 1 fixed, slowly move
microphone 2 away from the speaker (keeping it in 2
line with microphone 1), causing trace 2 to move.

[3 marks for all entries correct, 2 marks if two entries
correct, and 1 mark if one entry correct.]

Answers

il) v=fxAh=50x6.8=340 m/s
[2 marks for correct answer, otherwise 1 mark for
substituting correct values into the equation.]
b) i) D [1 mark]
ii) One time cycle is 8 divisions long, so 7=0.005 x 8 =0.04 s
1 1
f= T =004~ 25 Hz
[2 marks for correct answer, otherwise 1 mark for
substituting correctly into correct equation.]
iii) E.g.
1 division = 0.005 s

marks if the time period of the wave has changed.]

The echoes are caused by the reflection of sound waves from

the surfaces of the drama hall and on the tield there are no

walls for the waves to reflect off [I mark].

b) E.g. it may refract (change direction) /1 mark].

c) i) 20-20000 Hz [I mark]

ii) The frequency is lower [I mark]. This is because the pitch of

his voice is lower and frequency determines pitch [1 mark].

d) The female student, as it has a higher frequency/shorter time
period, which corresponds to a higher pitch /1 mark].

2 a)

Section 4 — Energy Resources and Energy
Transfer

Page 49 — Conservation of Energy
1

Energy Transferred

Scenario
From...

A skydiver falling from an
aeroplane.

gravitational potential
energy store

A substance undergoing a

: nuclear energy store
nuclear reaction.

A stretched spring returning

. = elastic potential energy store
to its original shape. P 4

A piece of burning coal. chemical energy store

[3 marks for all correct, otherwise 2 marks for 2 correct or
1 mark for 1 correct]
2 a) thermal /1 mark]
b) D /I mark]
c) Energy can be stored, transferred between stores or dissipated
[1 mark] but it can never be created or destroyed /I mark].

Page 50 — Efficiency

1 D [1 mark]

They all have the same amount of input energy, so the most efficient is the

one with the largest amount of useful output energy.

2 a) Any one from: e.g. by heating the fan / by heating the
surroundings / transferred away by sound waves [I mark].



b)

3

total energy input = total energy output

2kJ=2x1000=20001J

Find the energy that is transferred usefully:

useful energy output = total energy output — wasted energy
=7250—-2000 = 5250

useful energy output

101 = 0,
efficiency total energy output =04
=$§8Mm%=nmx%=n%au&m

[4 marks for correct answer, otherwise 1 mark for correct
conversion, 1 mark for correctly calculating the useful
output energy, 1 mark for correctly calculating the
efficiency and 1 mark for giving your answer to 2 s.f.]

D [I mark]

The mains transfers 2500 J/s, but the kettle is only 767% efficient.

So 2500 x 0.76 = 1900 J/s is usefully transferred to the thermal energy
store of the water. 418 OOO J is needed to boil the water,

50 it takes 418 OO0 : 1900 = 220 seconds

Page 51 — Energy Transfers

1
2 a)

b)

C [1 mark]

Energy is transferred mechanically from the chemical energy
stores of the weight lifter’s muscles /I mark] to the kinetic
energy stores of his arms and the weights [I mark]. Some
of this energy is transferred mechanically from the kinetic
energy stores to the gravitational potential energy store of the
weights [1 mark].

Energy is transferred mechanically from the gravitational
potential energy store of the weights /1 mark] to their kinetic
energy store [I mark].

The golf club has energy in its kinetic energy store [I mark].
Some of this energy is transferred mechanically to the
kinetic energy store of the ball /1 mark]. Some is transferred
mechanically to the thermal energy stores of the golf club
and the ball (and to the surroundings by heating) /I mark].
The rest is carried away by sound [I mark].

Pages 52-53 — Sankey Diagrams

1 a)

10 J [1 mark]

You know the total input energy is 200 J. The input energy arrow is 20
squares wide, so the value of each square must be 200 J + 20 =10 J.

b)

50 J [1 mark]

The useful energy arrow is 5 squares wide, and each square represents 10 J
So the amount of energy that's usefully transferred = 5 x 10 J = 50 J

c)

b)

E.g.
...... saF-h
) CUseful|
/- output -
2001 |/
Tapuit |

carried B P
- T~_—"Taway by sound - |

1201 tothermal " i W |

energy stores

[1 mark for input width drawn correctly, 1 mark for all
three output arrow widths drawn correctly, 1 mark for all
arrows being correctly labelled.]
E.g. thermal energy store [I mark]
Energy transferred to weight = 100 — 50 — 20

=30 kJ [1 mark]

c)

143

E.g.

30 kJ 28.5kJ
gravitational kinetic
potential energy
energy store store

1.5 kJ thermal
energy stores
and carried away
by sound

[1 mark for drawing a recognisable Sankey diagram,

1 mark for all of the arrows being drawn in roughly the
correct proportions, 1 mark for all of the arrows being
correctly labelled.]

Page 54 — Energy Transfer by Heating

1 a)

b)

Conduction /I mark]

Radiation /I mark]

Flask C /1 mark].

There is a larger temperature difference between flask C and
the surrounding gel /1 mark].

You receive no marks for this question if you answered A or B,

2

Conduction /I mark]. As particles in the solid are heated,
energy is transferred to their kinetic energy stores /I mark].
The particles collide with neighbouring particles and transfer
some of this energy to their kinetic energy stores, transferring
the energy through the solid /I mark].

Page 55 — Convection

1 a)

b) i) Bg

©)

ii)

Solid /1 mark] because the particles are not free to move

[1 mark].
SC

[1 mark for 2 arvows drawn anywhere inside the glass tube
showing the correct flow of water|

The water particles near the heater gain energy (and get
further apart) /I mark]. This causes the water near the
heater to expand and become less dense, so it rises up the
plpe /I mark]. Colder, denser water elsewhere 1n the pipe is
displaced and moves to replace this heated water [I mark].
C [1 mark].

|
| Page 56 — More Energy Transfers by Heating

1 a)
b)
)

Matt black /1 mark]

Shiny white /I mark]

E.g. use an infrared detector to measure the emitted radiation
/ use a ruler to make sure he measures the radiation emitted
from each side from the same distance [I mark for any
sensible suggestion]

Paper, cardboard and air have low thermal conductivity, so
energy will be transferred through them by conduction quite
slowly [1 mark], which decreases the rate of energy transfer
from the cup /I mark]. The pockets of trapped air help
prevent convection currents from forming around the outside
of the cup [I mark].

Answers
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Pages 57-58 — Work and Power

1 B [1 mark]
2 a) t=125 x 60 = 7500 seconds
P=W-+tso
W= Pt
=600 x 7500

=4 500 000 = 4500 kJ
[3 marks for correct answer, otherwise 1 mark for correct
rearrangement and 1 mark for correct substitution.]

b) Time taken = 125 x 60 = 7500 seconds
P=W=+¢
=3930 000 +~ 7500
=524W
[2 marks for correct answer, otherwise 1 mark for correct
substitution.]
3 a) i) Work done = force applied x distance moved in the direction
of the force / W= Fd [1 mark|
iy W=Fd
=50x15
=750J
[2 marks for correct answer, otherwise 1 mark for correct
substitution.]

b) The temperature of the wheel increases /1 mark] because
doing work causes some energy to be transferred to the
thermal energy store of the wheel /1 mark].

4 a) P=W-=+¢

Convert from kJ to J and from hours to seconds:
1.87 x 103 x 1000 =1.87 x 10%J

1 x 60 x 60 =23600 s

Power of old engine, P, = 1.87 x 106 + 3600

=519.44.. W
New engine is 45% more powerful, so multiply old power by
1.45.
Power of new engine, P, =519.44 x 1.45
=753.1944..W

=753 W (to 3 s.f.)
[4 marks for correct answer, otherwise 1 mark for correct
unit conversion, 1 mark for correct calculation of the power
of the old engine and 1 mark for multiplying power of old
engine by 1.45.]
You could also have applied the 45% increase to the amount of energy
transferred, and then substituted that into the power equation to find the
power of the new engine.
b) More energy is transferred to the kinetic energy store of the
moped per second /I mark]. This will decrease the time
[1 mark] needed to transfer enough energy to the moped’s
kinetic energy store to cause it to travel at 13 m/s [I mark].

Pages 59-60 — Kinetic and Potential Energy Stores
1 B [1 mark]
2 a) energy in gravitational potential energy store = mass x
gravitational field strength x height/ GPE=m x g x h
[1 mark]
b) GPE=mxgxh
=65%10x10
=6500J
[2 marks for correct answer, otherwise 1 mark for correct
substitution]
3 a) 4.0 J /1 mark]
When no air resistance acts, as an object falls, all the energy in its
gravitational potential energy store is transferred to its kinetic energy store.
b) energy in kinetic energy store = % x mass x speed? /
KE =Y x m x\2 [1 mark]
c) KE="Ysxmx 12
Rearrange for mass:

m=2xKE+y?
= (2 % 4.0) - 8.9
=0.10099... kg

=0.10 kg (to 2 s.f.)
[3 marks for correct answer, otherwise 1 mark for correct
rearrangement and 1 mark for correct substitution.]

Answers

| 4 a) KE =" xmx?
KE =% 105 x 2.392
=299.8852...7J
=300 J (to 3 s.f.)
[2 marks for correct answer, otherwise 1 mark for correct
substitution.]
b) i) GPE=mxgxh,so:
energy lost from g.p.e. store = 105 x 10 x 20.2
=212107
| =21200J (to 3 s.f.)
' [2 marks for correct answer, otherwise 1 mark for correct
substitution.|
ii) Itis transferred to the cart’s kinetic energy store /1 mark].
c) Energy lost from the g.p.e. store is transferred to the kinetic

energy store,

| so KE=1299.88...+21 210 =21 509.88... ]
KE="Y%xmx?
Rearrange for speed:

JEHK'E

y= J2XKE

m

_ [2%21509.88
105

=20.2413... m/s

=20.2 m/s (to 3 s.f.)
[4 marks for correct answer, otherwise 1 mark for correct
calculation of total energy in the kinetic energy store,
1 mark for correct rearrangement and 1 mark for correct
substitution.]

Page 61 — Non-Renewable Energy and Power Stations

1 C [1 mark]
2 D /1 mark]
3 a) As it is burnt, energy is transferred by heating from the

chemical energy store of the natural gas to the thermal

energy store of water, to turn the water into steam /I mark].

The steam is used to drive turbines — transferring energy

mechanically from the thermal energy store of the steam to

the kinetic energy store of the turbine /7 mark]. The turbine
drives a generator, so energy is transferred mechanically from
the kinetic energy store of the turbine to the kinetic energy

| store of the generator /I mark]. Energy is transferred away

| electrically to the national grid /1 mark].

b) Any two from: e.g. burning natural gas releases a lot of
energy for a relatively low cost / energy from natural gas
doesn’t rely on the weather or time of day (it’s reliable) /no
new technology or spending is needed to set up natural gas
power stations — we have a lot already. /2 marks —I mark
Sfor each correct answer.]

| Page 62 — Nuclear, Wind and Geothermal Power
[ 1 a) i) thermal /I mark], thermal [I mark], kinetic [1 mark]

ii) Advantage — e.g. geothermal power is a renewable
| resource / no fuel is required so there are low running costs
/ geothermal power stations have very little impact on the
environment once set up. /1 mark for any sensible answer.]
Disadvantage — e.g. there are higli initial costs in drilling
down several km / the cost of building a power station is
often high compared to the amount of energy obtained /
the possible locations for power stations are very limited.
[1 mark for any sensible answer.]
Advantage — e.g. wind farms have low running costs (as
there are no fuel costs) / wind is a renewable resource (it
won’t run out) / wind farms cause no atmospheric pollution.
[1 mark for any sensible answer.]
Disadvantage — e.g. some people think wind farms spoil the
view/make too much noise / a lot of wind farms are needed
to generate the same amount of electricity as a fossil fuel
power station / wind speed varies, so they’re not particularly
reliable / wind farms usually require specific (remote)
locations, so building and maintenance work is expensive /
you can’t increase the supply of electricity when demand is
high. [I mark for any sensible answer.]

b)




2 a) Energy is transferred by heating from the nuclear energy
store of the fuel to the thermal energy store of the water/
steam [I mark].

b) i) Nuclear fuels don’t release any greenhouse gases (e.g. carbon

dioxide) that contribute to global warming /7 mark].

ii) Any two from: e.g. processing or transporting the nuclear
fuel before it is used causes atmospheric pollution / nuclear
power stations carry the risk of major catastrophes (like
Chernobyl), which have a huge impact on the environment
/ radioactive waste is difficult to dispose of and is harmful
to the environment/humans. [2 marks — I mark for each
correct answer.]|

Page 63 — Solar and Wave Power

1 a) D [1 mark]

b) Energy is transferred mechanically from the kinetic energy
store of the waves to the kinetic energy stores of the turbine
and generator [1 mark].

A solar cell /1 mark]

b) E.g. solar water heating panels /I mark] — they absorb
energy from the Sun to heat water inside them. This hot
water can then be supplied to the home [I mark].

c) E.g. the cost of connecting solar cells to the national grid
is high compared to the amount of electricity they generate
/1 mark]. It is often not practical to connect them to the
national grid fI mark].

Page 64 — Generating Electricity Using Water

1 a) Energy is transferred from the gravitational potential energy
store of the water to the kinetic energy store of the water,
then to the kinetic energy stores of the turbines and the

generator /1 mark]. Electricity is generated and the energy is
transferred electrically from the generator to the national grid

[1 mark].

b) Any two from: e.g. they can cause the loss or destruction
of habitats / rotting vegetation in flooded areas releases
methane/CO,/greenhouse gases / they can change the
landscape drastically. [2 marks — 1 mark for each correct
answer.]

c) Pumped storage [I mark].

d) Any two from: e.g. they cause no atmospheric pollution /
they use a renewable energy source / there are no fuel costs
/ maintenance and running costs are low / tides are regular
and predictable, so this is a fairly reliable energy source.

[2 marks — 1 mark for each correct answer.]

Section 5 — Solids, Liquids and Gases

Pages 65-66 — Density and Pressure

1 C [1 mark].

2 a) The volume of the pendant /I mark].
The mass of the pendant /T mark].

b) E.g. measure the mass of the pendant using the mass balance

[1 mark]. Fill the eureka can with water to just below the
spout, then place the measuring cylinder beneath the spout
[1 mark]. To measure the volume of the pendant, submerge
the pendant in the water, catching the displaced water in the
measuring cylinder /I mark]. Measure the volume of the
displaced water, which is equal to the volume of the pendant
[1 mark]. Divide the mass of the pendant by the volume of
the pendant to find the density /1 mark].

With questions where you have to describe a method, make sure your

description is clear and detailed. You could also pick up some of the marks

by describing how you'd do repeats, take averages and other ways in which
you'd make it a fair test.
3 a) The pressure increases with depth [1 mark].

i

4 a)
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b) i) pressure =12/, — £ 1y puary

area
i) 4500 cm? = 0.45 m?
_F _ 18 _
P= 045 40 Pa

[3 marks if answer correct, otherwise 1 mark for converting
area to m? and 1 mark for correct substitution of values into
the equation.]
pressure difference
= height x density x gravitational field strength /
p=hxpxg
[1 mark]

_m _ 514
P=y T 0300

=1028 =1030 kg/m? (to 3 s.f.)
[2 marks if answer correct, otherwise 1 mark for correct
substitution.]
i) 245 kPa =215 x 103 — 245 000 Pa

p=hxpxgoh= pfg = 2000 _28s..

E =24 m (to 2 s.f))
[3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct

substitution of values into the equation.]

b) i)

You'll still get the marks if the density you used from part b) i)

was incorrect.,

Page 67 — Changes of State
1 a) i) Particles are held close together in a fixed, regular pattern

[1 mark]. They vibrate about fixed positions /1 mark].
il) gas(es) [1 mark]

b) i) melting /1 mark]

i) When the substance is changing state, the energy provided
when it is heated is used to break intermolecular bonds

[1 mark] rather than raise the temperature, so the substance

stays at a constant temperature [I mark].

Evaporation [I mark]. A liquid can evaporate at

temperatures that are lower than the liquid’s boiling point,

whereas boiling happens only at the boiling point /I mark].

Particles in the liquid can only evaporate if they are travelling

in the right direction, fast cnough to overcome the attractive

forces of the other particles in the liquid, whereas when a

liquid boils, all of the particles have enough energy to escape

[1 mark].

ii) When a liquid evaporates the fastest particles are most likely
to escape the liquid /1 mark]. When they do, the average
speed/energy in the kinetic energy stores of the remaining
particles in the liquid decreases 1 mark]. The drop in
average speed/energy causes a drop in temperature [/ mark/.

c) i)

Page 68 — Temperature and Particle Theory
1 a) i) The average speed decreases [I mark].

if)y The entergy of the particles in a substance decreases with
temperature [I mark]. There is a minimum energy that
the particles can have, so there is a minimum temperature
[1 markj.

iti) —273 °C [I mark]

b)

Temperature (K) Temperature (°C)
10) —263
904 031

| [2 marks available — 1 mark for each correct temperature.]

To convert from the Kelvin scale to the Celsius scale just subtract 273, and
to convert from the Celsius scale to the Kelvin scale add 273.

2 a)

The substance is melting [I mark].
b) Melting point = -7 °C [I mark]
Boiling point = 58 °C [I mark]

Answers
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Page 69 — Particle Theory and Pressure in Gases
1 n_p _ pxB _ 107 x 405

G Al 23 388 =1504...

=150 kPa (to 3 s.f.)

[3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct
substitution of values into the equation.]
2 a) i) The pressure increases /I mark]. This is because the volume
decrease leads to the number of collisions in a given time on
a given area between particles and the walls of the cylinder
increasing /I mark] and so the force applied by the particles
to the cylinder walls increases [I mark].
- |41 x
i) Py =ity = pa= B =i
=105.53... =110 kPa (to 2 s.f.)
[3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct
substitution of values into the equation.|
b) As the gas is heated, the average energy in the kinetic energy
stores of the particles increases [I mark]. This means they
move [aster and collide with the walls more often in a given
time [I mark], increasing the outwards force/pressure on the
walls of the cylinder [I mark].

Page 70 — Specific Heat Capacity

1 D [1 mark].

2 a) E.g. measure the mass of the empty insulated flask and then
fill it with the liquid you are testing. Measure the mass of the
flask again to find the mass of the liquid /1 mark]. Connect
the power supply to the joulemeter and the immersion heater.
Place the immersion heater into the liquid /I mark]. Measure
the temperature of the liquid /I mark] and then turn on the
immersion heater. Turn off the immersion heater once the
temperature of the liquid has increased by 10 °C [I mark].
Read the energy transferred shown on the joulemeter and use
AQ = mcAT to calculate the specific heat capacity /1 mark].

b) AQ = mcAT so ¢ = AQ + mAT
=15000 + (0.3 x 25)
¢=2000 J/kg °C
[3 marks for correct answer, otherwise 1 mark for
rearranging, 1 mark for correct substitution.]|

Section 6 — Magnetism and
Electromagnetism

Page 71 — Magnets and Magnetic Fields
1 a) The field is uniform / The field lines are straight, parallel and |
evenly spaced [I mark].
b) Attraction [1 mark] — opposite poles attract /1 mark].
2 a) E.g. put the magnets on a piece of paper and place many
compasses in different places between the magnets to show
the magnetic field at those points /I mark]. The compasses

will line up with the magnetic field lines /I mark].
You could also use iron filings to shown the pattern. I

b)

[2 marks for four correct arrows, otherwise 1 mark for two
correct arrows, each one placed between a different pair
of magnets. Do not award any marks for contradicting
arrows.]

Answers

©)

d)

A material that becomes magnetised when placed in a
magnetic field /1 mark].

The north pole of the bar magnet induces a south/opposite
pole in the head of the nail /1 mark] and the opposite poles
attract each other /I mark].

Pages 72-73 — Electromagnetism
A [1 mark].

1 a)
b)

2 a)
b)

©)

d) 1)
if)

[1 mark for drawing concentric circles centred
around the copper rod.]

[1 mark for correct pattern, 1 mark for arrows shown in
correct directions.]
A coil of wire [I mark].

coil of wire magnetic field

Inside the coil, the field is strong and uniform. Outside the
coil, the field is the same as that of a bar magnet.

[1 mark for showing by sketch or for saying that the field is
uniform and strong inside the coil and 1 mark for showing
by sketch or saying that the field is like that of a bar magnet
outside the coil ]

When the electromagnet is turned on, current flows through
the coil of wire and produces a magnetic field /I mark]. Iron
is a magnetic material, so magnetism is induced in it and the
bar is attracted to the electromagnet [I mark]. When the
current stops, there is no longer a magnetic field around the
electromagnet [I mark] so magnetism is no longer induced
and the bar is no longer attracted to the electromagnet and
drops [1 mark].

A magnetic material that loses its induced magnetism quickly
[1 mark].

Magnetically hard materials don’t lose their magnetism
quickly /I mark], so when the electromagnet is turned off the
core will stay magnetic for a while and still attract the iron
bar, meaning the crane won’t drop the iron bar /I mark].

Page 74 — The Motor Effect

1))

ii)
b) i)
ii)

A current-carrying wire in a magnetic field experiences a
force [1 mark].

out of the page (towards you/the reader) [I mark]

The force will increase /I mark].

Reversing the direction of the magnetic field /1 mark].
Reversing the direction of the current [I mark].



The electrons that form the current through the bar are
moving parallel to the magnetic field /1 mark] so they (and
the bar) will experience no force {1 mark].

Page 75 — Electric Motors and Loudspeakers

1 a)

b)

<)

d

Eg.

[5%
A
[1 mark for any indication that the current goes
anticlockwise.]

After 90° the force on the coil between A and B will act
upwards and the force on the coil between C and D will act
downwards, so the forces will oppose the rotation of the loop
[1 marld].

By swapping the direction of the current/contacts every half
turn (using a split-ring commutator) [I mark] so the forces
on the loop always act in a way that keeps the loop rotating
[1 mark].

Any one of: e.g. increase the current / increase the number of
turns on the loop / increase the strength of the magnetic field
/ add a soft iron coil to the coil /I mark].

When the alternating current flows through the coil of wire
in the magnetic field of the permanent magnet, the coil of
wire experiences a force [ mark]. The force causes the coil,
and so the cone, to move [I mark]. The alternating current
is constantly changing direction so the force on the coil is
constantly changing, so the cone vibrates back and forth

[1 mark]. The vibrations cause the air to vibrate and cause
sound waves [I mark].

Pages 76-77: Electromagnetic Induction

1
2 a)

b)

©)

3 a)

C [1 mark]

As the wheel rotatcs, the magnet rotates inside the coil of
wire [I mark]. This creates a changing magnetic field in the
coil of wire which induces a voltage [I mark].

Any two of: e.g. increase the strength of the magnet /
increase the number of turns on the coil of wire / increase the
speed of rotation of the magnet [2 marks — 1 mark for each
correct answer].

It does not matter. There will be a changing magnetic field
through the wire when the magnet rotates in either direction
[1 mark].

Rotating the handle causes the coil to rotate (move) within
the magnetic field, which creates a changing magnetic

field and so a voltage and current are induced in the circuit
[1 mark]. The direction of the wire’s movement in relation
to the magnetic field changes every half turn and so the
direction of the current induced changes (an alternating
current) /I mark].

b) E.g.

c)

voltage
a - _ £
A

ENEA BN
ENRREr
i
NTARAY)

o 2] [ ) Y

.
[2 marks available — 1 mark for drawing a trace with

a larger voltage than the original trace and 1 mark for
drawing a trace with a higher frequency than the original
trace.]

The trace would be the same /I mark].
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| Pages 78-79 — Transformers

1
2 a)

b)

b)

©)

B [1 mark]
Step-down, because the voltage decreases (from 240 V to
12V) [1 mark].

i) Power = current x voltage / P =1 x V' [1 mark]

i) If the transformer is 100 % efficient, input power = output

power. P= VI, so VI,II, =V
. . V.1
So current in secondary coil, [, = =7
240} 5 2 ’
L= _40{20...5 —5A

[4 marks for correct answer, otherwise 1 mark for
stating input power = output power, 1 mark for correct
rearvangement and 1 mark for correct substitution.]
A step-up transformer is used to increase the voltage of
electricity transmitted from power stations to a very high
level [1 mark]. A higher voltage means less current for a
given power (P = > F) and so less energy is lost by hecating
[1 mark]. Step-down transformers are then used to bring the
voltage of the supply back down to a safe level to be supplied
to the consumer /I mark].

) input (primary) voltage number of turns on primary

) output (secondary) voltage ~ number of turns on secondary

(%’ = %f) [1 mark]
i) There are 16 times more coils on the secondary coil than on

the primary coil, so
Ns

Np=16
Vo _ Np N .
7R SO V,;-—NFXV,,—16><25000—400000V

[3 marks for correct answer, otherwise 1 mark for
rearranging the equation correctly and 1 mark for
substituting correctly into the equation.]

If the current was direct, its direction wouldn’t change so
the magnetic field created by the primary coil wouldn’t
change /I mark]. This means the magnetic field through
the secondary coil wouldn’t change /1 mark], so no voltage
would be induced across it /1 mark].

Section 7 — Radioactivity and Particles

Page 80 — Radioactivity

1 a)

b)

i)
A Number present in
Particle ElETiE an atom of iodine-131
I loq) S’%
AULTGT 20T 78
Electron negative

[3 marks — 1 mark for each correct answer]
il) protons and neutrons [I mark]
A [1 mark]

Isotopes have the same number of protons but a different number of
! neutrons, so they have the same atomic number (no, of protons) but a
different mass number (no. of protons and neutrons). The number of

i

protons always equals the number of glectrons in a neutral atom (ie. not
| an ion)
¢) i) background radiation /1 mark]

d)

ii) Any two from: e.g. air / food / building materials / soils /
rocks / radiation from space (cosmic rays) / living things
[2 marks — 1 mark for each correct answer].
gamma (rays) /1 mark], alpha (particles) /1 mark],
beta (particles) /1 mark], neutrons [I mark]

Answers
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Page 81 — Ionising Radiation
1 a) i) The atom loses an electron, causing the atom to have an
overall positive charge (becoming an ion) [I mark].
i) Alpha (particles) /I mark] because they are large and
heavy, so they collide with lots of atoms, causing ionisation
[1 mark].
b) i) gamma (rays) [1 mark]
i) beta (particles) /1 mark]
The atomic number doesn’t change [I mark] and neither does
the mass number [1 mark].
b) 208 [1 mark]. Alpha decay reduces the mass number by 4
as 2 neutrons and 2 protons are emitted as an alpha particle
[1 mark]. Beta decay doesn’t affect the mass number as a
neutron turns into a proton in the nucleus. Gamma decay
doesn’t affect the mass number (or the atomic number).
So the overall effect is the mass number decreasing by 4
[1 mark].

2 a)

Page 82 — Investigating Radiation and
Nuclear Equations

1 a) Betu (patticles) f1 murk], because it passes through the
paper, but not the aluminium (so it is moderately penetrating)
[1 mark].
b) photographic film /1 mark]
) Background radiation is not due to the sources the student
is using in the experiment /1 mark]. The student needs to
subtract the background count rate so that her results only
include the radiation emitted by the source /1 mark].
2 2 é 1[I mark]
b 199 193 4 0

5 4, 0
::ipb‘ 2U’ "o

[4 marks — 1 mark for the o atomic and mass numbers
correct, 1 mark for the y atomic and mass numbers correct,
and 1 mark each for the mass and atomic numbers of Po.]

8409

Pages 83-84 — Half-Life
1 a) becquerels / Bq [1 mark]
b) The half-life is the time taken for half of the unstable atoms

present to decay [ mark].

You'd also get the marks for saying it is the time taken for the activity (or

count rate) to fall by half

2 a) i) 2x60=120seconds
120 + 40 = 3 half-lives
8000 + 2 =4000, 4000 + 2 = 2000, 2000 ~ 2 = 1000 Bq
[2 marks for the correct answer, otherwise 1 mark for
calculating the number of half-lives.]

it) 8000 + 2 = 4000, 4000 + 2 = 2000, 2000 + 2 = 1000,
1000 + 2 =500, 500 + 2 =250, 250 + 2 = 125. So it takes 6
half-lives to drop to less than 200 Bq.
6 x 40 = 240 seconds
240 + 60 = 4 mins
[3 marks for the correct answer, otherwise 1 mark for
calculating the number of half-lives and 1 mark for
calculating the number of seconds.]
b) A [1 mark]

3 a) E.g. to get a measure of the background radiation {1 mark] so

that the processed results can take it into account [ mark].

Answers

b)

Adjusted activity in Bq

v

0 R — T
0 20 40 60 80 100
Time in mins
[1 mark for suitable scales chosen (at least half the graph
paper used), 1 mark for a curve of best fit, 1 mark for axes
labelled (with variables and units), 1 mark for correctly
plotted points. Deduct up to 2 marks for incorrectly plotted
points, 1 mark per incorrect point.]
c) 34 minutes
[1 mark — accept answer in range 32-36 minutes]
d) The older sample would have a lower count rate/activity
(in Bq) /I mark] because more of its nuclei will have already
decayed so it will cmit less radiation /I mark].
The samples are identical so they'll have the same half-life

Pages 85-86 — Uses of Nuclear Radiation

1 D [1 mark]

2 a) Todine-123 is injected into/ingested by the patient, where it
gives out radiation which can be detected outside the body
[1 mark]. The amount of radiation emitted from the thyroid
gland is monitored to check whether it is absorbing iodine
properly [1 mark].

b) Alpha particles can’t penetrate tissue/are blocked by the
body [1 mark], so you can’t detect them outside of the body
[1 mark]. Alpha particles are also strongly ionising
[1 mark] so they’re dangerous to use as medical tracers
[1 mark].

c) Technetium-99m because it’s got a short half-life /1 mark],
which means it’s easier to detect because its activity is higher/
won’t be very radioactive inside the patient for long /I mark].

3 a) i) Gamma [I mark]

i) Lither: Alpha and beta wouldn’t be detected on the surface
above the pipe [1 mark] because they would be blocked by
the pipe and the surrounding ground /1 mark].

Or: Only gamma would be able to pass through the pipe and
ground /I mark] and so be detectable at the surface above the
pipe [1 mark].

b) E.g. the source of radiation could be injected into the pipeline
before the first point where it is thought to be leaking
[1 mark]. A radiation sensor would then be passed along
the surface above the pipe [I mark]. Where there is a leak,
the source will escape from the pipe and there will be a high
reading above that part of the pipe [I mark].



4 After one half-life, the number of carbon-14 atoms will have
halved, so the ratio will go from 1:10'2 to 1:(2 x 10'2).
After two half-lives it will be 1:(4 x 1012).
After three half-lives it will be 1:(8 x 1012).
So the wood was alive 3 half-lives ago
3 x 5730 =17 190 years.
[3 marks for correct answer, otherwise 1 mark for correctly
stating 3 half-lives and 1 mark for attempting to multiply
the half-life by 3.]

Page 87 — Risks from Nuclear Radiation
1 a) E.g. when radiation enters the body, it can collide with
molecules in body cells causing ionisation [I mark] which
can damage or destroy the molecules / cause cell damage/cell
death/cancer/radiation sickness [I mark].
E.g. some radioactive waste has a very high activity /I mark]
so needs to be heavily shielded /I mark]. / Radioactive waste
has a very long half-life (hundreds of thousands of years)
[1 mark], so needs to be safely out of reach of generations to
come [I mark].
Contamination is when unwanted radioactive particles get
onto an object {1 mark].
Irradiation: Any one of: e.g. use shielding/stand behind
barriers / work in a different room to the source / store the
sample in a lead-lined box [I mark].
Contamination: Any one of: ¢.g. wear gloves / handle the
source with tongs / wear a protective suit or mask /I mark].
3 E.g. He should be more concerned about contamination
[1 mark]. Although alpha particles are highly ionising
[1 mark] and can do damage to skin, they can’t penetrate
into the body and damage tissues or organs [I mark].
Contamination by an alpha source (e.g. ingesting / breathing
it in) could lead to alpha particles inside the body, where they
can do lots of damage to nearby tissues or organs /1 mark].

b)

2 a)

b)

Page 88 — Nuclear Fission
1 a) E.g. uranium-235/U-235 [I mark]

b) i) A slow-moving neutron gets absorbed by a uranium-235
nucleus causing it to split /1 mark]. The uranium nucleus
will split to form two daughter nuclei /I mark] and a small
number of neutrons fI mark]. The fission products have
a large amount of energy in their kinetic energy stores
[1 mark].

In a nuclear reactor, the neutrons released from each fission
event can collide with other uranium nuclei causing other
fission events that release more neutrons /I mark]. This is
known as a chain reaction /I mark]. The nuclear reactor
contains a moderator that slows down the neutrons released
from fission so that they can successfully collide with
uranium nuclei /1 mark].

They limit the rate of fission by absorbing excess neutrons
[1 mark].

©)

Page 89 — Nuclear Fusion

1 B [1 mark]

2 a) Nuclear fusion is when two light nuclei join/fuse together to
create a larger nucleus /1 mark].

b) B [1 mark]

The energy released from nuclear fusion is due to a difference in the mass of

the nuclei before (greater) and after (smaller).

3 A high temperature and pressure is needed for the reaction to
take place /7 mark]. This is because the protons are positive,
so they repel each other {1 mark]. To get close enough
to fuse together, they need to overcome this electrostatic
repulsion. This means they need lots of energy in their
kinetic energy stores [I mark].
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Page 90 — The Universe

1 B [1 mark]
2 a) The Milky Way [1 mark]
b) circular /1 mark]
c) '
mstantaneous
velocity4

o

Earth
[1 mark for arrow pointed from centre of Moon towards
centre of Earth, 1 mark for arrow correctly labelled as
gravitational force/gravity]

Pages 91-92 — Gravity and Orbits

1 C [1 mark]

2 a) C [1 mark] — Comets usually have highly elliptical orbits
with the Sun not at the centre /1 mark].

1.2 km/s — orbital speed only depends on the orbital radius
and the time period. /I markj

Convert time period to s, =24 x 60 x 60 = 86400 s
Convert radius to m, =24 000 x 1000 = 24 000 000 m
v 2XmwXF
T
_ 2x7x42 000000
86400
=3054.326...
=3100 m/s
[3 marks if answer correct, otherwise 1 mark for correct
conversion of units and 1 mark for correct substitution of
values into the equation.]
time period = 72 x 365 x 24 x 60 x 60
=2270592 000 s
=2.27 x 10° s (to 3 s.f.) [1 mark]
There are 365 days in a year, 24 hours in a day, 60 minutes in an hour
and 60 seconds in a minute — that's where all these numbers come from.
b) At the point where the comet is at its closest point to the star
[1 mark] because that’s where the gravitational force on the
comet from the star is strongest [I mark].
Convert km/s to m/s,
v=7.4 %1000 = 7400 m/s
= 2xmxr
T
Rearrange for orbital radius,
yo2xT
2%
_ 7400 % 2 270 592 00U
2xm
=2.6741... x 102 m
=2.67 x 102 m (to 3 s.f.)
[3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct
substitution of values into the equation.]

b)

c)

3 a)

<)

Page 93 — Stellar Evolution

1 a) B /1 mark]
b) A cloud of dust and gas [T mark]
c) gravitational force / gravity [I mark]

Answers
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The star initially forms from a nebula (a cloud of dust and
gas) that is drawn together by the force of gravity (to form a
protostar) /I mark]. As the dust and gas are drawn together,
the star gets denser and hotter (and the particles of dust

and gas collide morc). Eventually, the temperature gets

hot enough for hydrogen nuclei to undergo nuclear fusion
to form helium, and the star becomes a main sequence star
[1 mark]. When the star runs out of hydrogen, it expands
and turns red and forms a red supergiant /1 mark]. The red
supergiant eventually explodes in a supernova [I mark]. The
supernova throws the outer layer of dust and gas into space,
leaving behind either a very dense neutron star [ mark], or
an even denser black hole, depending on its size /1 mark].

= Page 94 — Classifying Stars

| 1 a)
— b)

D [I mark]

Alkaid is the brightest star /1 mark] as it has the lowest
absolutc magnitude (and the lower the absolute magnitude
the brighter the star) /1 mark].

absolute magnitude /I mark]

f

L T

=
¢

Decreasing temperature

[1 mark for a group drawn in the bottom left, 1 mark for
a group drawn diagonally from top-left to bottom right,
1 mark for a group drawn in the top-right, I mark for all
groups labelled correctly]

Page 95 — Red-shift

1

2 a)

b)

There is an observed increase in the wavelength (or
decrease in frequency) of the light from light sources that
are moving away from the observer /1 mark], so the light is
shifted towards the red end of the electromagnetic spectrum

[1 mark].
AX=6125%x10°-5875%109=25%x10"m
AXd_ v

Ao C
Rearrange for velocity,

_ Axxe  (25%107) % (3.0 210"

Ao 587.5=10"
1.27659... x 107 m/s
=1.3 x 107 m/s (to 2 s.f.)
[3 marks for correct answer, otherwise 1 mark for correct
calculation of A and 1 mark for correct rearrangement

and substitution.]
AN _ v
)\0 [o4
Rearrange for A),
_vxAy  (1.27659... % 107) % (686,710
Ar= c 3.0=10°

=29221...x10%m
A=+ AX=686.7 x 10°+29.221... x 109
=715.921... x 10~
=715.9 x10° m or 7.159 x 107 m (to 4 s.f.)
[3 marks for correct answer, otherwise 1 mark for correct
rearrangement and substitution and 1 mark for correct
calculation of AX.]

You'd still have gotten all the marks for part b) if you got the answer to
part a) wrong, as long as your method in b) was correct.

Answers

b) 1)

Page 96 — The Big Bang

Tadpole Galaxy [I mark]. 1t is the furthest away /I mark],
s0 it is travelling away fastest, so it would show the greatest
red-shift /1 mark].

Measurements of red-shift show all the distant galaxics,
(whichever direction you look in) are moving away from us
[1 mark], and that the more distant a galaxy, the faster it’s
moving away [I mark]. This suggests that the universe is
expanding from a single point /1 mark]. Something must
have initially started them moving, which we think was the
Big Bang [T mark].

E.g. the Cosmic Microwave Background radiation

(CMB radiation) {1 mark]



Practice Paper 1P
1 a) i) B /[I mark]
it) B [1 mark]

b) i)

strength x height / GPE =m x g x I [I mark]

ii) GPE=m x g x h=1500 x 10 x 40 =600 000 J = 600

[2 marks for correct answer in kJ, otherwise 1 mark for
substituting the correct values into the correct equation.]

c) i) elastic potential energy store (of the spring) /1 mark]
. useful energy output o

i) total energy output 100% /1 mark]
iii) useful energy output = 18.0 kJ

efficiency =

total energy output = useful energy output + wasted energy |

=18.0+41.5=59.5k]
useful energy output "
total energy output x100% =
=30.3% (to 3 s.f.)

18.0
9.5

So efficiency =

L]

[3 marks available for correct answer, otherwise 1 mark for
calculating the total energy output (and input) and 1 mark

for substituting correctly into correct equation.]
2 a) 27 s [1 mark]

b) 1)

27-15=12s [I mark]
i) ON /1 mark]

When an object is travelling at a constant speed in a fixed direction, all the

forces are balanced and so the resultant force will be zero.
c) B [1 mavrk].

The swimmer is travelling fastest when the gradient of the graph is steepest.

Of the options given, the graph is steepest between 9 m and 10 m.
You can draw a tangent to see this more clearly.
distance moved Jp=2S
(distance moved . _
time taken t
=0.8 m/s

d) i) (average) speed = [1 mark]

s _ 20

t 25

i) v=

[2 marks for correct answer, otherwise 1 mark for correct

substitution.]
iti)
01

Distance in m

Gravitational potential energy = mass x gravitational field

The gradient tells you the speed, so speed is constant when
graph is linear. Graph is linear between 15 s and 27 s.

4 a)

b)

kJ

<)

x100%

5 a)
b)

©)

d)
6 a)

b)
c) 1)

b ' 512 B 21 = 3

Time in s

16 3

[1 mark for straight line, 1 mark for correct start and end

points.|
Yes, the camera will be able to film the swimmer for t

e)

whole length because its distance-time graph is always above
the swimmer’s /I mark], and so the camera is always ahead

of the swimmer (or level at ¢ = 0) [1 mark].

The thickness of the cotton wool jacket [I mark].
E.g. starting temperature of the water / length of time
left to cool / volume of water used [I mark].

3 a)

©)

beaker /1 mark].
d) i)
jacket thickness [1 mark].

ii) E.g. the graph shows that for this beaker of water, the

temperature of the water increases with the thickness of the

cotton wool jacket [1 mark].

The pockets of air cannot move /I mark], which prevents
convection currents from forming around the outside of the

T

& ab

he

water is

Calculate the mean (average) of her data for each cotton wool |

final
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Stopping distance = thinking distance + braking distance
=9+ 14 =23 m /1 mark]

E.g. so that an average value can be calculated /7 mark].
This makes the data more reliable because any individual
vehicle may have an extreme value of braking distance /
because any individual driver may have an extreme value of
thinking distance [I mark].

Any three from: e.g. The thinking distance is increased if the
driver is: tired / under the influence of drugs/alcohol / elderly
/inexperienced.

The braking distance is increased: in poor weather conditions
/ if the surface of the road is slippery / if the car is heavier / if
the brakes/tyres are worn/faulty.

[5 marks available — 1 mark for each correct factor (up to
3 total) and 2 marks for all correctly linked to braking or
thinking distance, otherwise 1 mark for only two correctly
linked to braking or thinking distance.|

gravity [I mark]

v= L2 where r is the distance from the satellite to the

centre of the Earth.

Convert T to seconds, T =24 x 60 x 60 = 86 400 s
vxT _ 3080 x86 400
2Xm 2x

= 42353 040.2... m = 42 400 000 m (to 3 s.f.)
[3 marks for correct answer, otherwise 1 mark for
converting the time period to seconds, 1 mark for correctly
rearranging and substituting into the equation.]
The object will weigh less on Venus than on Earth [ mark]
as the gravitational field strength on Venus is lower than
on Earth (and weight is proportional to gravitational field
strength) /1 mark].
red giant (star) /1 mark]
Any two from: e.g. it can cause cell/tissue damage [1 mark]
/ cell death [ mark] / cell mutations/cancer /I mark] /
radiation sickness [I mark].
Geiger-Miiller detector [1 mark]

Gty 789

SOr=

i)

an A
ou

=] 1
F R T - Ttime in mins |
[3 marks available — 1 mark for suitable scales chosen
(inore than half of the graph paper is used), 1 mark for the
axes correctly labelled with variables and units, 1 mark
for all the points plotted correctly to within half a square.
Deduct 1 mark if 2 or move points are plotted incorrectly.]

Answers



P

i JBEar AR Jngs mnaw
T i i R time-in-m
[1 mark for curve of best fit starting at point (0, 80), 1 mark
Jor suitable curve of best fit.]

1ii) Halt-life = 2.4 mins (accept any value hetween 2.3-2.5)
Draw a horizontal line from 4O Bq (half of the initial activity) on the
activity axis across to the curve. Then draw a vertical line down to the time
axis to find the value of the half-life.

d)

e) 1)

ii)

[2 marks for correct answer, otherwise 1 mark for
attempting to use the graph correctly to find the half-life.]
Any one from: e.g. some substances on Earth, such as air/
food/building materials/soil/rocks /I mark]. / Radiation
from space/cosmic rays {1 mark]. / All living things contain
radioactive material /1 mark]. / Nuclear waste /I mark]. /
Radioactive material released from past nuclear explosions
[1 mark].

wRa = RN+ Lo 11 marky

C [1 mark]

7 a) current [1 mark]

b) i)
ii)

E.g. he has not ignored the anomalous point /I mark].
Voltage = current x resistance / V'=1Ix R [I mark]

i) ¥=5V,I=14A

¢) i)
ii)

8 a)

V=IxRsoR =1 = - =3.6 ohms (@) (to 2 5.£)

[3 marks for the correct answer, otherwise 1 mark for
correctly substituting into the equation and 1 mark for the
correct unit.]

The graph of the fixed resistor will be a straight line (through
the origin), while the graph for the lamp is a curve /1 mark].
The shapes of the graphs are different because the resistance
of the fixed resistor is constant (so current is directly
proportional to voltage) /1 mark], while the resistance of the
lamp increases with current /1 mark].

clockwise [I mark]

Use Fleming’s left-hand rule and remember the magnetic field goes from
north to south,

b)

)

9 a)

b)

A current-carrying wire in a magnetic field experiences a
force due to the motor effect /I mark]. The force causes
one side of the coil to move upwards and one side to move
downwards, causing it to rotate /I markj.

Any two from: e.g. increase the number of turns on the
coil /1 mark]. / Increase the current in the wire [1 mark]. /

Increase the magnetic field strength /7 mark].

)
pP= 4 -001 =2500 Pa

[2 marks for correct answer, otherwise 1 mark for correct
substitution.]

The force on piston A causes a pressure in the liquid

[1 mark]. This pressure in the liquid is transmitted equally
through the liquid in all directions /I mark]. The pressure of
the liquid at piston B causes a force on piston B /I mark].

Answers

| © The pressure on piston B is equal to the pressure on the

liquid from piston A: P, = Py,

So the pressure on piston B = Py = 2500 Pa

Force on piston B = F

F, = P, x Area of piston B =2500 x 0.15=375N

[2 marks available — 1 mark for stating the pressures on

| pistons A and B are equal, 1 mavk for substituting into the
correctly rearranged equation to find the force on piston B.]

10a) The angle of incidence when a ray hits the outer layer of a
fibre is greater than the critical angle /I mark], so the ray
is totally internally reflected and almost none “escupes’
[1 mark].

b) i) E.g. shine a light ray at the block on a piece of paper, at

an angle to the block’s surface, and trace the block and the
incident and emergent rays {1 mark]. Remove the block
and draw in the refracted ray by connecting the incident and
emerging rays. Draw in the normals, and measure the angle
of incidence I markf and the angle of refraction [I mark] at
the air-material boundary. Use the equation
n= f:: : to calculate the refractive index /1 mark].

You could say lots of other things here. For example, you could say that

you'll repeat the experiment for different values of i, or that you'll take

several measurements at each value of i

ii) E.g. laser beams can cause blindness if they shine in your

eyes [1 mark], so the student should wear spegial goggles/
ensure that the laser beam is never pointed towards a person/
make sure no one stands in front of the laser beam /I mark].

c) 6= critical angle (c¢).
sin ¢ = ;1; so,
6=sim (1) = simr1 (1) =41.81..0
=42°(to 2 s.f.)
[4 marks for correct answer, otherwise 1 mark for stating
the equation for sin c, 1 mark for rearranging the equation
correctly and 1 mark for correctly substituting into the
equation.]
11a) i) Total distance travelled = total area under the graph.
Splitting it into a rectangle (0-19 s) and a triangle (19-26 s):
Area under the graph = (19 x 15) + ((7 x 15) + 2)
=3375m
[2 marks for the correct answer, otherwise 1 mark for
indicating that the distance is represented by the area under
the graph and showing working to calculate the area under

the entire graph.]
i) gradient of velocity-time graph = acceleration (/ deceleration)
: change in y 0—15 —15
so aceeleration = oy neeinx ~ 26-19 ~ 7
| =-2.14285... m/s?

F=mxaqa

Since the question only asks for the size of the force, you can
ignore the minus sign.

So, FF=1000 x 2.142... =2142.85... N =2140 N (to 3 5.f.)
[4 marks for correct answer, otherwise 1 mark for correct
calculation of the gradient of sloped section of v-t graph,

1 mark for equating this to the acceleration, and 1 mark for
correct substitution into F =m %X a.]

You could also have done this by finding the change in speed from the

graph, and using force = change in momentum =+ time. You'd still get all

| the marks if you did it correctly this way.

b) i) E.g. at point A when the skydiver first jumps, the downwards
force of his weight due to gravity is pulling him down and
there are no resistive forces (drag) acting upwards /I mark].
As the skydiver’s velocity increases, the resistive forces
acting upwards increase [I mark]. When the resistive
forces acting upwards balance the force of his weight acting
downwards [I mark], he reaches his terminal velocity and
remains at a steady speed until point B /1 mark].




i) E.g. opening the parachute causes the surface area to increase |

[I mark]. This causes the resistive forces on the skydiver to
increase (while the downwards force of his weight remains
unchanged), causing deceleration [1 mark].

12a) The microwave oven emits microwaves [I mark]. The
microwaves penetrate a few centimetres into the food before
being absorbed by the water molecules in the food /1 mark].
The cnergy is then conducted or convected to other parts of
the food /I markj.
b) i) speed = frequency x wavelength /v =fx X [I mark]
2y W ]

i) v=fxhsoh=" = %\:{% -0.12m
[2 marks for correct answer, otherwise 1 mark for
substituting into the correctly rearranged equation.]

¢) i) Some microwaves are absorbed by molecules in the body
and can heat human body tissue internally /I mark]. Some
people are worried that this might damage health [T mark].

ii) Radio waves have fewer harmful effects than microwaves
because they have a lower frequency [I mark] and so transfer
less energy [1 mark].

Practice Paper 2P
1 a) i) D/[I mark]

ii) The paint drops all have the same negative charge and so
repel each other, forming a fine spray /I mark]. The drops
are attracted to the (positively-charged) body panel /1 mark],
and so spread out across the panel, including to parts that are
not directly facing the spray gun /I mark].

b) i) E.g. during refuelling, friction causes electrons to be
transferred between the fuel and the metal tanker [1 mark/.
If the tank was made of an insulator, electrons transferred
would be unable to move / to be conducted away, and so a
charge would build up on the tank /1 mark].

ii) A build-up of charge can cause a spark, and since the fuel
and its vapours are flammable, this could cause a fire or
explosion [T mark].

2 a) momentum = mass x velocity / p =m X v [I mark|
b) Skater A:
p=mxv=70x9.0=630kg m/s [I mark|
Skater B:
p=mxy=>50x6.6=330Kkg m/s [I mark]
c) p=;)lx1'$\'=%=%é&:8m/s

[2 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and correct substitution of
values into the equation.]

You'll still get the marks in part c) if either of the answers from part b) you
used were wrong, as long as you used the correct method.

d) 1)
i)

Skater B exerts a force ot 100 N in the opposite direction to
the original force [I mark].

(Unbalanced) force = mass % acceleration/ F=m % a

[ mark{

i) F=mxa

3 a) i)

F _ 100

Feriey= T
m 50
[3 marks if answer correct, otherwise 1 mark for correct

rearrangement of the equation and correct substitution of
values into the equation and 1 mark for the correct unit.|
Bio-fuels = 6 x 10° kWh [I mark]

Hydroelectric = 1 x 10° kWh [I mark]

=2 m/s? (metres per second squared)

Allow 1 mark only if the answers are 6 kWh and 1 kWh and
x 107 is omitted

ii)

Wind power (1 mark]

iii) Any one from: e.g. there are more hours of daylight in

summer than in winter, so more electricity can be generated
from solar power / there are generally more clear days during
summer so more electricity can be generated from solar
power [1 mark].

b)

c)
d)

4 ) i)
i)

b) 1)
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Advantage: Any one from: e.g. non-renewables are reliable /
we can easily alter energy output to meet demand /I mark].
Disadvantage: Any one from: e.g. non-renewables will
eventually run out / burning some non-renewables, e.g. fossil
fuels, produces pollutants / burning some non-renewables,
e.g. fossil fuels, can cause global warming /I mark].

100 -59.2 -23.9=16.9% [I mark]

Advantages — any two from: e.g.

The reaction in the nuclear reactor doesn’t produce any
carbon dioxide emissions (i.e. it doesn’t contribute to global
warming/air pollution) /I mark].

There is still a lot of nuclear fuel left in the ground /1 mark].
Nuclear reactions release more energy for the amount of fuel
used compared to burning fossil fuels /1 mark].
Disadvantages — any two from: e.g.

It takes longer/costs more to start up nuclear power stations
than fossil fuel power stations /1 mark].

There’s a risk with nuclear power of leaks of radioactive
material or major catastrophe [1 mark].

Radioactive waste from nuclear power stations is very
dangerous and difficult to dispose of [ mark].
Decommissioning nuclear power stations is very expensive
[1 mark].

E.g. room temperature/power supplied to heater [1 mark].
Control variables need to be kept constant to make sure

that any observed changes are due to just one variable (the
independent variable) being changed /1 mark].

Temperature / °C
M |
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3 marks — 1 mark for suitable scales chosen (more

than half of the graph paper is used), 1 mark for the axes
correctly labelled with quantities and units, 1 mark for all
the points plotted correctly to within half a square. Deduct
1 mark if 2 or more points are plotted incorrectly.]

Answers
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[2 marks — 1 mark Sfor line of best fit drawn stratght up to
350 s, 1 mark for line of best fit curving to flat at 500 s.]
c) 1) gas [I mark]
ity C [I mark]
iii) The line is flat because a change of state is occurring
{1 mark] and all energy transferred to the substance is being
used to break intermolecular bonds and change the state of
the substance, not increase its temperature /I mark].
d) i) As temperature increases, the volume of the gas increases /
volume is proportional to temperature /1 mark].
ii) Temperature = 25 + 273 =298 K [I mark]
Reading from the graph, volume at 298 K = 6.1 cm?
[1 mark, allow for error in calculation of temperature
carried forward].
To convert from degrees Celsius to kelvins just add 273. To go from kelvins
to Celsius, subtract 273,
5 a) It is a step-up transformer. The voltage increases across it /
it has more turns on the secondary coil than the primary coil
[1 mark].
input (primary) voltage number of turns on primary
output (secondary) voltage = number of tumns on secondary
/ % = %f [1 mark]

. » _ NpXFs _ 5000 % 400 000
it) 7 7 35000 =80 000 turns

= [3 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and 1 mark for correct
substitution of values into the equation.]

input (primary) voltage x input (primary) current =
output (secondary) voltage x output (secondary) current /
= VI [1 mark]

Pl’
_ Wi _ 400000%250 _
Vol =Vidi=1,= = = ""35000 .~ 4000A

[2 marks if answer correct, otherwise 1 mark for correct
rearrangement of the equation and correct substitution of
- values into the equation.]

d) The electricity produced at power stations has too high a
current to be transmitted efficiently. Step-up transformers
are needed to increase the voltage and so decrease the current
before the electricity is distributed /7 mark]. This reduces
heating in the wires (the higher the current, the larger the
heating effect) /1 mark].

An electromagnet is a coil of wire connected to a voltage
supply which produces a magnetic field when a current flows
through it {1 mark].

b) 1)

c) i

it)

6 a)

Answers

b) 1)

[1 mark]

A magnetically soft core means the core quickly stops being
magnetic after the electromagnet is turned off (and so a metal
load/object can be dropped) /I mark].

it)

¢) i) moment = force x perpendicular distance from the line of
action of the forcc to the pivot (M = F x d) {1 mark]
moment = force X perpendicular distance from the line of
action of the force to the pivot

total clockwise moment =5 x 28 000

total anticlockwise moment = 10 x weight of anvil

total clockwise moment = total anticlockwise moment

So 5 x 28 000 = 10 x weight of anvil

5%28000 _ 14000 N

[3 marks if answer correct, otherwise 1 mark for

calculating the clockwise moment and 1 mark for correct

rearrangement of the equation and correct substitution of

values into the equation.]

The specific heat capacity of a substance is the energy

required to raise the temperature of 1 kg of that substance by

1°C [1 mark].

The results will be more accurate [I mark], because less of

the energy supplied by the coils will be lost from the liquids

[1 mark].

The change in temperature of a heated substance is dependent

on the mass of the substance /I mark]. By keeping both

masses the same, any differences in temperature between the

two liquids are dependent only on their respective specific

heat capacities [1 mark].

AQ = mcAT

So, ¢c=AQ + mAT

AT=93-18=75

¢ =126 000+ (1 x 75)

=1680 J/kg°C

[4 marks for correct answer, otherwise 1 mark for correct

rearrangement, 1 mark for correct calculation of change in

temperature and 1 mark for correct substitution.]

e) Water has a higher specific heat capacity than oil /I mark] so
it transfers more energy to the surroundings compared to oil,
for the same decrease in temperature {I mark].

= weight of anvil =

b)

©)

d)
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Working Out Your Grade

* Do both exam papers.
+  Use the answers and mark scheme to mark each exam paper.

«  Use the tables below to record your marks.

Paper 1 Paper 2

Q| Mark | Q | Mark Q| Mark | Q | Mark
1 7 1 5
2 8 2 6
9 9 3 7
4 10 4
5 11 Total /70
6 12

Total /110

*  Add together your marks for the two papers to give a total mark out of 180.

Total Mark = Paper 1 Total + Paper 2 Total

Total Mark = D/180

+ Look up your total mark in this table to see what grade you got.

Total Mark Grade
160
139
118
106
94
82
67
53
38

0

=W 00|©

Important!

The grade boundaries above are given as a guide only.

Exam boards tinker with their boundaries each year, so any grade you get on these practice papers
is no guarantee of getting that grade in the real exam — but it should give you a pretty good idea.

Answers
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L Equations Page

Here are some equations you might find useful when
these equations in the real exams.

you're doing the practice papers — you'll be given

(final speed)? = (initial speed)? + (2 x acceleration x distance moved)
V2=u2+(2xax3)
e
trairs]f;g}éd = current x voltage x time E=IxVxt
1 1
frequency = — f= 1
i 4 time period T
power = vyork done e w
time taken {
power = energy transferred o w
time taken f
pressure x volume = constant p,xV,=p,xV,
M = Constant & = &
temperature T T
orbital speed = 27 orbitalradius Lo 2xmxr
time period BE

Assume the acceleration due to gravity is g = 10 m/s2.

PAPER 2

change in momentum
time taken

force =

AQ=mxcx AT

change in thermal energy = mass x specific heat capacity x change in temperature

change of wavelength _ Velocity of a galaxy

wavelength speed of light
A= o _ A _ K
Ao Ao C

Equations Page

]
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